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Abstract - Aims: This study aimed to compare the sedentary time measured using the ActiGraph GT3X accele-
rometer with the measurement of sitting and standing time obtained by ActivPAL inclinometers. Methods: This was a
cross-sectional study conducted with a sample of 60 schoolchildren (34 males) of one elementary public school in Bra-
zil. The students used both an ActiGraph GT3X accelerometer and an ActivPAL inclinometer, concurrently, positioned
at the beginning and removed at the end of the school shift, for four days. For analysis, paired Student's t-tests, Pearson's
correlation coefficients, intraclass correlation coefficients, and Bland-Altman plots were used. Results: When compar-
ing sedentary time with sitting time, although correlated (r = 0.53; p < 0.001), the mean minutes were different
(134.2 min/day in ActiGraph GT3X vs 120.3 min/day in ActivPAL; p < 0.001), with a bias of 13.9 min/day. When
comparing the measurement of sedentary time with the sum of the sitting time plus standing time, different mean minu-
tes were also observed (134.2 min/day in ActiGraph GT3X vs 177.0 min/day in ActivPAL; p < 0.001), and although the
correlation was stronger (r = 0.75; p < 0.001), the bias was higher (—42.8 min/day). Conclusion: Sedentary time
derived from the ActiGraph GT3X device should be used with caution to evaluate sedentary behavior in a school setting
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and may be interpreted only as non-moving activities (stationary behavior).
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Introduction

Sedentary behavior (SB) is conceptualized as any waking
behavior with an energy expenditure of up to 1.5 METs,
adopting sitting, reclining, or lying positions'. Despite
the well-known risk for chronic diseases derived from
physical inactivity?, SB has been studied as an indepen-
dent risk factor for the development of chronic non-com-
municable diseases and mortality®>*. In children and
adolescents, the high prevalence of SB, especially on
screens (television, computer, and video games), is asso-
ciated with unfavorable body composition, higher clus-
tered cardiometabolic risk scores, unfavorable behavioral
conduct/pro-social behavior, lower fitness, low self-
esteem’, poor health-related quality of life®, an increase
in psychological illnesses such as depression, and
decreased psychological well-being, such as life satisfac-
tion and well-being’.

To objectively evaluate SB, portable devices such as
inclinometers and accelerometers are widely used in sci-
entific research®'°. One of the most used inclinometers is
the ActivPAL, which consists of a small portable device
that is fixed to the middle anterior region of the indivi-
dual's thigh to record time spent in sitting/reclining, stand-
ing stationary, and walking activities''. Regarding
accelerometers, the most popular are the ActiGraph GT3X
and GT3X+ models, which are typically used at the height
of the iliac crest and record information based on three-
axis acceleration, classifying activities as sedentary, light,
moderate, or vigorous according to the pattern of accel-
eration'?.

Although hip-worn ActiGraph GT3X and GT3X+
accelerometer models do not differentiate body positions,
these devices are widely used in studies to evaluate SB
from counts, using specific cut-off points'®!%. However, to
differentiate SB from stationary activities, it is necessary


http://orcid.org/0000-0002-3179-5630
http://orcid.org/0000-0002-9166-4376
http://orcid.org/0000-0003-0477-8234
http://orcid.org/0000-0003-3430-3993
http://orcid.org/0000-0003-1355-331X
http://orcid.org/0000-0003-3995-4795
http://orcid.org/0000-0003-1576-8090
mailto:romulo_ef@yahoo.com.br
http://orcid.org/0000-0002-3179-5630
http://orcid.org/0000-0002-9166-4376
http://orcid.org/0000-0003-0477-8234
http://orcid.org/0000-0003-3430-3993
http://orcid.org/0000-0003-1355-331X
http://orcid.org/0000-0003-3995-4795
http://orcid.org/0000-0003-1576-8090
http://dx.doi.org/10.1590/S1980-657420220012021

to identify whether the individual is in a sitting/reclining
or standing position'?.

The measure of SB using accelerometers in children
is particularly specific due to the distinct pattern of accele-
rations, in which younger children present more physical
activity, with shorter bouts'*, which consequently leads to
a higher frequency of sedentary time breaks. Besides,
when considering sedentary time, the use of acceleration
as the only criterion could lead to a potential bias and con-
sequently, overestimate SB, keeping in mind the difficulty
of measuring standing time'>'®. This is especially relevant
given that the school period is composed of several activ-
ities practiced in a standing position inside classes, but
without clear accelerations. Therefore, the use of a device
that only takes into consideration the criterion acceleration
could overestimate sedentary behavior even more than
outside school'’. Previous studies found that ActivPAL
inclinometers were better for estimating standing time and
sitting time than accelerometers (adopting direct observa-
tion as the gold standard method)'®, as well as that sitting
time estimates measured through inclinometers mode-
rately agree with sitting time measures through accelero-
meters'®.

Considering the limitations of accelerometers to
measure standing time based on acceleration, the sum of
standing and sitting/reclining positions using inclinome-
ters (stationary behavior) could be more associated with
accelerometer-based SB than only the time in sitting/re-
clining positions. However, the association between sta-
tionary behavior and SB from accelerometers is still
lacking. Moreover, the associations between the ActivPAL
inclinometer and the ActiGraph GT3X accelerometer still
warrant investigation considering school time in children
at the beginning of elementary school. Therefore, we
aimed to compare the sedentary time measured using the
ActiGraph GT3X accelerometer with the measurement of
sitting and standing time obtained by ActivPAL inclin-
ometers.

Methods

Study outline

The present cross-sectional study used data from the
baseline of the ERGUER/Aracaju Project, performed
between April and June 2018, which is a controlled trial
aimed at evaluating the effects of reducing sitting time at
school on cognition and academic performance of stu-
dents. The study was approved by the local ethics com-
mittee of the Federal University of Sergipe (Process
Number: 2.587.676), and children received permission to
participate from parents or guardians, through signing an
informed consent form.

ActiGraph GT3X versus ActivPAL to assess sedentary behavior

Participants

The sample consisted of schoolchildren from four
classes of the 2nd year of one elementary public school in
Aracaju/SE, a city located in the northeast of Brazil. The
school and classes were chosen for convenience. Initially,
all children from the four classes were invited to partici-
pate in the study (n = 100); however, only 61 children
were authorized by their parents by signing the consent
form. Of these, one child did not have data for at least four
days of evaluation and the final sample consisted of 60
schoolchildren (34 males; mean age of 7.8 + 0.6 years).

Instrumentation and procedure

The students used, concurrently, an accelerometer
ActiGraph GT3X and an inclinometer ActivPAL, placed
in position by the research team (professionals and stu-
dents of Physical Education, appropriately trained) at the
beginning of the school shift (7 am) and removed at the
end of the school shift (11 am), for four days, considering
the means of each child for each device. The days of use of
the devices were preferably consecutive, except when the
children were absent and used the devices on another non-
consecutive day, to complement the four days of use for all
children. The time of use of the two devices was equated
using as a reference the start time of recording of the
inclinometers and the end time of recording of the accele-
rometers, for each day of recording.

The accelerometer (GT3X - ActiGraph Inc, Pensa-
cola, FL, USA) was fixed at the waist, on the right iliac
crest, using an elastic strap, programmed with one-second
epochs, which were then converted to 15 seconds, using
ActiLife software (version 6.8.1; ActiGraph LLC, Pensa-
cola, FL, USA). The cut-off point of Evenson et al.'* was
used to obtain the variable sedentary time (in minutes),
according to a previous study that analyzed several cut-off
points and found that 100 counts per minute most closely
matched the ActivPAL sitting time and standing time,
obtained in schoolchildren from 8 to 12 years of age dur-
ing the school period'®.

The inclinometer (ActivPAL - PAL Technologies
Limited, Glasgow, Scotland, UK) was fixed to the anterior
midline of the right thigh using adhesive tape, pro-
grammed with 15-second epochs, using ActivPAL soft-
ware (version 7.2.38, PAL Technologies Limited,
Glasgow, Scotland, UK). Sitting time and the sum of sit-
ting time and standing time were considered as variables,
both in minutes.

The schoolchildren were informed that the devices
were used to measure their movements at school, but they
did not have the information or understanding that the dif-
ferent body positions (sitting/reclining, standing sta-
tionary, and walking activities) and accelerations were
assessed separately so that they could interfere with their
usual behaviors.
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The body mass index (BMI) was calculated using
weight (kilograms) and height (meters) measurements,
obtained at school, using a portable scale (WISO, Crivitta
Diagnostica Ltda, Sdo José-SC, Brazil) and stadiometer
(Sanny, American Medical do Brasil Ltda, Sdo Bernardo
do Campo-SP, Brazil). The children were barefoot and, for
the height measurement, in an orthostatic position, with
the chin parallel to the ground and the heels together.

Statistical analysis

The Kolmogorov-Smirnov test was used to test the
normality of data distribution. Comparisons between mean
values of sedentary time (accelerometer) and sitting time
(inclinometer), and between sedentary time (accel-
erometer) and the sum of sitting time and standing time
(inclinometer) were performed using paired Student's t-
tests. Pearson's correlation coefficients were adopted to
verify correlations, intraclass correlation coefficients
(ICC) to verify the reliability, and Bland-Altman plots
were used to visualize agreement between the same vari-
ables. The analyses were performed using SPSS (version
22.0; IBM Corp., Armonk, NY, USA) and Medcalc (Med-
Calc Software Ltd., Ostend, Belgium) programs. The sig-
nificance level adopted was p < 0.05.

Results

The sample consisted mostly of boys, with an avera-
ge age of approximately 8 years and normal body mass
index for the age group”’, according to the characteristics
described in Table 1.

When comparing the mean values of sedentary time
(ActiGraph GT3X) with sitting time (ActivPAL), the
mean times were different (134.2 versus 120.3 min/day),
the ICC was 0.608, and the Pearson's correlation was 0.53
(Figure 1A). The Bland Altman plot showed that the Acti-
Graph GT3X measurement was overestimated compared
to the ActivPAL (mean 12.7%) (Figure 2A).

The measurement of sedentary time with the Acti-
Graph GT3X was also compared to the sum of sitting time
and standing time measurements with the ActivPAL.
Although the comparison presented a positive Pearson's
correlation (r = 0.75), higher than the comparison with the

Table 1 - Descriptive statistics of the participants.

Variables All Male Female
Sex 60 (100%) 34 (56.7%) 26 (43.3%)
Age (years) 7.8 (0.6) 7.7(0.5) 7.9 (0.7)
Weight (kg) 26.3(5.2) 25.93.9) 26.7 (6.5)
Stature (m) 1.25 (0.06) 1.26 (0.04) 1.25(0.07)
BMI (kg/m?) 16.5(2.5) 163 (2.2) 16.7 (2.9)

Note: BMI = Body Mass Index. All variables are described as mean and
standard deviation, except sex, which is presented using absolute and
relative frequencies.
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Figure 1 - Correlation and comparison of means in minutes (95%CI) for
ActiGraph GT3X and ActivPAL. Detailed legend: A - Sedentary time
from ActiGraph GT3X versus Sitting time from ActivPAL. B - Sedentary
time from ActiGraph GT3X versus Sitting and Standing time from
ActivPAL. Note: r = Pearson's correlation coefficients; ICC = intraclass
correlation coefficients; *p < 0.001 for comparison of means.

measure of sitting time alone, the ICC was smaller
(0.236), and the means were also different (134.2 versus
177.0 min/day) (Figure 1B). The Bland Altman plot
showed that the inclusion of standing time changes the
estimate in —28.4%, that is, it changes from over-
estimation to underestimation of the ActiGraph GT3X
measurement relative to the ActivPAL (mean —42.8 min/
day) (Figure 2B).

Discussion

We found differences in the measurements obtained
through the ActiGraph GT3X compared to the ActivPAL
measurements in children during the school period. The
comparison of the sedentary time measurement from the
ActiGraph GT3X and sitting time from the ActivPAL
demonstrated a mean overestimation of approximately 14
minutes, ranging up to 60 minutes. The ActiGraph GT3X
model probably overestimates sedentary time because it
does not differentiate body postures, so considers standing
as stationary time, which the ActivPAL can differentiate
from sitting time.
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Figure 2 - Bland-Altman plots of the differences between ActiGraph
GT3X and ActivPAL: A - Sedentary time from ActiGraph GT3X versus
Sitting time from ActivPAL. B - Sedentary time from ActiGraph GT3X
versus Sitting and Standing time from ActivPAL.

However, when adding standing time to sitting time
of the ActivPAL (stationary behavior), the ActiGraph
GT3X underestimated ActivPAL by approximately
43 min, although with a stronger correlation than when
considering only sitting time from the ActivPAL. This
result demonstrates that the ActiGraph GT3X measure-
ment could include some standing position activities (but
not all), which cannot conceptually be classified as SB,
producing an aleatory error. This may be since ActivPAL
does not detect activities performed with the upper limbs
and hips in a standing position, while the ActiGraph
GT3X classifies some of these movements as light physi-
cal activity and not as sedentary time.

Previous studies have also found differences
between the devices available for measuring SB in young
people, even when using the ActiGraph inclinometer
function'>'®, We found that the mean difference in the SB
measurement with the ActiGraph was almost 13% (LoA
—33% to 58%), higher than that observed by Martin
et al.”' in Scottish young people (4.3%). We also found
higher differences between devices when compared with
controlled situations, given the current study was per-
formed in a real-world context*>>*. This result reinforces
the potential bias associated with the use of or compari-
sons between evidence produced by both devices.
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These differences between measures may over-
estimate or underestimate the real effect of interventions
aimed at reducing SB in various environments, thus com-
promising the result and comparisons between studies®.
For example, we have previously verified, in Portuguese
schoolchildren from 11 to 13 years of age, that the Acti-
Graph GT3X does indeed seem to overestimate SB in
school (16.8%), besides not detecting changes in SB pro-
moted by an intervention to reduce SB in school (Activ-
PAL as reference)'’. Also, depending on the device used,
SB may or may not be associated with health outcomes
such adiposity, cardio-metabolic, fitness, bone/muscu-
loskeletal, and psychosocial, gross motor, and cognitive
skills, compromising the ability to correctly detect these
associations®.

Ridgers et al'® also compared sedentary time mea-
surements obtained using ActiGraph accelerometers with
ActivPAL measurements in children aged 8 to 12 years in
the school environment. They used several ActiGraph cut-
off points and in conclusion, the authors indicated that sit-
ting time at school can be obtained with the ActiGraph
cut-off point of 100 counts per minute, and that other high
cut-off points can record both standing and sitting postures
by accelerometers. In our study, even using the cut-off
point of 100 counts per minute, we found differences
between the two devices, however, in addition to the study
by Ridgers et al using another ActiGraph device model
(GT1M), our students used the devices for four days,
instead of two days, and for a shorter period (within a
four-hour shift), which can justify the differences between
the results found.

In this sense, sedentary time measured using hip-
worn ActiGraph GT3X accelerometers fits more into the
concept of stationary behavior, which covers any motion-
less activity, regardless of body position and energy
expenditure, while the sitting time measured using the
ActivPAL would be more in line with the narrower con-
cept of SB, especially the postural dimension'. In addition
to a better understanding of the most appropriate terminol-
ogy, this differentiation between what each measure repre-
sents is fundamental for understanding the results
presented in previous studies that evaluated SB using
these two instruments, and for choosing the best evalua-
tion method for future studies.

One of the limitations of the present study was the
fact that the children used the devices for approximately
four days during the school period (7 am to 11 am). Dif-
ferent results may be found if devices are used following
the standard protocol of seven consecutive days. However,
the usual seven-day protocol is used for evaluation in all
domains, and our study aimed to evaluate only in the
school context. Another limitation was that we did not
consider a direct observation measure to compare with
measurements obtained through the devices. On the other
hand, the present study was able to compare two devices
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through their concomitant use. Furthermore, to provide
information on the measurement of SB, the study sought,
using comparisons with other measures, to improve
understanding of the specificity of each device to evaluate
measures of SB.

Conclusion

Sedentary time measured with the ActiGraph GT3X,
despite positively correlating with sitting time and the sum
of sitting time and standing time from the ActivPAL,
should be used with caution to evaluate sedentary beha-
vior in a school setting and can be interpreted only as
activities without movement (stationary behavior). Future
studies should investigate which activities in a standing
position are considered sedentary by accelerometers such
as the ActiGraph GT3X device. The correct identification
of sedentary time at school and its differentiation from
other types of behaviors should be taken into account for
future studies in the school environment, looking for asso-
ciations between sedentary behaviors and academic out-
comes, as well as in studies that seek to assess the effects
of interventions to reduce sitting time at school.
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