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Abstract — The aim of this study was to identify Metabolic Equivalents of Task (METs) and
physical activity intensity, and to examine their associations with sociodemographic, occupational,
and behavioral factors among adolescents in public schools in Montes Claros, Minas Gerais, Brazil.
This cross-sectional study, part of the ELCAS project, was conducted between 2022 and 2023
with 1,616 first-year high school students. Physical activity was assessed using the short version
of the International Physical Activity Questionnaire (IPAQ), converted into MET min/week and
categorized as low (<600), moderate (2600), or high (23,000). Independent variables included
gender, school shift, occupation, active transportation, and parental physical activity. Chi-square,
Student’s t-tests, ANOVA, and multinomial logistic regression were used, with a 5% significance How to cite this article

level. The mean physical activity was 3,401.1 (£3,242.0) MET min/week. Higher activity levels were Souza LR, Santos JVF, Medeiros DS,
observed in boys, daytime students, employed adolescents, those using active transport, and those Elsangedy HM, Silva NSS, Silva RRV.
with physically active parents. Conversely, girls, evening-shift students, unemployed adolescents, Metabolic equivalent and intensity
those not using active transport, and those with inactive parents were more likely to engage in of physical activity in public school
moderate or low activity. Physical activity levels were heterogeneous and associated with individual, adolescents. Rev Bras Cineantropom
family, and school factors. Promotion strategies should prioritize girls and evening-shift students, Desempenho Hum 2026, 28:¢109371.
highlighting the protective roles of active transportation and parental modeling. Longitudinal studies DOI: http://doi.org/10.1590/1980-
are recommended to clarify the causal relationships observed. 0037.2026v286109371

Received: October 21, 2025
Accepted: March 02, 2026

Key words: Adolescent; Exercise; Metabolic equivalent; Students.
Corresponding author

Resumo — O objetivo deste estudo foi identificar os Equivalentes Metabdlicos da Tarefa (METS) e a Rosangela Ramos Veloso Silva.
intensidade da atividade fisica, bem como analisar suas associagaes com fatores sociodemogrdficos, ocupacionais Universidade Estadual de Montes Claros —
¢ comportamentais em adolescentes de escolas piiblicas de Montes Claros, Minas Gerais. Trata-se de um estudo Unimontes.

transversal e analitico, integrante do projeto ELCAS, realizado entre 2022 ¢ 2023 com 1.616 estudantes do Av. Prof. Rui Braga, s/n, 39401-089,
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como baixa (< 600), moderada (= 600) ou alta (= 3.000). As varidveis independentes incluiram sexo, turno
escolar, ocupagdo, transporte ativo e pratica de atividade fisica parental. Foram aplicados qui-quadrado, ¢
de Student, ANOVA e regressio logistica multinomial, considerando p < 0,05. A média geral de atividade
[fisica foi de 3.401,1 (% 3.242,0) MET min/semana. Meninos, estudantes do turno diurno, trabalbadores,
usudrios de transporte ativo e com pais fisicamente ativos apresentaram niveis mais elevados de atividade Copyright: This is an Open Access
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fisica. Por outro lado, meninas, alunos do turno noturno, que néo trabalhavam, néo utilizavam transporte article distributed under the terms of the

ativo e tinham pais inativos tiveram maior probabilidade de pratica moderada ou baixa. Os niveis de Creative Commons AttribUtionl license
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atividade fisica mostraram heterogeneidade e associagdo com fatores individuais, familiares e escolares.
Estratégias de promogdo devem priorizar meninas e estudantes do turno noturno, valorizando transporte
ativo e modelagem parental. Estudos longitudinais sdo recomendados para esclarecer relagdes causais.
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Physical activity intensity in adolescents

INTRODUCTION

Physical activity is understood as any voluntary bodily movement produced
by skeletal muscles that results in energy expenditure above the basal metabolic
rate’. The daily accumulation of activities with higher energy demands is a
protective factor for health, promoting physical fitness, cardiometabolic capacity,
and reducing adiposity and depressive symptoms’. Due to its relevance, the
assessment and monitoring of energy expenditure are central strategies in
health surveillance actions’.

Energy expenditure related to physical activity ranges from everyday activities,
such as walking or climbing stairs, to more intense exercises, such as running
or resistance training*. Among the measurement methods, the use of validated,
low-cost self-reported questionnaires stands out, widely applied in population
studies to estimate weekly energy expenditure and activity intensity’. This
estimate is based on the Metabolic Equivalent of Task (MET), where 1 MET
equals 3.5 mL of oxygen per kilogram of body weight per minute, representing
the basal metabolic rate®.

Low levels of physical activity, as well as the predominance of practices
characterized by low energy expenditure, increase the risk of chronic
noncommunicable diseases and encourage harmful behaviors that tend to
become entrenched in adulthood’. According to the Physical Activity Guide
for the Brazilian Population and international guidelines, it is recommended
that adolescents engage in at least 60 minutes of moderate to vigorous aerobic
activity daily in order to promote health and well-being?®.

Despite recommendations, global estimates indicate that more than 80%
of school-aged adolescents do not achieve adequate levels of physical activity’.
Among the barriers, difficulties in reaching the minimum recommended
intensity of 600 MET min/week stand out’. Although epidemiological studies
have described patterns of physical activity in adolescents®'*'!, there is still a
lack of population-based research that comprehensively analyzes intensity
and energy expenditure expressed in METs. This approach is essential to
characterize physical activity profiles, enable international comparisons, and
support public health recommendations that consider not only the duration
but also the metabolic effort of activities.

Given this scenario, the present study aimed to identify the Metabolic
Equivalents of Task (METs) and the intensity of physical activity, in addition
to analyzing their associations with sociodemographic, occupational, and
behavioral factors in adolescents from public schools in a major city in northern
Minas Gerais, Brazil.

METHODS

This research is part of the ELCAS project: Longitudinal Study on
Adolescent Behavior in Physical Activity and Health. It is an epidemiological,
cross-sectional, and analytical study conducted with 9th-grade students from
public high schools in Montes Claros, Minas Gerais, Brazil. The municipality
is a strategic hub in the north of the state, recognized as a regional center
for health and education. The study was approved by the Research Ethics
Committee of the State University of Montes Claros, under opinion

no. 5,287,269 (CAAE 56165122.0.0000.5146).
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Physical activity intensity in adolescents

The sampling was based on a stratified list from the Minas Gerais State
Department of Education, which identified 3,765 first-year high school students
in 2022 and 2023, distributed across 43 urban and rural public schools in Montes
Claros. The sample calculation considered a prevalence of 50%, a confidence
level of 95%, an error of 3%, deff=1.5, and a 10% increase for possible losses,
resulting in a minimum size of 1,373 adolescents.

Adolescents of both sexes, regularly enrolled in the 1st year of high school in
the Montes Claros state public school system in 2022 and 2023, who presented
duly signed consent and assent forms, were included. Students who were
absent from the randomly selected classroom at the time of data collection or
who required specialized educational assistance that would compromise the
collection of information on lifestyle habits were excluded from the sample.
All data collection procedures were conducted by a team of researchers who
had been previously trained to ensure standardization in the approach and
application of the questionnaires.

Data collection took place between September 2022 and December
2023, taking into account school holidays and breaks, and was carried out
in two stages: in the first stage, using probability proportional to size, 20
schools were randomly selected; in the second stage, classes were selected
by simple random sampling, with all students in the selected classes invited
to participate.

Initially, the researchers visited the selected classes to present the study
objectives and invite students to participate. Next, the multifaceted questionnaire
was administered in the classroom under the supervision of three researchers,
with each participant responsible for completing it individually. The procedure
took place on a date and time previously set by the school administration and
lasted an average of 40 minutes, as estimated in the pilot study.

The outcome variable of the study was physical activity among adolescents,
assessed using the short version of the International Physical Activity
Questionnaire (IPAQ), validated and translated for Brazilian adolescents'?.
Using the data obtained by the IPAQ, physical activity was converted to
MET min/week, considering 3.3 MET for light activities, 4.0 MET for
moderate activities, and 8.0 MET for vigorous activities’. The sum of
the categories generated the final amount of MET in minutes per week.
It was then classified as high intensity (at least 3,000 MET min/week),
moderate intensity (at least 600 MET min/week), and low intensity (less
than 600 MET min/week)".

The independent variables of association were gender, school shift, occupation
(studying and working), active transportation to school, and parental physical
activity. Gender, school shift, and occupation profile were collected using the
Brazilian Economic Classification Criterion (CCEB). This instrument establishes
the economic classification of the study population, including sociodemographic
profile and issues related to work in adolescence.

Active transportation to school was assessed using the following question:
“In a normal school week, how many days and how much time per day do you
use the following means of transportation (walking, biking, skateboarding, bus,
school bus, car)?” All students who mentioned walking, cycling, or skateboarding
to and from school were considered to be using active transportation.
This question has been used in similar studies and has demonstrated adequate

test-retest reliability (95% CI: 0.90-0.95; p < 0.05) in a previous study'.
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Parental physical activity was identified through adolescents’perceptions of their
parents’involvement in physical activity. To this end, the social modeling of physical
activity instrument was used". Responses were dichotomized into “yes” and ‘no’
based on the question “Do your parents engage in any type of physical activity?”

The collected data were entered in duplicate, checked, and analyzed using the
Statistical Package for the Social Sciences (SPSS) version 22.0. Statistics were
performed using simple and relative frequencies for categorical variables and
measures of central tendency (mean and standard deviation) for numerical variables.

For bivariate analyses, Pearson’s chi-square test was used, relating the categorical
outcome variable to categorical independent variables; Student’s t-test for
independent samples, associating the numerical outcome variable with independent
variables of only two categories; one-way ANOVA, relating the numerical outcome
variable with categorical variables with at least three categories, and Bonferroni’s
post-hoc test to observe the association between groups.

The association measure was performed using the odds ratio (OR) and 95%
confidence interval (95% CI), using multinomial logistic regression, considering
high intensity physical activity as the reference category. A significance level
of 5% (o < 0.05) was adopted for all analyses.

RESULTS

A total of 1,634 adolescents participated in the study, of whom 18 were
excluded because they had left most of the questions blank, resulting in a final
sample of 1,616 students from 20 public schools (18 urban and 2 rural). The
average age was 15.3 (20.7) years; 50.4% were female, 59.6% studied in the
morning shift, 18.1% worked, 33.4% used inactive transportation, and 52.7%
had physically inactive parents.

Physical activity averaged 3,401.1 (+3,242.0) MET min/week, ranging from
0 to 20,490.0, with a median of 2,520.0. The first quartile was 960.0 and the
third was 5,001.75 MET min/week, with an interquartile range of 4,041.75,
indicating a wide dispersion of central values.

Figure 1 illustrates the distribution of physical activity intensity based on MET-
min/week, showing that most participants achieved moderate-to-high intensity.

507
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Figure 1. Prevalence of physical activity intensity among adolescents. Montes Claros, Minas Gerais,
2022/2023 (n=1,536).
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Table 1 presents numerical and categorical physical activity variables in
association with independent variables, through bivariate analysis (t-test, one-way
ANOVA, and chi-square). The data indicate a significant association between
the outcome and all independent variables analyzed. With regard to gender, a
higher prevalence of low physical activity was identified among girls compared

to boys, who had a considerably higher MET min/week.

Table 1. Bivariate analysis (numerical and categorical) of physical activity in relation to independent
variables among adolescents. Montes Claros, MG, 2022/2023 (n=1,616).

Physical activity intensity*®

MET*#
Variables p High Moderate Low p
Mean (SD) n (%) n (%) n (%)
Gender <0.001 <0.001
Male 4065.5 (3637.0) 381(51.6) 250(33.8) 108 (14.6)
Female 2785.0 (2686.0) 285 (35.8) 342 (42.9) 170 (21.3)

Study shift <0.001 <0.001
Evening 2765.1 (2935.7) 139 (35.5) 144 (36.8) 108 (27.6)
Full-time 3908.5 (4173.6) 40(449) 32(36.0) 17(19.1)

Morning 3558.1 (3205.8) 415 (45.5) 362 (39.7) 135(14.8)

Afternoon 3819.8 (3394.8) 72 (50.0) 54 (37.5) 18(12.5)

Studies and works* <0.001 <0.001
Yes 4546.2 (3837.6) 151 (68.1) 82(31.5)  27(10.4)
No 3165.3 (3056.2) 513 (40.3) 508 (39.9) 251 (19.7)

Actlvi utrsa(::‘sl:)“oll;lalmn 0.001 0.002
Yes 3624.1 (3348.7) 434 (46.3) 350 (37.3) 154 (16.4)
No 3016.5 (3112.3) 177 (37.6) 189 (40.1) 105 (22.3)

physical actvity" 0.001 0.041
Yes 3684.1 (3328.9) 334 (46.6) 261 (36.5) 121(16.9)
No 3153.6 (3158,6) 326 (40,2) 328 (40,5) 156 (19,3)

Note: MET: Metabolic Equivalent; *Variation in n due to loss of information; #: T-test for independent samples and 1-factor
ANOVA; @: Pearson’s chi-square; SD: Standard deviation.

Figure 2 shows the association between MET-min/week and school shift.
Bonferroni post-hoc analysis indicated that all categories were statistically
different compared to evening shift, with higher METs among adolescents
attending full-day, morning, and afternoon shifts.
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3,400

Total MET Average
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FuII-time‘ (All day) Mur‘mng Afterlnoun Everlling
Shift that studies
Figure 2. One-way ANOVA test, relating MET min/week to the shift in which the adolescent studies.
Montes Claros - MG, 2022/2023 (n=1,536).
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Table 2 presents crude ORs for physical activity intensity, considering high
intensity as reference, in relation to sociodemographic and behavioral variables.
Girls, non-working adolescents, non-users of active commuting, and those with
inactive parents were more likely to engage in moderate or low physical activity, while
attending morning or afternoon shifts was protective compared to evening shifts.

Table 2. Crude odds ratio, with high intensity physical activity as the best situation among adolescents.
Montes Claros - MG, 2022/2023 (n=1,616).

Moderate Low
Variables p p
OR ( 95% CI) OR (95% Cl)
Gender
Male 1.00 1.00
Female 1.82 (1.46-2.28) <0.001 2.10(1.58-2.80)  <0.001
Study shift
Evening 1.00 1.00
Full-time 0.77 (0.45-1.29)  0.330  0.54 (0.29-1.01) 0.057
Morning 0.84 (0.64-1.10)  0.216  0.41 (0.30-0.57)  <0.001
Afternoon 0.72 (0.47-1.10)  0.134  0.32(0.18-0.57)  <0.001
Studies and works
Yes 1.00 1.00
No 1.82 (1.35-2.45) <0.001 2.73(1.76-4.23)  <0.001
Active transportation to school
Yes 1.00 1.00
No 1.32(1.03-1.69) 0.027 1.67 (1.23-2.26) 0.001
Parents engage in physical activity
Yes 1.00 1.00
No 1.28 (1.03-1.60) 0.026  1.32(0.99-1.75) 0.053

Note: OR: Odds Ratio; 95% Cl; 95% Confidence Interval.

DISCUSSION

The average of 3,401.1 MET min/week, ranging from 0 to 20,490.0 MET
min/week, found in this study reveals wide heterogeneity in the levels of physical
activity among adolescents, a pattern also observed in Brazilian studies with different

8,16

designs®'®. This variation may reflect different lifestyles, differences in access to

resources for physical activity,and sociodemographic, behavioral, environmental,
and psychocognitive factors, such as motivation and self-efficacy""".
Regarding intensity, 81.9% of participants reported moderate to vigorous
activities, a result similar to that of other studies with adolescents”*". High-
intensity physical activity is associated with greater health benefits and should
be encouraged”. A study of 604 Brazilian schoolchildren showed a significant
association between any amount of moderate to vigorous physical activity
and a lower prevalence of mental health problems, with no association for
light intensity'®. Similar findings were reported in southern Brazil, showing
a relationship between moderate to vigorous activity and various health

indicators'®"?

, especially among adolescents who engage in leisure activities
and accumulate more time on weekends.

The differences between the sexes follow the trend of national®”® and
international studies. Girls showed a higher prevalence of low physical activity,
a pattern also described in a European cohort of 698 students, in which 63%
of those exposed to intensive physical activity were boys, while 80% of those

not exposed were girls’’. Sociocultural norms and gender expectations may
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explain some of these differences. Boys tend to receive greater encouragement to
engage in physical activity, while girls face barriers such as a greater perception
of insecurity and restrictions imposed by parents and guardians™.

Regarding school shifts, adolescents attending night school had lower average
MET min/week and lower frequency of moderate to vigorous activities. Although
full-time students had the highest average MET (3,908.5 min/week), morning
and afternoon shifts had the highest proportions of moderate to high-intensity
activities (85.2% and 87.5%, respectively). Another study of 6,264 adolescents
found that full-time students are more likely to be sedentary and have low levels
of physical activity, regardless of gender and age”. The higher average METs
among full-time students can be explained by their prolonged stay at school,
with greater exposure to physical education classes, recesses, and extracurricular
activities, as well as greater availability of time for extracurricular activities.

Adolescents who combined study and work had an average of 4,546.2 MET
min/week, higher than those who only studied (3,165.3 MET min/week), in
addition to a higher frequency of moderate to vigorous activities (89.6% vs.
80.2%). This difference may reflect greater physical activity related to work
or commuting. In contrast, a study in Campinas (SP) observed a significant
reduction in physical activity among working adolescents*, suggesting that the
effects of work depend on contextual factors such as socioeconomic conditions,
age, and school stage.

The use of active transportation to school was associated with higher mean
MET min/week and higher intensities of physical activity, while non-users had
greater exposure to light activities. These findings reinforce the importance of
active transportation as a strategy to increase daily physical activity. Global data
trom 277,833 adolescents in 80 countries showed that active transportation more
than doubles the chance of meeting physical activity recommendations (OR: 2.06;
95% CI: 2.01-2.12)*. However, methodological heterogeneity between studies
and the scarcity of experimental research limit more consistent conclusions”*".

Parental physical activity was also significantly associated with adolescents’
physical activity levels (p = 0.001), reinforcing the influence of the family
environment™. Active parents serve as role models and encourage physical
activity. A systematic review identified positive relationships between perceived
family social support and physical activity in adolescents. In a Chinese study,
positive correlations were observed between social support, self-efficacy, physical
activity, and physical fitness, with coefficients ranging from 0.282 to 0.419”.
Similarly, a study in Shanghai showed that parental modeling alone - influence,
for example - was positively associated with moderate to vigorous physical
activity in both sexes (OR = 1.29-2.98 in boys; OR = 1.27-2.64 in girls)*’.

The analysis of the crude odds ratio (OR) indicated that being female, not
working, not using active transportation, and having physically inactive parents
increase the likelihood of engaging in moderate- or low-intensity activities.
Studying in the morning or afternoon shifts, in turn, showed a protective effect
against low levels of physical activity when compared to the night shift.

Studies on physical activity in adolescents are essential to identify determining
factors and inform public health promotion policies, especially among more
vulnerable groups, such as girls and night-shift students. However, the lack of
standardization in the criteria for classifying and measuring physical activity
makes comparisons between studies difficult and limits the overall understanding
of the phenomenon.
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Some limitations should be acknowledged. The cross-sectional design does
not allow causality to be established, and the use of questionnaires depends on
self-reporting, which is subject to memory and response biases. Despite this,
this study has relevant strengths: a robust sample, which increases external
validity; application of the IPAQ (short version), widely used in large national
and international studies; and use of multiple statistical tests and multinomial
logistic regression, which enabled detailed analyses. The inclusion of categorical
and numerical variables, as well as the assessment of different intensities of
physical activity, offers a more comprehensive view of adolescent behavior.

CONCLUSION

It can be concluded that levels of physical activity vary widely among adolescents,
being higher among boys, students attending daytime classes, those who combine
study and work, use active transportation, and have physically active parents.
Morning or afternoon shifts showed a protective effect against low-intensity
activities. These findings highlight individual, family, and school factors that
influence physical activity and may inform public policies and interventions aimed
at health promotion. Longitudinal studies are needed to deepen our understanding
of the relationships between work, school shifts, and gender inequalities.
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