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Abstract - Aims: This study aimed to measure light-intensity physical activity (LPA) patterns in adolescents accord-
ing to weekdays and school period and investigated associations between LPA patterns and associated factors.
Methods: This is a cross-sectional study with 388 students of both genders, selected from public schools from Lon-
drina city, Parana state. LPA was measured using accelerometry for seven consecutive days and was analyzed by the
time spent in very short (15 to 30 s), short (30 to 60 s), intermediate (1 to 3 min), and long bouts (≥ 3 min). Results:
Approximately 22% of the total daily time was spent in LPA. The time in LPA accumulated in short or intermediate
bouts was higher than the time accumulated in very short or long bouts (P < 0.05). Gender was associated with short
(β = 2.180; 95% confidence interval [CI], 0.357 to 4.003) and intermediate bouts (β = 2.822; 95% CI, 0.681 to 4.964),
girls presented higher daily time. Age was inversely associated with very short (β = −0.925; 95% CI, −1.676 to −0.175)
and intermediate bouts (β = −1.985; 95% CI, −3.579 to −0.390). The total time in LPA and time accumulated in very
short, short, and intermediate bouts was higher in the school period when compared to the non-school period (P < 0.05).
Conclusion: It could be concluded that the LPA patterns are predominantly composed of time spent in bouts between
30 seconds and three minutes. Gender, age, and school period appear to influence the LPA pattern in adolescents.
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Introduction
It is well documented that physical activity is an important
health determinant in adolescence1. Physical activity can
be classified (based on using the resting metabolic rate as a
baseline MET value) by light-intensity physical activity
(activities performed between 1.51 � 2.99 METs, includ-
ing activities such as active video games, quiet school
work, and slow walking) or moderate-to-vigorous physical
activity (activities above 3 METs, including running and
playing sports)2. Despite being characterized according to
these intensities, the recommendation for the daily prac-
tice of moderate to vigorous physical activity (MVPA) for
at least 60 minutes to achieve health benefits is evident3.
However, it is estimated that 80% of adolescents do not
meet this recommendation4. In addition, adolescents spend
a high volume of time in sedentary activities (approxi-
mately 10 hours daily)5, which is a worrying fact since
sedentary behavior is associated with adverse health indi-
cators in this population group6.

Recent investigations have focused on light physical
activity (LPA)7,8 due to its potential to reduce time in
sedentary behavior and increase total levels of physical
activity9. LPA corresponds to a significant portion of the
daily behavior10 and is characterized between borderline
sedentary behavior and MVPA values11. Although current
global guidelines for the practice of physical activity do
not mention LPA, recent evidence suggests health benefits
resulting from the practice of LPA in adults, such as
reduced mortality and cardiovascular disease indicators7,8.

Specifically, in adolescents, the LPA appears to be
associated with a series of health benefits, such as the
reduction of obesity indicators12,13 as well as improve-
ment of some cardiometabolic biomarkers14. In addition,
the reallocation of sedentary time to LPA seems to be
associated with positive results on metabolic and physio-
logical indicators15, more favorable indicators of adipo-
sity, cardiorespiratory fitness, and mental health in
children and adolescents16. LPA patterns can also be asso-
ciated with health indicators in a particular way. In this
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sense, Blaes et al.,17 concluded that the number of short
LPA bouts (≤ 3 min) was correlated with lower body fat
percentage in boys, while Stone et al,18 reported that the
frequency of short (≥ 4 s) and long bouts (≥ 5 min) from
light to very vigorous intensity were associated with a
change in endothelial function from rest to post-exercise
in boys. Therefore, the boost of LPA through the reduction
of sedentary behavior can be characterized as an alter-
native health strategy in the pediatric population, espe-
cially among adolescents who are insufficiently active
and/or who accumulate long sedentary behavior time.

Thus, understanding how the LPA pattern manifests
itself in adolescents (in terms of volume and bouts)
according to gender, periods (weekdays and school hours),
and economic context, it is possible to support a more tar-
geted approach to implement interventions with LPA, pro-
viding a viable alternative to achieve health benefits.
While previous studies have identified that the time spent
in sedentary behavior and/or MVPA can vary according to
gender19, economic level20, environment (i.e., school and
non-school period), and weekdays (i.e., weekdays and
weekends)21, LPA characterization in adolescents is still
incipient. Thus, the present study aimed: (1) to describe
the LPA pattern; (2) to investigate associations between
LPA patterns and gender, age, and economic level; (3) to
characterize the LPA pattern according to the period of the
day (school and non-school period), and weekdays and
weekends.

Methods

Participants
This was a cross-sectional school-based study car-

ried out with students of both genders selected from public
schools in the city of Londrina, Parana state. The sample
was composed of adolescents of both genders enrolled in
the sixth grade of elementary school. Details about the
sample selection process have been previously described5.
Briefly, ten schools were selected in a stratified way in
relation to the geographic region of the municipality
(northern, southern, eastern, western regions, and down-
town). Conglomerates (classes) were randomly selected
until the percentage representation of each school in its
respective geographic region was reached. Adolescents
were included in the study if they returned the consent
form signed by parents or guardians and those enrolled in
the sixth grade of elementary school. Participants older
than 14 years old, that dropped out during or after the data
collection period, those who reported the use of prescribed
medicine or were being treated for diseases, if they
answered the self-administered questionnaire incorrectly,
who refused to use the accelerometer or did not provide
valid accelerometer data were excluded from the study
sample. The study protocol was approved by the local eth-

ics committee (Ethics Committee of the State University
of Londrina according to no. 1.281.324.) according to
Resolution 466/2012 of the National Health Council on
research involving human beings.

Procedures
Demographic variables (age and gender) were

obtained through a self-administered questionnaire. Socio-
economic status was assessed through the Brazilian Asso-
ciation of Research Companies (ABEP) questionnaire22,
which used a scoring system that assesses the Brazilian
families’ purchasing power. For analysis purposes, the
individual score generated by the instrument was con-
sidered, in which the highest score indicates the highest
economic level.

The LPA pattern was objectively measured using
ActiGraph (ActiGraph, Pensacola, FL, USA) accelerome-
ters, GT3X and GT3X+ models, for seven consecutive
days. Each participant received an accelerometer unit and
detailed instructions regarding positioning (right side of
the hip and level of the anterior iliac crest) and daily use
(use during the entire awake period, except during shower
and aquatic activities). After the monitoring period, the
equipment was collected and recorded data were stored in
ActLife software (v. 6.13.3.). Then, the following data
reduction criteria were used: a) data were reintegrated
from 1-second epoch length to 15-second epoch length; b)
criterion of 60 minutes of consecutive zeros was used to
determine the non-wear time, c) at least eight hours of
accelerometer use, including at least four valid days (with
at least one weekend day)23. After data reduction, esti-
mates of time spent in sedentary behavior, LPA, and
MVPAwere determined, using cutoff points developed for
ActiGraph vector magnitude counts proposed by Roman-
zini et al.24.

Time accumulated in sedentary behavior, LPA, and
MVPAwas expressed as percentage values (% of the total
time using an accelerometer). Bouts were defined as unin-
terrupted LPA periods (drop time = 0). Estimates of accu-
mulated time in bouts were divided into the following time
intervals: a) very short (15 to 30 s); b) short (30 to 60 s); c)
intermediate (1 to 3 min); d) long (≥3 min). Time spent in
bouts was expressed as percentage values in relation to
time spent in LPA and calculated to represent the weekly
LPA pattern on weekdays (Monday to Friday) and week-
ends (Saturday and Sunday). The LPA pattern was also
considered during the school period (1:15 pm to 5:50 pm)
and the non-school period (rest of the day).

Statistical analyses
To describe the sample, descriptive statistics were

used with mean values, standard deviation, and relative
frequency. After verifying data normality using the Kol-
mogorov-Smirnov test, a Student t-test for independent
samples was performed to detected differences between
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genders. Analysis of variance (ANOVA) was used to com-
pare the different LPA bouts. The Student t-test for paired
samples was used to analyze differences between total
time in LPA, LPA bouts and to compare light-intensity
physical activity patterns between weekdays and school
periods. Multiple linear regression analysis was conducted
to examine associations between variables related to LPA
pattern (total time and bouts) and sociodemographic vari-
ables (gender, age, and socioeconomic status). Analyses
were performed using the IBM SPSS statistical package
(version 25.0), with 5% significance.

Results
Initially, 980 adolescents were selected to participate

in the study, 690 were monitored by accelerometers and
388 obtained valid data (56%) and were included in the
analysis. Sample characteristics are shown in Table 1. The
sample consisted mostly of girls (52.5%), approximately
70% of the daily time was spent in sedentary behavior, and
boys remain longer time in MVPAwhen compared to girls
(P < 0.05).

The LPA pattern is presented in Figure 1. Approxi-
mately 22% (190 min/day) of the time recorded by accele-
rometers was spent in LPA. The time spent in LPA in short
(30-60 s) or intermediate bouts (1-3 min) was statistically
higher than time spent in very short (15-30 s) or long bouts
(≥ 3 min) (P < 0.05). Together, short and intermediate
bouts represented almost 70% of total PA time, while less
than 5% of the time spent in LPA was accumulated in
longer bouts (≥ 3 min).

The association between LPA patterns and socio-
demographic variables (gender, age, and socioeconomic
status) is presented in Table 2. Gender was associated with
time spent in short (β = 2.180; 95% CI, 0.357 to 4.003)
and intermediate bouts (β = 2.822; 95% CI, 0.681 to
4.964), in which girls presented higher daily time spent in
these bouts compared to boys. Age was inversely asso-
ciated with very short (β = −0.925; 95% CI, −1.676 to
−0.175) and intermediate bouts (β = −1.985; 95% CI,
−3.579 to −0.390). No association was observed between
the LPA pattern and socioeconomic status.

In relation to accelerometer wear time, the total time
in LPA did not differ between weekdays and weekends
(21.7 vs 22.1%, P > 0.05), and no differences were
observed in LPA bouts in these segments. On the other
hand, the total time in LPA (24.1% in school and 19.2%
outside school) and LPA time accumulated in very short,
short and intermediate bouts was statistically higher dur-
ing the school period when compared to the non-school
period (Figure 2).

Discussion
The present study found that adolescents spend

about 20% of their waking time on light-intensity activ-
ities, which are mostly accumulated from periods ranging
from 30 seconds to three minutes. Additionally, it was
observed that the LPA pattern was associated with gender,
in which girls presented more time spent in short (30 to
60 s) and intermediated bouts (1 to 3 min), and very short
(15 to 30 s) and intermediate bouts (1 to 3 min) were asso-
ciated with age. Besides, the higher daily time and the
LPA pattern were more predominant in the school period
when compared to the non-school period. No association
was observed with socioeconomic status and the LPA pat-
tern was similar between week and weekend days.

Table 1 - Sample characteristics of the studied population according to gender.

Variables General (n = 388) Girls (n = 204) Boys (n = 184)

Age (years) 11.8 (0.7) 11.7 (0.6) 11.8 (0.7)

Body mass (kg) 46.6 (12.5) 47.4 (12.7) 45.8 (12.2)

Height (cm) 151.7 (8.1) 152.4 (7.5) 150.6 (9.3)*

Accelerometer wear time (min/day) 866.7 (184.1) 855.5 (181.9) 878.9 (186.3)

Sedentary Behavior (%) 69.4 68.6 70.2

MVPA (%) 8.7 8.6 8.9*

Abbreviations: MVPA, moderate to vigorous physical activity. *P < 0.05.

Figure 1 - Pattern of light physical activity in adolescents according to
bouts. Note: different letters = significant differences between bouts
(P < 0.05).
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Our results showed that the daily time spent in LPA
is considerably high (190 min or 22% of accelerometer
wear time). In percentage values (of total time using
accelerometer), our rates were similar to results found in
literature, in which 27.5%9, 28.7%13 were reported. How-
ever, in absolute terms, our estimates were lower than
those observed in previous studies, which varied between
252 and 336 min/day14,25. The variability observed among
these estimates can be attributed to the different accel-
erometer thresholds adopted to quantify LPA, as well as to
differences in the accelerometer wear time among partici-
pants of these studies. Nevertheless, it is noteworthy that
adolescents tend to spend considerable daily time in LPA.

LPA time was predominantly accumulated from
bouts between 15 seconds and three minutes, which is
partially consistent with previous studies17,26, which poin-
ted out that the LPA pattern was mostly accumulated in
bouts of less than five minutes. This indicates that the LPA
pattern seems to be more spontaneous than programmed,
that is, it seems to reflect more transitions between seden-
tary behavior and LPA than the engagement in regular
LPA practice. For example, in a previous study with the
same sample, it was found that most of the sedentary time
was accumulated in short bouts with a high number of
breaks5. Thus, considering that the daily fraction in LPA is
higher than that accumulated in MVPA, it is believed that

most sedentary behavior breaks are succeeded by short
intermediate LPA bouts (i.e., sporadic household chores,
personal hygiene, and others), thus forming this inter-
mittent pattern27.

The LPA pattern was associated with gender, with
female adolescents presented longer time in short and
intermediate bouts compared to males. Inconsistent find-
ings were observed in previous studies25,28, which do not
found differences in total LPA volume between gender.
However, our findings can be explained by the characte-
ristics of activities performed by boys and girls. In this
sense, girls appear to be more involved in household
activities29 which are predominantly characterized by light
intensity (such as washing dishes, cooking, ironing)30. On
the other hand, boys tend to spend longer daily time in
MVPA31. Thus, given the similarity in sedentary behavior
between gender, the higher LPA in girls, in theory, does
not appear to be a positive aspect for females.

The present study found that the LPA pattern was not
associated with the economic level and did not differ
according to the days of the week (weekdays and week-
ends), which contrasts with previous studies on physical
activities performed at greater intensities. In a systematic
review, Stalsberg et al.20 found that the time in MVPA is
longer in children and adolescents belonging to the higher
economic level, which seems to be the result of the easier

Figure 2 - Pattern of light physical activity according to bouts for weekdays or weekends and in or outside school. *P < 0.05.

Table 2 - Association between light physical activity patterns and gender, age, and socioeconomic status from adolescents.

LPA pattern Gendera β (95% CI) Ageb β (95% CI) Socioeconomic statusc β (95% CI)

Total LPA time 0.288 (−1.039 to 1.615) −0.197 (−1.185 to 0.791) 0.024 (−0.043 to 0.091)

Bouts

15-30 s −0.006 (−1.013 to 1.002) −0.925 (−1.676 to −0.175)* 0.003 (−0.048 to 0.054)

30-60 s 2.180 (0.357 to 4.003)* −1.246 (−2.603 to 0.112) 0.006 (−0.098 to 0.086)

1-3 min 2.822 (0.681 to 4.964)* −1.985 (−3.579 to −0.390)* −0.001 (−0.109 to 0.107)

≥ 3 min 0.393 (−0.042 to 0.828) −0.114 (−0.438 to 0.210) 0.013 (−0.009 to 0.035)
Abbreviations: LPA, light physical activity; CI, confidence interval. aadjusted analyses by age and socioeconomic status; badjusted analyses by gender and
socioeconomic status; cadjusted analyses by gender and age. *P < 0.05.
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access and engagement of these individuals to physical
activities and/or supervised sports practices. Thus, the
practice of structured sports traditionally occurs during
weekdays, contributing to increasing MVPA estimates
over that period21. On the other hand, light intensity acti-
vities, such as standing32, walking slowly, and performing
household chores30 occur spontaneously and unstructured,
being, therefore, less dependent on the economic condi-
tion and the context in which they are carried out.

The higher total time in LPA and the accumulation in
very short, short and intermediate bouts during the school
period was an interesting finding of the present study.
Although the school environment favors the occurrence of
sedentary behavior through high sitting time in the class-
room, the pattern of this behavior is characterized by the
predominance of short bouts (<10 min)33. Thus, this
environment can also be very conducive to rapid interrup-
tions of sedentary behavior5, which can occur both in the
classroom (standing up to perform exercises in the class-
room; to clarify doubts with teachers) and outside it
(breaks between classes, recess, physical education clas-
ses). These breaks can be related to the transition from
sedentary behavior to LPA, which can contribute to higher
LPA accumulation in the school period.

Therefore, it is clear that the school environment,
especially with regard to time in the classroom, con-
tributes to a significant portion of sedentary time accumu-
lated by children and adolescents. In this way,
interventionist strategies implemented in the school per-
iod, such as the use of stand desks34, implementation of
active breaks35, or the adoption of physically active
lessons36 seem to be effective in reducing sitting time and
promoting physical activity. Furthermore, it is important
to promote LPA for other physical activity branches, espe-
cially for home and leisure PA, where opportunities for a
sedentary lifestyle are increasingly frequent in the current
daily life of adolescents.

Some limitations of the present study must be con-
sidered. Initially, a generalization of the results should be
performed with caution, since the sample was exclusively
composed of students from public schools. Sample loss
(only 57% of individuals with valid accelerometer data) is
also a limiting point. However, it should be highlighted
that the sociodemographic characteristics (gender, age,
socioeconomic status) were similar between individuals
included and excluded from the analysis, which may have
minimized any estimate bias. The LPA pattern in the
school period was determined by analyzing data recorded
by accelerometers during the day in which participants
attended schools, although it was not possible to guarantee
the attendance of students in the accelerometer monitoring
time. In contrast, some positive points should be high-
lighted. The use of objective measures enabled estimating
the LPA pattern with greater accuracy when compared to
other methods used to measure physical activity. The use

of a cutoff point in which the magnitude vector is con-
sidered allowed, in theory, greater precision in capturing
the activities performed. The high average accelerometer
wear time (∼ 14 hours) allowed a detailed analysis of the
LPA pattern during the awake period. To the best of our
knowledge, this is one of the first studies to characterize
the LPA pattern in Brazilian adolescents.

Conclusion
In conclusion, Brazilian adolescents spend more

than three hours daily in light physical activity, being
mostly accumulated in shorter bouts, from 30 seconds to 3
minutes. In addition, gender, age, and the school period
appear to influence the LPA pattern in adolescents. Future
studies should be carried out to analyze the association
between LPA pattern and health outcomes in adolescents,
as well as longitudinal changes in the LPA pattern during
adolescence.
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