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Abstract 32 

Purpose: To determine associations between physical activity (PA) and myopia in Danish school 33 

children and investigate the prevalence of myopia. 34 

Methods: A prospective study with longitudinal data on PA in a Danish cohort of schoolchildren. 35 

PA was measured objectively by repeated ActiGraph accelerometer measurement 4 times with 36 

different intervals (1 to 2.5 years) at the mean ages 9.7, 11.0, 12.9 and 15.4 years. The mean 37 

intensity of PA was estimated as counts/minutes, and time spent in sedentary, light, moderate and 38 

vigorous PA was summed using defined cut off-points. The ophthalmologic examination included 39 

cycloplegic autorefraction and biometry.  40 

Results: A total of 307 children participated in the Childhood Health, Activity, and Motor 41 

Performance School (CHAMPS) Eye Study. Mean age was 15.4 ± 0.7 years, and 52.4% were boys. 42 

The cycloplegic spherical equivalent (SE) was 0.30 ± 1.46 diopters. The prevalence of myopia was 43 

17.9% (SE ≤ -0.5 diopters). Mean axial length (AL) was 23.5 ± 0.9 mm. For all participants the 44 

overall mean daily distribution of PA was 67.2% in sedentary, 25.6% in light, 4.4% in moderate and 45 

2.9% in vigorous PA. Age- and sex-adjusted linear regression showed no association between PA 46 

and SE or AL. In a prospective slope analysis there was no association between accumulated PA 47 

during the 7 years and AL or SE. 48 

Conclusions: The prevalence of myopia among Danish children was 17.9%. By logistic regression 49 

and slope analysis we found no association between PA and myopia, in this first of its kind study 50 

based on objective and repeated PA data.  51 

 52 

 53 

 54 
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Introduction 58 

Myopia is the most common eye disorder globally (Leo &  Young 2011; Holden et al. 2016) and 59 

the most common cause of visual impairment (Bourne et al. 2013). Myopia also carries an increased 60 

risk of retinal detachment, myopic macular degeneration, cataract and glaucoma (Morgan et al. 61 

2012). Myopia has reached epidemic proportions mainly in East Asia (Morgan et al. 2012; Dolgin 62 

2015). Without a known cause, the prevalence has increased significantly within the recent decades 63 

(Morgan et al. 2012). In some East Asian study populations myopia is affecting as much as 80-90% 64 

(He et al. 2004; Lin et al. 2004; Jung et al. 2012). Although the prevalence of myopia in the rest of 65 

the world is lower than in East Asia, in some countries it has doubled over the past five decades 66 

(Vitale et al. 2009; McCullough et al. 2016).   67 

The etiology of myopia still remains unclear. Several studies indicated that genetics play an 68 

important role in the development of myopia (Guggenheim et al. 2015). However, there is now 69 

strong evidence that genetics are only responsible for a small proportion of myopia cases (Morgan 70 

&  Rose 2005; Morgan et al. 2012) and most agree that myopia is caused by both genetic and 71 

environmental factors. However, the increased prevalence of low to moderate degrees of myopia is 72 

predominantly caused by environmental factors (Morgan &  Rose 2005).  73 

Lifestyle changes such as reduced time spent outdoor, reduced physical activity (PA), and more 74 

time on near work is suggested to be some of the driving forces behind the rapid increase in myopia 75 

(Saw et al. 2000). Several previous studies have investigated the protective role of lifestyle factors, 76 

such as PA and time outdoors. While outdoor exposure is now widely accepted as having a 77 

protective effect against myopia (French et al. 2013), the role of PA remains unclear. There are 78 

conflicting results in the literature (Suhr Thykjaer et al. 2016) and to our knowledge, no previous 79 

studies have investigated PA using repeated objective methods Historically, several methods have 80 

been used to quantify PA with the majority based on questionnaires. The validity of questionnaires 81 

is, however, questionable when using subjective reports (Suhr Thykjaer et al. 2016). Objective 82 

measurements with accelerometers offer a distinct advantage over self-reporting methods, as they 83 
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provide reliable information with real time data on PA pattern over a given period. The method has 84 

been validated in several studies on children and adolescents (Trost et al. 2000). 85 

The physiology behind a possible protective effect of PA is not clear. However, theories include 86 

changed control of the intricate signal-cascade system involved in the emmetropization; increased 87 

blood flow and thickness of the choroid could lead to an inhibitory AL growth (Fitzgerald et al. 88 

2002; Nickla &  Wallman 2010). 89 

It is still unclear whether PA can prevent the development of myopia. Hence, we conducted the 90 

present study to investigate the correlation between objective measurements of PA and myopia a in 91 

a group of Danish school children. 92 

 93 

Materials and methods  94 

Study design and cohort 95 

The study is a part of The Childhood Health, Activity, and Motor Performance School (CHAMPS) 96 

Study Denmark (Wedderkopp et al. 2012). The CHAMPS Study is a population-based on-going 97 

prospective observational (multicomponent cluster) cohort study initiated in august 2008 including 98 

children from preschool (age 5) to grade 4 (age 10). It aims to investigate the effects of PA on 99 

current and future health of children and adolescents. The CHAMPS Study has been performed in 100 

three steps; CHAMPS I in the period 2008-2012, CHAMPS II in 2012-2014 and CHAMPS III 101 

including the CHAMPS Eye Study in 2015. The study has been described in details elsewhere 102 

(Wedderkopp et al. 2012). The CHAMPS Eye Study is a cross-sectional study with longitudinally 103 

collected data.  104 

 105 

Participants 106 

In total, 1457 children from 10 schools were recruited for the CHAMPS III study in 2015 (a 7-year 107 

follow-up). Children who were enrolled in the original study and children who were not previously 108 

participating, but currently attending the schools, were invited to participate in the study. Initially 109 
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745 students consented to participate in the CHAMPS III study. Only children from the three oldest 110 

grades were invited to participate in the eye examination in 2015 (n = 313) (Fig. 1). This was due to 111 

the arrangements of the main CHAMPS study where children attending the three oldest grades of 112 

high school participated in multiple examinations at the Hans Christian Andersen Children´s 113 

Hospital, Odense University Hospital, Odense, Denmark (Wedderkopp et al. 2012), one of which 114 

was the eye examination part. A total of 307 students were included in the CHAMPS Eye Study.  115 

 116 

Procedure 117 

All participants had demographic data collected and were surveyed at baseline in September 2008 118 

with questionnaires, physical examinations and physical testing (see details below). Follow-up were 119 

subsequently collected annually from 2009, 2010, 2011, 2012, 2013 and 2015 (twice a year in 2010 120 

and 2011). Annual repeated measurements included height, weight, waist-circumference and blood 121 

pressure. Objective tests, physical tests (strength, balance, endurance capacity), Tanner puberty 122 

assessment, PA by accelerometry and biological tests including DXA scans (bone health status) and 123 

blood samples were performed at four occasions during the study (Heidemann et al. 2013).  124 

For further information and regarding anthropometry, questionnaires, Tanner pubertal self-125 

assessment and blood samples, please see CHAMPS Study protocol and appendix (Wedderkopp et 126 

al. 2012; Klakk et al. 2014). 127 

 128 

Accelerometer measurements 129 

The participants had their PA measured by accelerometers for one week at 4 different occasions 130 

during the 7 year study (period 1 to 4). The mean age at the time of the accelerometer 131 

measurements was 9.7 ± 0.7 years, 11.0 ± 0.7 years, 12.9 ± 0.7 years and 15.4 ± 0.7 years, 132 

respectively. 133 

PA was objectively assessed using GT3X+ accelerometers (ActiGraph, Florida, USA) 134 

(Wedderkopp et al. 2012). The GT3X+ accelerometers are light, solid-state triaxial devices, 135 
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designed to monitor PA in free-living populations and provide an estimate of energy expenditure. 136 

We used body core worn accelerometers placed on the hip by an elastic band. This has been 137 

validated as the best way to record PA in children (Trost et al. 2011) and adolescents (Peterson et 138 

al. 2015). Counts per minute (CPM) was used as an estimate of overall mean intensity of PA and 139 

cut-off points were defined for four PA intensity levels (sedentary (SED), light (L), moderate (M), 140 

and vigorous (V)) according to previous studies (Trost et al. 2011) (Table 1). CPM has 141 

demonstrated acceptable criterion-related validity in children against the gold-standard method of 142 

assessing PA energy expenditure (Ekelund et al. 2001) while our algorithm for intensity 143 

classification is based on widely used cut-points showing excellent intensity classification 144 

sensitivity and specificity against directly measured oxygen uptake (Trost et al. 2011). We 145 

programed the accelerometer to register PA data every two seconds and in 30Hz frequency. Data 146 

was subsequently collapsed to a 10 seconds epoch for analysis according to previous studies 147 

(Rowlands 2007). The participants were instructed to wear the device from wake up time in the 148 

morning until bedtime for each day, for at least seven full consecutive days. Thereby we potentially 149 

included all weekdays and a full weekend. A customized software program (Propero, University of 150 

Southern Denmark, Odense, Denmark) was used to process the accelerometer data files. Data was 151 

restricted to time within 06.00 to 23.00 hours on occasions prior to 2015 when it was restricted to 152 

06.00 to 24.00 hours.  In order to distinguish between true and false intervals of inactivity, all time 153 

strings of consecutive zero counts for 30 minutes or more were interpreted as “accelerometer not 154 

worn” and consequently deleted from the summation of PA. PA data were included if participants 155 

had a minimum of four consecutive days (including one weekend day) with at least ten hours per 156 

day of valid recording after removal of non-wear time (Moller et al. 2014).  157 

 158 

Ophthalmological data 159 

The ophthalmological data were collected from March to May 2015. The mean age at the eye 160 

examination 2015 was 15.4 ± 0.7 years (range 14.3 to 17.5 years). The 307 enrolled students were 161 
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examined at Odense University Hospital, Odense, Denmark. Visual acuity with habitual and best 162 

corrected visual acuity (BCVA) was registered by Early Treatment Diabetic Retinopathy Study 163 

(ETDRS) charts according to the ETDRS protocol and converted to logMAR for statistical analysis 164 

(Ferris et al. 1982). Refractive error (RE) and keratometry was measured with a stationary 165 

autorefractor (Tonoref II, Nidek, Tokyo, Japan) before and 30 minutes after instillation of 166 

cycloplegic eye drops. The pupil was dilated using two drops of 1% Tropicamide installed into the 167 

right eye with five minutes interval. Cycloplegia was considered adequate when the pupil was fixed 168 

and ≥ 6 mm in diameter. Spherical equivalent refractive error (SE) was calculated as the sphere 169 

power + ½ cylinder power. Ocular AL, anterior chamber depth, lens thickness and other refractive 170 

components were measured using optical biometry (Lenstar LS 900, Haag Streit AG, Koeniz, 171 

Switzerland) based on partial coherence laser interferometry principle (Buckhurst et al. 2009). A 172 

minimum of five consecutive measurements were made to calculate the mean value. All children 173 

had a comprehensive eye examination performed, including slit lamp examination of anterior 174 

segment and indirect ophthalmoscopy with + 90 dioptre (D) lens evaluation of the retina. (Haag-175 

Streit, Köniz, Switzerland). All participants answered questions about history of contact lenses or 176 

glasses, and previous eye disease. Ocular or systematic diseases were not exclusion criteria. 177 

However, some ophthalmologic data were only used from the healthy eyes. A total of 26 participant 178 

(8.5%) used contact lenses and 34 (11.1%) wore glasses. No participant had undergone myopia 179 

control treatments like atropine or orthokeratology at any time prior to the study. Contact lens users 180 

were instructed not to wear lenses at the day of the eye examinations. 181 

 182 

Statistical analysis 183 

All statistical analyses were conducted in STATA 14 for Windows (StataCorp LP, College Station, 184 

USA). Results with p-values < 0.05 were considered significant. Descriptive statistics were 185 

presented as mean with standard deviation (SD). Residuals plots were inspected to check for the 186 
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homogeneity of variance assumption. For continuous variables, differences were evaluated using 187 

the Two-sample Student's t-test.  188 

The accelerometer output generated the number of minutes, in each activity intensity level per day 189 

for all participants. The data were further converted into proportions in SED, L, M and VPA 190 

intensity levels, respectively (adding up to 100%). To examine the association between each PA 191 

intensity level and continuous ophthalmological variables we used the unstandardized β-coefficient 192 

from linear regression models. Cross sectional analyzes were performed on 307 children using the 193 

measurements in 2015. Longitudinal analyzes were performed using linear regression to test for 194 

association between PA during the seven years and ophthalmologic status in 2015. To avoid known 195 

confounders the longitudinal and cross sectional analyzes were adjusted for age and sex. 196 

Participants should have had valid data from minimum three periods, including the first and last, to 197 

be included in the slope analysis. 198 

 199 

Ethical approval 200 

The study was conducted in accordance with the Declaration of Helsinki and in accordance with 201 

good epidemiological and clinical practice. The study has been accepted by the Danish Data 202 

Protection Agency. All children and parents received detailed information about the study through 203 

school meetings and written information. Parents signed informed consent. Participation was at all 204 

times voluntary. Additionally, verbal agreements from both child and parent were obtained before 205 

examinations. Permission to conduct the CHAMPS study-DK was granted by the Regional 206 

Scientific Ethical Committee of Southern Denmark (ID S-20140105).  207 

 208 

Results 209 

Characteristics of the 307 participants are shown in Table 2. Of these 52.4% were boys. The mean 210 

BCVA score was -0.08 ± 0.09 logMAR. The mean AL was 23.5 ± 0.94 mm and significantly longer 211 

in boys (p < 0.0001). Aqueous depth (AD) and anterior chamber depth (ACD) were longer in boys 212 
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(p < 0.0001) while there was no difference in central corneal thickness (p = 0.20) or lens thickness 213 

(p = 0.31). By autorefraction in cycloplegia the mean SE was 0.30 ±1.46 D with no difference 214 

between age (p = 0.18) or gender (p = 0.50). The prevalence of myopia was 33.6% defined as non-215 

cycloplegic SE ≤ -0.5 D and 17.9% when defined by cycloplegic SE ≤ -0.5 D (Table 2). In linear 216 

regression analysis longer AL was associated with height (β = 0.05 mm/cm, p < 0.0001) and weight 217 

(β = 0.02 mm/kg, p < 0.0001), but not age (β = -0.01 mm/year, p = 0.91). There was also an 218 

association between birthweight and AL (β = 161.6 g/mm, p < 0.001). Tanner stage was available 219 

for 301 participants. Puberty developing stage was not associated with either AL or SE. At the 220 

seven year follow-up there was no difference between genders in Tanner pubertal stages (Table 2). 221 

Table 3 presents the mean PA based on duration and intensity for all four periods and mean ages. 222 

The number of participants who had a valid accelerometer measurement varied over the four 223 

periods from 207 to 283. The overall mean distribution of PA was 67.2% in sedentary, 25.6% in 224 

light, 4.4% in moderate and 2.9% in vigorous PA level. Boys were more active than girls in all PA 225 

levels at all periods, except in light PA level at period 1 and 2 (Table 3). By paired t-test 226 

participants became less active and more sedentary over the test period (p < 0.001).  227 

By age- and sex-adjusted linear regression in period 4 there was a negatively association between 228 

SED activity and SE (p = 0.041). In period 2 longer AL was positively associated with MPA (p < 229 

0.02) and negatively with SED (p < 0.03). The β–value was representative of a coefficient in favor 230 

of a protective effect in 26 out of the 32 analysis.  231 

In 205 participants we had a minimum of three PA measurements including both the baseline and 232 

follow-up measurements (period 1 and 4). These were included in the prospective slope analysis in 233 

which the summed PA was correlated to AL and SE (Table 5). There was no significant association 234 

between any accumulated PA level during the 7 years and AL or SE in 2015 (Table 5).  235 

To investigate the possible differences between the most active versus most inactive participants we 236 

performed a logistic regression analysis with the prediction of incident myopia, axial length and 237 

spherical equivalent by activity level. The analysis was restricted to participants who had at least 238 
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three PA measurements including both the baseline and follow-up measurements (n = 205). The 239 

participants were divided into 25% quartiles according to their summed PA and we tested the upper 240 

25% quartile versus lower 25% quartile (Table 6). AL and SE were coded as continuous variables 241 

and myopia defined as spherical equivalent ≤ -0.5 D. In model 1, we used a univariate analysis 242 

using only the listed predictors. In model 2, we adjusted for the cofounders age and sex. For 243 

incident myopia there was no significant predictive effect of any PA level. The odds ratios did, 244 

however, show a tendency towards more active participants having a decreased risk of myopia 245 

compared to the least active. Participants in the upper 25 % quartile of SED activity spending most 246 

time being inactive had an odds ratio of 1.46 (p = 0.04) of having a longer axial length, when 247 

adjusted for sex and age. Besides this none of the PA levels were predictive of incident myopia, AL 248 

or SE. 249 

 250 

Discussion 251 

Our study is the first to report repeated objective data on PA over 7 years correlated to refractive 252 

error and axial length by having had the opportunity to examine the individual PA amount and 253 

intensity during childhood. We found no significant association between AL or SE and any 254 

accumulated PA level. In 3 out of 32 analyses we found associations between PA and AL or SE, 255 

however, with a clinical insignificant effect size. In 29 of 32 of the analyses there was no 256 

association between PA and AL or SE (Table 4). We cannot exclude the possibility of type 1 257 

statistical errors due to our multiple statistical tests.  258 

Our findings corresponded with previous studies, though there are some conflicting results in the 259 

literature (Suhr Thykjaer et al. 2016). The protective role of lifestyle choices, such as PA and time 260 

outdoors, has been an area of interest in the last ten years (Jacobsen et al. 2008; Rose et al. 2008; 261 

Suhr Thykjaer et al. 2016). We believe as evidence suggests that time outdoors remain the most 262 

important factor (Xiong et al. 2017). There is, however, an inherent confusion in the topic due to the 263 

close relation between PA and outdoor activity. In a systematic review investigating PA and myopia 264 
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Thykjær et al. (Suhr Thykjaer et al. 2016) found a consistent relationship between more PA and less 265 

myopia. They concluded that there was no evidence for an independent effect of PA. In a 266 

prospective cohort study by Guggenheim et al. (Guggenheim et al. 2012) they examined British 267 

children including questionnaires on outdoor activity and accelerometer measurements of PA 268 

assessed once. They found a borderline association between more PA and decreased risk of myopia 269 

(odds ratio = 0.88, p = 0.062). Likewise an increase in sedentary time was associated with an 270 

increased risk of myopia, hazard ratio = 1.17. However, after adjustments the authors mostly 271 

credited outdoor exposure. In another prospective cohort study on Danish medical students, 272 

Jacobsen et al. (Jacobsen et al. 2008) used questionnaires on PA and objective data from cycle 273 

ergometer tests. They found a protective effect of physical activity on myopia (p = 0.015) and that 274 

myopic participants spent less time on PA compared to the non-myopic (p = 0.049). The authors do 275 

state that it was not possible to conclude whether an association was causal or if PA merely was 276 

confounded by factors associated to PA like outdoor exposure.  277 

Our study brings new knowledge to the field due to our objective and repeated measurement 278 

method. Even though we could not distinguish between PA performed indoors and outdoors we 279 

showed that there was no association between myopia and the overall PA regardless the outdoor 280 

factor.   281 

Most previous studies estimate time on PA and sedentary using a single questionnaire administered 282 

at only one time point. This method has limitations and can lead to subjective inaccurate responses 283 

of the time amount. Studies have shown that children and adolescents have difficulty recalling their 284 

past PA behavior (Pate 1993) and that studies with self-reported questionnaires have memory bias, 285 

poor agreement with objective measurements and overestimates the time of activities (Chan et al. 286 

2016). Furthermore, participants may very likely change their lifestyle and behavior over time so 287 

the response from baseline would not be representative for accumulated exposure. In contrast, our 288 

objective measurements by accelerometers did not rely on cognitive ability and recall bias. 289 

However, our design and the accelerometers do have some limitations due to technical 290 
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specifications; the participants were instructed to remove the accelerometer when showering or 291 

swimming to prevent damage to the device, which along with the inability to capture cycling and 292 

weight-bearing activities, probably resulted in an underestimation of PA. The measurements were 293 

performed at four different periods and with different intervals (1 to 2.5 years) and are one of the 294 

most detailed descriptions of objective PA of individuals ever published. Considering the evidence 295 

(Hjorth et al. 2013; Doherty et al. 2017) we argue that the measurement periods are representable of 296 

the PA pattern of the participants over a longer time period. We assumed that the data reflected the 297 

participants PA level in general based on the evidence that although PA patterns vary from day to 298 

day and by season, children demonstrate less day-to-day variability than adults (Trost et al. 2000). 299 

We were unable to collect information regarding other potentially important factors as parental 300 

myopia (Parssinen &  Kauppinen 2016) and outdoor exposure (Xiong et al. 2017) due to restrictions 301 

in the CHAMPS Study protocol approvals. We consider this as an essential limitation, however, in 302 

our study we found no association between PA exposure and ophthalmic outcome. If a causal 303 

association was truly present we would have expected to find a strong association between PA and 304 

outcome.  305 

We performed ophthalmological examinations once. A fundamental limitation of cross-sectional 306 

studies is the inability to conclude any casual effect between exposure, prospective continuous eye 307 

examinations through all study years, including more patients, would have been preferable. 308 

Our study also had some strengths; besides intense registration of PA we examined the children in a 309 

very narrow age span and used accurate measurements from cycloplegic autorefraction, which is 310 

gold standard when study subjects are children and young adults (Morgan et al. 2015). We used 311 

Tropicamide which has previously been shown to be as effective as Cyclopentolate (Lin et al. 312 

1998).  313 

The prevalence of myopia was 17.9% among Danish school children aged 15.4 years. The 314 

prevalence did not increase with age or Tanner stages in contrast with other studies (Pan et al. 315 

2012), most likely due to our narrow age span. Even though our study was relatively small it was 316 
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population-based and we consider the prevalence of myopia representative for Danish peers. Our 317 

findings corresponded with preceding Danish studies and suggest an increase in the prevalence of 318 

myopia compared with previous studies (National Research Council (US) Committee on Vision 319 

1989; Jacobsen et al. 2007; Li et al. 2014). None of them report the same increase in prevalence as 320 

seen in East Asia (Morgan et al. 2012; Pan et al. 2012).  321 

Despite not having found an association between PA and myopia in our cohort, PA is a valuable, 322 

essential and inexpensive method to prevent a wide series of health problems including obesity, 323 

diabetes mellitus and diseases (Sirard &  Pate 2001; Haskell et al. 2007). We stress that despite our 324 

study result researchers should not underestimate the importance of physical activity. We believe 325 

that interventions in great scale myopia studies on children should not only address the outdoor 326 

exposure but incorporate activities and seek to quantify this if possible.  327 

PA may play a role in eye growth through an increased blood flow and thickness of the choroid as 328 

seen in animal models (Fitzgerald et al. 2002; Nickla &  Wallman 2010). Further investigations are 329 

needed to identify the underlying mechanisms of myopia development including the importance of 330 

the choroid.   331 

 332 
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Legends 

FIGURE 1 

Flowchart demonstrating the inclusion of participants. 
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FIGURE 1 

 

 

 

 

 

 

 

 

 

  

N = 1457 students identified. Data obtained 
from lists from participating schools 

N = 5 
Students moved from municipality 
prior to testing 
 

N = 1103  
Responded to invitation 

N = 349 
No response 
 

N = 358 
No parental consent. 
No reason given. 
 

N = 745 
Initial parental consent N = 40 

Withdrawal of parental consent: 7 
No show up: 4 
Written cancellation on test day: 2 
Unwilling to participate: 1  
Hindered due to illness: 2 
No reason given: 24 

N = 705  
Included in CHAMPS 3 

N = 392 
Attended the two youngest grades 
and excluded from eye study 

 

N = 307  
Included in CHAMPS Eye Study 

N = 1452  
Students invited to CHAMPS III study (2015).  
Included all students in respective classes 
(school year 2015) with prior participation in 
CHAMPS I or II (2008-2012) 

 

N = 6 students not participating in eye 
examination 
No show up. No reason given. 

N = 313  
In the three oldest grades 

Flowchart demonstrating the inclusion of participants. 
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TABLE 1 

Level of physical 
activity intensity 

Accelerometer 
cut-off points 

Corresponding action 
Units of 
metabolic 
equivalent  

Sedentary activity (SED) ≤ 100 counts/minutes Sitting/resting/standing MET < 1.5 

Light physical activity (L) > 100 counts/minutes Slow walk 1.5 ≤ MET < 4 

Moderate physical activity (M) ≥ 2296 counts/minutes Brisk walk/Stair climbing 4 ≤ MET < 6 

Vigorous physical activity (V) ≥ 4012 counts/minutes Running/Jumping Jacks MET ≥ 6 

 

Classification of physical activity intensity levels by accelerometer cut-off point with examples of corresponding 

actions and metabolic equivalent (energy cost). The Metabolic Equivalent of Task (MET) is a physiological 

measurement expressing the energy cost during an activity. The ratio is calculated from the rate of energy used during 

an activity and the rate of energy used at rest (Trost et al. 2011). 
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TABLE 2  

 

  
All 
N = 307 
Mean (SD) 

Range 
Boys 
N = 161 (52.4%) 
Mean (SD) 

Girls 
N = 146 (47.6%) 
Mean (SD) 

P value 

Age (years) 15.4 (0.7) 14.3 - 17.5 15.4  (0.7) 15.4 (0.7) 0.97 

Height (cm) 172 (8.4) 140 - 200.8 176 (8.0) 168 (6.3) < 0.0001 

Weight (kg) 61 (10.3) 30.5 - 123.4 63 (11.3) 58 (8.2) < 0.0001 

Birthweight (g)* 3460.2 (692.9) 2600 - 5400 3571.4(689.3) 3334.1(677.8) < 0.005 

Pubertal assessment**      

   Tanner 1 0  0 0  

   Tanner 2 10 (3.3%)  4 (2.5%) 6(4.3%)  

   Tanner 3 26 (8.6%)  8 (5%) 18(12.8%)  

   Tanner 4 164 (54.4%)  91 (56.8%) 73(51.8%)  

   Tanner 5 101 (33. 6%)  57 (35.6%) 44 (31.2%) 0.41 

      

BCVA (logMAR) -0.08 (0.09) -0.3 – 0.6 -0.09 (0.08) -0.08 (0.10) 0.43 

RE (D) -0.02 (1.3) -7.50 - 7.75 -0.05 (1.3) 0.01 (1.4) 0.68 

SE (D) -0.24 (1.3) -8.75 - 5.50 -0.26  (1.3) -0.21 (1.3) 0.73 

Cycloplegic RE (D) 0.51 (1.5) -7.25 - 7.50 0.39 (1.4) 0.64 (1.5) 0.15 

Cycloplegic SE (D) 0.30 (1.5) -8.50 - 5.37 0.25 (1.5) 0.36 (1,4) 0.50 

CC (mm) 7.83 (0.27) 7.19 - 8.74 7.89 (0.27) 7.78 (0.24) < 0.0001 

AL (mm) 23.5 (0.9) 20.1 - 27.4 23.7 (0.9) 23.1 (0.9) < 0.0001 

ACD (mm) 3.8 (0.2) 3.1 - 4.4 3.87 (0.23) 3.74 (3.7) < 0.0001 

CCT (um) 551.5 (32.4) 444 - 640 553.7 (30.7) 549.0 (34.2) 0.21 

LT (mm) 3.45 (0.20) 2.61 - 3.93 3.45 (0.16) 3.46 (0.17) 0.31 

Myopia*** (%) 103 (33.6)  54 (33.5) 49 (33.6) 0.96 

Myopia (%) after cycloplegia 55 (17.9)  33 (20.5) 22 (15.1) 0.22 

 
Characteristics of all 307 children, and by gender. 

Data are presented as mean (SD), range or n (%). Comparisons between sexes were made using Two-sample Student's 

t-test and Chi-squared test (χ²) for Tanner stages. 

*Birthweight: N = 273, boys = 145 (53.1%), girls = 128 (46.9%). 

** Pubertal assessment: N = 301, boys = 160 (53.2%), girls = 141 (46.8%). 

***Myopia defined by SE ≤ -0.5 diopters. 

Data from right eye only. 

BCVA: best corrected visual acuity, RE: Refractive error, D: Diopters SE: Spherical equivalent, CC: Average corneal 

curvature, AL: Axial length, ACD: Anterior chamber depth, CCT: Central corneal thickness, LT:  Lens thickness. 
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TABLE 3 
 

Physical Activity Level 
 

Physical Activity 
Mean time (%) 

SD Range 
Boys 
Mean time 

Girls 
Mean time 

P value 

Period 1: (N = 207)       

(Mean age 9.7 years)       

Sedentary activity 63.5 5.2 49.9 - 77.6 62.6(4.9) 64.5 (5.2) < 0.01 

Light activity 28.6 3.8 18.9 - 39.8 28.7(3.7) 28.6(3.9) 0.85 

Moderate activity 5.1 1.4 2.3 - 9.4 5.6(1.4) 4.6(1.3) < 0.0001 

Vigorous activity 2.8 1.1 0.6 - 5.8 3.1(1.2) 2.3 (0.9) < 0.0001 

       
Period 2: (N = 221)       

(Mean age 11.0 years)       

Sedentary activity 63.1 6.1 46.6 - 77.3 61.7(6.3) 64.5(5.6) < 0.001 

Light activity 28.6 4.5 17.3 - 43.7 28.7 (4.5) 28.5 (4.5) 0.81 

Moderate activity 5.1 1.6 2.2 - 9.6 5.9 (1.5) 4.4 (1.3) < 0.0001 

Vigorous activity 3.2 1.5 0.7 - 8.6 3.8 (1.6) 2.5 (1.1)) < 0.0001 

       
Period 3: (N = 245)       

(Mean age 12.9 years)       

Sedentary activity 68.0 6.4 48.2 - 82.8 66.0 (6.8) 70.0 (5.2) < 0.0001 

Light activity 25.1 4.5 13.7 - 37.3 25.8 (4.6) 24.2 (4.2) < 0.01 

Moderate activity 4.1 1.4 1.3 - 9.0 4.7 (1.5) 3.4 (0.9) < 0.0001 

Vigorous activity 2.9 1.6 0.4 - 8.6 3.5 (1.8) 2.3 (1.2) < 0.0001 

       
Period 4: (N = 283)       

(Mean age 15.4 years)       

Sedentary activity 74.1 5.9 54.8 - 86.9 72.9 (6.5) 75.4 (4.8) < 0.001 

Light activity 19.9 4.1 11.5 - 35.1 20.7 (4.6) 19.1 (3.3) < 0.001 

Moderate activity 3.4 1.3 0.8 - 8.1 3.6 (1.3) 3.2 (1.1) < 0.01 

Vigorous activity 2.6 1.7 0.1 - 8.7 2.9 (1.7)) 2.3 (1.5) < 0.01 

 
Physical activity at all periods. 

Data are presented as mean and SD.  

Mean time in percent on PA for each activity level.  

Two-sample t-test. 
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TABLE 4 
 
 Axial length   Cycloplegic spherical equivalent 

 β-coefficient SE P value   β-coefficient SE P value 

Period 1: (N = 207)         

(Mean age 9.7 years)         

Sedentary activity 0.004 0.012 0.75   -0.011 0.021 0.60 

Light activity 0.003 0.016 0.87   0.014 0.028 0.61 

Moderate activity -0.034 0.047 0.48   0.015 0.079 0.85 

Vigorous activity -0.064 0.057 0.26   0.043 0.096 0.66 

         

Period 2: (N = 221)         

(Mean age 11.0 years)         

Sedentary activity 0.023 0.010 0.03*   -0.031 -0.018 0.09 

Light activity -0.023 0.014 0.12   0.042 0.025 0.09 

Moderate activity -0.104 0.043 0.02*   0.098 0.074 0.19 

Vigorous activity -0.076 0.045 0.09   0.048 0.078 0.54 

         

Period 3: (N = 245)         

(Mean age 12.9 years)         

Sedentary activity 0.004 0.009 0.69   0.011 0.015 0.46 

Light activity -0.005 0.013 0.72   -0.015 0.021 0.48 

Moderate activity 0.032 0.043 0.47   -0.065 0.07 0.34 

Vigorous activity -0.042 0.036 0.26   -0.006 0.057 0.92 

         

Period 4: (N = 283)         

(Mean age 15.4 years)         

Sedentary activity 0.015 0.009 0.12   -0.032 0.015 0.04* 

Light activity -0.02 0.013 0.21   0.040 0.022 0.07 

Moderate activity -0.062 0.042 0.15   0.135 0.071 0.06 

Vigorous activity -0.044 0.033 0.18   0.067 0.054 0.21 

 
Physical activity and axial length and cycloplegic spherical equivalent. Linear regression. Adjusted for sex and age. 

Data are presented as β-coefficient and standard error. Data from right eye only.  
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TABLE 5 
 

 
β-coefficient SE 95% Conf. Interval P value 

All 4 periods: (N = 205)     

Spherical equivalent     

Sedentary activity -0.043 0.039 -0.120  - 0.034 0.28 

Light activity 0.068 0.059 -0.047  - 0.184 0.25 

Moderate activity 0.241 0.199 -0.152  - 0.633 0.23 

Vigorous activity -0.022 0.167 -0.352  - 0.307 0.89 

Axial length     

Sedentary activity 0.025 0.031 -0.036  - 0.085 0.42 

Light activity -0.033 0.044 -0.119  - 0.054 0.46 

Moderate activity -0.082 0.129 -0.336  - 0.173 0.53 

Vigorous activity -0.085 0.113 -0.308  - 0.138 0.45 

 

Slope analysis for repeated PA and axial length and cycloplegic spherical equivalent. Adjusted for sex and age. Data 

from right eye only. 
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TABLE 6 
 

 Model 1*  Model 2** 

Predictor OR 95% CI P-value 
 

OR 95% CI P-value 

Myopia        

Sedentary activity 1.02 0.48 – 2.18 0.96  1.02 0.47 – 2.21 0.96 

Light physical activity 0.76 0.30 – 1.90 0.56  0.92 0.45 – 1.86 0.81 

Moderate physical activity 0.91 0.46 – 1.80 0.79  0.83 0.32 – 2.15 0.70 

Vigorous physical activity 0.58 0.23 – 1.44 0.24  0.62 0.25 – 1.58 0.32 

        

Axial length        

Sedentary activity 1.15 0.84 – 1.58 0.38  1.46 1.01 – 2.10 0.04* 

Light physical activity 1.11 0.84 – 1.47 0.45  1.03 0.76 – 1.40 0.86 

Moderate physical activity 1.38 0.95 – 2.00 0.09  1.09 0.73 – 1.63 0.68 

Vigorous physical activity 0.98 0.71 – 1.35 0.90  0.73 0.52 – 1.04 0.09 

        

Spherical equivalent        

Sedentary activity 0.84 0.68 – 1.05 0.12  0.83 0.66 – 1.04 0.10 

Light physical activity 1.03 0.86 – 1.23 0.75  1.01 0.85 - 1.21 0.88 

Moderate physical activity 1.00 0.80 – 1.26 0.97  1.02 0.81 – 1.29 0.84 

Vigorous physical activity 1.03 0.84 – 1.26 0.79  1.06 0.86 – 1.31 0.57 

 
Prediction of incident myopia, axial length and spherical equivalent by logistic regression analysis. 
The analysis was restricted to children who had at least 3 accelerometer measurements and had to include the first and last measurement period. 
(n = 205)  
The predictor variables were coded as the upper 25% quartile versus lower 25% quartile of participants in each activity level.  
Myopia was coded as spherical equivalent over or under  -0.5 diopters. The axial length and spherical equivalent were coded as continuous values. 
*Model 1 included the predictor variables listed (univariate analysis). 
**Model 2 included the predictors: number of myopic parents, time spent reading, sex, and the predictor listed. 
OR: Odds ratio, CI: Confidence interval. 

 


