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Association between active commuting and
elevated blood pressure in adolescents
Associação entre deslocamento ativo e pressão arterial elevada em adolescentes
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ABSTRACT

RESUMO

Objective: To analyze the association between active commuting and
blood pressure in adolescents. Methods: This is a cross-sectional
study with high school students from public education network in
the state of Pernambuco, Brazil. Data from 6039 students (14 to 19
years) were collected using a questionnaire. “Physically inactive”
were considered those who reported not to walk or ride a bicycle
to and from school on any day of the past week, and/or those who,
regardless of the weekly frequency of practice this type of activity,
reported the duration of commuting to school was less than 20 minutes
(round trip). The high blood pressure was obtained by Omron HEM
742 equipment. Adolescents with high blood pressure were defined
as those with higher blood pressure or equal to the 95th percentile
for age, sex and height. Regression logistic analyses were used to
assess the association between active commuting and high blood
pressure, considering adjustments for the following confounders: sex,
age, overweight, total physical activity, socioeconomic level, place
of residence. Results: The prevalence of high blood pressure was
7.3%, and 79.3% were considered insufficiently active in commuting.
There was an association between high blood pressure and active
commuting only among those living in rural areas (OR=6.498; 95%
CI=1.513-27.900), and the same was not observed among those
living in urban areas (OR=1.113; 95% CI=0.812-1.526). Conclusion:
Active commuting can be considered a protective factor for high
blood pressure in adolescents living in rural areas.

Objetivo: Analisar a associação entre o deslocamento ativo e a
pressão arterial elevada em adolescentes. Métodos: Trata-se de um
estudo transversal com estudantes do Ensino Médio da rede pública
estadual de Pernambuco. Os dados de 6.039 estudantes de 14 a 19
anos foram coletados mediante questionário. Foram considerados
“insuficientemente ativos” aqueles que relataram que em nenhum dos
dias da última semana realizaram deslocamentos a pé ou de bicicleta
e/ou aqueles que, independentemente da frequência semanal de prática
desta atividade, relataram que a duração do deslocamento para a
escola era inferior a 20 minutos (ida e volta). A pressão arterial elevada
foi obtida por meio do equipamento Omron HEM 742. Foram definidos
como adolescentes com pressão arterial elevada aqueles com pressão
arterial maior ou igual ao percentil 95 para idade, sexo e estatura.
Recorreu-se à análise de regressão logística para verificar a associação
entre deslocamento ativo e pressão arterial elevada, considerando
ajustes para os fatores de confusão sexo, idade, sobrepeso, atividade
física total, nível socioeconômico e zona de moradia. Resultados: A
prevalência de pressão arterial elevada foi de 7,3% e de inatividade física
no deslocamento foi de 79,3%. Foi verificada associação entre pressão
arterial elevada e deslocamento ativo apenas entre aqueles que moram
em zona rural (OR=6,498; IC95%=1,513-27,900). O mesmo não foi
verificado entre aqueles que moravam na zona urbana (OR=1,113;
IC95%=0,812-1,526). Conclusão: O deslocamento ativo pôde ser
considerado fator de proteção para a pressão arterial elevada nos
adolescentes que moravam na zona rural.
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INTRODUCTION
High blood pressure (BP) is one of the major risk
factors for cardiovascular disease and, when present
in childhood, it may be considered a predictor of
cardiovascular mortality risk in adult life. This is
important because some studies have shown that the
prevalence of high BP in pediatric populations is
high in developed and developing countries, ranging
between 3.6 and 19.4%.(1) In Brazilian adolescents, the
prevalence of high BP was 8.75% in boys and 6.31%
in girls.(2)
While the prevalence of high BP increases,(3) there
is a decrease in the level of physical activity in this
population, as well as an increase in activities that
require a longer time sitting.(4) These behaviors lead
to harmful health effects in adolescents, including
decreased aerobic fitness and glucose tolerance.(5) In
this context, incorporating physical activity into one’s
lifestyle is one of the strategies used to reduce at-risk
conditions, such as high BP.
Active commuting by walking and cycling has been
associated to an overall increase in physical activities
and improvement of population health indicators.(6)
Although there is evidence demonstrating the association
between physical activity and BP,(7) active commuting and
decreased cardiovascular risk,(8) few studies have looked
into the specific contribution of active commuting to BP
values. It is known that active commuting is associated
with lower overweight and obesity rates among
adolescents,(9) and that said conditions contribute to
increase BP.
In adults, systolic BP values are lower in individuals
who are active during commuting time.(10) In adolescents,
however, only one study was found the association
between active commuting and BP.(8,11-13) Also, the
reasons for these discrepancies are not yet clear, since
the differences in intensity, volume and frequency of
activity during commuting time were not assessed, and
there are no standardized measurements for physical
activity. Another fact that should be considered is that
other factors, such as gender (boys seem to be more
active than girls),(14) place of residence (i.e. distance
between home and school) and socioeconomic level,
may influence the way adolescents commute.
There are no records in the literature of interventions
using active commuting to decrease BP among
adolescents, but only for adults with clinical conditions.(15)
Thus, understanding active commuting and its
association with BP in adolescents could support the
use of programs encouraging this practice among the
young.
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OBJECTIVE
To investigate the association between active commuting
and high blood pressure in adolescents.
METHODS
A cross-sectional, school-based and statewide
epidemiological study conducted in 2011. The data
used in this study come from the project Physical
Activity and Health Risk Behaviors in High School
Students in the State of Pernambuco: A Temporal Trend
Study (ATITUDE Project 2006-2011). It was approved
by the Institutional Review Board of the Universidade
de Pernambuco, under number 159/10, CAAE:
0158.0.097.000-10. All volunteers signed an Informed
Consent. For subjects aged under 18 years, we adopted
the Negative Consent Form so that parents and/or
guardians could authorize the enrollment of their
children in the study.
Since this is a subanalysis under the Atitude
Project, whose target population were male and female
adolescents s (14 to 19 year-old) enrolled in high
school in the public education network of the state of
Pernambuco, the sample calculation was the same as
that of the project. To calculate the sample size, we
considered the estimated population size of 338,698
adolescents; a 95% confidence interval; a 2% sampling
error; estimated prevalence of 50%; a design effect
(deff) of 2; and an additional margin of 20%, considering
potential losses and refusals. The 50% prevalence was
chosen because this study is part of a greater project
aiming to investigate multiple health risk behaviors
occurring at different frequencies.
This study excluded adolescents aged under 14
and over 19 years; those self-reporting diabetes,
cardiovascular and/or neurological disease; those
who failed to properly answer the questionnaire; and
those who refused to undergo anthropometric and BP
measurements. Thus, the final sample was composed of
6039 adolescents.
The data were collected between May and October
2011 at the time of day they attended classes (morning,
afternoon, evening). Information on age, ethnicity,
place of residence and level of physical activity were
obtained through a questionnaire adapted from the
Global School-Based Student Health Survey (GSSH),
which was proposed by the World Health Organization
and is commonly used in epidemiological studies.(16,17)
For this sample, the agreement analysis obtained from
the retesting of a sub-sample presented Kappa values
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(agreement analysis using the test-retest with a one-week
interval) of 0.59, for both questions.
To attest the active commuting, we used questions
on the number of days and commuting time: “During
the past 7 days, on how many days did you walk or ride
a bicycle to and from school?” and “During the past 7
days, on average, how much time per day did you spend
commuting to and from school (consider the total time
of the round-trip to and from school)”.
We considered as “insufficiently active” those who
reported not to walk or ride a bicycle to and from
school on any day of the past week, and/or those who,
irrespective of the weekly frequency of this type of
activity, reported that the commuting time to and from
school was under 20 minutes (round-trip).(18)
BP was measured using the Omron HEM 742
monitor (Omron, Shanghai, China).(19) Before
measurements were taken, the adolescents sat with
their legs uncrossed for 5 minutes. The cuff used was
appropriate for the size of each adolescent. Three
measurements were taken on the right arm, with
subjects in a seated position. For analysis, we used
the average of the last two measurements. High BP
was defined as systolic or diastolic pressure equal to or
greater than the 95th percentile, based on gender, age
and height.(20)
Portable scales (Tanita, Brazil) and a stadiometer
(Welmy, Brazil) were used to determine body mass
and height. Both measurements were taken as per
the procedures described above.(21) Excess weight
was determined by a body mass index above the
85th percentile for the respective age.(22) The level of
total physical activity, socioeconomic level and type
of residence were obtained from the questionnaire.
The level of total physical activity was determined by
the question: “In a typical or regular week, on how
many days are you physically active for a total of at
least 60 minutes a day?” Those who claimed to be
active on 5 days or more were considered active. The
socioeconomic level was identified by the maternal
schooling level, and the subject with the highest
socioeconomic level reported that their mother had
over 8 years of education. The type of residence was
determined by the answer to the following question:
“Do you live in a rural or urban area?”
All statistical analyses were performed using the
Statistical Package of the Social Sciences (SPSS),
version 20 (IBM Corp, Armonk, New York). The level
of physical activity was described as frequency, and
the other measurements as mean ± standard deviation.
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Logistic regression analysis was used to investigate the
association between high BP and level of activity while
commuting for both genders. The model was adjusted
for potential confounders, such as sex, age, overweight,
total physical activity, socioeconomic level and type of
residence.(23) After adjusting for the different variables
in each model, the odds ratio (OR) and the respective
95% confidence intervals (95% CI) were found significant
for a p-value ≤0.05.

RESULTS
A total of 6,039 adolescents were evaluated in this study,
of which 3,633 were girls. The general characteristics of
subjects are described in table 1.

Table 1. Characteristics of the study participants
General variables
Weight, kg
Height, cm

Boys
(n=2,406)

Girls
(n=3,633)

p value

61.6±13

53.1±12

<0.001
<0.001

172±9

159±8

Body mass index, kg/m2

20.8±3.9

20.8±4

0.895

Systolic blood pressure, mmHg

122±17

112±14

<0.001

Diastolic blood pressure, mmHg

67±11

68±11

<0.001

Urban

74.6

74.5

0.938

Rural

25.4

25.5

Higher

87.7

84.9

Lower

12.3

15.1

<10 minutes

9.7

11.4

10-20 minutes

2.8

2.8

>20 minutes

87.5

85.8

None

43.5

41.5

1

2.6

2.9

2

2.3

2.1

3

2.4

1.0

Type of residence, (%)

Socioeconomic level, (%)
0.003

Commuting time, (%)
0.270

Active commuting, days

4

1.7

1.9

5

26.5

28.9

6

3.2

3.0

7

17.8

17.9

Active

61.8

72.5

Inactive

38.2

27.5

0.311

Total physical activity, (%)
0.258
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In the total sample the prevalence of high BP was
7.3%; and 79.3% of adolescents were insufficiently
active during the commuting, i.e., they did not walk or
ride a bicycle to school on any day of the week or, if
they did, they manage to do in less than 20 minutes.
When assessed by sex, the prevalence of high BP was
10.4 and 5.2% for boys and girls, respectively. As for
active commuting, the prevalence of insufficiently
active commuting was 81.6% and 77.8% for boys and
girls, respectively (Figure 1).
The results of the association, both raw and adjusted,
stratified by sex are described in figure 2.
In both the raw and adjusted analyses, there was no
association between high BP and active commuting in
both sexes. When stratifying the sample based on type
of residence (urban and rural), there was an association
between high BP and insufficiently active commuting
only among those with rural residence (OR=6.498,
95% CI=1.513-26.900) (Table 2).

A

Table 2. Association between high blood pressure and insufficiently active
commuting. Model stratified by type of residence, and adjusted per sex,
overweight, total physical activity, socioeconomic level, type of residence and age
Zone

Raw analyses

Adjusted analysis

OR

95% CI

OR

95% CI

Urban

0.716

0.580-0.882

1.113

0.812-1.526

Rural

1.397

1.133-1.723

6.498

1.513-27.900

OR: odds ratio; 95% CI: 95% confidence interval.

DISCUSSION
The results found in the present study demonstrated
that active commuting does not influence BP in both
sexes; however there was an association between BP
and active commuting among adolescents living in rural
areas, where insufficiently active adolescents showed
higher risk for high BP when compared to those
physically active.
The prevalence of physical inactivity during the
commuting to and from school was high when compared

B

Figure 1. (A) Prevalence of insufficiently active (sum of variables days and commuting time) and (B) high blood pressure in adolescents

OR: odds ratio; 95% CI: 95% confidence interval.

Figure 2. Association between high blood pressure and insufficiently active commuting. Model adjusted per age, overweight, total physical activity, socioeconomic level
and type of residence
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to the findings of a study with Danish adolescents,(24)
but lower than that verified in Americans.(25) However,
some aspects should be considered when comparing
these prevalences, such as conditions that favor active
commuting. The absence of cycle paths on the way to
and from school, insufficient bike parking, the family’s
purchasing power, poor signage on the roads, and poor
traffic safety can possibly explain the low prevalence of
active commuting.(26)
In this study, the prevalence of high BP in the total
sample was 7.3%, 10.4% for boys and 5.2% for girls.
A systematic review study showed that the prevalence
of high BP in Brazilian adolescents is 8.1%. In the
northeast, the total prevalence was 11.2%; in that, 13.6%
in boys and 8.5% in girls.(2) The increase in obesity and
high BP in adolescents can at least partly explain the
increased prevalence found in this study, since obesity is
closely related with the onset of hypertension.(23)
In the present study, there was an association
between the type of residence and active commuting.
Evidence suggests that, although rural adolescents are
more active, in general,(27) when the active commuting
is further investigated, the result is the opposite those living in rural areas being less prone to actively
commuting to and from school(28) as compared to those
living in the city. This fact could be related to accessibility
of public transportation and the distance from home to
school. A cohort study carried out in two English cities
showed that the distance from home to school has
been increasing lately - from 1.6km, in 1975, to 2.3km, in
2001.(29) This increase in the distance is likely associated
with the fact that new schools are not built at the
pace at which cities grow, which ends up stretching the
distance from home to school and increasing the use of
passive transportation.(30)
In practice, the results of this study suggest that
encouraging active commuting among rural adolescents
could lead to benefits regarding BP levels. One line of
concern is that the prevalence of high BP in this study
was twice as large in boys than in girls. Despite the
growing number of research studies on physical activity,
there are still many gaps in understanding active
commuting and its effects on BP levels. Some factors,
such as classification of level and duration of physical
activity, energy intake, and the different ways used to
commute may influence these results. These elements
should be investigated in future studies.
This study has some limitations. Its cross-sectional
design prevents establishing causality and does not
assess the impact of changes on active commuting in
rural and urban areas over time. The distance from
home to school was not obtained, which might lead to an
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over or underestimation of the results. No information
on the sexual maturation stage was requested and,
therefore, the impact of biological maturation on the
results could not be controlled. BP was measured at one
single timepoint, and safety-related aspects were not
obtained. However, one advantage of this measurement
is that it makes it possible to determine the frequency
of chronic diseases and point out probable risk factors.
Still, the costs are relatively lower relative to other types
of studies.
Some strengths of this study should be stressed, such
as the sample size, which establishes a representative
analysis of the adolescent population, and the sampling
procedures, which allowed for a sample of both boys
and girls, living in different locations in the rural and
urban areas of the state of Pernambuco.

CONCLUSION
Active commuting seems to be a protective factor for
high blood pressure in rural adolescents.
REFERENCES
1. Sorof JM, Lai D, Turner J, Poffenbarger T, Portman RJ. Overweight, ethnicity,
and the prevalence of hypertension in school-aged children. Pediatrics. 2004;
113(3 Pt 1):475-82.
2. Magliano ES, Guedes LG, Coutinho ES, Bloch KV. Prevalence of arterial
hypertension among Brazilian adolescents: systematic review and metaanalysis. BMC Public Health. 2013;13:833. Review.
3. Din-Dzietham R, Liu Y, Bielo MV, Shamsa F. High blood pressure trends in
children and adolescents in national surveys, 1963 to 2002. Circulation. 2007;
116(13):1488-96.
4. Straatmann VS, Oliveira AJ, Rostila M, Lopes CS. Changes in physical activity
and screen time related to psychological well-being in early adolescence:
findings from longitudinal study ELANA. BMC Public Health. 2016;16:977.
5. 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;7:40.
6. Saunders LE, Green JM, Petticrew MP, Steinbach R, Roberts H. What are
the health benefits of active travel? A systematic review of trials and cohort
studies. PloS One. 2013;8(8):e69912. Review.
7. Larouche R, Garriguet D, Gunnell KE, Goldfield GS, Tremblay MS. Outdoor
time, physical activity, sedentary time, and health indicators at ages 7 to 14:
2012/2013 Canadian Health Measures Survey. Health Rep. 2016;27(9):3-13.
8. Andersen LB, Wedderkopp N, Kristensen P, Moller NC, Froberg K, Cooper AR.
Cycling to school and cardiovascular risk factors: a longitudinal study. J Phys
Act Health. 2011;8(8):1025-33.
9. Lee MC, Orenstein MR, Richardson MJ. Systematic review of active commuting
to school and childrens physical activity and weight. J Phys Act Health.
2008;5(6):930-49. Review.
10. Gordon-Larsen P, Boone-Heinonen J, Sidney S, Sternfeld B, Jacobs DR Jr.,
Lewis CE. Active commuting and cardiovascular disease risk: the CARDIA
study. Arch Intern Med. 2009;169(13):1216-23.
11. Chillón P, Ortega FB, Ruiz JR, Evenson KR, Labayen I, Martínez-Vizcaino V, et
al. Bicycling to school is associated with improvements in physical fitness over
a 6-year follow-up period in Swedish children. Prev Med. 2012;55(2):108-12.
12. Larouche R, Faulkner GE, Fortier M, Tremblay MS. Active transportation and
adolescents’ health: the Canadian Health Measures Survey. Am J Prev Med.
2014;46(5):507-15.

einstein. 2017;15(4):415-20

420

Santana FS, Palmeira AC, Santos MA, Farah BQ, Souza BC, Ritti-Dias RM

13. Pontes LM, Barreto Neto AC, Amorim RJ, Lira PI. [Pattern of physical activity
in different domains and its association with blood pressure in adolescents].
Rev AMRIGS. 2013;57(3):196-201. Portuguese.
14. Merom D, Tudor-Locke C, Bauman A, Rissel C. Active commuting to school
among NSW primary school children: implications for public health. Health
place. 2006;12(4):678-87.
15. Horiuchi M, Endo J, Akatsuka S, Hasegawa T, Yamamoto E, Uno T, et al. An
effective strategy to reduce blood pressure after forest walking in middleaged and aged people. J Phys Ther Sci. 2015;27(12):3711-6.
16. Kessaram T, McKenzie J, Girin N, Merilles OE Jr, Pullar J, Roth A, et al.
Overweight, obesity, physical activity and sugar-sweetened beverage
consumption in adolescents of Pacific islands: results from the Global SchoolBased Student Health Survey and the Youth Risk Behavior Surveillance
System. BMC Obes. 2015;2:34. eCollection 2015.
17. Ferrante D, Linetzky B, Ponce M, Goldberg L, Konfino J, Laspiur S. Prevalence
of overweight, obesity, physical activity and tobacco use in Argentine youth:
Global School-Based Student Health Survey and Global Youth Tobacco
Survey, 2007-2012. Arch Argent Pediatr. 2014;112(6):496-503.
18. Santos CM, de Souza Wanderley Júnior R, Barros SS, de Farias Júnior JC,
de Barros MV. [Prevalence of physical inactivity and associated factors among
adolescents commuting to school]. Cad Saude Publica. 2010;26(7):1419-30.
Portuguese.
19. Christofaro DG, Fernandes RA, Gerage AM, Alves MJ, Polito MD, Oliveira
AR. Validation of the Omron HEM 742 blood pressure monitoring device in
adolescents. Arq Bras Cardiol. 2009;92(1):10-5.
20. Falkner B, Daniels SR. Summary of the Fourth Report on the Diagnosis,
Evaluation, and Treatment of High Blood Pressure in Children and Adolescents.
Hypertension. 2004;44(4):387-8.

einstein. 2017;15(4):415-20

21. Lukaski HC. Methods for the assessment of human body composition:
traditional and new. Am J Clin Nutr. 1987;46(4):537-56. Review.
22. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard definition
for child overweight and obesity worldwide: international survey. BMJ. 2000;
320(7244):1240-3.
23. Silva KS, Lopes AS. Excess weight, arterial pressure and physical activity in
commuting to school: correlations. Arq Bras Cardiol. 2008;91(2):84-91.
24. Cooper AR, Wedderkopp N, Wang H, Andersen LB, Froberg K, Page AS.
Active travel to school and cardiovascular fitness in Danish children and
adolescents. Med Sci Sports Exerc. 2006;38(10):1724-31.
25. Evenson KR, Huston SL, McMillen BJ, Bors P, Ward DS. Statewide prevalence
and correlates of walking and bicycling to school. Arch Pediatr Adolesc Med.
2003;157(9):887-92.
26. Lu W, McKyer EL, Lee C, Goodson P, Ory MG, Wang S. Perceived barriers
to children’s active commuting to school: a systematic review of empirical,
methodological and theoretical evidence. Int J Behav Nutr Phys Act. 2014;
11:140. Review.
27. Regis MF, Oliveira LM, Santos AR, Leonidio AD, Diniz PR, Freitas CM. Urban
versus rural lifestyle in adolescents: associations between environment,
physical activity levels and sedentary behavior. einstein (Sao Paulo). 2016;
14(4):461-7.
28. Sjolie AN, Thuen F. School journeys and leisure activities in rural and urban
adolescents in Norway. Health Prom Intern. 2002;17(1):21-30.
29. Pooley CG, Turnbull J, Adams M. The journey to school in Britain since the
1940s: continuity and change. Area. 2005;37(1):43-53.
30. Silva KS, Vasques DG, Martins Cde O, Williams LA, Lopes AS. Active
commuting: prevalence, barriers, and associated variables. J Phys Activ Health.
2011;8(6):750-7.

