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Abstract: Active commuting (AC) has been proposed as a great opportunity to increase physical
activity level (PA) in children and adolescents. The aim of the present study is to determine the
associations between AC (walk and cycle commuting) and non-AC (motor vehicle commuting) with
PA levels, and with AC and sedentarism in Spanish children and adolescents. A representative Spanish
sample of 424 children and adolescents (38% females) was involved in the ANIBES (Anthropometry,
Dietary Intake and Lifestyle in Spain) Study in 2013. Data on the levels of AC, non-AC, PA,
and sedentarism were obtained using the International Physical Activity Questionnaire for adolescents.
Stepwise backward univariate generalized linear and linear regression models were performed.
In girls, walking was associated with playground PA, moderate PA, and moderate to vigorous PA
(MVPA) ( =0.007, p < 0.05; both 3 = 0.007, p < 0.01), respectively. In boys, walking was associated
with all PA levels (p < 0.05); while cycling was related to moderate PA and MVPA (both 3 = 0.007,
p <0.05). A negative significant association was observed between AC and time spent studying
without Internet use in boys (§ = —0.184, p < 0.05). Commuting by walking contributes to increased
daily PA in both sexes, whereas cycling was only related to moderate PA and MVPA in boys. Sedentary
behaviors are not related to AC, but studying without Internet use was negatively associated with
AC in boys.
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1. Introduction

There is growing evidence that lack of physical activity (PA) and sedentarism during childhood
predispose children to the development of obesity and chronic health conditions later in life [1,2].
Despite all the well-established health benefits associated with regular PA [3,4], 55.4% of Spanish
children and adolescents do not meet the international recommendations for PA introduced by the
World Health Organization [5] for these age groups (420 min/week of moderate and vigorous intensity
PA, MVPA): these included 73.3% females and 44.5% males [6]. Moreover, the ANIBES (Anthropometry,
Dietary Intake and Lifestyle in Spain) study showed that 48.4% of children and adolescents spend
>2 h sitting for non-study reasons every day of the week: 49.3% during the week and 84.0% during
weekends [7]. There has been a dramatic worldwide increase in the prevalence of overweight and
obese children and adolescents [8]. In addition, diabetes, metabolic syndrome, and hypertension are
now being identified in the youth population [9].

Motivating children to be physically active is an important public health strategy for disease
prevention [3]. Active commuting (AC) to/from school provides a great opportunity to incorporate PA
into the daily routine of this population [10]. Active transport to/from school, such as walking or cycling,
increases PA levels [11], improves cardiovascular health, presents healthier body composition [12],
reduces stress, and increases academic benefits [13]. Moreover, cycling as active transportation to/from
school is positively related to weight status [14], muscular fitness [15], and cardiorespiratory fitness [16].
Furthermore, cycling seems to be more effective in improving physical fitness than other means of
transport in children [11,16].

Despite all its benefits, however, AC has reduced over time in the UK [17], Australia [18],
EEUU [19], Canada [20] and, dramatically, in Spain [21]. Authors agree that more research with
higher quality designs and measures is needed to identify successful strategies for increasing AC
to/from school [22], and for developing and implementing policy initiatives [23]. In order to create
effective future interventions for promoting AC to/from school [22], it is necessary to obtain reliable
and representative data on the time spent doing AC and non-AC on Spanish children and adolescents.

Therefore, our study aims to (1) describe the characteristics between PA levels split by sex,
age groups, and commuting to/from school (motor vehicle, cycle, and walk); (2) examine the
associations between the time spent in AC and PA levels evaluated by the International Physical
Activity Questionnaire for adolescents (IPAQ-A); and (3) analyze the relationship between AC and
sedentary behavior.

2. Material and Methods

2.1. Study Design

The design, protocol, and methodology of the ANIBES study have already been described in
detail elsewhere [24,25]. Briefly, the ANIBES study was designed to conduct an accurate update of the
PA patterns, energy expenditure, food and beverage intake, dietary behavior, and anthropometric data
of the Spanish population (9-75 years, n = 2009).

The participants were selected from seven areas (Northeast, East, South, West, North Central,
Metropolitan Barcelona, and Madrid) and the Canary Islands, in municipalities of at least
2000 inhabitants [24,25]. The selection was conducted through a stratified multistage sampling with
128 sampling points throughout Spain to guarantee more coverage and representation. No previous
pre-recruitment was considered to minimize the risk of bias in responses. This paper is focused on
children and adolescents (9-17 years, n = 424), and considers two age groups: children; (9-12 years,
n = 213; 40.8% girls) and adolescents (13-17 years, n = 211; 35.1% girls). Several exclusion criteria
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were applied: following a therapeutic diet due to a recent surgery or any medical prescription,
and suffering a transitory pathology (i.e., flu, gastroenteritis, chicken pox, etc.,) at the time of the
fieldwork. Nevertheless, individuals under the following conditions were still considered eligible
for inclusion: Following dietary advice for a purpose such as the prevention of diabetes; living
with a diagnosed allergy and/or food intolerance; or suffering from a metabolic disease such as
hyperthyroidism or hypothyroidism [24,25].

The fieldwork for the ANIBES study was conducted from mid-September 2013 to mid-November
2013 (three months), and two prior pilot studies were also scheduled (June-September, 2013).
All participants were informed of the protocol and risks/benefits and all adults signed a written
consent form prior to participation. In the same line, informed written consent from children and
adolescents was obtained from participants and parents or guardians. The final protocol was approved
by the Ethical Committee for Clinical Research of the Region of Madrid (Spain) [24,25].

2.2. Commuting Assessment Data

The AC and non-AC information was assessed through self-reporting using questions related to
transportation from the IPAQ-A. The validation of this questionnaire can be found elsewhere [26,27].
The questionnaire was an adolescent-adapted version of the long version of the IPAQ. A pilot concurrent
validation found modest correlations between the PA reported in the questionnaire and PA measured
by accelerometry [27].

Children and adolescents were asked how they travelled from place to place (including places
such as school, stores, theatres) as follows: (1) “During the last seven days, on how many days did
you travel for at least ten uninterrupted minutes in a motor vehicle like a train, bus, car, motorbike or
tram?”; (2) “How much time did you usually spend on those days travelling by motor vehicle?__hours,
__minutes per day.” Both questions were repeated for cycling and walking. The recall time included all
weekdays and weekends. These questions are included in the IPAQ-A [26,27]. Likewise, children and
adolescents answered the question “How do you usually travel to school?” and response options were:
“car, walking, cycling, bus/subway, motorcycle, other.” Participants were classified as: AC (if they used
either walking or cycling commuting to and/or school) and non-AC (if they went to/from school by
motor vehicle (train, bus/subway, car, motorbike or tram) [21].

2.3. Physical Activity Level

During a personal visit, trained researchers administered the modified IPAQ to children and
adolescents according to the HELENA study [24,25]. The data collected from the IPAQ-A surveys
were tallied within each PA domain to estimate the total time spent in PA related to occupational,
transportation, household, and leisure activities. A detailed description of the time spent in each PA
level (light, moderate, vigorous, and MVPA) has been published elsewhere [6]. Moderate PA, vigorous
PA, MVPA, and PA during time spent on the playground (PA that children and adolescents perform
during the break time at school) were considered in this study.

2.4. Sedentary Lifestyle Data

Patterns of sedentary behavior were assessed using the HELENA sedentary behavior
questionnaire [28]. This questionnaire showed moderate seven-day test-retest reliability (intraclass
correlation coefficients ranging from 0.36 to 0.77, and 0.71 to 0.78 for weekdays and weekends,
respectively) when assessing the sedentary patterns in a sub-sample of 183 adolescents aged 13 to
18 years from the HELENA study.

Children and adolescents provided data for the hours they spent watching TV, playing computer
games, playing console games, surfing the internet for non-study reasons, surfing the Internet for
study, and studying (non-school time) during week days. They selected one of the following categories:
(1) none; (2) less than half an hour; (3) between half an hour to an hour; (4) between one and two
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hours; (5) between two and three hours; (6) between three and four hours; (7) more than four hours.
Participants were categorized into three groups according to the daily time sitting: <2 h; 24 h; >4 h.

2.5. Anthropometric Measurements

Weight and height were measured by trained researchers following standardized procedures.
Weight was measured using a Seca 804 weighing scale (Medizinische Messsysteme und Waagen seit
1840, Hamburg, Germany; range 0.1-150 kg, precision 100 g). Height was obtained in triplicate using a
Seca 206 stadiometer (Medizinische Messsysteme und Waagen seit 1840, Hamburg, Germany; range
70-205 cm, precision 1 mm). Body mass index (BMI) was calculated as weight (kg)/height (m?).

2.6. Statistical Analysis

The study sample characteristics are presented as mean, standard deviation (SD), median range,
percentile 25, and percentile 75. All PA variables (AC, non-AC, different PA levels and sedentary
activities) showed non-normal distribution. Participants could be using different commuting transports
and all have been considered. Comparisons between groups (AC and non-AC) and PA levels were
analyzed using Mann-Whitney test.

To analyze which AC outcome were associated with PA, a stepwise backward univariate
generalized linear model (GLM) was used with AC (motor vehicle (min/day), cycle (min/day),
and walk (min/day)) as the independent variables and the PA (playground PA (min/day), moderate
PA (min/day), vigorous PA (min/day), and MVPA (min/day)) as the dependent variables. Adjusted
analyses were considered in this model and GLM was also stratified by sex.

Linear regression with logarithmic transformation (AC and all sedentary activities) was calculated
between cycling (min/day) and walking (min/day) as dependent variables with each sedentary activity
(independent variable) stratified by sex.

All statistical analyses were run on SPSS for Windows statistical software package version
22.0 (SPSS IBM, Chicago, IL, USA). The level of statistical significance was set at a p-value of <0.05.

3. Results

Table 1 presents the descriptive characteristics of the population by age group and sex. Children
and adolescents in all stages performed more than 50% of walking commuting, followed by vehicle
commuting. Boys performed 17.4% and 9.2% of cycle commuting during childhood and adolescence,
respectively; however, among girls, only 13.1% and 1.3% performed cycle commuting, in each age
group, respectively.

Table 2 shows each PA level according to AC and non-AC. Adolescent girls who used motor
commuting, also spent more time doing vigorous PA and MVPA (p < 0.05); however, they spent less
time doing playground PA. Furthermore, both boys in both age groups who used cycle commuting,
spend more time doing moderate PA than children and adolescents who did not perform cycling
commuting (p < 0.05). Regarding walking commuting, in general, significant differences were found
between girls and boys who performed walking commuting compared to those who did not perform
walking commuting (p < 0.05).
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Table 1. Descriptive characteristics of the study sample by sex and age groups.
Children Adolescents

Boys Girls Boys Girls

n Mean + SD n Mean + SD n Mean + SD n Mean + SD

Median (P25—P75) Median (P25—P75) Median (P25—P75) Median (P25—P75)
Body mass (kg) 126 43.0+9.8 87 433 +10.3 137 64.0 = 13.7 74 57.4+104
Height (cm) 126 147.0 £ 9.6 87 147.3 £ 9.52 137 171.1+£9.2 74 161.5+7.0
BMI (kg/m?) 126 19.7 + 34 87 19.7 £ 3.2 137 21.8+34 74 21.9+3.5
Geographical Distribution (%)
Center 22 17.5 18 20.7 25 18.2 18 24.3
Atlantic 19 15.1 20 23.0 31 22.6 17 23.0
Mediterranean 42 33.3 26 29.9 52 38.0 15 20.3
South 43 34.1 23 26.4 29 21.2 24 324
Parents Income (%)
<1000€ 14 15.7 19 31.7 20 21.1 10 19.6
1000-2000€ 60 67.4 31 51.7 57 60.0 31 60.8
>2000€ 15 16.9 10 16.7 18 18.9 10 19.6
Commuting Model (%)
Used walk commuting 75 59.2 60 69.0 98 715 53 71.6
Used cycle commuting 22 17.4 8 9.2 18 13.1 1 1.3

Used motor vehicle commuting 47 37.3 29 33.3 60 43.8 34 459

BMI, body mass index.
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Table 2. Descriptive characteristics between PA levels divided by sex, age groups and commuting to/from school (motor vehicle, cycle, and walk).

Yes/No Motor Vehicle Commuting.

Boys Girls
9-12 Years 13-17 Years Total 9-12 Years 13-17 Years Total
Median (P25-P75) Median (P25-P75) Median (P25-P75) Median (P25-P75) Median (P25-P75) Median (Py5-P75)
Yes No Yes No Yes No Yes No Yes No Yes No
Moderate PA 429 40.7 21.4 12.9 30.0 23.6 0 28.6 11.4 5.4 0 20.4
(min/day) (15.7-120.0) (0-68.6) (0-65.4) (0-51.4) (0-75.7) (0-60.0) (0-51.4) 1 (17.4-54.3) (0-34.3) (0-22.1) (0-42.9) (0-40.7)
Vigorous PA 47.1 343 343 20.0 343 289 17.4 5.4 8.6 0 17.1 0
(min/day) (25.7-77.1) (11.4-51.4) (0-56.4) (0-64.3) (0-68.6) (0-60.0) (0-34.3) (0-25.7) (0-34.3) 1 (0-13.6) * (0-34.3) (0-22.9)
MVPA 77.9 70.1 55.7 55.7 714 62.9 343 44.6 321 13.9 34.3 25.7
(min/day) (44.3-201.4)  (34.3-120.0)  (15.0-125.7)  (17.1-111.4)  (34.3-150.0)  (21.4-116.8) (0-91.4) (18.6-100.7) (0-54.3) (0-35.4) (0-74.3) (0-60.0)
Playground PA 64.0 59.0 37.0 18.0 50.0 31.0 30.0 41.0 22.0 5.0 30.0 24.5
(min/day) (30.0-116.0)  (22.0-120.0)  (15.0-98.0) (0-50.0) (18.0-105.0)*  (12.0-82.0)*  (15.0-58.0) (15.0-64.0) (0-51.0* (0-255)1 (15.0-58.0) (0-60.0)
Yes/No Cycling Commuting.
Moderate PA 53.6 314 64.3 15.0 56.1 21.4 50.4 21.4 ) 10.7 40.7 17.1
(min/day) (47.1-107.1) (0-72.1) (20.0-145.5) (0-51.4) (25.7-128.6)*  (0-60.0) * (32.1-95.0) (0-51.4) (0-30.0) (30.0-74.3) * (0-38.9) *
Vigorous PA 35.0 39.3 25.7 257 343 343 13.9 10.7 ) 0 17.1 0
(min/day) (25.7-60.0) (15.0-70.7) (0-77.1) (0-60.0) (13.9-62.9) (0-64.3) (0-29.6) (0-25.7) (0-19.3) (0-34.3) (0-25.0)
MVPA (min/day) 94.6 69.3 141.4 51.4 101.4 62.1 64.3 343 ) 17.1 60.0 25.7
) (579-167.1)  (344-135.0) (21.4-180.0)t (127-1114)7 (514-1714)* (241-120.0)* (40.7-116.1)  (10.7-100.7) (0-42.9) (34.3-91.4) (0-57.9)
Playground PA 60.0 56.5 36.0 24.0 60.0 36.0 75.0 32.0 ) 15.0 54.0 25.0
(min/day) (35.0-176.0)  (23.0-107.0) (0-154.0) (0-69.0) (245-1645)*  (15.0-90.0)*  (13.5-130.0)  (15.0-60.0) (0-32.0) (0-120.0) (5.0-176.0)
Yes/No Walk Commuting.
Moderate PA 51.4 25.7 26 12.9 38.6 16.4 28.6 12.9 15.0 0 20.7 14.8 +23.4
(min/day) (18.6-85.7) (0-57.1) (0-68.6) t (0-34.3) 1 (0-77.1)* (0-51.4) * (0-74.6) (0-35.0)* (0-31.4) 1 (0-11.4)* (0-51.4) * 0(0-22.1)*
Vigorous PA 43.6 30.7 33.2 0 342 25.7 11.8 10.7 0 0 0 0
(min/day) (17.1-77.1) (12.9-51.4) (0-61.4) (0-51.4) (11.4-72.9) * (0-51.4) * (0-32.1) (0-25.7) (0-22.9) (0-0) (0-25.7) (0-19.3)
MVPA (min/day) 85.7 51.4 62.1 343 80.0 47.1 457 21.4 30.0 0 34.3 17.1
Y (57.1-167.1)t  (257-117.9)F  (20.0-128.6)t  (10.0-90.0)t  (38.6-145.7)* (17.1-102.9)* (17.1-120.0) * (0-51.4) 1 (0-43.9) 1 (0-22.9) 1 (10.7-89.3) * (0-44.6) *
Play-ground PA 78.0 35.0 36.0 15.0 60.0 20.0 420 30.0 20.0 0 30.0 24.0
(min/day) (36.0-156.0) T (20.0-74.0) " (12.0-86.0) (02000t (20.0-120.0)*  (12.0-54.0)*  (17.5-80.5) (15.0-60.0) (0-36.0) (0-30.0) (12.0-62.0) * (0-30.0) *

AC: active commuting; PA: physical activity; MVPA, moderate to vigorous intensity of physical activity. Mann-Whitney test was used for non-normally distributed variables. * Comparisons
between Yes/no AC and non-AC and within each sex (p < 0.05). ¥ Comparisons between Yes/no AC and non-AC and within each sex and each age group (p < 0.05).
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In Table 3, girls who did walking commuting were associated with playground PA, moderate PA,
and moderate to vigorous PA (MVPA) (f = 0.007, p < 0.05; = 0.007, p < 0.01; p = 0.007, p < 0.01),
respectively. Moreover, commuting by motor vehicle was only associated with vigorous PA (3 = 0.010,
p < 0.05). In boys, walking was associated with all PA levels (p < 0.05), while cycling was associated
with moderate PA (3 = 0.007, p < 0.05) (Table 3).

Table 3. Association between AC and non-AC with PA levels divided by sex.

Playground PA (min/day)

Adjusted Analysis
B R? P
Boys
Motor vehicle (min/day) 0.005 0.003
Cycle (min/day) - 0.191 -
Walk (min/day) 0.010 0.000
Girls
Motor vehicle (min/day) - -
Cycle (min/day) - 0.040 -
Walk (min/day) 0.007 0.028
Moderate PA (min/day)
Boys
Motor vehicle (min/day) - -
Cycle (min/day) 0.007 0.118 0.023
Walk (min/day) 0.006 0.001
Girls
Motor vehicle (min/day) - -
Cycle (min/day) - 0.147 -
Walk (min/day) 0.007 0.004
Vigorous PA (min/day)
Boys
Motor vehicle (min/day) - -
Cycle (min/day) - 0.041 -
Walk (min/day) 0.005 0.005
Girls
Motor vehicle (min/day) - -
Cycle (min/day) - 0.041 -
Walk (min/day) 0.005 0.005
Moderate to Vigorous PA (min/day)
Boys
Motor vehicle (min/day) - -
Cycle (min/day) - 0.073 -
Walk (min/day) 0.007 0.000
Girls
Motor vehicle (min/day) 0.010 0.026
Cycle (min/day) - 0.158 -
Walk (min/day) 0.007 0.006

PA, physical activity. Data are reported as the standard regression coefficients point estimate with the associated
p-value. Adjusted model by age groups using stepwise backward test. Bold numbers are used to highlight a
significant result. Level of significance p < 0.05.
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Concerning the relationship between sedentary activities and AC, there was only a significant
negative association between AC and time spent studying without Internet use in boys (3 = —0.184,
p < 0.05) (Table 4).

Table 4. Associations between AC and each sedentary activity during the week by divided by sex.

AC (Cycle and Walk) (min/day)

Spend Time in Sedentary Activities

(<2 h; 2.4 h; >4 h) B R? 4
Boys
TV viewing 0.044 0.002 0.558
Console games 0.062 0.004 0.410
Computer games 0.138 0.019 0.068
Internet use for non-study reason -0.062 0.004 0.413
Internet for academic reason -0.015 0.001 0.845
Study without internet use -0.184 0.034 0.013
Girls
TV viewing 0.021 0.006 0.829
Console games —0.044 0.008 0.644
Computer games -0.009 0.006 0.925
Internet use for non-study reason 0.000 0.006 0.997
Internet for academic reason -0.075 0.012 0.429
Study without internet use -0.028 0.007 0.768

Data are reported as the standard regression coefficients point estimate with the associated p-value. Analyses are
adjusted by age groups. Bold numbers are used to highlight a significant result. Level of significance p < 0.05.

4. Discussion

These findings suggest that there are significant associations between commuting by walking and
different levels of PA in both sexes, whereas cycling has a relationship with moderate PA and MVPA
in boys.

Few studies have recorded the descriptive characteristics of AC and non-AC in a representative
sample of Spanish children and adolescents. Data from the THAO study corresponding to a
representative sample of children aged 8 to 13 years, observed that 68% of them walked to/from
school [29]. In our study, 63.4% of children (69.0% of females and 59.5% of males) and 71.6% of
adolescents (71.6% of females and 71.5% of males) walked to/from school. However, only 14.1% of
children (9.2% of females and 17.5% of males) and 9.0% of adolescents (1.4% of females and 13.1%
of males) used cycling as an active transport. Pérez et al. [30] found that 54% of males and 57% of
females aged 14 years, and 38% of males and 40% of females aged 18 years walk or use cycle as a
means of transport to/from school. The results from Spain’s 2016 Report Card on Physical Activity
for Children and Youth also indicate that active transport was in grade C [31]. This grade means that
between 41 and 60% of the Spanish children and adolescents included in the report actively commute
to/from school [31].

Our study shows that children and adolescents from both sexes who actively commute spent more
time doing MVPA than those who did not do AC. Indeed, in our study, participants who used walking
commuting also spent more time doing PA in all domains in both sexes (except vigorous PA in girls).
In this sense, children and adolescents who usually perform PA, also carry out AC. Van Sluijs et al. [2]
observed that walking to/from school in British children is associated with 5.98 (95% CI: 3.80-8.14)
more minutes of MVPA per day than travelling by motor vehicle. In addition, boys were more likely
to actively commute to/from school than girls in all PA domains [23,32], which is in line with our
findings. Several other studies also showed similar results [33,34]. Surprisingly, our results indicate
that motor vehicle commuting was associated with playground PA (boys), vigorous PA and MVPA
level in girls. This may be because participants tend to overestimate the time spent doing light PA
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level and participants also know much better how much time they spend doing vigorous PA because
of the intensity of the PA performed.

The findings of our study also suggest that children who commute by walking spend more time
doing PA at all levels than adolescents who commute by walking. Regarding commuting by cycling,
the time spent in all PA domains was similar between both populations in boys. In Cooper et al. [33]
cycling was associated with higher overall PA only in boys. In our study, adolescent girls did not
commute by cycle at all. Furthermore, Ostergaard et al. [35] observed that a school cycling promotion
program did not affect school cycling behavior nor the health parameters measured in Danish children.

The perceived barriers to AC should be analyzed because they influence the decision-making
of adolescents. The environment greatly affects the population in our study, and thus, the different
geographical areas, weather, sidewalks, distances, and safety, for example, are all perceived barriers [36].
A recent study showed that the most recurrent barriers reported by parents of Spanish children are
traffic volume and dangerous intersections, and the most common barriers reported by parents of
Spanish adolescents are distance to/from school and dangerous intersections [37]. Results from the
HELENA study revealed that time spent in commuting by cycling differs among European cities [22].

Children and adolescents who actively commute (cycle and walk) to/from school tend to be
more physically active than non-commuters. Although active children and adolescents exhibit more
AC (cycle and walk), there are some gaps in the relationship between physical fitness and AC.
A recent interventional study about AC and health-related fitness observed that AC to/from school
was associated with increase in rates of cycling among boys, but not of walking to/from school or
health-related fitness. However, the number of children who used cycle as commuting transport was
low [38].

Sedentary behaviors have increased with the emergence of motorized travel. A systematic review
on children and adolescents found that active travelers spend significantly less time sitting than
sedentary travelers [39]. In our study, a negative and significant association was observed between AC
(cycling and walking) and time spent studying without Internet use. In this sense, participants who
spent more time studying without internet use, spent less time doing AC. Martinez-Gémez et al. [13]
also observed no significant relationship between watching television and AC (cycling or walking)
to/from school in adolescents.

Despite the scientific evidence that shows that AC provides health benefits, public efforts are
necessary to promote changes. Walking or cycling to and from school can contribute to attaining
public health goals for total PA [33]. AC can be considered a simple and cost-effective method for
increasing PA levels among youth populations [23]. Educational strategies are essential to promote
healthy behavior among children and adolescents. However, few studies have specifically examined
the effectiveness of interventions to increase active travel to/from school; the available studies have
been of variable quality and produced mixed results [40].

Strength and Limitations

The ANIBES study has several strengths, including the careful design, protocol, and methodology
used and the random representative sample of the Spanish population aged 9-17 years. The validated
questionnaire used to collect information on active commuting has shown good reliability and
reproducibility. One limitation of this study is its cross-sectional design, which provides evidence for
associations, but not for causal relationships. Although instruments to collect the information have
been validated, still, there is a chance that data in its current form may overestimate the AC/PA levels
and thus the relationship between them. However, a careful multistep quality control procedure was
implemented to minimize the bias. Moreover, another limitation could be the high type I error rate
because of hundreds of comparisons and secondary outcomes.
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5. Conclusions

In summary, our data reveal significant associations between commuting by walking and different
levels of PA in both sexes, while cycling is associated with moderate PA and MVPA in boys. Our results
support the contribution of AC to overall PA and further initiatives are needed for the promotion of AC
at schools. Further studies are needed in order to analyze the relationship between sedentary behavior
and AC.

Author Contributions: Conceptualization: R.A.-U. and M.G.G.: methodology: J.A.-B., AG,RM.O., M.GG. LS-M,,
and G.V.-M,; formal analysis: R.A.-U., ] M.-A., and M.G.G; investigation: E.R. and ].M.A.; Writing—Original draft
preparation: R A.U.,, JM.-A., and M.G.-G.; Writing—Review and editing: R.A.-U.,, JM.-A,ER,, ].M.A., J.A.-B.,
A.G.,RM.O., M.G.-G., L.5-M., and G.V-M. J.A.-B.; A.G., RM.O., M.G.-G., and L.S.-M. are the members of the
Scientific Advisory Board of the ANIBES study and were responsible for the careful review of the protocol, design,
and methodology. These authors provided continuous scientific advice for the study and for the interpretation of
results; they also critically reviewed the manuscript. G.V.-M., the principal investigator of the ANIBES study, was
responsible for the design, protocol, methodology, and follow-up checks of the study. All authors have read and
agreed to the published version of the manuscript.

Funding: The ANIBES study was financially supported by a grant from Coca-Cola Iberia through an agreement
with the Spanish Nutrition Foundation (FEN). The funding sponsor had no role in the design of the study;
the collection, analysis, or interpretation of the data; the writing of the manuscript; nor the decision to publish
the results.

Acknowledgments: The authors would like to thank Coca-Cola Iberia and IPSOS for its support and technical
advice, in particular, Rafael Urrialde and Javier Ruiz.

Conflicts of Interest: The ANIBES study was financially supported by a grant from Coca-Cola Iberia through an
agreement with the Spanish Nutrition Foundation (FEN). The funding sponsors had no role in the design of the
study; the collection, analysis, nor interpretation of the data; the writing of the manuscript, and in the decision to
publish the results. The authors declare no conflict of interest.

References

1. Sahoo, K,; Sahoo, B.; Choudhury, A.K,; Sofi, N.Y.; Kumar, R.; Bhadoria, A.S. Childhood obesity: Causes and
consequences. |. Fam. Med. Prim. Care 2015, 4, 187-192. [CrossRef]

2. Van Sluijs, E.M.; Fearne, V.A.; Mattocks, C.; Riddoch, C.; Griffin, S.J.; Ness, A. The contribution of active
travel to children’s physical activity levels: Cross-sectional results from the ALSPAC study. Prev. Med. 2009,
48,519-524. [CrossRef] [PubMed]

3. Janssen,I; Leblanc, A.G. Systematic review of the health benefits of physical activity and fitness in school-aged
children and youth. Int. ]. Behav. Nutr. Phys. Act. 2010, 7, 40. [CrossRef] [PubMed]

4. Poitras, VJ.; Gray, C.E.; Borghese, M.M.; Carson, V.; Chaput, ].P; Janssen, I.; Katzmarzyk, P.T.; Pate, RR;
Connor-Gorber, S.; Kho, M.E.; et al. Systematic review of the relationships between objectively measured
physical activity and health indicators in school-aged children and youth. Appl. Physiol. Nutr. Metab. 2016,
41 (Suppl. 3), S197-5239. [CrossRef] [PubMed]

5. World Health Organization. Global Recommendations on Physical Activity for Health. 2010. Available online:
http://www.who.int/dietphysicalactivity/publications/9789241599979/en/ (accessed on 15 December 2016).

6. Mielgo-Ayuso, J.; Aparicio-Ugarriza, R.; Castillo, A.; Ruiz, E,; Avila, J.M.; Aranceta-Batrina, J.; Gil, A.;
Ortega, R M.; Serra-Majem, L.; Varela-Moreiras, G.; et al. Physical Activity Patterns of the Spanish Population
Are Mostly Determined by Sex and Age: Findings in the ANIBES Study. PLoS ONE 2016, 11, e0149969.
[CrossRef] [PubMed]

7. Mielgo-Ayuso, J.; Aparicio-Ugarriza, R.; Castillo, A.; Ruiz, E,; Avila, J.M.; Aranceta-Batrina, J.; Gil, A.;
Ortega, R.M.; Serra-Majem, L.; Varela-Moreiras, G.; et al. Sedentary behavior among Spanish children and
adolescents: Findings from the ANIBES study. BMC Public Health 2017, 17, 94. [CrossRef] [PubMed]

8.  Aranceta-Bartrina, J.; Perez-Rodrigo, C. Determinants of childhood obesity: ANIBES study. Nutr. Hosp. 2016,
33 (Suppl. 4), 339. [CrossRef]

9. Staiano, A.E.; Morrell, M.; Hsia, D.S.; Hu, G.; Katzmarzyk, P.T. The Burden of Obesity, Elevated Blood
Pressure, and Diabetes in Uninsured and Underinsured Adolescents. Metab. Syndr. Relat. Disord. 2016, 14,
437-441. [CrossRef]


http://dx.doi.org/10.4103/2249-4863.154628
http://dx.doi.org/10.1016/j.ypmed.2009.03.002
http://www.ncbi.nlm.nih.gov/pubmed/19272404
http://dx.doi.org/10.1186/1479-5868-7-40
http://www.ncbi.nlm.nih.gov/pubmed/20459784
http://dx.doi.org/10.1139/apnm-2015-0663
http://www.ncbi.nlm.nih.gov/pubmed/27306431
http://www.who.int/dietphysicalactivity/publications/9789241599979/en/
http://dx.doi.org/10.1371/journal.pone.0149969
http://www.ncbi.nlm.nih.gov/pubmed/26914609
http://dx.doi.org/10.1186/s12889-017-4026-0
http://www.ncbi.nlm.nih.gov/pubmed/28103843
http://dx.doi.org/10.20960/nh.339
http://dx.doi.org/10.1089/met.2016.0025

Int. |. Environ. Res. Public Health 2020, 17, 668 11 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Dessing, D.; de Vries, S.I; Hegeman, G.; Verhagen, E.; Van Mechelen, W.; Pierik, EH. Children’s route choice
during active transportation to school: Difference between shortest and actual route. Int. |. Behav. Nutr. Phys. Act.
2016, 13, 48. [CrossRef]

Yang, X.; Telama, R.; Hirvensalo, M.; Tammelin, T.; Viikari, ].S.; Raitakari, O.T. Active commuting from youth
to adulthood and as a predictor of physical activity in early midlife: The young Finns study. Prev. Med. 2014,
59, 5-11. [CrossRef]

Panter, J.; Corder, K.; Griffin, S.J.; Jones, A.P,; van Slujis, E. Individual, socio-cultural and environmental
predictors of uptake and maintenance of active commuting in children: Longitudinal results from the
SPEEDY study. Int. J. Behav. Nutr. Phys. Act. 2013, 10, 83. [CrossRef] [PubMed]

Martinez-Gomez, D.; Ruiz, J.R.; Gomez-Martinez, S.; Chillon, P.; Rey-Lopez, ].P,; Diaz, L.E.; Castillo, R.;
Veiga, O.L.; Marcos, A.; AVENA-Study Group. Active commuting to school and cognitive performance in
adolescents: The AVENA study. Arch. Pediatr. Adolesc. Med. 2011, 165, 300-305. [CrossRef] [PubMed]
Ostergaard, L.; Grontved, A.; Berrestad, L.A.; Froberg, K.; Gravesen, M.; Andersen, L.B. Cycling to School Is
Associated with Lower BMI and Lower Odds of Being Overweight or Obese in a Large Population-Based
Study of Danish Adolescents. J. Phys. Act. Health 2012, 9, 617-625. [CrossRef] [PubMed]

Ostergaard, L.; Kolle, E.; Steene-Johannessen, J.; Anderssen, S.A.; Andersen, L.B. Cross sectional analysis
of the association between mode of school transportation and physical fitness in children and adolescents.
Int. ]. Behav. Nutr. Phys. Act. 2013, 10, 91. [CrossRef]

Cooper, A.R.; Wedderkopp, N.; Jago, R.; Kristensen, P.L.; Moller, N.C.; Froberg, K.; Page, A.S.; Andersen, L.B.
Longitudinal associations of cycling to school with adolescent fitness. Prev. Med. 2008, 47, 324-328.
[CrossRef]

Anon. Active Travel Strategy. Department for Transport. Available online: http://www.dft.gov.uk/pgr/
sustainable/cycling/activetravelstrategy/pdf/activetravelstrategy.pdf (accessed on 28 November 2016).
Salmon, J.; Timperio, A.; Cleland, V.; Venn, A. Trends in children’s physical activity and weight status in high
and low socio-economic status areas of Melbourne, Victoria, 1985-2001. Aust. N. Z. J. Public Health 2005, 29,
337-342. [CrossRef]

McDonald, N.C. Active transportation to school: Trends among U.S. schoolchildren, 1969-2001. Am. ]. Prev. Med.
2007, 32, 509-516. [CrossRef]

Buliung, R.N.; Mitra, R.; Faulkner, G. Active school transportation in the Greater Toronto Area, Canada:
An exploration of trends in space and time (1986-2006). Prev. Med. 2009, 48, 507-512. [CrossRef]

Chillon, P.; Martinez-Gomez, D.; Ortega, EB.; Pérez-Lopez, 1.].; Diaz, L.E.; Veses, A.M.; Veiga, O.L.; Marcos, A.;
Delgado-Fernandez, M. Six-year trend in active commuting to school in Spanish adolescents. The AVENA
and AFINOS Studies. Int. |. Behav. Med. 2013, 20, 529-537. [CrossRef]

Chillon, P,; Ortega, F.B.; Ruiz, ].R.; De Bourdeaudhuji, I.; Martinez-Gémez, D.; Vicente-Rodriguez, G.;
Widhalm, K.; Molnar, D.; Gottrand, F.; Gonzalez-Gross, M.; et al. Active commuting and physical activity in
adolescents from Europe: Results from the HELENA study. Pediatr. Exerc. Sci. 2011, 23, 207-217.
Bookwala, A.; Elton-Marshall, T.; Leatherdale, S.T. Factors associated with active commuting among a
nationally representative sample of Canadian youth. Can. J. Public Health 2014, 105, e348—e353. [CrossRef]
[PubMed]

Ruiz, E.; Avila, ].M,; Castillo, A.; Valero, T.; del Pozo, S.; Rodriguez, P; Bartrina, J.A.; Gil, A.; Gonzélez-Gross, M.;
Ortega, RM.; et al. The ANIBES Study on Energy Balance in Spain: Design, protocol and methodology.
Nutrients 2015, 7, 970-998. [CrossRef] [PubMed]

Varela Moreiras, G.; Avila, ].M.; Ruiz, E. Energy balance, a new paradigm and methodological issues:
The ANIBES study in Spain. Nutr. Hosp. 2015, 31 (Suppl. 3), 101-112. [CrossRef] [PubMed]

De Cocker, K.; Ottevaere, C.; Sjostrom, M.; Moreno, L.A.; Warnberg, J.; Valtuefia, J.; Manios, Y.; Dietrich, S.;
Mauro, B.; Artero, E.G.; et al. Self-reported physical activity in European adolescents: Results from the
HELENA (Healthy Lifestyle in Europe by Nutrition in Adolescence) study. Public Health Nutr. 2011, 14,
246-254. [CrossRef] [PubMed]

Hagstromer, M.; Bergman, P.; De Bourdeaudhuij, I.; Ortega, F.B.; Ruiz, ].R.; Manios, Y.; Rey-Lépez, J.P;
Phillipp, K.; von Berlepsch, J.; Sjostrom, M.; et al. Concurrent validity of a modified version of the
International Physical Activity Questionnaire (IPAQ-A) in European adolescents: The HELENA Study.
Int. J. Obes. 2008, 32, S42-548. [CrossRef] [PubMed]


http://dx.doi.org/10.1186/s12966-016-0373-y
http://dx.doi.org/10.1016/j.ypmed.2013.10.019
http://dx.doi.org/10.1186/1479-5868-10-83
http://www.ncbi.nlm.nih.gov/pubmed/23803180
http://dx.doi.org/10.1001/archpediatrics.2010.244
http://www.ncbi.nlm.nih.gov/pubmed/21135316
http://dx.doi.org/10.1123/jpah.9.5.617
http://www.ncbi.nlm.nih.gov/pubmed/22733866
http://dx.doi.org/10.1186/1479-5868-10-91
http://dx.doi.org/10.1016/j.ypmed.2008.06.009
http://www.dft.gov.uk/pgr/sustainable/cycling/activetravelstrategy/pdf/activetravelstrategy.pdf
http://www.dft.gov.uk/pgr/sustainable/cycling/activetravelstrategy/pdf/activetravelstrategy.pdf
http://dx.doi.org/10.1111/j.1467-842X.2005.tb00204.x
http://dx.doi.org/10.1016/j.amepre.2007.02.022
http://dx.doi.org/10.1016/j.ypmed.2009.03.001
http://dx.doi.org/10.1007/s12529-012-9267-9
http://dx.doi.org/10.17269/cjph.105.4139
http://www.ncbi.nlm.nih.gov/pubmed/25365269
http://dx.doi.org/10.3390/nu7020970
http://www.ncbi.nlm.nih.gov/pubmed/25658237
http://dx.doi.org/10.3305/nh.2015.sup3.8758
http://www.ncbi.nlm.nih.gov/pubmed/25719778
http://dx.doi.org/10.1017/S1368980010000558
http://www.ncbi.nlm.nih.gov/pubmed/20236565
http://dx.doi.org/10.1038/ijo.2008.182
http://www.ncbi.nlm.nih.gov/pubmed/19011653

Int. |. Environ. Res. Public Health 2020, 17, 668 12 of 12

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Rey-Lopez, ]J.P; Vicente-Rodriguez, G.; Ortega, FB.; Ruiz, J.R.; Martinez-Géomez, D.; De Henauw, S.;
Manios, Y.; Molnar, D.; Polito, A.; Verloigne, M.; et al. Sedentary patterns and media availability in European
adolescents: The HELENA study. Prev. Med. 2010, 51, 50-55. [CrossRef]

Gomez, S.F; Casas, R.; Palomo, V.T.; Martin Pujol, A.; Fito, M.; Schroder, H. Study protocol: Effects of
the THAO-child health intervention program on the prevention of childhood obesity—The POIBC study.
BMC Pediatr. 2014, 14, 215. [CrossRef]

Pérez, A.; Garcia-Continente X i Grup col-Laborador Enquesta FRESC 2012; Agencia de Salut Publica de
Barcelona. Informe FRESC 2012: 25 anys D’enquestes a Adolescents Escolaritzats de Barcelona. 2013. Available
online: http://www.aspb.cat/arees/la-salut-en-xifres/enquesta-fresc/ (accessed on 12 December 2016).
Roman-Vinas, B.; Marin, J.; Sanchez-Lopez, M.; Aznar, S.; Leis, R.; Aparicio-Ugarriza, R.; Schroder, H.;
Ortiz-Moncada, R.; Vicente, G.; Gonzalez-Gross, M.; et al. Results From Spain’s 2016 Report Card on Physical
Activity for Children and Youth. J. Phys. Act. Health 2016, 11 (Suppl. 2), S279-5283. [CrossRef]

Davison, K.K.; Werder, ].L.; Lawson, C.T. Children’s active commuting to school: Current knowledge and
future directions. Prev. Chronic Dis. 2008, 5, A100.

Cooper, A.R.; Andersen, L.B.; Wedderkopp, N.; Page, A.S.; Froberg, K. Physical Activity Levels of Children
Who Walk, Cycle, or Are Driven to School. Am. J. Prev. Med. 2005, 29, 179-184. [CrossRef]

Sirard, J.R.; Riner, W.F,; Mclver, K.L.; Pate, R.R. Physical activity and active commuting to elementary school.
Med. Sci. Sports Exerc. 2005, 37, 2062-2069. [CrossRef] [PubMed]

Ostergaard, L.; Stockel, J.T.; Andersen, L.B. Effectiveness and implementation of interventions to increase
commuter cycling to school: A quasi-experimental study. BMC Public Health 2015, 15, 1199. [CrossRef]
[PubMed]

Molina-Garcia, J.; Queralt, A.; Estevan, L.; Alvarez, O.; Castillo, 1. Perceived barriers to active commuting to
school: Reliability and validity of a scale. Gac. Sanit. 2016, 30, 426—431. [CrossRef] [PubMed]
Huertas-Delgado, EJ.; Herrador-Colmenero, M.; Villa-Gonzalez, E.; Aranda-Balboa, M.].; Caceres, M.V,;
Mandic, S.; Chillén, P. Parental perceptions of barriers to active commuting to school in Spanish children
and adolescents. Eur. J. Public Health 2017, 27, 416-421. [CrossRef] [PubMed]

Villa-Gonzalez, E.; Ruiz, J.R.; Mendoza, J.A.; Chillon, P. Effects of a school-based intervention on active
commuting to school and health-related fitness. BMIC Public Health 2017, 17, 20. [CrossRef] [PubMed]
Schoeppe, S.; Duncan, M.].; Badland, H.; Oliver, M.; Curtis, C. Associations of children’s independent
mobility and active travel with physical activity, sedentary behaviour and weight status: A systematic review.
J. Sci. Med. Sport 2013, 16, 312-319. [CrossRef]

Chillén, P; Evenson, K.R.; Vaughn, A.; Ward, D.S. A systematic review of interventions for promoting active
transportation to school. Int. |. Behav. Nutr. Phys. Act. 2011, 8, 10. [CrossRef]

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.ypmed.2010.03.013
http://dx.doi.org/10.1186/1471-2431-14-215
http://www.aspb.cat/arees/la-salut-en-xifres/enquesta-fresc/
http://dx.doi.org/10.1123/jpah.2016-0308
http://dx.doi.org/10.1016/j.amepre.2005.05.009
http://dx.doi.org/10.1249/01.mss.0000179102.17183.6b
http://www.ncbi.nlm.nih.gov/pubmed/16331130
http://dx.doi.org/10.1186/s12889-015-2536-1
http://www.ncbi.nlm.nih.gov/pubmed/26619996
http://dx.doi.org/10.1016/j.gaceta.2016.05.006
http://www.ncbi.nlm.nih.gov/pubmed/27381427
http://dx.doi.org/10.1093/eurpub/ckw249
http://www.ncbi.nlm.nih.gov/pubmed/28108594
http://dx.doi.org/10.1186/s12889-016-3934-8
http://www.ncbi.nlm.nih.gov/pubmed/28056914
http://dx.doi.org/10.1016/j.jsams.2012.11.001
http://dx.doi.org/10.1186/1479-5868-8-10
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Material and Methods 
	Study Design 
	Commuting Assessment Data 
	Physical Activity Level 
	Sedentary Lifestyle Data 
	Anthropometric Measurements 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

