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Abstract Although regular physical activity is
recommended for health, highly contaminated air
exposure acts to the detriment of the benefits pro-
duced in individuals. The purpose of the present
study was to compare the accelerometer-measured
physical activity and sedentary behavior during
the whole day, in-school time, out-of-school time,
and school breaks between highly contaminated
air days and non-highly contaminated air days
in Chilean adolescents. Nineteen adolescents from
Santiago of Chile were assessed by a GT3X acceler-
ometer. The vertical axis and steps per minute for
the whole day, and both of these variables together
with the percentage of time of moderate-to-vig-
orous physical activity level in the out-of-school
time period were higher in highly contaminated
air days than in non-highly contaminated air
days (p < 0.05; with effect sizes fromr=0.36 to r
= 0.46). Results for sedentary behavior were simi-
lar in both conditions for every period of time an-
alyzed. These results allow us to conclude the lack
of awareness of the participants in this research
regarding the health repercussions in relation to
the physical activity performed during air pollu-
tion exposure. Some strategies in order to improve
the Chilean adolescents’ physical activity and sed-
entary behavior are suggested and discussed.
Keywords Smog, School recess, Leisure time, En-
vironment

Resumo Embora a atividade fisica regular seja
recomendada para saiide, a exposi¢io de indivi-
duos ao ar altamente contaminado pode levar a
perda dos beneficios produzidos. O propdsito do
presente estudo foi comparar o nivel de ativida-
de fisica e o comportamento sedentdrio durante
e fora das aulas escolares, e nos recessos escolares
entre dias altamente contaminados e dias nio
contaminados em adolescentes chilenos. Dezenove
adolescentes de Santiago foram avaliados por um
acelerémetro GT3X. O eixo vertical e os passos por
minuto durante um dia inteiro, e as duas varidveis
assim como a porcentagem de tempo de atividade
fisica moderada a vigorosa no periodo do tempo
fora da escola foi superior em dias altamente con-
taminados do que em dias ndo altamente conta-
minados (p < 0.05; r = 0.36 a r = 0.46). O resul-
tado do comportamento sedentdrio foi similar em
ambas as condigées para cada periodo do tempo
analisado. Esses resultados permitem concluir que
a falta de consciéncia dos participantes nessa pes-
quisa relativa a repercussao na satide com relagio
a atividade fisica executado durante exposicdo da
poluicdo atmosférica. Algumas estratégias a fim
de melhorar o nivel de atividade fisica de adoles-
centes chilenos e comportamentos sedentdrios sio
sugeridas e discutidas.

Palavras-chave Poluicdo, Recesso escolar, Tempo
livre, Meio ambiente
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Introduction

It is well known that the regular practice of phys-
ical activity (PA) is crucial for obtaining health
benefits'. Unfortunately, the practice of PA does
not achieve the daily recommendations of 60
minutes of moderate-to-vigorous PA a day’ for
the majority of the population’, while the total
sedentary time is increasing in all age groups®.
Sedentary behavior in the present study referred
to any waking behavior with a low energy expen-
diture (i.e., < 1.5 METs, being sitting or in a re-
clined posture) and not as the lack of PA®. This
problem is especially worrisome in adolescentsS,
where the decrease of PA in societies all over the
world has been verified’, and the long-term con-
sequences entail, among other things, a drop in
PA and the loss of its benefits during adulthood'.
Due to this, a considerable number of studies
have been carried out centered in measuring the
performed habitual PA in children and adoles-
cents, focusing on three main contexts: complete
day?, school time®, and out of school or leisure
time’.

Although the regular practice of PA is recom-
mended for increasing the general health of indi-
viduals'®'3, it is important to denote that not all
conditions are optimal for this recommendation.
For instance, the term “smog’, referring to air
pollution, describes a mixture of emissions (e.g.,
industrial and vehicle pollutants, open burning,
or heating due to human activities) with dust
and water vapor under specific climate condi-
tions, which affects the relationship between
the practice of PA and health"’. Smog influences
negatively on people', but it is especially damag-
ing to health when practicing a high intensity of
PA'>Y. Giorgini et al."” presented a recent review
of the cardiovascular implications for health un-
der high levels of contaminated air that showed
a great variety of problems associated to the re-
lationship between environmental pollution and
PA (e.g., cardiovascular risks, breathing prob-
lems, brain oxygenation, blood pressure, etc.).
Although some recent studies show that exercis-
ing in a polluted environmental could not be ab-
solutely damaging to health'®", their results have
been obtained in moderated levels of pollution,
not in severe conditions.

The fact that the number of cities with smog
problems in all over the world is increasing [e.g.,
Madrid, Spain; Los Angeles, USA; Beijing, China;
or Santiago, Chile]*, turns this problem into a se-
rious issue that researchers and professionals be-
longing to health care need to take into account.

The World Health Organization (WHO)* and
others agencies such as the United States Envi-
ronmental Protection Agency? have established
standards as criteria air pollutants [parts per mil-
lion (ppm) by volume for gases, such as Carbon
Monoxide, Nitrogen Dioxide, Ozone, or Sulfure
Dioxide; and micrograms per cubic meter of air
(ng/m?) for particles pollution (PM), which are
divided into PM,, and PM, depending on the
diameter of the particles that are referred to (<
2.5 pm, or > 2.5 and < 10 pm, respectively)].
The more common measure of air pollution is
the mean annual concentration of fine suspend-
ed particles (PM,, and PM, ), due to that these
particles penetrate deeply into the respiratory
tract and consequently constitute as an import-
ant health risk indicator, causing an increment
of mortality from respiratory infections and dis-
eases, lung cancer, and selected cardiovascular
diseases. For instance, previous meta-analyses
have detected the increase of mortality of around
0.5% for each 10 pg/m’ increment in the daily
concentration of PM, *?**. The WHO guideline
values for mean annual concentration of PM are
20 pg/m’ and 10 pg/m’ for PM, and PM, , re-
spectively, and the 24 hour average measurement
of PM are 50 ug/m® and 25 pug/m’ for PM, and
PM_ , respectively®".

Latin American countries, and Chile in par-
ticular, are especially affected by air pollution. In
fact, Santiago de Chile is considered one of the
most highly contaminated cities of Latin Ameri-
ca according to the Ambient Air Pollution Data-
base, with an annual mean of 64 pug/m® of PM
and 29 pg/m’® of PM, , measured in 2014*. The
Government of Chile has established their own
recommendations according to the index of air
quality referring to PM by volume [Indice de Cal-
idad del Aire Referido a Particulas (ICAP, in Span-
ish)], determining different levels of air quality
for people in particular days (peaks of pollu-
tion measured in 24 hours):good (ICAP = 0-99
of PM,); mediocre (ICAP = 100-199 of PM, );
alert (ICAP = 200-299); pre-emergency (ICAP
= 300-499 of PM, ); and emergency (ICAP >
500 of PM, ). Among other recommendations
regarding the correct use of energy sources for
alert, pre-emergency, and emergency days [high-
ly contaminated air (HCA) days, from now on],
the suppression of physical or sport outdoor
activities are also recommended to the popula-
tion, and even the suppression of the physical
education classes in school centers”. Most of the
authors coincided in recommendation of the
diminution of the habitual PA on HCA days as



a preventive health measure’*”’. However, unfor-

tunately to our knowledge there are no studies
that measure the PA performed (in the complete
day, school time, or out of school time) on HCA
days, in order to verify the population awareness
regarding the consequences of air pollution on
individuals’ health.

Given the above commented repercussions
and recommendations for global people under
HCA conditions, and the fact that Santiago de
Chile is one of the most affected cities by this
problem in Latin American countries, it seems
interesting to know if the public and scientists
recommendations regarding the decrease of PA
have had effect on the habitual PA of the popu-
lation, mainly centered in school ages, and with
the objective-measure of this PA. Consequently,
the purpose of the present study was to compare
the accelerometer-measured PA and sedentary
behavior during the whole day, in-school time,
out-of-school time, and school breaks between
HCA days and non-HCA days in adolescents
from Santiago of Chile.

Methods
Participants

A sample of 19 Chilean adolescents in the
eighth grade, 11 boys and 8 girls, of basic educa-
tion level municipalized schools agreed to partic-
ipate in the present study and met the inclusion
criteria. All the adolescents belonged to the dis-
trict called Nufioa (Santiago de Chile, Chile). The
inclusion criteria were: (a) being enrolled in the
eighth grade of any selected school; (b) being free
of any health disorder which will make them un-
able to undergo PA; (c) wearing the accelerom-
eter during at least one HCA day and two non-
HCA days of the five monitored weekdays, and
(d) presenting the corresponding signed consent
by their parents or legal guardians. The exclusion
criterion was not having at least one HCA day
and two non-HCA days within the minimum
valid wear time of any analyzed period. The pro-
tocol of the present study was approved by the
Ethical Committee of the University of Granada.

Measures

Objectively-measured PA and sedentary
behavior was assessed by a GT3X accelerome-
ter (ActiGraph, LLC, Pensacola, FL, USA). The
GT3X accelerometer is a compact (3.8 x 3.7 x

1.8 cm), lightweight (27 g), and triaxial monitor
designed to record time varying accelerations
ranging in magnitudes from approximately 0.05
to 2.50 Gs. The accelerometer output is digitized
by a 12-bit analog-to-digital converter at rates of
30-100 Hz, with a frequency range limit between
0.25-2.5 Hz. The filtered signal is then rectified
and integrated over a user-specified time inter-
val known as epoch. At the end of each epoch,
the summed value known as “activity count” or
counts is stored in memory and the integrator is
reset. The counts obtained in a particular epoch
are proportional to the intensity of the PA during
the measured period®.

After adolescents’ PA and sedentary behavior
was monitored, data were downloaded and ana-
lyzed using the ActiLife Lifestyle Monitoring Sys-
tem Software version 6.13.2. In-school time, out-
of-school time and school break periods were
registered according to the schools schedules.
Out-of-school was registered from the end of the
school time to the end of the day (i.e., 23:59 h).
A minimum wear time of 600 min for the whole
day®, 300 min for in-school time, 300 min for
out-of-school time, and 85 min (i.e., 100%) for
school breaks were set. Non-wear periods were
defined as default as a minimum length of 60 min
of consecutive zero-count epochs with up to 2
min spike tolerance®. Counts per minute record-
ed in the vertical axis, also known as y-axis or axis
1, were calculated. Step counts per minute were
assessed by within-instrument processing of the
number of cycles in the accelerometer signal or
cycle counts. To determine the percentage of time
engaged in sedentary, light and moderate-to-vig-
orous PA, Evenson’s cut-off points were used*"!.
Moderate-to-vigorous PA bouts variables were
calculated as was default with a minimum length
of 10 min and a drop time of 2 min?. Sedentary
variables were calculated as was default with a
minimum length of 10 min and counts levels of
< 100?22, ActiGraph accelerometer-measured PA
and sedentary behavior has shown a high reli-
ability and validity among adolescents®?.

Procedure

The principals and the physical education
teachers of 10 basic education level municipal-
ized schools belonging to the Community of
Nuiioa (Santiago de Chile, Chile) were contacted
by a researcher. They were informed about the
project and the permission to conduct the study
was requested. After approvals of four schools
were obtained, eighth-grade students and their
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legal guardians were fully informed about all the
features of the study (i.e., a thorough description
of the methods, potential risks, expected benefits,
etc.; based on Thomas, Nelson, and Silverman
guidelines*), and written informed consent was
obtained from all the participants’ legal guard-
ians to take part in the study.

Data collection was done during summer-
time due to it being the more probable period of
weather influences in the HCA conditions. The
limitation of the number of accelerometers avail-
able for this research (20), made the researchers
have to collect data week by week during the
months of July and August of 2015 in order to
capture the habitual and particular PA of non-
HCA days and some possible HCA days from a
sample of Chilean adolescents. During a physi-
cal education class a trained researcher fitted the
accelerometers on the right hip of all the par-
ticipants by using an elastic waistband. Partici-
pants were instructed to wear the accelerometer
for eight consecutive days (from July 30" to 7
August). Participants were asked to wear the ac-
celerometer from waking to bedtime, to take the
accelerometer off only when engaged in aquat-
ic activities or taking a shower, and to maintain
their normal PA habits. To avoid biases because
of participants’ reactivity, data of the first three
days were considered as familiarization days and
they were not used for statistical analyses.

The third and fourth of August of 2015 were
declared as “alert” and “pre-emergency environ-
mental” days in the city of Santiago, respectively.
From the initial sample of 156 students who par-
ticipated in the present study, 19 adolescents of
the same school wore the accelerometer during
one-to-two of the HCA days of their five mon-
itored weekdays. Adolescents were in the school
between 8:00 h to 15:15 h. They had three school
breaks: 9:30-9:50 h, 11:10-11:30 h and 13:00-
13:45 h. Out-of-school time was registered be-
tween 15:15h to 23:5%.

Statistical analyses

Descriptive statistics for the general char-
acteristics, PA and sedentary behavior variables
of the studied participants were calculated. The
Wilcoxon test was used to examine the differ-
ences on PA and sedentary behavior during the
whole day, in-school time, out-of-school time
and school breaks between HCA and non-HCA
days. To avoid potential bias due to differenc-
es in the length of total valid wear time of any
analyzed period, wear time-based standardized

scores were used. The r effect size was calculat-
ed to examine the magnitude of the difference®.
All statistical analyses were performed using the
SPSS Version 21.0 for Windows (IBM® SPSS®
Statistics). The statistical significance level was
setat p < 0.05.

Results
General characteristics

From the initial sample of 19 adolescents
who were included in the present study, finally 15
participants (8 boys and 7 girls) were included in
the statistical analyses (i.e., four adolescents were
eliminated due to meeting the exclusion criteri-
on). The general characteristics of the analyzed
participants are the following (mean + standard
deviation):age = 13.40 + 0.83 years; body mass =
57.67 £ 8.22 kg; body height = 1.59 £ 0.07 m; and
body mass index = 22.64 + 3.14 kg/ m?.

Whole day

Table 1 shows descriptive statistics (median
and interquartile range) and Wilcoxon test re-
sults for the comparison of adolescents” accel-
erometer-measured PA and sedentary behavior
during the whole day between HCA and non-
HCA days. The Wilcoxon test results showed
statistically significant higher values of vertical
axis and steps on HCA days than on non-HCA
days (p < 0.05). However, statistically significant
differences between HCA and non-HCA days for
any of the other PA or sedentary behavior vari-
ables were not found (p > 0.05).

In-school time and school breaks

Tables 2-3 show descriptive statistics (medi-
an and interquartile range) and Wilcoxon test
results for the comparison of adolescents’ accel-
erometer-measured PA and sedentary behavior
during in-school time and school breaks between
HCA and non-HCA days. The Wilcoxon test re-
sults did not show any statistically significant dif-
ference on PA and sedentary behavior variables
between HCA and non-HCA days (p > 0.05).

Out-of-school time
Table 4 shows descriptive statistics (medi-

an and interquartile range) and Wilcoxon test
results for the comparison of adolescents’ ac-



Table 1. Comparison of adolescents’ accelerometer-measured physical activity and sedentary behavior during
the whole day between highly and non-highly contaminated air days (n = 15)

HCA days Non-HCA days Wli(:;(on ES
M(Q-Q) M(@Q-Q) Z p r
Physical activity
Vertical axis (counts/ min) 265.95 (198.80-382.70) 240.87 (155.10-355.83) 1.988 0.047 0.36
Steps (steps/ min) 7.90 (6.60-12.50) 7.23 (5.75-10.40) 2.500 0.012 0.46
Light (%) 33.12 (24.08-36.51) 29.39 (24.12-33.63) 1.533 0.125 0.28
Moderate-to-vigorous (%) 2.16 (1.05-4.47) 2.19 (0.91-4.31) 1.136 0.256 0.21
Bouts in MVPA (bouts/ h) 0.03 (0.00-0.11) 0.04 (0.00-0.20) 0.471 0.638 0.09
Total time in MVPA bouts (min/ h) 0.30 (0.00-1.86) 0.39 (0.00-2.53) 0.078 0.937 0.01
Total counts in MVPA bouts (counts/ h)  873.01 (0.00-6078.17)  985.56 (0.00-7527.07) 0.392 0.695 0.07
Sedentary behavior
Sedentary (%)* 63.08 (59.36-73.32) 68.43 (65.46-75.21) 1.761 0.078 0.32

Sedentary bouts (bouts/ h)

1.00 (0.94-1.26)

1.12 (1.05-1.30) 1.363 0.173 0.25

Total time in sedentary bouts (min/ h) 23.01 (18.93-28.80) 28.16 (22.70-31.67) 0.852 0.394 0.16

Note. ES = Effect size; HCA = Highly contaminated air; M = Median; MVPA = Moderate-to vigorous physical activity; Q1-Q3 =
Interquartile range. a Percentage of time below or equal to 100 counts per min regardless of participants’ position and without any

bouts time imposed.

Table 2. Comparison of adolescents’ accelerometer-measured physical activity and sedentary behavior during
in-school time between highly and non-highly contaminated air days (n = 15)

HCA days

il
Non-HCA days Wilcoxon ES
test

M(Q-Q)

M(Q-Q) 4 p r

Physical activity
Vertical axis (counts/ min)

Steps (steps/ min)

242.65 (157.80-473.40) 266.95 (208.25-395.27) 0.625 0.532 0.11
8.45 (5.55-13.60)

8.60 (6.67-12.70) 0.251 0.802 0.05

Light (%) 34.83 (26.21-39.08) 33.03 (25.05-38.35) 0.170 0.865 0.03

Moderate-to-vigorous (%)
Bouts in MVPA (bouts/ h)
Total time in MVPA bouts (min/ h)
Total counts in MVPA bouts
(counts/ h)
Sedentary behavior
Sedentary (%)*
Sedentary bouts (bouts/ h)

1.61 (0.23-6.56)
0.00 (0.00-0.14)
0.00 (0.00-2.07)
0.00 (0.00-5668.97)  0.00 (0.00-2858.34

2.26 (1.00-4.98) 1.221 0.222 0.22
0.00 (0.00-0.09) 0.700 0.484 0.13
0.00 (0.00-1.02) 0.280 0.779 0.05

) 0.280 0.779 0.05

64.14 (55.52-72.65) 64.49 (55.69-69.81) 0.227 0.820 0.04
1.10 (0.97-1.38)

1.00 (0.90-1.29) 1.903 0.057 0.35

Total time in sedentary bouts (min/ h) 23.59 (16.97-30.83) 23.22 (16.31-30.45) 0.170 0.865 0.03

Note. ES = Effect size; HCA = Highly contaminated air; M = Median; MVPA = Moderate-to vigorous physical activity; Q1-Q3 =
Interquartile range. a Percentage of time below or equal to 100 counts per min regardless of participants’ position and without any

bouts time imposed.

celerometer-measured PA and sedentary behav-
ior during out-of-school time between HCA
and non-HCA days. The Wilcoxon test results
showed statistically significant higher values of
vertical axis, steps and moderate-to-vigorous PA
on HCA days than on non-HCA days (p < 0.05).
However, for the other PA variables and any sed-
entary behavior variable statistically significant

differences between HCA and non-HCA days
were not found (p > 0.05).
Discussion

The aim of the present study was to compare the
accelerometer-measured PA and sedentary be-
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Table 3. Comparison of adolescents’ accelerometer-measured physical activity and sedentary behavior during
school breaks between highly and non-highly contaminated air days (n = 15)

HCA days

Non-HCA days Wilcoxon ES
test

M(Q,-Q)

M(Q,-Q) Z p r

Physical activity
Vertical axis (counts/ min)
Steps (steps/ min)

Moderate-to-vigorous (%)
Bouts in MVPA (bouts/ h)
Total time in MVPA bouts (min/ h)
Total counts in MVPA bouts
(counts/ h)
Sedentary behavior
Sedentary (%)*
Sedentary bouts (bouts/ h)
Total time in sedentary bouts

(min/ h)

29.07 (15.29-55.23)
0.00 (0.00-0.35)
0.00 (0.00-4.94)

45220 (274.40-1323.30)  517.83 (352.80-1227.00) 0.398 0.691 0.07
15.10 (10.20-41.65)
Light (%) 54.71 (43.61-70.35)
1.77 (0.00-28.24)
0.00 (0.00-0.71)
0.00 (0.00-9.88)
0.00 (0.00-27524.47)

17.87 (13.50-32.03) 0.511 0.609 0.09
53.33 (45.88-63.14) 0.966 0.334 0.18
3.14 (0.59-16.47) 0.941 0.347 0.17
0.00 (0.00-0.35) 0.405 0.686 0.07
0.00 (0.00-3.88) 0.405 0.686 0.07
0.00 (0.00-10571.65) 0.405 0.686 0.07

40.39 (20.39-50.00) 1.023 0.307 0.19
0.35 (0.18-0.70) 1.453 0.146 0.27
3.77 (2.35-8.02) 1.804 0.071 0.33

Note. ES = Effect size; HCA = Highly contaminated air; M = Median; MVPA = Moderate-to vigorous physical activity; Q1-Q3 =
Interquartile range. a Percentage of time below or equal to 100 counts per min regardless of participants’ position and without any

bouts time imposed.

Table 4. Comparison of adolescents’ accelerometer-measured physical activity and sedentary behavior during
out-of-school time between highly and non-highly contaminated air days (n = 14)

HCA days

Non-HCA days Wilcoxon ES
test

M(Q,-Q)

M(@Q-Q) Y/ p r

Physical activity
Vertical axis (counts/ min)

Steps (steps/ min)

Moderate-to-vigorous (%)
Bouts in MVPA (bouts/ h)
Total time in MVPA bouts (min/ h)
Total counts in MVPA bouts
(counts/ h)
Sedentary behavior
Sedentary (%)*
Sedentary bouts (bouts/ h)
Total time in sedentary bouts (min/ h)

56.30 (51.88-66.36)
0.77 (0.58-1.30)
15.88 (10.96-27.30)

381.45 (250.39-456.79) 264.65 (206.92-418.10) 2.040 0.041 0.39
11.65 (8.15-13.86)
Light (%) 39.34 (30.17-44.30)
3.53 (1.88-6.91)

0.03 (0.00-0.13)

0.36 (0.00-1.76)
1030.69 (0.00-7652.08)  553.45 (0.00-3417.92) 1.125 0.260 0.21

8.55 (5.67-12.64) 2.230 0.026 0.42
34.93 (29.13-37.22) 1.099 0.272 0.21
1.54 (1.02-3.78) 1.977 0.048 0.37
0.02 (0.00-0.11) 0.770 0.441 0.15
0.20 (0.00-1.30) 0.178 0.859 0.03

62.29 (59.28-69.85) 1.601 0.109 0.30
1.06 (0.94-1.20) 1.161 0.245 0.22
23.80 (21.14-26.36) 1.412 0.158 0.27

Note. ES = Effect size; HCA = Highly contaminated air; M = Median; MVPA = Moderate-to vigorous physical activity; Q1-Q3 =
Interquartile range. a Percentage of time below or equal to 100 counts per min regardless of participants’ position and without any

bouts time imposed.

havior during the whole day, in-school time, out-
of-school time, and school breaks between HCA
days and non-HCA days in Chilean adolescents.
Regarding the PA performed by the studied sam-
ple, the vertical axis and steps per minute for the
whole day, and both of these variables together

with the percentage of time of moderate-to-vig-
orous PA levels in the out-of-school time peri-
od were higher in HCA days than in non-HCA
days. Results for sedentary behavior were similar
on HCA and non-HCA days for every period of
time analyzed. The expected results according



to a good understanding of the repercussions to
participants’ health in this study and the Chilean
government’s recommendations had been ob-
taining differences in favor of non-HCA days for
PA variables, and in favor of HCA days for the
time involved in sedentary behavior (as detected
previously in international contexts)*, but sur-
prisingly they were not. These results allow us to
conclude, in general, the lack of awareness of the
participants in this research regarding the health
repercussions commented in the introduction
section in relation to the PA performed during
air pollution exposure.

The number of steps and the light PA per-
formed by the studied sample provide less sig-
nificant information in regard to the adolescents’
health repercussions. For instance, breathing
deeply in order to provide higher ventilation
produces higher damage on health than normal
breathing, due to the quantity of PM that pass-
es to the lungs. Moreover, breathing through the
nose also provides a filter that breathing through
the mouth does not, which is an important dif-
ference between performing light or moder-
ate-to-vigorous PA in air pollution exposure.
Due to this, low intensities of PA do not have the
same negative consequences as high intensities
preformed in air pollution conditions, though
some negative effects have still been detected'®.
For instance, walking for two hours in a HCA
area was enough to reduce lung function in an
asthmatic sample®”. Nevertheless, the relation-
ship between PA and health in air pollution expo-
sure is complex, and also depends on the level of
contamination of the air breathed. For instance,
Yu et al.”® detected that habitual PA of children
(8-12 years old) in low-pollution air conditions
improved the cardiorespiratory fitness regarding
the maximal oxygen uptake, but this finding was
not obtained with children living in a high-pol-
lution area. However, the damaging effects of air
pollution could be noticed in individuals’ health
even in lower concentrations of PM by volume
of air (e.g., levels of PM,, around 10 pg/m’ is
positively associated with lung cancer®). Con-
sequently, decreasing the time involved in low
intensity of PA if possible (e.g., walk, or any oth-
er exercise considered as light PA) could be also
recommended to Chilean adolescents in HCA
conditions, especially to those who present car-
diorespiratory diseases.

In regards to sedentary behavior, perhaps it
is the only condition in which its increase is ex-
pected on HCA days, as a consequence of the rec-
ommendation of decreasing general PA and re-

gardless of its negative health repercussions (e.g.,
increasing the risk of morbidity and mortali-
ty'>?). However, in contrast of this expectation,
sedentary behavior values in all time segments of
the day between HCA and non-HCA conditions
were similar. These results demonstrate that there
were no influences on Chilean adolescents’ sed-
entary behavior related to air pollution exposure.
Due to the demonstrated negative repercussions
to health, it is difficult to recommend the incre-
ment of sedentary behavior time as a measure
of health prevention on HCA days. In contrast,
researchers of this study recommend Chilean ad-
olescents, as much as is possible, to practice PA
outside the urban area of the city of Santiago on
HCA days (e.g., the Andes chain of mountains
close to Santiago allow local people to practice
a great variety of sports and PA such as hiking/
trekking; mountain-biking; jogging; climbing;
and skiing, although this last option is expensive
in general, and more for those from high-income
areas of Santiago).

Regarding the different time periods ana-
lyzed, the changes detected in the percentage of
moderate-to-vigorous PA in the out-of-school
time may have influenced on the vertical axis and
steps variables for whole day. These three vari-
ables were higher on HCA than non-HCA days,
as commented above for the general discussion
of the results obtained. It is important to de-
note that out-of-school time is the period that
mainly contributes to moderate-to-vigorous PA
throughout the day®*, and this level of physio-
logical implication in the performed PA depends
only on the will of individuals*. Therefore,
these results suggest that a great lack of knowl-
edge regarding the consequences on health is
attributable to this youth population belonging
to Santiago of Chile. Awareness campaigns to-
ward Chilean adolescents are necessary in order
to alert this population regarding their damage
to health in regard to moderate-to-vigorous PA
intensities and the quality of the air they breath
during exercise periods.

Regarding the school periods (in-school time
and school breaks) there were no statistical dif-
ferences, but some reflections need to be consid-
ered. On one hand, recess or school breaks are
periods where the performed PA also depends on
the will of the schoolchildren and adolescents*!,
and its importance is increasingly more valued
for achieving the daily recommended moder-
ate-to-vigorous PA*2. Some students develop PA
in a high intensity during this period, perhaps
less percentage of students than desirable®**,
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but those students need to be alert of the damage
to health consequences if practicing PA in HCA
conditions. Teachers and educators in education-
al settings, and particularly physical education
teachers, should have some planned routines to be
applied and in order to inform all students about
health measures to perform (e.g., to inform in the
first theoretical class of the morning about health
preventive measures; to hang some information
panels and signs on wall halls and in the school-
yard; or to distribute information for parents and
families in a website or by mail). Recess or school
breaks have also been studied in order to find new
proposals for incrementing moderate-to-vigor-
ous PA that could help adolescents living in HCA
conditions. For instance, in the study of Erwin
et al.¥}, the use of indoor recess dance videos for
American children was proposed. Results showed
an increase of the PA performed, reaching 68% of
the recess’ time involved in PA. Other effective in-
door alternatives mentioned in literature during
physical education lessons or school recess could
be the use of exergames* or jumping rope®, for
instance. Taking into account that these strategies
have been demonstrated as effective in increas-
ing the PA of children and adolescents in indoor
conditions, they could be also applied for HCA
school contexts. For example, some active games
(e.g., Dance Revolution) are considered to be as
active as conventional moderate-to-vigorous
physical activities*.

Finding solutions for out-of-school time is a
bit more complex. Analyzing previous research
regarding the PA performed in large Latin Amer-
ican urban conglomerations, some factors re-
garding the built environment could influence
the results obtained and the actions that could be
proposed. For instance, the neighborhood walk-
ability (composed of a mix of population density,
intersection density, and land use) influences the
PA performed by population who live in partic-
ular geographical areas*. Contextual factors such
as urban safety*’; recreational spaces®; parks®;
indoor sports facilities (although the pollution
concentrations also appear in some fitness cen-
ters)'; public transportation and general public
services are linked to PA patterns”, and to air
pollution concentrations®. In this line, the four
types of city blocks classified by Hankey et al.*®
according to air pollution level and the rate of
active travel could also open new perspectives
for planning solutions in highly populated areas:

“sweet-spot” (high active travel and low partic-
ulate concentration), “sour-spot” (low active
travel, high particulate concentration), “active &
exposed” (high active travel and high particulate
concentration), and “inactive & clean” (low active
travel and low particulate concentration). Large
urban Latin American cities, such as Santiago of
Chile, should be analyzed by the blocks’ charac-
teristics in order to apply appropriate solutions.
Most of the time, the complex problem of the PA
performed in HCA is not attributable to particu-
lar individuals (e.g., physical education teachers,
or adolescents’ behavior), but a lack of general
forecast and planning.

According to the above comments promoting
active living is crucial and requires: a) a strong
civil society leadership, which implies urban in-
terventions motivated by explicit discourses in
favor of PA promotion*; and b) a deep evaluation
of benefits (PA) and hazards (air pollution) by
public health officials and urban planners in or-
der to promote healthy cities (e.g., moving bicycle
routes away from high-traffic roads)*®. Therefore,
to solve the lack of PA or to promote safe PA in
HCA among adolescents entails offering good
opportunities to practice (development of special
programs through indoor sports facilities, and re-
ducing air pollutants of large urban areas through
regulation of curbing sprawl, public transporta-
tion, and land use, among other factors).

To our knowledge, this is the first study that
compares the objectively-measured PA and sed-
entary behavior between HCA and non-HCA
days, which is the most important strength of
the present research. Some limitations such as
the limited sample, or having more declared
pre-emergency, emergency, or alert days by the
government would be also interesting in order to
register a more stable behavior of participants on
HCA days.

Further research studies are encouraged in
order to better explain this complex relationship
between PA in acute air pollution exposure. It is
necessary to verify or compare the present results
with a wider sample and in several contexts (cit-
ies and countries), sex, ages (earlier and older
scholar ages and adults), weekend days, and levels
of pollution air areas, as well as to implement and
test the effect of intervention programs regard-
ing the awareness of the adolescent population of
Santiago of Chile on the PA performed in-school
time and out-of-school time.
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