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Abstract
Background: Given the important repercussions that sociodemographic factors can have on physical activity,
especially in the field of leisure, and cardiometabolic risk, it seems relevant to analyze the implications of these
variables on the relationship between physical activity in leisure time (LTPA) and cardiometabolic risk. In this sense,
the present study aims to verify the moderating role of biologic and socioeconomic factors in the relationship
between LTPA and cardiometabolic risk in adolescents in southern Brazil.
Methods: Cross-sectional study that included 1596 adolescents selected at random (58.2% girls), aged between 10
and 17 years. LTPA, biological and socioeconomic factors were assessed using a self-reported questionnaire and the
cardiometabolic risk score (total cholesterol/HDL-c ratio, triglycerides, fasting glucose, systolic blood pressure, and
waist circumference, considering the participant’s age and sex) was included as an outcome. Associations and
moderations were tested by multiple linear regression models.
Results: It was observed a positive interaction of LTPA and sex (p = 0.048) and LTPA and school system (p = 0.037),
and negative interaction of LTPA and skin color (p = 0.040), indicating that these factors were moderators in the
relationship between LTPA and clustered cardiometabolic risk score (cMetS) in adolescents. A reduction in
cardiometabolic risk was observed according to the increase in weekly minutes of LTPA among boys, non-white
adolescents, and students from municipal schools.
Conclusions: The association between LTPA and cardiometabolic risk was moderated by sex, skin color, and school
system in adolescents from southern Brazil.
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Background
Despite the efforts to increase physical activity levels
(PA) in the population and recognition of its important
role in maintaining good health and preventing various
chronic diseases, the prevalence of insufficient physical
activity is a cause for concern worldwide [1]. Globally,
most adolescents do not meet current PA guidelines and
the prevalence of young people who meet the recommendations has been decreasing over the years [2–4]. In
Brazil, 83.6% of adolescents were insufficiently active in
2016 [2].
As well as insufficient physical activity, the prevalence
of cardiometabolic risk factors is a concern, and studies
have shown the association between them. It was shown
that insufficient physically active adolescents have a
worse cardiometabolic risk profile when compared to active individuals [5–7] and that insufficient LTPA is an important marker of unfavorable cardiometabolic profile [8,
9]. In addition, the different domains of PA have different
associations with health, with LTPA having a more pronounced association with health indicators [10, 11].
It has been shown that sociodemographic factors can
influence cardiometabolic risk and LTPA, in which PA
levels can differ according to the categories of sex, age,
skin color, socioeconomic level (SES), and education system [2, 12, 13]. Thus, given the important repercussions
that these factors can have on PA, especially in the field
of leisure, and cardiometabolic risk, it seems relevant to
analyze the implications of these variables on the relationship between LTPA and cardiometabolic risk. In this
sense, the present study aims to verify the moderating
role of sociodemographic factors in the relationship between LTPA and cardiometabolic risk in adolescents
from southern Brazil.
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conglomerate extracting, in which all students from 6 to
17 years of age from the selected classes in these schools
were invited. Furthermore, it is important to highlight
that the population of Santa Cruz do Sul is one of the
main centers of German colonization [14], being 86,12%
of white skin color [15].
The following inclusion criteria were considered to
take part in the current study: (a) be 10 to 17 years old;
(b) be enrolled in the school and one of the drawn classes. The exclusion criteria adopted were (a) present intellectual/cognitive deficiencies or limitations to
understand and fill out the research instrument or physical limitations that interfere with the evaluations; (b)
present data inconsistency or absence of any information
regarding the variables included in the study; and (c) not
having performed the blood collection.
The sample size calculation was performed in the G *
Power 3.1 program (Heinrich Heine Universidad—Düsseldorf, Germany), for the Poisson regression analysis, in
which the following reference parameters were considered: test power (1 − β) = 0.95, effect size = 0.15, and
significance level α = 0.05, which estimated a minimum
sample of 1587 adolescents [16].
Previously trained professionals collected the data at
the university during 2016 and 2017. The assessments
schedule was set up in advance directly with the schools,
and transportation was provided for students’ displacement to the location of assessments. In total, 1917 adolescents participated in the data collection. After
applying the exclusion criteria, 321 students were excluded from the sample. Thus, 1596 schoolchildren
made up the final sample of the study.

Collection instruments

Methods
Cross-sectional design study including adolescents aged
10-17 years old, who were students from public and private schools, from urban and rural areas in the municipality of Santa Cruz do Sul, RS (Brazil). The Research
Ethics Committee of the University of Santa Cruz do Sul
approved the study (Registry Number 1,498,305; Resolution 466/2012). The parents or guardians signed informed consent to allow adolescents to take part in the
study.
The sampling process was based on a population of
17,688 students from 50 schools in Santa Cruz do Sul,
Rio Grande do Sul (Brazil). Subsequently, a calculation
was carried out including the population density of students from all school system (public and private networks), zone (center, north, south, east, and west), and
school area (urban and rural) to obtain the total number
of individuals to be included in the study. Thus, the 25
participating schools were defined by raffle according to

Sex, age, skin color, and maturation stage were considered as biological factors and school system, school area,
and SES as socioeconomic factors. The data regarding
sex, age, skin color, school system, and school area were
obtained through a self-reported questionnaire. The
evaluation of skin color was considered white, black,
brown/mulatto, indigenous, or yellow, posteriorly reclassified in white and non-white (in which all other responses were grouped). The maturation stage was
evaluated according to Tanner’s criteria. The evaluation
was performed in a specific room, in which only the
adolescent and the evaluator remained. The evaluator
explained the figures and steps for the adolescents,
which included breast development (girls), genital development (boys), and pubic hair (both), and these should
indicate their current stage, being classified into prepubertal (stage 1), initial development (stage 2), continuous maturation (stages 3 and 4), and matured (stage 5).
Subsequently, the stages were grouped into three
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categories: prepubertal/initial development, continuous
maturation (stages 3 and 4), and matured [17].
The evaluation of the SES followed the criteria of the
Brazilian Association of Research Companies (ABEP),
considering in the scoring system the items of residence,
level of education of the head of the family, and access
to public services, being classified according to the sum
of points in six SES: A, B1, B2, C1, C2, D-E [18]. For the
present study, SES was joined and recategorized into
three: upper status (A-B1-B2), medium status (C1-C2),
and lower status (D-E).
LTPA was assessed utilizing an adapted self-reported
questionnaire by Barros and Nahas [19], based on the
question “Do you currently do any sport/ physical activity?”, containing the alternatives “no” and “yes.” The subjects who answered “yes” must indicate the activities
performed, the number of weekly sessions, and the duration of each session. Subsequently, the minutes in each
activity were added to obtain the total minutes of the
week. PA performed during commuting and physical
education classes were not considered at the LTPA.
The cardiometabolic risk was assessed using a clustered cardiometabolic risk score (cMetS) that includes
the sum of the Z score for each risk factor: total cholesterol (TC)/high-density lipoprotein cholesterol (HDL-c)
ratio, triglycerides, fasting glucose, systolic blood pressure (SBP), and waist circumference, considering the
participant’s age and sex. Cardiometabolic risk score calculation was performed using the following formula: Z
score ([value of a continuous variable – cut-off points]/
standard deviation), using the cut-off points and standard deviation determined by Stavnsbo et al. [20]. The Z
score of HDL-c that has an inverse relationship with the
cardiometabolic risk was multiplied by −1 [21].
TC, HDL-c, triglycerides, and glucose were assessed
from vein blood collected after 12-h fasting. Serum samples were analyzed using commercial Kovalent/DiaSys
kits (DiaSys Diagnostic Systems, Germany) in an automatic analyzer (Miura 200, I.S.E., Rome, Italy). Blood
pressure was measured using the auscultatory method
on the left arm with a previous rest of 5 min before the
measurement. Two measures were recorded, registering
the one with the lowest SBP. To assess waist circumference, inelastic tape with 1 mm resolution was used and
the narrowest part of the trunk was considered, between
the last rib and the iliac crest [22].
Statistical analysis

Statistical analysis was performed using the Statistical
Package for Social Sciences (SPSS) software version 23.0
(IBM Corp). Data were described through the distribution of the relative and absolute frequencies of the studied exposures and outcomes, as well as means and
standard deviations (SD) and median and interquartile
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interval (II). For the moderation analyses, the PROCESS
macro for the SPSS through multiple linear regression
models was used. It was tested with the following relationships in each model: the direct association of the independent variable (LTPA) on the dependent variable
(cMetS); the moderator variable (biological and sociodemographic factors) on cMetS; and the interaction association between the independent variable and the
moderator variable. The Johnson–Neymann technique
was applied to determine the associations between the
independent and dependent variables in all categories of
the moderator’s variables. The LTPA points presented in
the figure were determined by 16th, 50th, and 84th percentiles. A hierarchical conceptual model was used to include variables in the adjusted analyses. In the first level,
biological variables (sex, skin color, age, and sexual maturity) were included, and in a second level, socioeconomic variables (family economic class, education
network, and school area), with the model adjusted for
the variables of the same level and the previous level of
the moderating variable. An alpha ≤ 0.05 was adopted.

Results
A total of 1596 adolescents composed the sample,
58.20% were female, 60.20% were in the 13 to 17 age
group and 77.90% were white skin color. Table 1 describes sample characteristics. The median LTPA was 90
min per week (II, 0 to 240 min).
The biological factors, sex, skin color, sexual maturation, and age groups, were tested as moderators in the
relationship between LTPA and cMetS and are shown in
Table 2. It was observed a positive interaction of LTPA
and sex and negative interaction of LTPA and skin color,
indicated that sex and skin color were moderators in the
relationship between LTPA and cMetS (p = 0.044; p =
0.040, respectively) in adolescents.
The moderator role of socioeconomic factors in the
relationship between LTPA and cMetS in adolescents is
presented in Table 3. Positive interaction between LTPA
and school system state (p = 0.037), in comparison with
school system municipal, indicated that school system
act as a moderator in the relationship between LTPA
and cMetS.
The Johnson–Neymann technique was applied for the
variables that demonstrated a significant interaction with
LTPA, in which the association between LTPA and
cMetS was modified according to categories of sex, skin
color, and school system (Fig. 1). Regarding sex, only
among boys is observed an association between LTPA
and cMetS, in which there is a linear reduction in cardiometabolic risk as the weekly minutes of LTPA increase (Fig. 1A). Moderation by skin color was also
observed, with a linear association between LTPA and
cardiometabolic risk occurring in non-white adolescents,
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Table 1 Descriptive characteristics in adolescents aged 10 to 17
years in the municipality of Santa Cruz do Sul, 2016 and
2017 (n = 1596)
n (%)
Sex
Male

667 (41.80)

Female

929 (58.20)

Age groups
10 to 12 years

636 (39.80)

13 to 17 years

960 (60.20)

Skin color
White

1243 (77.90)

Nonwhite

353 (22.10)

Maturational stage
Prepubertal/initial

466 (29.20)

Continuous maturation

943 (59.10)

Matured

187 (11.70)

Socioeconomic status
Upper

620 (38.80)

Middle

844 (52.90)

Lower

132 (8.30)

School system
Municipal

406 (25.40)

State

1059 (66.40)

Private

131 (8.20)

School area
Urban
Rural

1373 (86.00)
223 (14.00)
Mean (SD)

Age (years)

13.25 (2.02)

TC (mg/dL)

159.98 (31.65)

HDL-c (mg/dL)

57.08 (10.33)

TC/HDL-c ratio

2.86 (0.64)

Triglycerides (mg/dL)

71.58 (32.59)

Fasting glucose (mg/dL)

88.54 (6.95)

Systolic blood pressure (mmHg)

107.81 (13.227)

Waist circumference (cm)

67.78 (9.58)

cMetS (score)

−0.10 (0.63)
Median [II]

LTPA (min/week)

90 [0-240]

SD standard deviation, n absolute frequency, % relative frequency, II
interquartile interval, TC total cholesterol, HDL-c high-density lipoprotein
cholesterol, TC/HDL-c cholesterol/high-density lipoprotein cholesterol ratio,
cMetS clustered cardiometabolic risk score, LTPA leisure-time physical activity

in which there is a reduction in cMetS according to the
increase in the weekly time of LTPA (Fig. 1B). Finally,
there is also moderation on the part of the education
system, with the relationship between LTPA and cMetS
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occurring only among students from municipal
schools, in which, as the time spent on LTPA for adolescents increases, there is a reduction in cardiometabolic risk (Fig. 1C).
It is also possible to observe that among boys, nonwhite adolescents, and students from municipal schools,
from about 90 min a week of LTPA, there is a greater
strength of association, with a more accentuated drop in
cardiometabolic risk, being possible to observe a doseresponse in which, as the weekly minutes spent on
LTPA increase, the lower the levels of cMetS in these
groups (Fig. 1).

Discussion
The present study indicated that sex, skin color, and
school system moderated the relationship between
LTPA and cMetS in schoolchildren from southern
Brazil. Among male adolescents, non-white skin color,
and students from the municipal school system, there is
a linear reduction in cardiometabolic risk according to
the increase in weekly minutes of PA, with a more accentuated reduction from about 90 min per week of
LTPA, with an observable dose-response.
Regarding gender, the result that only the male sex
was shown to influence the relationship between LTPA
and cMetS may be explained by two main aspects. First,
the biological differences of sex in body composition can
influence health risk factors, in which while girls develop
more total body fat and have a small gain in lean mass
at this stage of life, boys have greater development of
lean muscle mass and total, with little increase in body
fat [23]. This difference can lead to cardiometabolic risk
becoming more expressive among girls, in line with what
was shown in the evaluated sample, in which, regardless
of the time of LTPA, girls show a higher average of
cMetS. Second, the girls’ behavioral aspects are also
more favorable to the development of risk factors, considering that it has been shown that Brazilian girls have
a higher occurrence of health risk behavior [24–26], including among these are the fact that they are more inactive than boys [2, 27–29]. Furthermore, the sexes can
show divergent physiological responses to physical activity, with boys showing more positive responses to health
concerning moderate and vigorous-intensity activities
[30], in addition to the fact that boys present higher
levels of PA at these intensities [31–34]. These sexual
differences in PA practice can also be due to biological
factors, in which the growth spurt and pubertal maturation can influence the interests and habits of boys and
girls [35] but sociocultural factors seem to exert the
greatest influence. The social roles assigned to gender
influence the choice of girls and boys; and girls are
raised with less freedom, with greater family restrictions
and concerns about safety [36, 37], factors that interfere

Sehn et al. Environmental Health and Preventive Medicine

(2021) 26:90

Page 5 of 10

Table 2 Biological factors as a moderator in the relationship between LTPA and cMetS in adolescents
cMetS
β (95% CI)

p

−0.00067 (−0.00112; −0.00022)

0.003

Model 1
LTPA
Sex
Male

REF

Female

0.02819 (−0.05149; 0.10787)

0.495

0.0029 (0.00001; 0.00058)

0.044

0.00019 (−0.00025; 0.00063)

0.393

LTPA × sex
Model 2
LTPA
Skin color
White

REF

Nonwhite

−0.04011 (−0.13201; 0.05179)

0.392

−0.00036 (−0.00070; −0.00002)

0.040

−0.00032 (−0.00060; −0.00004)

0.024

LTPA × skin color
Model 3
LTPA
LTPA/maturational stage
Prepubertal/initial

REF

Continuous maturation

0.11384 (0.02205; 0.20564)

0.015

Matured

0.19105 (0.04662; 0.33548)

0.010

LTPA × maturational stage
LTPA × prepubertal/initial

REF

LTPA × continuous maturation

0.00012 (−0.00021; 0.00046)

0.463

LTPA × matured

0.00002 (−0.00046; 0.00050)

0.936

−0.00011 (−0.00062; 0.00041)

0.684

Model 4
LTPA
Age groups
10 to 12 years

REF

13 to 17 years

0.00392 (−0.08093; 0.08877)

0.928

−0.00008 (−0.00038; 0.00022)

0.584

LTPA × age groups

β linear regression coefficient, CI confidence interval, LTPA leisure-time physical activity, cMetS clustered cardiometabolic risk score, REF reference category. Model
1: adjusted for skin color, maturational stage, and age. Model 2: adjusted for sex, maturational stage, and age. Model 3: adjusted for sex, skin color, and age.
Model 4: adjusted for sex, skin color, and maturational stage

in the choices and opportunities for leisure practices. All
of these factors can influence the relationship of LTPA
with cardiometabolic risk and help to understand the
gender differences in this association.
Moderation in skin color was also observed, with a linear reduction between LTPA and risk occurring in nonwhite adolescents. Biological and economic aspects can
explain this moderation. White youth tend to have a
higher percentage of body fat, especially visceral fat, than
black youth, and visceral fat presents a higher risk for
metabolic diseases [23]. In addition, a previous study with
schoolchildren in the city showed that those who declared
themselves black, mulatto, or brown had longer telomere
length, a factor that has been pointed out to help explain
the ethnic differences in disease risks [38]. Shorter

telomeres have been associated with increased body mass
index, adiposity, visceral fat accumulation, and other
metabolic factors [39]. In addition, active individuals, regardless of the intensity of physical activity, have greater
telomere length compared to inactive individuals, indicating the importance of physical activity in reducing oxidative stress and inflammation that affect telomeres [40].
Therefore, this may be a plausible biological explanation
to explain higher cMetS levels among white adolescents in
the evaluated sample, regardless of the weekly duration of
the LTPA and the influence of skin color on the relationship between LTPA and cardiometabolic risk.
Regarding the economic factor, in Brazil, skin color is
an important marker of economic inequality, especially
disfavoring blacks [41]. It is known that less favorable
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Table 3 Socioeconomic factors as a moderator in the
relationship between LTPA and cMetS in adolescents
cMetS
β (95% CI)

p

−0.00032 (−0.00053; −0.00010)

0.004

Model 1
LTPA
Socioeconomic status
Upper

REF

Middle

−0.00056 (−0.08548; 0.08435)

0.990

Lower

−0.08158 (−0.23571; 0.07256)

0.299

LTPA × socioeconomic status
LTPA × upper

REF

LTPA × middle

0.00011 (−0.00018; 0.00040)

0.462

LTPA × lower

0.00031 (−0.00030; 0.00092)

0.323

−0.00052 (−0.00082; −0.00022)

0.001

Model 2
LTPA
School system
Municipal

REF

State

−0.14094 (−0.23415; −0.04773)

0.003

Private

−0.12554 (−0.30296; 0.05189)

0.165

LTPA × school system
LTPA × municipal

REF

LTPA × state

0.00037 (0.00002; 0.00072)

0.037

LTPA × private

0.00019 (−0.00038; 0.00076)

0.519

−0.00024 (−0.00076; 0.00028)

0.362

Model 3
LTPA

Fig. 1 Moderation of sex, skin color, and school system in the
relationship between LTPA and cMetS. A moderator role of sex; B
moderator of skin color; C moderator role of school system; LTPA,
leisure-time physical activity; cMetS, clustered cardiometabolic risk
score; β, linear regression coefficient; CI, confidence interval; SD,
standard deviation

School area
Urban

REF

Rural

−0.01034 (−0.12454; 0.10386)

0.859

0.00001 (−0.00045; 0.00045)

0.993

LTPA × school area

β linear regression coefficient, CI confidence interval, LTPA leisure-time
physical activity, cMetS clustered cardiometabolic risk score, REF reference
category. Model 1: adjusted for a school system, school area, sex, skin color,
maturational stage, and age. Model 2: adjusted for socioeconomic status,
school area, sex, skin color, maturational stage, and age. Model 3: adjusted for
socioeconomic status, school system, sex, skin color, maturational stage,
and age

economic conditions can hinder access to the practice of
LTPA. Furthermore, skin color can be related not only
to economic conditions but also to other aspects that
may contribute to LTPA disparities, such as aspects related to segregation [42]. Also, data from the National
Health Survey of Brazil showed that less healthy habits
are associated with non-white skin color [43, 44]. Thus,
due to the possible set of less healthy lifestyle habits
identified among the non-white population, adolescents
with this characteristic who practice some LTPA may
have a greater potential for change in cardiometabolic
risk in response to PA, which may explain the

relationship of LTPA with reduced cardiometabolic risk
only in this group.
Our results also demonstrated a moderating role of
the school system, suggesting that among municipal
school students, a linear relationship is observed between the weekly minutes of LTPA and the reduction in
cardiometabolic risk. In this context, it is important to
note that students from municipal schools had higher
cMetS, regardless of time spent in LTPA. We
hypothesize that the moderating role found for the municipal school system may be associated with cultural
and behavioral aspects of the environment in which
these adolescents are inserted. In addition, the municipal
education network can be considered an economic
marker of students, since in Brazil attending public
school is associated with a lower family income [24].
Thus, perhaps the practice opportunities are associated
with the school context, with fewer opportunities for PA
and extracurricular sports. The relationship between
participation in extracurricular activities and higher
levels of PA is demonstrated in the literature [45], and
studies have pointed out the influence of the school environment on adolescents’ physical activity [46].
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However, this hypothesis still needs to be confirmed by
further studies.
In addition to PA, other factors such as diet, less
healthy lifestyle habits, and health information may be
associated with the economic relationship of the school
network. In addition, another study realized the same
population observed that children and adolescents of the
municipal school presented more prevalence of worse
cardiorespiratory fitness levels compared with students
of private schools [47]. It is also important to point out
among the results observed that precisely in the educational network that showed higher average metabolic
risk scores, the increase in time spent on LTPA was related to the reduction in risk. This factor is relevant and
demonstrates the importance of employing interventions
aimed at making students more active, especially in this
more vulnerable group and that presents a more evident
metabolic risk.
Although it was not observed, a moderating role of
economic status, skin color, and educational system are
variables that are strongly influenced by economic factors and that played a moderating role in the present
study. We hypothesize that the lack of association for
the economic status may be due to the economic index
being a more subjective and specific measure, in which
the quantity of material goods is considered, while skin
color and the educational network are broader factors
that encompass cultural, environmental, and behavioral
factors and not just economic conditions.
The inverse relationship of PA with cardiometabolic
risk indicators in adolescents has already been reported
in the literature [8, 9, 48–51]. This relationship observed
in the young population alerts to the early occurrence of
comorbidities related to physical inactivity and that, in
the case of modifiable behavior, could be avoided. Evidence of a decline in PA levels among young people
warns of the importance of interventions in the area
[28]. In addition, the existing evidence that PA in childhood and adolescence influences the health and practice
of PA in adulthood [52] reinforces the importance of encouraging PA practice among the young population.
Furthermore, the study showed that in between boys,
non-whites, and students from municipal schools, the
greater strength of association is observed after approximately 90 min per week of LTPA, with a more marked
reduction in cardiometabolic risk as the weekly minutes
of LTPA increase, demonstrating a dose-response relationship. Corroborating our findings, a systematic review
indicated a dose-response relationship between PA and
health benefits, in which as PA increases, the better the
individuals’ health conditions [53]. However, the study
demonstrated that even modest amounts of PA can
bring positive health outcomes in at-risk youth, such as
the obese [53]. Another study also demonstrated an
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improvement in the cardiometabolic risk profile over
time, as the time allocated for PA increased [54].
The World Health Organization recommends that adolescents perform at least 60 min/day of moderate and
vigorous PA, which corresponds to a weekly sum of 420
min [55]. In that regard, our results may indicate that
doing some PA, even not meeting the recommendations,
maybe enough to promote cardiometabolic health. Previous evidence has shown that remaining physically active,
even without meeting PA guidelines, is relevant for preventing cardiometabolic risk in this population [6, 7]. In
this context, although the evidence of a favorable relationship between PA and cardiometabolic risk is more
consistent and robust concerning moderate and vigorous
PA, less intense PA also demonstrates benefits [50, 56].
In addition, all PA patterns are beneficial, whether performed in sporadic or continuous sessions, in different
contexts, settings, and intensities [50, 56]. Thus, when
thinking about PA in a context of health promotion and
prevention of cardiometabolic risk, every activity is important, in which PA can be accumulated in small doses
throughout the day to obtain health benefits, which
meets the highlights of the new WHO guidelines that
recommend that “all movement is important” [55].
One of the main limitations of this study is that the
evaluation of LTPA through a questionnaire, limiting
the assessment to the time of practice and not measuring the intensity. In addition, it is known that this
method of evaluation is limited by temporality, memory
bias of respondents, social desirability, and classification
errors. However, the evaluation of PA by questionnaire
is widely accepted in population studies, and, our sample
is probably accurate to support our results. As with any
cross-sectional study, it is not possible to attribute causality to the association observed between insufficient
physical activity and cardiometabolic risk, although it
seems more biologically plausible that insufficient physical activity precedes metabolic risk. In addition, our PA
measures were limited to LTPA, not considering activities performed in other domains, such as physical education classes and commuting. Even though various
confounding factors have been controlled in the analyses, the possibility of residual confusion exists, due to
other factors not included.
The analysis of the moderation used allowed highlighting different categories of time spent in LTPA, unlike
the categories usually used based on recommendations.
As far as we know, our study is the first to use this type
of moderation analysis to assess the influence of biological and socioeconomic factors on the relationship between LTPA and cardiometabolic risk in middle-income
countries. As a strong point, the present study presents
a representative and accurate sample of adolescents from
a city in the interior from southern Brazil, differing from
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most of the studies conducted in capitals and large centers. In addition, it includes students from all education
networks. The use of a continuous risk score to assess
cardiometabolic risk should be highlighted. There is evidence indicating that a cluster cardiometabolic risk score
is more relevant to future health than risk factors
assessed individually [20, 57]. It is suggested that future
studies will contrast the current findings, carrying out,
for example, analyses with prospective data that can help
to clarify and infer causality in the observed associations,
using objective measures of PA, allowing to measure the
intensity. Furthermore, studies with lifestyle interventions can help confirm whether, when practice levels are
increased, cardiometabolic risk can be reduced.

Conclusions
The moderator role of sociodemographic factors in the
relationship between LTPA and cMetS indicated that
boys, individuals with non-white skin color, and students
at municipal schools showed a reduction in cMetS as
they increase the weekly minutes of LTPA. The results
of this study bring important elements to understand
the existing disparities in the relationship between cardiometabolic risk and LTPA. This study highlights the
urgency of actions that effectively increase the involvement of adolescents with PA and the need to develop
public policies and PA programs that prioritize the most
vulnerable population groups, aiming to promote greater
equity in the opportunities of access and choice for adolescents, increasing the chances of raising PA levels in
the young population and reducing the risk of cardiometabolic diseases.
Abbreviations
CI: Confidence interval; cMetS: Clustered cardiometabolic risk score; HDLc: High-density lipoprotein cholesterol; II: Interquartile interval; LTPA: Physical
activity in leisure time; PA: Physical activity levels; SBP: Systolic blood
pressure; SD: Standard deviations; SES: Socioeconomic level; SPSS: Statistical
Package for Social Sciences; TC: Total cholesterol; β: Linear regression
coefficient
Acknowledgements
We thank the Higher Education Personnel Improvement
Coordination—Brazil (CAPES)—Financing Code 001.
Authors’ contributions
APS, DT, LT, and CPR participated in data organization and designed of the
study. APS, DT, LT, and CPR performed the statistical analysis. All the authors
contributed to the elaboration of the manuscript with critical comments
about it. All authors approved the final version.
Funding
This work was supported by the Higher Education Personnel Improvement
Coordination—Brazil (CAPES)—Financing Code 001.
Availability of data and materials
The database used and analyzed in the present study is not publicly
available as its information may compromise the participants’ privacy and
consent involved in the research. However, the data are available from the
corresponding author, upon request.

Page 8 of 10

Declarations
Ethics approval and consent to participate
All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards. The Research Ethics
Committee of the University of Santa Cruz do Sul approved the study
(Registry Number 1,498,305; Resolution 466/2012). The parents or guardians
signed informed consent to allow adolescents to take part in the study.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Graduate Program in Health Promotion, University of Santa Cruz do Sul
(UNISC), Av. Independência, 2293, Universitário, Santa Cruz do Sul, Rio
Grande do Sul 96815-900, Brazil. 2Graduate Program in Physical Education,
Federal University of Pelotas (UFPel), Pelotas, Rio Grande do Sul, Brazil.
3
Department of Sports and Computer Sciences, Universidad Pablo de
Olavide, Seville, Spain. 4Graduate Program in Health Promotion, Department
of Health Sciences, University of Santa Cruz do Sul (UNISC), Santa Cruz do
Sul, Rio Grande do Sul, Brazil.
Received: 12 July 2021 Accepted: 1 September 2021

References
1. Aubert S, Barnes JD, Abdeta C, Nader PA, Adeniyi AF, Aguilar-Farias N, et al.
Global Matrix 3.0 physical activity report card grades for children and youth:
results and analysis from 49 countries. J Phys Act Heal. 2018;15(s2):S251–73.
https://doi.org/10.1123/jpah.2018-0472.
2. Guthold R, Stevens GA, Riley LM, Bull FC. Global trends in insufficient
physical activity among adolescents: a pooled analysis of 298 populationbased surveys with 1·6 million participants. Lancet Child Adolesc Heal.
World Health Organization. 2020;4:23–35.
3. Nardo N Jr, Silva DAS, Ferrari GL de M, Petroski EL, Pacheco RL, Martins PC,
et al. Results from Brazil’s 2016 report card on physical activity for children
and youth. J Phys Act Heal. 2016;13(s2):S104–9. https://doi.org/10.1123/jpa
h.2016-0398.
4. Silva DAS, Christofaro DGD, Ferrari GL de M, Silva KS da, Nardo N, Silva RJ
dos S, et al. Results from Brazil’s 2018 report card on physical activity for
children and youth. J Phys Act Heal. 2018;15(s2):S323–5. https://doi.org/1
0.1123/jpah.2018-0421.
5. Jenkins GP, Evenson KR, Herring AH, Hales D, Stevens J. Cardiometabolic
correlates of physical activity and sedentary patterns in US youth. Med Sci
Sport Exerc. 2017;49(9):1826–33. https://doi.org/10.1249/MSS.
0000000000001310.
6. Mielke GI, Brown WJ, Wehrmeister FC, Goncalves H, Oliveira I, Menezes AM,
et al. Associations between self-reported physical activity and screen time
with cardiometabolic risk factors in adolescents: findings from the 1993
Pelotas (Brazil) Birth Cohort Study. Prev Med (Baltim). Elsevier. 2019;119:31–6.
7. Cristi-Montero C, Chillón P, Labayen I, Casajus JA, Gonzalez-Gross M,
Vanhelst J, Manios Y, Moreno LA, Ortega FB, Ruiz JR, HELENA study group.
Cardiometabolic risk through an integrative classification combining
physical activity and sedentary behavior in European adolescents: HELENA
study. J Sport Heal Sci [Internet]. 2019;8:55–62. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/30719384, http://www.pubmedcentral.nih.gov/a
rticlerender.fcgi?artid=PMC6349585, DOI: https://doi.org/10.1016/j.jshs.2018.
03.004
8. Pahkala K, Heinonen OJ, Lagström H, Hakala P, Hakanen M, Hernelahti M,
et al. Clustered metabolic risk and leisure-time physical activity in
adolescents: effect of dose? Br J Sports Med. 2012;46(2):131–7. https://doi.
org/10.1136/bjsm.2010.073239.
9. Cárdenas-Cárdenas LM, Burguete-Garcia AI, Estrada-Velasco BI, López-Islas C,
Peralta-Romero J, Cruz M, et al. Leisure-time physical activity and
cardiometabolic risk among children and adolescents. J Pediatr (Rio J)

Sehn et al. Environmental Health and Preventive Medicine

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

(2021) 26:90

[Internet]. 2015;91:136–142. Available from: https://doi.org/10.1016/j.jped.2
014.06.005
Holtermann A, Schnohr P, Nordestgaard BG, Marott JL. The physical activity
paradox in cardiovascular disease and all-cause mortality: the contemporary
Copenhagen General Population Study with 104 046 adults. Eur Heart J.
2021;42(15):1499–511. https://doi.org/10.1093/eurheartj/ehab087.
Pitanga FJG, Matos SMA, Almeida MC, Barreto SM, Aquino EML. Leisure-time
physical activity, but not commuting physical activity, is associated with
cardiovascular risk among ELSA-Brasil participants. Arq Bras Cardiol. 2018;
110:36–43. https://doi.org/10.5935/abc.20170178.
Bauman AE, Reis RS, Sallis JF, Wells JC, Loos RJF, Martin BW, et al. Correlates of
physical activity: why are some people physically active and others not?
Lancet. 2012;380(9838):258–71. https://doi.org/10.1016/S0140-6736(12)60735-1.
Burrows R, Correa-Burrows P, Reyes M, Blanco E, Albala C, Gahagan S. High
cardiometabolic risk in healthy Chilean adolescents: associations with
anthropometric, biological and lifestyle factors. Public Health Nutr [Internet].
2016 [cited 2021 Jun 2];19:486–93. Available from: https://pubmed.ncbi.nlm.
nih.gov/25990645/
de Carvalho FI, Monasterio L. Immigration and the origins of regional
inequality: government-sponsored European migration to southern Brazil
before World War I. Reg Sci Urban Econ. 2012;42(5):794–807. https://doi.
org/10.1016/j.regsciurbeco.2011.08.002.
IBGE. Instituto Brasileiro de Geografia e Estatística. Base de dados por
municípios das Regiões Geográficas Imediatas e Intermediárias do Brasil/
População residente por cor ou raça e religião [Internet]. 2010. Available
from: https://sidra.ibge.gov.br/Tabela/2094
Faul F, Erdfelder E, Buchner A, Lang AG. Statistical power analyses using
G*Power 3.1: tests for correlation and regression analyses. Behav Res
Methods. 2009;41(4):1149–60. https://doi.org/10.3758/BRM.41.4.1149.
Tanner JM. Normal growth and techniques of growth assessment. J Clin
Endocrinol Metab. 1986;15(3):411–51. https://doi.org/10.1016/S0300595X(86)80005-6.
ABEP. ASSOCIAÇÃO BRASILEIRA DE EMPRESAS DE PESQUISAS. Critério Brasil
2015 e Alterações na aplicação do Critério Brasil 2016. Assoc Bras Empres
Pesqui Critério Classif econômica Bras [Internet]. 2015;1–6. Available from:
http://www.abep.org/criterio-brasil
Barros MV, Nahas M. Medidas de atividade física: teoria e aplicação em
diversos grupos populacionais. Midiograf: Londrina; 2003.
Stavnsbo M, Resaland GK, Anderssen SA, Steene-Johannessen J, Domazet
SL, Skrede T, et al. Reference values for cardiometabolic risk scores in
children and adolescents: suggesting a common standard. Atherosclerosis.
2018;278:299–306. https://doi.org/10.1016/j.atherosclerosis.2018.10.003.
Reuter CP, Andersen LB, de Moura Valim AR, Reuter ÉM, Borfe L, Renner
JDP, et al. Cutoff points for continuous metabolic risk score in adolescents
from southern Brazil. Am J Hum Biol. 2019;31(2):1–5. https://doi.org/10.1
002/ajhb.23211.
Taylor RW, Jones IE, Williams SM, Goulding A. Evaluation of waist
circumference, waist-to-hip ratio, and the conicity index as screening tools
for high trunk fat mass, as measured by dual-energy X-ray absorptiometry,
in children aged 3-19 y13. Am J Clin Nutr [Internet]. Oxford Academic; 2000
[cited 2021 Aug 24];72:490–5. Available from: https://academic.oup.com/a
jcn/article/72/2/490/4729516
Staiano AE, Katzmarzyk PT. Ethnic and sex differences in body fat and
visceral and subcutaneous adiposity in children and adolescents. Int J Obes.
NIH Public Access. 2012;36(10):1261–9. https://doi.org/10.1038/ijo.2012.95.
Ricardo CZ, Azeredo CM, de Rezende LFM, Levy RB. Co-occurrence and
clustering of the four major non-communicable disease risk factors in
Brazilian adolescents: analysis of a national school-based survey. PLoS One.
2019;14(7). https://doi.org/10.1371/journal.pone.0219370.
Chaves OC, Velasquez-Melendez G, da Silva Costa DA, de Andrade RG,
Caiaffa WT. Cooccurrence of obesogenic risk factors in Brazilian adolescents:
the role of sociodemographic characteristics and parental presence. Cad
Saude Publica. Fundacao Oswaldo Cruz. 2021;37(3). https://doi.org/10.1590/
0102-311x00013120.
Ricardo LIC, Da Silva ICM, De Andrade Leão OA, Domingues MR,
Wehrmeister FC. Objectively measured physical activity in one-year-old
children from a Brazilian cohort: levels, patterns and determinants. Int J
Behav Nutr Phys Act. 2019;16:1–13.
De Araújo LGM, Turi BC, Locci B, Mesquita CAA, Fonsati NB, Monteiro HL.
Patterns of physical activity and screen time among Brazilian children. J
Phys Act Heal. 2018;15(6):457–61. https://doi.org/10.1123/jpah.2016-0676.

Page 9 of 10

28. Dumith SC, Gigante DP, Domingues MR, Kohl HW. Physical activity change
during adolescence: a systematic review and a pooled analysis. Int J
Epidemiol. 2011;40(3):685–98. https://doi.org/10.1093/ije/dyq272.
29. Aguilar-Farias N, Martino-Fuentealba P, Carcamo-Oyarzun J, Cortinez-O’Ryan
A, Cristi-Montero C, Von Oetinger A, et al. A regional vision of physical
activity, sedentary behaviour and physical education in adolescents from
Latin America and the Caribbean: results from 26 countries. Int J Epidemiol.
2018;47(3):976–86. https://doi.org/10.1093/ije/dyy033.
30. Zorrilla-Revilla G, Rodrigues D, Machado-Rodrigues AM, Mateos A, Rodríguez
J, Padez C. Sex-specific differences in somatic investment and strategies of
physical activity among Portuguese schoolchildren. Am J Hum Biol. John
Wiley & Sons, Ltd; 2021;in press:e23626.
31. Tarp J, Child A, White T, Westgate K, Bugge A, Grøntved A, et al. Physical
activity intensity, bout-duration, and cardiometabolic risk markers in
children and adolescents. Int J Obes [Internet]. Springer US. 2018;42(9):
1639–50. Available from:. https://doi.org/10.1038/s41366-018-0152-8.
32. Stabelini Neto A, de Campos W, dos Santos GC, Mazzardo JO. Metabolic
syndrome risk score and time expended in moderate to vigorous physical
activity in adolescents. BMC Pediatr. BMC Pediatrics. 2014;14(1). https://doi.
org/10.1186/1471-2431-14-42.
33. Ferrari GL, Kovalskys I, Fisberg M, Gómez G, Rigotti A, LYC S, et al. Sociodemographic patterning of objectively measured physical activity and
sedentary behaviours in eight Latin American countries: findings from the
ELANS study. Eur J Sport Sci. 2020;20:670–81.
34. Bann D, Scholes S, Fluharty M, Shure N. Adolescents’ physical activity: crossnational comparisons of levels, distributions and disparities across 52
countries. Int J Behav Nutr Phys Act. 2019;16:141.
35. Rodrigues AM, Coelho E, Silva MJ, Mota J, Cumming SP, Sherar LB, et al.
Confounding effect of biologic maturation on sex differences in physical
activity and sedentary behavior in adolescents. Pediatr Exerc Sci. 2010;22(3):
442–53. https://doi.org/10.1123/pes.22.3.442.
36. Seabra AF, Mendonça DM, Thomis MA, Anjos LA, Maia JA. Determinantes
biológicos e sócio-culturais associados à prática de atividade física de
adolescentes. Cad Saude Publica. 2008;24(4):721–36. https://doi.org/10.1590/
S0102-311X2008000400002.
37. Farias Júnior JC, Lopes AS, Mota J, Hallal PC. Prática de atividade física e
fatores associados em adolescentes no Nordeste do Brasil. Rev Saude
Publica. 2012;46(3):505–15. https://doi.org/10.1590/S0034-891020120003
00013.
38. Todendi PF, Martínez JA, Reuter CP, Matos WL, Franke SIR, Razquin C, et al.
Biochemical profile, eating habits, and telomere length among Brazilian
children and adolescents. Nutrition. 2020;71:110645.
39. Tzanetakou IP, Katsilambros NL, Benetos A, Mikhailidis DP, Perrea DN. “ Is
obesity linked to aging?”. Adipose tissue and the role of telomeres. Ageing
Res. Rev. 2012;11(2):220–9. https://doi.org/10.1016/j.arr.2011.12.003.
40. Lin X, Zhou J, Dong B. Effect of different levels of exercise on telomere
length: a systematic review and meta-analysis. J. Rehabil. Med. 2019;51(7):
473–8. https://doi.org/10.2340/16501977-2560.
41. Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Ekelund U, et al. Global
physical activity levels: surveillance progress, pitfalls, and prospects. Lancet.
2012;380(9838):247–57. https://doi.org/10.1016/S0140-6736(12)60646-1.
42. Lima MG, Malta DC, Monteiro CN, da Silva Sousa NF. Stopa SR, de
Paula Barbosa Medina L, et al. Leisure-time physical activity and sports
in the Brazilian population: a social disparity analysis. PLoS One. 2019;
14:e0225940.
43. Pereira IF, Gonzaga MR, Lyra CD. Multidimensional profiles of lifestyle risk
factors: application of the Grade of Membership method. Cad Saude
Publica. 2019;35:e00124718.
44. De Azevedo Barros MB, Lima MG, Medina LDPB, Szwarcwald CL, Malta DC.
Social inequalities in health behaviors among Brazilian adults: National
Health Survey, 2013. Int J Equity Health. 2016:15.
45. Ricci JM, Clevenger KA, Sellers S, Davenport S, Pfeiffer A. Associations
between extracurricular activity participation and health-related variables in
underrepresented children. Sport Med Heal Sci; 20202:102
46. Morton KL, Atkin AJ, Corder K, Suhrcke M, van Sluijs EMF. The school
environment and adolescent physical activity and sedentary behaviour: a
mixed-studies systematic review. Obes Rev. 2016;17:142–58.
47. Sehn AP, Reuter CP, Kern DG, da Silva CF, Barbian CD, Welser L, et al. Perfil
sociodemográfico associado em nível de aptidão física relacionada à saúde
em escolares. Saúde e Pesqui [Internet]. 2017 [cited 2021 Jun 8];10:75.
https://doi.org/10.17765/2176-9206.2017v10n1p75-82.

Sehn et al. Environmental Health and Preventive Medicine

(2021) 26:90

48. García-Hermoso A, Ramírez-Vélez R, Saavedra JM. Exercise, health outcomes,
and pædiatric obesity: a systematic review of meta-analyses. J Sci Med
Sport [Internet]. 2019;22:76–84. Available from: https://doi.org/10.1016/j.jsa
ms.2018.07.006
49. Adair LS, Gordon-Larsen P, Du SF, Zhang B, Popkin BM. The emergence of
cardiometabolic disease risk in Chinese children and adults: consequences
of changes in diet, physical activity and obesity. Obes Rev. 2014;15:49–59.
https://doi.org/10.1111/obr.12123.
50. Poitras VJ, Gray CE, Borghese MM, Carson V, Chaput J-P, Janssen I, et al.
Systematic review of the relationships between objectively measured
physical activity and health indicators in school-aged children and youth.
Appl Physiol Nutr Metab. 2016;41(6 (Suppl. 3)):197–239. https://doi.org/1
0.1139/apnm-2015-0663.
51. Verswijveren SJJM, Lamb KE, Bell LA, Timperio A, Salmon J, Ridgers ND.
Associations between activity patterns and cardio-metabolic risk factors in
children and adolescents: a systematic review. PLoS One. 2018;13:1–20.
52. Ekblom-Bak E, Ekblom Ö, Andersson G, Wallin P, Ekblom B. Physical
education and leisure-time physical activity in youth are both important for
adulthood activity, physical performance, and health. J Phys Act Heal. 2018;
15(9):661–70. https://doi.org/10.1123/jpah.2017-0083.
53. Janssen I, LeBlanc AG. Systematic review of the health benefits of physical
activity and fitness in school-aged children and youth. Int J Behav Nutr Phys
Act. 2010;7(1):40. https://doi.org/10.1186/1479-5868-7-40.
54. Ames ME, Leadbeater BJ, MacDonald SWS. Health behavior changes in
adolescence and young adulthood: implications for cardiometabolic risk.
Heal Psychol. 2018;37(2):103–13. https://doi.org/10.1037/hea0000560.
55. Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G, et al.
World Health Organization 2020 guidelines on physical activity and
sedentary behaviour. Br J Sports Med [Internet]. 2020;54:1451–62 Available
from: http://bjsm.bmj.com/.
56. Holman RM, Carson V, Janssen I. Does the fractionalization of daily physical
activity (sporadic vs. bouts) impact cardiometabolic risk factors in children
and youth? PLoS One. 2011;6:1–7.
57. Andersen LB, Lauersen JB, Brønd JC, Anderssen SA, Sardinha LB, SteeneJohannessen J, et al. A new approach to define and diagnose
cardiometabolic disorder in children. J Diabetes Res. 2015;2015:1–10. https://
doi.org/10.1155/2015/539835.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 10 of 10

