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Physical activity is a health behavior that is related to
numerous physical, mental, and social-emotional health
outcomes.1-3 Higher levels of physical activity during child-
hood also contribute to physical and cognitive development
and engaging in the recommended average of 60 min per
day associated with better cardiometabolic risk profiles.1-3

Despite previous research showing these positive associa-
tions, research examining how physical activity may be asso-
ciated with a comprehensive assessment of cardiometabolic
risk is relatively sparse in children from low- or middle-
income countries such as Brazil.4 It has been stated that a
disconnect exists between the recognition of the importance
of physical activity in Brazil and a lack of resources to pro-
mote the behavior.4 The lack of resources also precludes
conducting high-quality research on how to effectively
reduce sedentary time and improve physical activity in
youth; therefore, any peer-reviewed and quality research
study linking physical activity to health outcomes in Brazil-
ian children should be given utmost attention to help pro-
mote the behavior and facilitate the financing, evaluation,
and scaling of effective school and community physical
activity programs.

Past research examining how patterns of physical activity
relate to health often ignores co-behaviors that may con-
found relationships, making it difficult to discern the magni-
tude of potential associations with outcomes such as
cardiometabolic risk. However, within the past decade,
novel analytic approaches have made it possible to examine
how the replacement of a behavior with physical activity or
one of its co-behaviors can be associated with changes in
health outcomes. Specifically, compositional data analysis
(CoDA) including isotemporal substitution methods allows

behavioral analysts the ability to examine how replacing
time spent in one behavior with another behavior correlates
with changes in a respective health outcome.5 This analyti-
cal approach has been used in the recent past examining
how behavioral time use reallocation correlated with cardio-
metabolic health, health-related fitness, gross motor skills,
and mental health.6-8 The compositional is temporal substi-
tution approach adds rigor to analytic plans by examining
time-use behaviors as a composition within a single model,
which mitigates collinearity issues and allows for examining
how a hypothetical replacement of behaviors correlates
with changes in health outcomes within the context of a
respective research design.5,9 It is particularly useful when
behavioral analysts are examining the behaviors of physical
activity, sedentary time, and sleep that when aggregated
make up a 24-h day and are key components of the “24-h
movement” or “24-h activity cycle” framework.5,8,9

Reis et al.10 examined the associations of physical activity,
sedentary time, and sleep with cardiometabolic health indica-
tors and indicators of inflammation using a cross-sectional
sample of children from southern Brazil. The researchers
employed the compositional isotemporal modeling approach
with physical activity, sedentary time, and sleep to determine
how the reallocation of time spent in each behavior is associ-
ated with several cardiometabolic and inflammation out-
comes. In this study, DXA was used to measure body fat
percentage, and light physical activity (LPA) and moderate-to-
vigorous physical activity (MVPA) were assessed using acceler-
ometers and validated cut-off points that determined time in
specific intensities. Calculation of aerobic fitness via the 6-
minute run/walk test, calculation of resting blood pressure,
and inclusion of somatic maturation added rigor to the analy-
sis. Of great interest within this study may be the links made
between the behavioral variables and indicators of inflamma-
tion, leptin, and C-Reactive Protein (CRF), which are thought
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to be a genesis of cardiometabolic risk and the chronic low-
grade inflammatory phenotype that contributes to excess adi-
posity. The examined correlation with the inflammation varia-
bles was novel and the use of a sample of children from a
middle-income country provides a meaningful knowledge con-
tribution.

Reis et al.10 collected leptin and CRP via blood samples
after a 12-h fast with evaluation using the ELISA technique.
Using a 4-compositional part behavioral model (MVPA, LPA,
sedentary time, sleep), it was found that replacement of
sedentary time with MVPA or sleep was associated not only
with better body composition levels and systolic blood pres-
sure but was also found that replacing screen use with MVPA
or sleep was associated with significantly lower leptin levels
with a trend toward significantly lower CRP. Specifically, for
every 1-h replacement of sedentary with MVPA, there was
an approximately 8% lower observed body fat percentage,
an approximate 6.9 ng/mL lower leptin score, and a 2.4 mg/
dL lower score for CRP. Also, a 1-h replacement of sedentary
time with MVPA was associated with an approximately 2 kg/
m2 lower body mass index, a 5.5 cm lower waist circumfer-
ence, and a 14 mmHg lower systolic blood pressure. Signifi-
cant but smaller effect sizes were observed when replacing
20 min and 1 min of sedentary time with MVPA. Similar sig-
nificant results were found when replacing sedentary time
with sleep, but the associations were weaker in magnitude.
No significant associations were observed replacing seden-
tary time with LPA except for changes in leptin.

Of note from the study conducted by Reis et al.10 was that
most of the significant associations were only observed when
the physical activity of higher intensity (i.e., MVPA) replaced
screen use. This finding supports the evidence that higher-
intensity physical activity, which elicits higher intensity
movement, is potentially needed to observe meaningful
improvement in cardiometabolic health and also indicators
of inflammation.1,11 The positive changes in health indica-
tors observed with sleep were evidenced by other studies.12

Even though in past studies it was observed that the magni-
tude of association between sleep and health indicators may
be just as large or larger compared to other behaviors for
specific outcomes,12 Reis et al.10 observed that replacement
of sedentary time with MVPA yielded stronger associations
then replacing sedentary time with sleep. There are several
potential mechanisms for the correlations of MVPA, sleep,
and health that may be through better metabolic efficiency,
reduced inflammation, and higher caloric expenditure.13,14

Indeed, the findings specific to leptin and CRP are especially
noteworthy and need future research in Brazilian young per-
son populations.14

What these findings mean for children from middle-
income countries like Brazil is that practitioners need effec-
tive, creative, and sustainable ways to reduce sedentary
time and increase MVPA throughout the day to potentially
impact cardiometabolic risk factors. Whole-of-school
approaches that involve delivering quality physical educa-
tion, and opportunities before, during, and after school to
engage in higher levels of MVPA is a standard method for
improving activity and movement in youth.15 Delivering
physical activity programming in out-of-school settings is
essential given that observational research has shown poorer
health behaviors in children during times and days when
there are unstructured schedules.16 Also, involving parents,

peers, and staff may provide an overall feeling of social sup-
port for children that may lead to enhanced activity enjoy-
ment and sustained physical activity behavior.17

Additionally, educating students and students’ parents on
proper sleep hygiene is important to develop good sleeping
habits. Setting consistent bedtime schedules in addition to
minimizing light exposure and device (e.g., smartphone)
exposure within a few hours of bedtime has been shown to
improve both sleep quality and quantity in children.18 Ade-
quate sleep provides focus, attention, and energy to engage
in activity the following day, and thus a positive spiral of
engagement between physical activity and sleep can emerge
yielding positive reciprocating effects across time.

An important consideration gleaned from Reis et al.10 was
that even a modest replacement of minutes of sedentary
time with MVPA and sleep may provide benefits. The current
World Health Organization’s recommendation for physical
activity is to engage in an average of 60 min per day across a
week.19 However, previous work has shown that to reap the
benefits of physical activity, even small incremental
improvements in behaviors can improve physical and mental
health.19 Thus, public health messaging in Brazil should
state the benefits of complying with recommendations but
also acknowledge that small improvements even below rec-
ommended levels can meaningfully improve health in Brazil-
ian children.

Finally, although the results from using compositional iso-
temporal substitution do provide unique insight into how
patterns of behaviors related to health indicators in Brazil-
ian children, causation is still precluded using cross-sec-
tional research designs and it is also unclear how
replacement of behaviors affects children at different points
on a health outcome’s distribution as traditional methods
only examine variation around the mean. Higher or lower
levels of certain health indicators (toward the tails of the
distribution) are where more meaningful patterns of varia-
tion may occur in those who are at high risk. Combining com-
positional isotemporal substitution with other quantitative
methods such as quantile regression can help address these
gaps in the literature.20

The work from Reis et al.10 is commendable and provides
unique insights into how patterns of movement behaviors
are associated with indicators of cardiometabolic health and
indicators of inflammation in Brazilian children. Science
using rigorous analytical approaches is vital to help answer
important public health questions. Despite the often lack of
sufficient funding and resources to promote physical activ-
ity, the global approaches for research collaboration that
research teams in Brazil are engaging in serve as a positive
model moving forward to help improve the health of youth
in countries like Brazil and worldwide.
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