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ABSTRACT

Walking is an important and popular form of physical activity for health, whose trends
of decline among Brazilian adolescents over the years remain unknown. The purpose
of this study was to analyze the secular trend and sociodemographic correlates of
walking among adolescents in southern Brazil (2007-2017/18). Two cross-sectional
surveys, conducted in 2007 and 2017/18, gathered data from 1967 adolescents
in Florianopolis, Brazil, using a standard protocol. We collected data on the weekly
frequency and duration of walking practice. Gender, age, and socioeconomic status
(SES) were modeled in logistic regression analysis. Overall, the weekly volume (time)
spent walking declined by 43.1% over the years. In all gender, age, and SES subgroups,
walking declined from 31.5% to 51.7%. Compared to 2007 adolescents, girls (OR: 4.14;
95% CI: 2.66-6.43), younger adolescents (15 years: OR: 3.23; 95% CI: 1.74-5, 98; 16
years: OR: 4.36; 95% CI: 2.66-7.15) and those with low SES (OR: 3.48; 95% CI: 2.13-
5.68) and high SES (OR: 3.39; 95% CI: 2.21-5.20) were the 2017/18 groups most likely
to be inactive on the walk. This study reveals a decline in walking among adolescents
in southern Brazil, affecting all analyzed sociodemographic groups. Girls, younger
adolescents, and individuals from both ends of the socioeconomic spectrum showed
higher probabilities of inactivity in this form of physical activity. Targeted public policies
aimed at promoting walking and addressing the specific needs of girls, youth, and
various socioeconomic groups are necessary.
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INTRODUCTION

A regularly active population is the foundation of a healthier and more sustainable society.
Physical activity (PA) during active commuting aids in the control and prevention of chronic
diseases (e.g., heart disease), reduces the consumption of fossil fuels and improves air quality
(WHO, 2018). Global estimates show that one in four adults do not follow the minimum PA
recommended for health benefits (Guthold et al. 2018). The situation among adolescents
is concerning because 81% failing to meet the recommended minimum of 60 minutes of
moderate to vigorous PA daily (WHO, 2018, Guthold et al. 2020), with imminent risks of becoming
physically inactive adults (Uddin et al. 2020). This highlights the urgency of understanding and
addressing declining PA trends, particularly among adolescents.

The benefits derived from PA can be attained through various means, including walking (Oja et
al. 2018; Hsu et al. 2021; Adamakis, 2023). Walking is the most popular form of PA, reflecting its
accessibility, low or no cost, and being the easiest way for most people to initiate or maintain
PA (Ussery et al. 2018). Walking is still important for adolescents as a habit that should be kept
throughout life (Hsu et al. 2021), and can be practiced for different purposes such as recreation,
transport, leisure, and in various environments (Cerin et al. 2022). The walk was also featured in
the Global Action Plan on Physical Activity, as one of the PA that should be promoted to reduce
physical inactivity in adolescents by 15% by 2030 (WHO, 2018).

Studies on PA trends published up to 2022 indicate limited evidence regarding walking among
adolescents, with the observed declines primarily related to walking as an active commuting
to school (Pinto, Marques and Pelegrini, 2023). It is known that traveling the home-school-
home route on foot is related to healthier body composition, higher PA levels, and improved
cardiorespiratory fitness (Pinto et al. 2018; Henriques-Neto et al. 2020). Nevertheless, trends in
the practice of walking for other purposes remain unknown. Studies compiled in a systematic
review indicated that boys, younger adolescents, and those from low-income families are more
likely to actively commute to school (Pinto et al. 2018). However, these correlates may not be
the same as those for general walking.

Continuous monitoring of walking levels in a population can be valuable in identifying the
need for adjustments in public policies aimed at achieving the goals of the Global Action Plan
on Physical Activity. This information is particularly important given the scarcity of studies
on general walking practices among adolescents (Pinto, Marques and Pelegrini, 2023). Given
reports indicating alarming levels of physical inactivity among adolescents (Guthold et al.
2020), we hypothesize that there has been a decline in the practice of walking in recent years.
Understanding the sociodemographic factors associated with walking offers another tool in
tackling the potential public health challenge posed by a decline in adolescent walking and a
future rise in chronic diseases.

By examining the sociodemographic correlates of these practices, the study can contribute to
current knowledge by providing valuable insights for policymakers to tailor interventions and
effectively promote walking among adolescents. This study aims to examine secular trends
and sociodemographic correlates of walking practices among adolescents in southern Brazil
over a 10-year period.

METHODS
STUDY DESIGN AND LOCATION

This is a secular trend study. Possible changes in the practice of walking were analyzed using data
collected as part of a research project entitled “Physical activity levels, physical fitness, and social
behavior related to adolescent health: a secular trend study.” Data collection was performed
from August to December 2007 in Florianopolis, southern Brazil, and repeated in 2017/2018. The
two surveys collected cross-sectional information on adolescents aged 15 to 18 years regularly
enrolled in state public schools in Florianopolis. Because of logistical issues, data collection at one
of the schools included in the 2017 survey was performed from March to May 2018.

Located on the coast of the state of Santa Catarina in southern Brazil, Florianépolis currently
has an estimated population of 516,524 residents, spread over its 674.844 km? areq, with a
population density of 729.89 inhabitants/km?. The average monthly salary for formal workers
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is 4.4 times the minimum wage (approximately $1143 USD), and the Municipal Human
Development Index is 0.847. Further information about the city of Florianopolis can be obtained
from the Brazilian Institute of Geography and Statistics (https://cidades.ibge.gov.br/brasil/sc/
florianopolis/panorama).

SAMPLE SELECTION

Participants were selected based on school census data from the State Department of
Education. The total population of adolescents regularly enrolled in state public schools in 2007
and 2017 comprised 12,741 and 10,192 individuals, respectively. In the two cross-sectional
surveys, sampling parameters were as follows (Luiz and Magnanini, 2000): (i) 95% confidence
level, (ii) tolerable error of 4 percentage points, and (iii) estimated prevalence of 50% (unknown
outcome, prioritizing a large sample number).

To account for potential biases and ensure the final sample size, two adjustments were made.
First, the minimum sample size was multiplied by 1.5 to consider the “design effect” (deff). This
means we expected students within the same school (the “conglomerate”) to be more similar
than students from different schools, potentially inflating the variance in our results. This
adjustment increases the needed sample size to ensure accurate results despite this clustering
effect. Second, an additional 10% was added to the sample size to account for potential losses
due to dropouts or ineligibility. This ensures that even after excluding non-participants, the final
sample remains large enough for reliable conclusions. Based on these parameters, the final
sample consisted of 975 adolescents in 2007 and 992 in 2017/2018.

Based on the first survey, the sample number was proportionally distributed in the five regions of
the city (Center, Mainland, East, North, and South) defined by the Municipal Health Department.
This distribution was necessary to ensure sample representativeness, avoid regional bias,
address potential regional variations, and maximize sample coverage and efficiency. The
largest school (in terms of enrolled students) in each region was selected for data collection.
The adolescents were selected by drawing the number of classes and lessons required until
the minimum quantity was reached for the region (saturation sampling). All adolescents in the
selected classes were invited to participate in the research (cluster sampling).

The research protocol and its ethical aspects were approved by the Brazilian National Health
Council in 2007 (protocol No. 372/2006) and 2017 (protocol No. 2,172,699). All participants
provided written consent themselves or from their parents and/or guardians (for those aged 17
years or younger) to participate in the study. During data screening, entries from adolescents
who had physical disabilities or psychological disorders were excluded.

PROCEDURES AND MEASURES

Data collection was performed by the same researchersin the two surveys (2007 and 2017/2018)
to ensure standardized procedures. The presence of the same researchers helps with familiarity
with the research question and the population, maintaining standardized procedures and
maintaining the continuity and credibility of the project. Trained researchers used the same
self-administered questionnaire in both surveys. The information included sociodemographic
variables such as sex (girl and boy) and age in complete years (15 to 18 years).

Socioeconomic status (SES) was assessed using the latest version of a national questionnaire in
each year. The socioeconomic questionnaire evaluates SES based on, among other information,
the number of household items present in the family’s residence (https://www.abep.org/
criterio-brasil). In 2007, questionnaire items included, for example, color television, video
cassette player, radio, and fridge. Each item was worth 1 point, and the total score ranged from
0 to 34 points. In 2017/2018, items were updated and included, for example, microwave oven,
DVD player, and personal computer, with a total score ranging from 0 to 100 points. The higher
the score, the higher the SES. Given the change in questionnaire items and scores, SES was
classified into tertiles (first tertile, low; second tertile, medium; third tertile, high).

Walking (dependent variable) was evaluated using the items related to the practice of walking of
the International Physical Activity Questionnaire - Short Form (IPAQ-SF), which is recommended
for population monitoring (Craig et al. 2003). IPAQ-SF assesses the duration (>10 continuous
minutes) and frequency of walking (at home, at work, for travel purposes, for leisure, or as
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an exercise) in a usual week. The IPAQ-SF specifically asks about the average number of days
per week participants spent walking for at least 10 minutes per session. This captures the
frequency of walking activity. The questionnaire further differentiates between moderate-
intensity walking (e.g., brisk walking) and vigorous-intensity walking (e.g., fast walking uphill).
The instrument showed satisfactory measurement properties to monitor habitual PA levels
among Brazilian adolescents aged 14 years or older (Guedes, Lopes and Guedes, 2005). The
weekly walking volume (in minutes) was determined by multiplying the frequency (number
of days) of walking by the daily duration (Martinez-Gomez et al. 2014). Given the absence of
specific guidelines for walking in adolescents, we followed the recommendations for moderate
and vigorous PA for this age group (minimum of 60 min daily) (WHO, 2018). Thus, adolescents
who did not walk for 60 min or more a day were considered insufficiently active.

STATISTICAL ANALYSIS

Data were analyzed using descriptive and inferential statistics. The Kolmogorov-Smirnov test
assessed the normality of numerical variables and indicated that the data did not follow a normal
distribution. Subsequently, the median, interquartile range (IQR), 95% confidence interval (95%
CI), and relative frequency (%) were calculated. We used the chi-square test to verify possible
differences in subgroup proportions between years. Trends in walking practice were calculated
using the Delta Variation (A%): [(final value - initial value)/initial value x 100]. The proportion of
adolescents in each weekly frequency category (days per week) in 2007 and 2017/2018 was
compared using a two-tailed Z-test. Differences in the percentage variation of median values of
daily and weekly walking time between 2007 and 2017/2018 were assessed using the Mann-
Whitney U-test. A% and 95% CI values were used to compare the median values of 2007 and
2017/2018 between sex, age, and SES groups. Possible decline trends or increases in walking time
were significant if 95% CI did not overlap. Multivariate binary logistics regression was used to
verify the highest ratio and the respective 95% CI of the possible declines in each group. For this
analysis, insufficient walking (<60 min/day) was the outcome, and surveys (2007 and 2017/2018)
were the exposure. All analyses were conducted using IBM SPSS Statistics software version 20.0
(IBM Corp., Armonk, NY, USA). The level of significance was set at p < 0.05.

RESULTS

In total, 1967 adolescents provided complete responses to the questionnaire. Most participants
were female (54.9%), and the median age was 16.00 years (IQR = 2.00 years). Differences
were observed between sex and age with the year of the survey.The frequency distribution of
adolescents by sex, age, and socioeconomic level in each survey is presented in Table 1.

VARIABLE TOTAL 2007 2017/2018 p-VALUE
Total 1967 975 (49.6) 992 (50.4) 0.718*
Sex, n (%) <0.001*
Female 1080 (54.9) 599 (61.4) 481 (48.5)
Male 887 (45.1) 376 (38.6) 511 (51.5)

Age (years), median (IQR) 16.00 (2.00) 16.00(2.00) 17.00(1.00) <0.001*

Age, n (%) <0.001*
15 523 (26.6) 324 (33.2) 199 (20.1)
16 607 (30.9) 317 (32.5) 290 (29.2)
17 626 (31.8) 258 (26.5) 368 (37.1)
18 211 (10.7) 76 (7.8) 135 (13.6)
Socioeconomic level, n (%) <0.133*
Low 639 (32.5) 309 (31.7) 330(33.3)
Medium 650 (33.0) 309 (37.7) 341 (34.4)
High 678 (34.5) 357 (36.6) 321(32.3)
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Table 1 General characteristics
of study participants
(Florianopolis, Brazil).

Note: n, absolute frequency;
IQR, interquartile range;
*chi-square test; tMann-
Whitney U-test.



A marked reduction in the practice of walking was observed over the analyzed decade
(Figure 1). General trends indicated that the proportion of adolescents who do not walk any
day of the week increased (57.4%; Z=-3.87, p < 0.001). Between 2007 and 2017/2018, the
proportion of adolescents who walk only a few days per week increased (one day = 200.0%;
Z=-6.17, p <0.001; four days = 76.7%; Z = =3.05, p = 0.002). On the other hand, there was
a decline in the proportion of adolescents who walk five to seven days per week (five days
=-29.1%; Z = 4.39, p < 0.001; six days = —=19.4%; Z = 1.95, p = 0.05; seven days = =21.5%; Z
=-2.48, p = 0.01). From 2007 to 20017/2018, there was a 29.9% decrease in the daily time
spent walking (p < 0.001) and a 43.1% decrease in the weekly time spent walking (p < 0.001).
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Variations in walking duration by subgroup and regression analysis results are described in
Table 2. The total time spent walking reduced significantly in all subgroups, particularly in girls
(—44.2%), adolescents aged 16 years (-51.7%), and adolescents with low socioeconomic level
(—46.4%). Compared with adolescents in 2007, all in 2017/2018, regardless of the subgroup,
were more likely to be physically inactive. At the group level, in 2017/2018, adolescents with
the highest probabilities of being inactive in comparison with 2007 were girls (OR 4.14, 95% CI
2.66-6.43), younger adolescents (15 years: OR 3.23, 95% CI 1.74-5.98; 16 years: OR 4.36, 95%
(CI 2.66-7.15), and individuals with low (OR 3.48, 95% CI 2.13-5.68) or high (OR 3.39, 95% (I
2.21-5.20) socioeconomic level.

DISCUSSION

This study sought to explore as secular trends and sociodemographic correlates of walking,
regardless of the domain of physical activity, in adolescents, acknowledging that prior studies
have also noted a decline in adolescents’ walking as an active commuting to school. Notably,
this study innovates by examining independent groups, shedding light on the relationships
between variables and walking behaviors. The study contributes additional information about
physical activity patterns in adolescents to the existing literature.

Figure 1 Trends in (A) weekly
frequency and (B) total

daily and weekly duration

of walking in adolescents
(2007-2017/2018). *p < 0.05;
**p <0.001.



VARIABLE WALKING DURATION (MIN/WEEK) (95% CI) A (%) OR* (95% CI)
2007 2017/2018 2017/2018 VS 2007
Sex
Male 277.0 (248.2-305.7) 160.0 (145.4-174.6) —42.2 2.83 (2.00-4.05)
Female 237.6 (220.1-255.0) 132.6 (119.9-145.3) —44.2 414 (2.66-6.43)
Age (years)
15 224.9 (200.2-249.5) 126.3 (107.5-145.2) -43.8 3.23 (1.74-5.98)
16 286.7 (258.7-314-70)  138.5(121.4-155.6) -51.7 4.36 (2.66-7.15)
17 256.1 (225.8-286.4) 163.1 (145.5-180.8) -36.3 2.89 (1.87-4.47)
18 231.3(225.8-286.4) 149.8 (123.3-176.3) -31.5 2.73 (1.05-7.06)
Socioeconomic level
Low 251.3 (224.6-278.0) 134.8 (117.5-152.1) —46.4 3.48 (2.13-5.68)
Medium 233.3(207.7-259.9) 142.9 (128.2-157.7) -38.7 3.01 (1.81-4.99)
High 270.8 (243.2-298.4) 163.0 (144.5-181.6) -39.8 3.39(2.21-5.20)

In the investigated decade (2007-2017/2018), walking time per week declined by 43.1%. At
the group level, girls, younger adolescents, and those with low or high socioeconomic levels
were more likely to be less active in 2017/2018 than their respective peers in 2007. In practice,
the findings indicate that physical inactivity has been gaining ground and manifesting itself in
walking, considered the most popular PA in the world (Cesare et al. 2019). Furthermore, the low
engagement of some groups in walking is probably causing disparities in PA levels, contributing
to a problematic scenario among adolescents (WHO, 2018).

In the period investigated, a significant decline in walking was observed among adolescents,
making this group less prone to the benefits of walking, such as improvements in mental health
(Hsu et al. 2021), increased energy expenditure (Adamakis, 2023), and higher PA levels (Carlin,
Murphy and Gallagher, 2016). Walking trends among adolescents were identified as limited in
a systematic review of the secular trends in PA across various domains and contexts, based
on articles published until February 2022 (Pinto, Marques and Pelegrini, 2023). This finding is
in line with those of studies investigating trends in walking as a form of active commuting
to school among adolescents in the Czech Republic (Pavelka et al. 2017), Spain (Chillén et al.
2013), Australia (Salmon et al. 2005), and Brazil (Coll et al. 2014). Unfortunately, the reduction
in walking observed here corroborates the decrease in PA in adolescents from several countries
(Conger et al. 2022; Pinto, Marques and Pelegrini, 2023), including Brazil (Pinto et al. 2022).

Somefactorsmayexplainthedecreaseinwalkingduetothebroad wide spectrumof opportunities
for walking as a PA. First, the increase in the purchasing power of households in the investigated
period might have translated into an increase in the acquisition of motor vehicles (Rech et al.
2015), minimizing the walking opportunities of adolescents. Secondly, parents’ and children’s
perceptions of insecurity might have increased over the years, restricting walking to move from
one place to another, whether for leisure or transportation. It is noteworthy that the homicide
rate in Brazil increased by 24% from 2000 to 2017, being higher in men, young people, Blacks,
and poor individuals (Ceccato, Kahn, and Vasquez, 2021). Third, the decline in walking might be
related to reducing adolescents’ interest in activities involving movement, including walking.
A survey conducted with adolescents in southern Brazil revealed increased engagement in
screen-based activities from 2001 to 2011 (Bertuol et al. 2019). Fourth, in agreement with the
previously mentioned hypotheses, the poor infrastructure of sidewalks and the need to walk
long distances might have contributed to the decline in walking among adolescents. Fifth, it’s
worth considering the suggestion that a diversified range of exercise options could contribute
to the decline in adolescent walking. While the aforementioned limiting factors are significant,
we hypothesize that the availability of various exercise alternatives might have also influenced
adolescents’ choices, contributing to the observed decrease in walking.

At the sex level, while both boys and girls were more likely to be insufficiently active in walking in
2017/2018 (compared with 2007), our study reveals a noteworthy finding: the odds of reduced

Table 2 Trends in weekly
walking time and results

of logistic regression

for subgroups of
sociodemographic correlates
of insufficient walking
practice among adolescents
in Florianépolis, Brazil
(2007-2017/2018).

OR, odds ratio; CI, confidence
interval. Data from 2007 were
used as a reference. *OR for
sex was adjusted for age and
socioeconomic level, OR for
age was adjusted for sex and
socioeconomic level, and OR
for socioeconomic level was
adjusted for sex and age.

All OR values are significant at
p <0.001.



walking were substantially higher among girls. In 2017/2018, girls exhibited the highest
probabilities of inactivity when compared to 2007, with an odds ratio of 4.14 (95% CI 2.66-
6.43). This result diverges from a study with adolescents in southern Brazil, showing that girls
had greater participation in less intense physical activities such as walking than boys (Ramires
etal. 2016). There seems to be a consensus that girls are less active than boys concerning PA in
general (Guthold et al. 2020) and are less likely to use walking as a means of active commuting
(Salmon et al. 2005; Chillon et al. 2013; Coll et al. 2014; Pavelka et al. 2017; Pinto et al. 2018;
Pinto et al. 2020; Pinto et al. 2021). Possible reasons for this association include but are not
limited to, the distance to be covered by walking, parents’ concerns about the insecurity of
walking routes, particularly for girls, and issues related to sweating, which seem to bother girls
more than boys (Pinto et al. 2018). Given this, girls may be a target subgroup for interventions
focused on increasing PA, particularly walking. Nevertheless, it should not be disregarded that
boys are also less active nowadays.

It was identified that, in 2017/2018, younger adolescents (15 and 16 years old) had higher
OR values for insufficient walking, in agreement with the literature (Pinto et al. 2018; Uddin,
Mandic and Khan, 2019; Villa-Gonzdlez et al. 2019). Although the association between
age and walking is unclear (Pinto et al. 2018), it seems to be similar to the relationship
between age and PA (Villa-Gonzdlez et al. 2019). The association might be linked to younger
adolescents’ lower independence and autonomy in lifestyle decisions (Villa-Gonzdlez et al.
2019). For instance, parents tend to restrict the forms of active displacement of their children
for various reasons, such as fear of insecurity and greater control over younger children
(Pinto et al. 2018; Loureiro et al. 2022). It is believed that such conditions may affect the
walking behavior of adolescents. Older adolescents likely have fewer barriers to walking,
including longer distances. Although the aforementioned hypotheses are based on studies
investigating walking as a means of active displacement, they align with a previous study
indicating a 22.8% reduction in the preference of younger adolescents for physical activities
from 2001 to 2011 (Bertuol et al. 2019).

Adolescents with low or high socioeconomic levels in 2017/2018, compared with their peers
in 2007, had higher OR values for insufficient walking. This result is interesting, as it suggests
that socioeconomic level might not influence the decline in walking, given that the greatest
declines were observed in opposite strata of socioeconomic levels. It is speculated that this
result is related to the time spent walking for specific purposes in each socioeconomic stratum.
Adolescents belonging to families with low socioeconomic level tend to be more active while
commuting to school than those from higher socioeconomic levels (Pinto et al. 2018). On the
other hand, adolescents from families with higher socioeconomic levels are more likely to
walk in urban green spaces (e.g., parks, forests, trees, and playgrounds) than those from lower
socioeconomic levels (Rehling et al. 2021).

Overall, the greater decline in walking among adolescents from families with low socioeconomic
levels might be related to increased purchasing power directed toward motor vehicles (Rech et
al. 2015). Therefore, adolescents partake in passive commuting to school (motorized transport),
disregarding the opportunity to walk during weekdays (Pinto et al. 2018). Among adolescents
from families with high socioeconomic levels, the decline in walking might be related to the use
of this activity for leisure (Rehling et al. 2021), issues related to insecurity (Ceccato, Kahn, and
Vasquez, 2021), concern about traffic, and poor infrastructure (Buehler, Pucher and Bauman,
2020). The cited factors may explain, to some extent, the decline in walking observed in both
groups of socioeconomic level.

The findings need to be considered in light of some limitations. Using a subjective measure
of walking time might not be the most appropriate, and inaccuracies in self-reporting cannot
be disregarded. The trends observed here apply to adolescents enrolled in public schools.
They may not apply to those enrolled in private schools. Furthermore, we do not have data on
energy expenditure, walking intensity, or walking speed, which are more important than total
walking time for health purposes (Hsu et al. 2021; Adamakis, 2023). Thus, it is impossible to say
whether adolescents’ energy expenditure in 2017/2018 also decreased. Finally, information on
the purpose of walking (e.g., transportation, leisure) was not obtained, impairing analysis of the
reasons for decreased walking. Studies have shown that walking behavior may differ according
to the purpose of the activity (Ussery et al. 2018).
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Despite these limitations, the study’s strengths lie in its ability to identify independent groups
and their relationships with walking behavior, aiding decision-making processes. Furthermore,
the study benefits from a large sample size of adolescents and the use of comparable repeated
measures conducted with a rigorous protocol.

CONCLUSIONS

From 2007 to 2017/2018, the practice of walking declined among adolescents in southern Brazil,
possibly suggesting a temporal decline in PA levels specifically related to walking. Girls, younger
adolescents, and those with low or high socioeconomic levels were the least active concerning
walking in 2017/2018. These findings reveal a worrisome scenario of walking practice in the
studied decade. Future studies on walking trends in adolescents should investigate walking
intensity and purpose. Creating and improving accessible and safe places for walking may
encourage this practice and increase PA among adolescents. Public policies need to promote
walking to increase PA levels in adolescents.
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