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Epoch in accelerometer measurements is an important option that af-
fects the results of physical activity (PA) analysis. Many studies have 
been conducted to investigate the effect of epoch on PA output in ado-
lescents, but few have been performed on highly active youth athletes. 
We aimed to examine the differences in energy expenditure and time 
spent in different activity intensities by applying various epoch lengths 
in adolescent athletes. The participants of this study comprised 31 male 
athletes aged 12 to 13 in basketball, soccer, and taekwondo teams. Ath-
letes wore a tri-axial accelerometer attached to the right hip for 6 to 7 
consecutive days, including sleeping time. Subsequently, the recorded 
data from the accelerometer were downloaded using the ActiLife soft-
ware and analyzed by varying the epoch to 1, 10, 30, and 60 sec. Daily 
average metabolic equivalents (METs) increased as the epoch in-

creased (F= 2.918, P= 0.037), showing a significant difference between 
1 and 60-sec epochs. As epoch length increased, sedentary (0–1.5 METs) 
(F= 94.001, P= 0.000) and high intensity (6 METs and higher) activity time 
(F= 3.536, P= 0.017) decreased, while low (1.5–3 METs) (F= 173.949, P=  
0.000), moderate (3–6 METs) (F= 70.792, P= 0.000), and moderate-to-vig-
orous activity (3 METs and higher intensity) (F= 34.683, P= 0.000) times 
increased. Comparing PA among adolescent athletes by varying epoch 
settings of accelerometers revealed differences in PA levels and time 
spent in different activity intensities. Future studies should consider the 
characteristic changes in the PA outputs according to the epoch length 
in very active adolescent athletes.
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INTRODUCTION

Excessive energy expenditure during rapid growth period due 
to intense training may lead to an inadequate energy reserve es-
sential for sustained growth, potentially impacting the health and 
athletic performance of youth athletes (Meyer et al., 2007). There-
fore, the objective quantification of physical activity (PA) through 
precise measurements is important for effective health management 
among adolescent athletes. The accelerometer has been used as a 
useful tool for the objective measurement of PA across various age 
demographics (Cain et al., 2013; Lynch et al., 2019; Silveira et al., 
2022). Nevertheless, it has been known that outputs derived from 
accelerometer data are subject to alteration based on epoch length, 
criteria for data inclusion, cutoff point for PA intensity and wear-
ing determination algorithms during data processing (Cain et al., 
2013; Logan et al., 2016; Migueles et al., 2017). Consequently, 

selecting appropriate processing parameters aligned with the sub-
ject’s activity patterns becomes imperative.

Children and adolescent activity patterns are characterized by 
intermittent high intensity in daily life comparing with adults 
and older adults. To accurately capture these patterns, multiple 
studies have investigated the optimal epoch length for accelerom-
eters. Epoch length refers to the duration over which activity counts 
are aggregated and recorded, significantly impacting estimations 
of moderate-to-vigorous PA in young individuals. Notably, numer-
ous studies advocate for shorter epochs, such as one sec because lon-
ger epoch lengths tend to underestimate vigorous activity among 
children and adolescents.

For groups engaged in extremely high-intensity activities, like 
adolescent athletes, a shorter epoch setting may be indispensable. 
However, recent research by Fabre et al. (2023) showed that, when 
analyzing intermittent running, epoch lengths of 30 and 60 sec 
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yielded results more closely aligned with energy expenditure and 
moderate-to-vigorous activity time measured through indirect 
calorimetry. Therefore, to comprehensively assess the difference of 
PA pattern, applying both short and long epochs seems necessary. 
This study was part of the ‘Research Project on the Effects of Youth 
Athletes’ Exercise, Nutrition, Sleep, and Stress on Growth and 
Development.’ The purpose of this study was to compare acceler-
ometer outputs based on epoch length. By examining variations 
in time spent at different PA intensities and overall energy expen-
diture as dictated by accelerometer epoch settings, we aim to es-
tablish foundational data for investigating the impact of adoles-
cent athletes’ activity on growth in future research.

MATERIALS AND METHODS

Participants
The study participants were 12 to 13 years old adolescent male 

athletes who belonged to basketball (5 athletes), taekwondo (7 ath-
letes), soccer (19 athletes) team. They were in the first grade of 
middle school and registered in the Korea Association of Athletics 
Federations. The athletes who could not maintain ordinary PA or 
training due to injury or disease and participating in the special 
events such as sport match or group traveling were excluded. The 
physical characteristics of the subjects were presented in Table 1. 
The Ethics Committee of Chungnam National University (2023-
01-SB-010-01) approved this study. Prior to the investigation, the 
athletes and their parents were given a detailed explanation of the 
background, objectives, and procedures of the study and consented 
to participate in the study with documents.

Accelerometer processing
All participants were asked to wear a GT3X accelerometer for 7 

consecutive days including sleeping hours except for periods when 
the device may get wet such as showering or swimming. Each ac-
celerometer was set to collect tri-axial acceleration signals at 30 Hz. 
Accelerometers were attached to an elasticated belt and positioned 
on the right hip securely. After 7 days, accelerometers were col-

lected and downloaded for data processing and reduction using 
Actilife.

A valid day was determined as ≥10 hr of monitoring per day 
(Migueles et al., 2017). Participants with less than 4 days of re-
cording were excluded from the analysis (Toftager et al., 2013). 
Epoch length was set to 1 sec and reintegrated into longer periods 
of 10, 30, 60 sec. To determine the time spent in sedentary (<1.5 
metabolic equivalents, METs), light (≥1.5 METs and <3 METs), 
moderate (≥3 METs and <6 METs), vigorous (≥6 METs and  
<9 METs), very vigorous (>9 METs), and moderate-to-vigorous 
PA (≥3 METs), the cutoff points derived by Freedson et al. (2005) 
were used.

Data analysis
The descriptive data were expressed as the mean values with 

standard deviations for continuous variables. One way analysis of 
variance was used to compare the energy expenditure and time 
spent on PA of each intensities (sedentary, light, moderate, vigor-
ous, very vigorous) among the epoch options (1, 10, 30, 60 sec). 
Bonferroni test was performed for the post hoc analysis of the vari-
ables showing statistical significance. All statistical analyses were 
conducted using IBM SPSS Statistics ver. 26.0 (IBM Co., Armonk, 
NY, USA) and P<0.05 was considered significant.

RESULTS

Energy expenditure and PA level (METs) showed an increase as 
the epoch length increased, but only METs was statistically sig-
nificant (F=2.918, P=0.037) (Table 2). Except for the vigorous 
(6–9 METs) activity time, a statistically significant differences were 
found depending on the epoch length in the time spent on all oth-
er activity intensities. As the epoch length was set longer, light 
(F=173.95, P=0.00), moderate (F=70.79, P=0.000), and mod-
erate-vigorous PA (F=34.68, P=0.000) increased, and sedentary 
(F=94.00, P=0.000), very vigorous (F=13.78, P=0.000), and 
vigorous to very vigorous activity (F=3.536, P=0.017) decreased. 
As a result of the post hoc test, sedentary and light activities were 
different for each epoch, and moderate and moderate-to-vigorous 
activities were different for each epoch, but there was no signifi-
cant difference between 30 and 60 sec. Very vigorous activity showed 
a difference between epoch 1 sec and other epochs, and vigorous 
to very vigorous activity showed a significant difference between 
epoch 1 sec and 60 sec (Table 3).

Table 1. Characteristics of study participants (n= 31)

Variable Mean± SD

Age (yr) 13.30± 0.26
Height (cm) 164.41± 9.58
Weight (kg) 55.52± 13.24
Body mass index (kg/m2) 20.31± 3.38

SD, standard deviation.
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DISCUSSION

Epoch length significantly impacts the outcomes in PA analysis 
(Aibar and Chanal, 2015; Cain et al., 2013; Fabre et al., 2020; 
Sanders et al., 2014), with recommendations of short epochs, typ-
ically ranging from 1 to 15 sec, for children and adolescents usu-
ally engaged in intermittent high-intensity activities (Fabre et al., 
2020; Migueles et al., 2017).

In this study involving male athletes aged 12–13 exhibiting 
frequent bursts of high-intensity intermittent activities, there was 
also a difference in time for each intensity according to epoch length, 
and the shorter the epoch length, the higher the vigorous to very 
vigorous activity time (6 and higher MET). At the same time, the 
sedentary time also increased, and the moderate and moderate- 
vigorous activity time decreased as the epoch decreased. Reflecting 
these results, the shorter the epoch, the PA level decreased show-
ing statistical significance in the average daily activity level pre-
sented by MET. The results of this study are partially different 
from previous studies on children and adolescents’ PA. As epoch 
length increases, the decline in vigorous to very vigorous activity 
aligns with previous findings, yet the increase in moderate-vigor-
ous activity diverges from established research (Aibar et al., 2014; 
Logan et al., 2016; Migueles et al., 2017). It appears that the in-

crease in moderate activity time outweighs the decrease in vigor-
ous to very vigorous activity time as the epoch length increases. 
The comparison between 1-sec and 60-sec epochs showed a dis-
parity of 106.7 min in moderate activity and 13.8 min in vigor-
ous to very vigorous activity time. The same results as this study 
were seen in several other studies, which were measured in physi-
cal education classes (Sanders et al., 2014) and intermittent tread-
mill running (Fabre et al., 2020) situations. In this study, daily 
life was measured, but the level of activity was very high because 
they were athletes, so it seems to be similar to the case of high level 
of activity such as physical education classes and intermittent run-
ning.

For adolescents, shorter epoch lengths have been recommended 
to counter the dilution effect on high-intensity activities when 
applying long epoch lengths. However, it should be considered 
that the short epoch setting might be accompanied by an increase 
in sedentary time, decrease in light, moderate, moderate-vigorous 
activity time, and general MET when comparing with PA outputs 
under long epoch setting. In addition, it is noteworthy that the 
energy expenditure calculated by the accelerometer may be lower 
than the actual energy expenditure because the level of energy 
metabolism increases physiologically even if there is no physical 
movement during the intermittent or interval exercise, resulting 

Table 2. Comparison of the physical activity according to the various epoch length (n= 31)

Physical activity
Epoch length

F-value P-value
1 sec 10 sec 30 sec 60 sec

Energy expenditure on PA (kcal/day) 761.25± 349.07 773.07± 377.94 780.19± 389.79 782.84± 395.05 0.020 0.996
METs 1.64± 0.13a 1.69 ± 0.13ab 1.71± 0.13ab 1.73± 0.13b 2.918 0.037

Values are presented as mean± standard deviation.
PA, physical activity; METs, metabolic equivalents.
Values with different alphabets in the same row are significantly different at P= 0.05 by a Bonferroni test.

Table 3. Comparison of time spent on physical activity of various intensities according to the epoch lengths (n= 31)

Time spent
Epoch length

F-value P-value
1 sec 10 sec 30 sec 60 sec

Sedentary (min) 1,192.51± 36.33a 1,091.64± 46.08b 1,033.88± 52.51c 999.02± 56.94d 94.001 0.000
Light (min) 37.10± 5.76a 89.74± 14.73b 118.95± 21.77c 138.09± 25.61d 173.949 0.000
Moderate (min) 147.62± 23.69a 200.79± 29.19b 234.84± 33.14c 254.36± 36.31c 70.792 0.000
Vigorous (min) 38.29± 8.30 43.12± 10.80 41.94± 13.06 40.30± 14.87 0.945 0.421
Very vigorous (min) 24.04± 11.51a 14.38± 11.28b 10.19± 10.14b 8.23± 9.11b 13.784 0.000
Vigorous-Very vig. (min) 62.33± 4.78a 57.51± 17.12ab 52.13± 18.71ab 48.53± 20.62b 3.536 0.017
Mod-Vigorous (min) 209.96± 32.78a 258.30± 37.53b 286.98± 40.12c 302.89± 43.09c 34.634 0.000

Values are presented as mean± standard deviation.
Vigorous-Very Vig., vigorous-to-very vigorous activity time; Mod-Vigorous, moderate-to-vigorous activity time.
Values with different alphabets in the same row are significantly different at P= 0.05 by a Bonferroni test.
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in a closer output to the criteria value when a longer epoch is set. 
Fabre et al. (2023) reported this by comparing the energy expen-
diture calculated using the accelerometer and the indirect calorim-
etry, and they reported that the energy expenditure calculated by 
the accelerometer during intermittent running was consistently 
lower than the energy expenditure calculated by the indirect calo-
rimetry, and that the result was closer to the criterion measure than 
the shorter epoch setting when the epoch was set at 30 and 60 sec.

In many studies of adolescents, PA is usually investigated in re-
lation to health, and the most meaningful PA indicators are not 
only vigorous activities, but also energy expenditure, moderate-to- 
vigorous activity, and sedentary hours (Joensuu et al., 2018; Papa-
dopoulou et al., 2021; Skinner et al., 2023; Wang et al., 2019). 
This study also analyzes PA as part of a project to investigate the 
impact of youth athletes’ lifestyle on their growth and develop-
ment, so in future research, it might be better to consider both of 
a short epoch that can better capture physical movements and a 
long epoch that can better reflect physiological energy expendi-
ture levels.

In conclusion, when measuring PA of adolescent athletes using 
accelerometers, the shorter the epoch length, compared to the long 
epoch setting, the higher the high-intensity activity and sedentary 
time, and the lower the low, moderate, moderate-to-vigorous ac-
tivity time and average activity level. We will consider this when 
we perform the study on the impact of youth athletes’ activity 
level on their growth and development.
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