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Abstract: Children’s health status is related to their physical activity levels. Active commuting
is associated with higher physical activity and reduced risk of all-cause mortality, cardiovascular
disease incidence, and diabetes. The objective of this research was to study the levels of physical
activity and the commuting to school (active vs. passive) in Spanish nine-year-old children, analyzing
the differences by gender and by the geographical environment where they live (rural or urban
environment). Accelerometry was used for the measurement of physical activity: Sedentary time
(min/day), vigorous physical activity (min/day), moderate to vigorous physical activity (min/day),
intensity (counts/min), steps (number). The questionnaire of the European Youth Heart Study
(EYHS) was used to determine the geographical environment (city/urban, residential area/outside
city, rural/village) and the modes of transport (active: Walking and bicycle, passive: Car, motorcycle,
public transport). A total of 455 Spanish nine-year-old children (247 girls and 208 boys) belonging
to the EYHS participated in this study. The results showed that boys were significantly more
physically active than girls (p ≤ 0.001). Results also showed that active commuting to school was
positively correlated with the levels of physical activity (r = 0.324, p ≤ 0.001). The geographical
environment influenced the way in which children went to school, being active commuting to school
significantly (p ≤ 0.001) less frequent in those children who lived in a rural environment (22.4%)
than in those who lived in the city (57.1%) or in a residential area (62.7%). As active commuting to
school means increasing levels of physical activity in both sexes, strategies should be implemented in
order to encourage active commuting to schools, contributing at the same time to better health and
sustainability of future generations.
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1. Introduction

Active commuting to and from school (walking or by bicycle), in opposition to passive commuting
(such as motorized transportation), has been proposed as a way to increase physical activity in children
and adolescents [1–4], with the purpose of preventing cardiovascular diseases that are associated
with higher mortality [5–7]. A recent review [8] on interventions to promote active school transport,
highlighted the use of active commuting to school as an opportunity to increase children’s physical
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activity levels. Despite the well-known benefits of physical activity, recent research has showed a
decrease in the active commuting rates to and from school [9–11].

An important issue which predicts active commuting to school is the distance from home to
school. Recent research in Spain has stated that the threshold distance for walking to school was 875 m,
0.54 miles, in children, and it was higher among urban (1250 m, 0.78 miles) than rural participants
(675 m, 0.42 miles) [12]. Moreover, there is some controversy as to how distance to school can play an
important role to counteract sedentary behavior. Hinckson et al. [13] indicated that distance to school
was an important factor related to physical activity levels, where 1 to 2 km from school together with
active commuting could be useful to counteract children’s sedentary behaviors. However, for physically
active children, active commuting does not seem to be as relevant.

Low traffic density and route safety are positively associated with active school travel, but
also positive parental views on active commuting, as well as high level of social interactions within
the neighborhood, may play an important role to promote active school travel [11]. Moreover,
the automobile culture as a mode of habitual transport has driven risk factors such as air pollution,
considered the most important of the environmental risk factors to which humans are exposed [14].
A high level of air pollution can make it unpractical or near impossible for children to walk or cycle to
school, sports practice, or their friends’ houses [10,15,16]. There are also other factors that influence the
way of transport, such as environmental characteristics, traffic, distance, and security/safety of the
road [17].

However, despite all the previously mentioned barriers, the aspects that support children’s active
commuting to school are encouraged by providing child-friendly social and built environments, safety
from traffic, and policies that promote local schools and safe vehicle-free zones around school [18].

Active commuting can then become an opportunity to increase children’s physical activity
levels helping them to reach the WHO recommendations on physical activity for health [5]. These
recommendations indicate that the age group from 5 to 17 years old should accumulate 60 min of
moderate to vigorous physical activity (MVPA) daily. It is encouraging how some governmental
organizations and cities have focused part of their interests and concerns on this matter, providing and
implementing active transport strategies, with the clear intention of protecting citizens’ health and
sustainable development [9,10]. However, an objective assessment is still necessary.

The objective of this research was to study the levels of physical activity and the commuting to
school (active vs. passive) in Spanish nine-year-old children, analyzing the differences by gender and
the geographical environment where they live (rural or urban environment).

2. Methods

2.1. Participants and Recruitment Process

The sample of this research is part of the EYHS research (European Youth Heart Study). The EYHS
is a school-based, cross-sectional study designed to examine the interactions between personal,
environmental, and lifestyle influences on the risk factors for future cardiovascular diseases in several
European countries.

All eligible schools were stratified according to location (urban, suburban, and rural: Rural:
<10,000 people, suburban: 10,000–100,000 people, urban: >100,000 people) and the socioeconomic
profile of the uptake area (high, middle, and low). The study sample was randomly selected using a
two-stage cluster sample procedure, with schools in Madrid as primary sampling units. The secondary
units were the children within the schools, and equal numbers of children were sampled randomly
from each school.

For each EYHS site, the goal was to reach 1000 children from 20 schools. A possible mortality
rate of 20% was taken into consideration and, therefore, the sample size was increased accordingly.
In the community of Madrid, there were 1127 schools at the time of data collection distributed
in five areas: Madrid Capital, Madrid North, Madrid South, Madrid East, and Madrid West.
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The distribution of the 1127 schools by population density was the following: 103 schools in rural
areas (<10,000 citizens), 273 schools in semi-urban areas (10,000–100,000 citizens), and 751 schools in
urban areas (>100,000 citizens). At the year of data collection, there were 53,620 students from the
community of Madrid, and therefore, we needed to select 600 students + 20% for possible mortality
rates, a total sample of 720 students. Assuming that each class had 25 students, 29 primary schools
were needed for the study. When adjusted by population density, the sample included three schools in
rural areas, seven in semi-urban areas, and 19 in urban areas.

Finally, a total of 455 nine-year-old children participated in the study: 247 girls (9.25 ± 0.59 years) and
208 boys (9.02 ± 0.22 years). All children provided accelerometry data (n = 455), but EYHS questionnaire
was completed by only 387 of the 455 participants (15% of missing values in the questionnaire) because
the other 68 children did not attend the questionnaire evaluation session. Prior to data collection,
children’s verbal consent was obtained to participate in this study. Ethical approval was obtained by
the Health Institute Carlos III (Madrid, Spain) and parental informed consent was obtained for each
participant prior to data collection.

2.2. Measures

2.2.1. Physical Activity

Physical activity was measured during seven consecutive days using accelerometers GT1M. All
children wore the accelerometer during the daytime, except while bathing or during other aquatic
activities. Verbal and written instructions for care and placement of the monitor were given to both,
children and their parents. For data to be considered valid, two criteria were established: A minimum
of data for a period of four days including one weekend day and a minimum of 10 registered hours of
data per day [19]. Count ranges for the various activity intensities were: 0–499 for sedentary, 500–1999
for light, 2000–2999 for moderate, 3000–4499 for vigorous, and 4500–32,767 for very vigorous activities,
according to Andersen et al. [20]. To analyze the accelerometer data, Kinesoft software, developed
specifically for the Actical and Actigraph accelerometers, was used. The outcome variables were
sedentary time (min/day), vigorous physical activity (min/day), moderate to vigorous physical activity
(min/day), intensity (counts/min) and steps (number). We calculated mean counts per minute by
dividing the sum of total counts per epoch (15 s) for a valid day by the number of minutes of wear
time on that day across all valid days. We excluded from the analysis bouts of 20 continuous minutes
of activity with intensity counts of 0, considering these periods to be non-wearing time.

To support the accelerometry data, the children had a diary at school to complete, with the
teacher’s help, information related to wear and non-wear time.

2.2.2. Physical Activity During the Commuting to the School

For this process, we extracted all the data collected during the day, and those that corresponded
with the school entry schedule within the registration days of each subject and according to the school
schedule of each educational center and subjects analyzed. Thus, it was established as a timetable
for the arrivals one hour before school hours (08:00 to 09:00 AM), in order to cover all students
regardless of the geographical environment or modes of transport. It was decided to measure physical
activity during the commuting to the school only at the arrival time and not at the departure time
because departure time of each subject depended on several factors, such as different departure time
in different schools, different departure time in different days of the week, different departure time
for those children attending school canteen, different departure time for those children attending
after-school activities.

2.2.3. Geographical Environment

The validated EYHS questionnaire [21] was used. The questionnaire was individually answered
by all students. The questionnaire was computer-based. Each child was assisted by a researcher to
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answer the questions and receive help if needed. If the student did not answer one question, he/she
could not move to the next, unless the researcher helped him/her to continue. In this way, we could
determine if the child understood the questions. The format of the questions included drawings for
each answer option to make it easier for children to answer.

For the present study, the following question of this questionnaire was used to assess the
geographical environment: Participants were asked: What area of Madrid do you live in? Response
options were: 1. City center, 2. Outskirts of the city, 3. Bedroom town, 4. Village. These options
were categorized as: City/Urban (1. City center, 2. Outskirts of the city), Residential area/Outside city
(3. Bedroom town), and Rural/Village (4. Village).

2.2.4. Modes of Commuting to School

The validated EYHS questionnaire [21] was used, following the same procedure described in
the previous section. For the present study, the following question of this questionnaire was used
to assess the modes of transport to school. Participants were asked: How do you usually go to school?
Response options were: 1. Car or motorcycle, 2. Bus or train, 3. Bicycle, 4. Walking. These options
were categorized as active commuting (3. Bicycle, 4. Walking) and passive commuting/motor vehicle
(1. Car or motorcycle, 2. Bus or train).

2.3. Data Analysis

Normality tests, symmetry studies, and kurtosis of all variables were verified, verifying that
they did not deviate significantly from the normal distribution. Descriptive quantitative statistics,
frequency analyses, and contingency tables were also carried out in the variables of physical activity,
gender, geographical environment, and type of commuting to school. Student’s t-test for independent
samples was used to examine gender differences in the physical activity variables, while the analysis
of the variance (ANOVA) was used to examine differences in physical activity levels by the type of
commuting to school. Pearson correlation was used to analyze the correlations between the variables
of daily physical activity and physical activity during commuting to school. The chi-square test was
used to study the differences in the distribution of the sample by gender, geographical environment,
and type of commuting to school. Data analyses were carried out using SPSS 23.0, and the level of
significance was set at p < 0.05. There were no missing values in the accelerometry data (n = 455) but
EYHS questionnaire was completed by only 387 of the 455 participants (15% of missing values in the
questionnaire) because the other 68 children did not attend the questionnaire evaluation session.

3. Results

Only 34.7% of participants fulfilled the international recommendations of healthy physical
activity, while the other 65.3% did not do enough physical activity according to the international
recommendations. In Table 1, we can see the average daily minutes dedicated to each intensity of
activity, counts/minutes, and the steps taken by the children of the study during the school days. There
were significant differences (p ≤ 0.001) in all the variables analyzed, with higher average values in
boys, except for the sedentary time that was higher in girls (1170.37 ± 114.30 versus 1129.38 ± 113.71).
Regarding the physical activity levels measured during commuting to school in the school days, there
were significant differences between both genders in sedentary time (higher in girls, p = 0.024) and in
counts/minute (higher in boys, p = 0.001).
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Table 1. Physical activity in school days by gender.

Daily Girls (n = 247) Boys (n = 208) t p

Sedentary time (min/day) 1170.37 ± 114.30 1129.38 ± 113.71 3.820 ≤0.001
VPA (min/day) 16.48 ± 12.53 23.49 ± 17.00 −4.929 ≤0.001
MVPA (min/day) 62.28 ± 28.13 85.81 ± 33.61 −8.009 ≤0.001
Intensity (counts/min) 535.05 ± 146.08 645.71 ± 162.50 −7.646 ≤0.001
Steps (number) 10562.27 ± 2770.19 12831.75 ± 3200.58 −8.107 ≤0.001
During commuting to school Girls (n = 247) Boys (n = 208) t p
Sedentary time (min/day) 45.29 ± 9.35 43.16 ± 10.61 2.270 0.024
VPA (min/day) 0.79 ± 1.30 0.95 ± 2.17 −0.977 0.329
MVPA (min/day) 3.10 ± 3.20 3.56 ± 4.09 −1.356 0.176
Intensity (counts/min) 518.95 ± 298.73 623.33 ± 360.10 −3.354 0.001
Steps (number) 619.06 ± 459.05 702.26 ± 518.58 −1.815 0.070

Values expressed in mean ± SD. VPA: vigorous physical activity, MVPA: moderate to vigorous physical activity.
p < 0.05 in bold.

In Table 2, we can see the correlations between daily physical activity and physical activity during
commuting to school on school days. There was a significant positive correlation between the daily
MVPA and the MVPA during commuting to school (r = 0.324, p ≤ 0.001), and also between the daily
MVPA and the steps during commuting to school (r = 0.245, p ≤ 0.001). Moreover, daily MVPA was
significantly and negatively correlated with sedentary time during commuting to school (r = −0.124,
p = 0.008). Therefore, those who were more active in the whole day were also more active and less
sedentary during commuting to the school.

Table 2. Correlations between daily physical activity and physical activity during commuting to school
on school days (N = 455).

School Sedentary Time
(min/day)

School MVPA
(min/day)

School Steps
(number)

Daily Sedentary Time (min/day) 0.736 (≤0.001) −0.026 (0.578) 0.004 (0.927)
Daily MVPA (min/day) −0.124 (0.008) 0.324 (≤0.001) 0.245 (≤0.001)
Daily Steps (number) −0.133 (0.005) 0.266 (≤0.001) 0.287 (≤0.001)

Values expressed in Pearson’s r (p). MVPA: moderate to vigorous physical activity. p < 0.05 in bold.

The sample size in Tables 3 and 4 was 387 instead of 455 because 68 participants did not answer
these questions. In Table 3, the school days’ physical activity during commuting to school was analyzed
according to the type of commuting. There were significant differences between those who used a
motor vehicle with respect to those who walked to school. Children who walked to school accumulated
significantly more MVPA and a higher number of steps than those who used a motor vehicle to
commute to school (p ≤ 0.001).

In Table 4, the distribution of the sample was analyzed. Regarding the distribution of geographical
environment by sex, there were no significant differences. The most frequent geographical environment
among the participants was city/urban (n = 168), while the least frequent was residential area/outside
city (n = 67). With regard to the distribution of commuting to school by sex, it was noteworthy that
no subject used the bicycle to go to school, as all the participants used a motor vehicle (55.6%) or
walked (44.4%). Although passive commuting was the most frequent mode, there were no significant
differences between sexes (χ2 = 0.352, p > 0.05). Regarding the distribution of the sample by type of
commuting to school and geographical environment, it was noteworthy that active commuting to
school was significantly (p ≤ 0.001) less frequent in those children who lived in a rural environment
(22.4%) than in those who lived in the city (57.1%) or in a residential area (62.7%).
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Table 3. School days’ physical activity during commuting to school, by the type of commuting.

Commuting N Mean F p

Sedentary
time (min/day)

Motor vehicle 215 44.85 ± 9.91
2.637 0.105Walking 172 43.21 ± 9.76

N 387 44.12 ± 9.86

MVPA
(min/day)

Motor vehicle 215 2.71 ± 2.94
13.924 ≤0.001Walking 172 4.03 ± 4.04

N 387 3.29 ± 3.53

Intensity
(counts/min)

Motor vehicle 215 494.93 ± 257.88
21.198 ≤0.001Walking 172 642.81 ± 367.68

N 387 560.91 ± 319.83

Steps
(number)

Motor vehicle 215 551.59 ± 374.41
21.338 ≤0.001Walking 172 766.74 ± 539.68

N 387 647.21 ± 467.13

Values expressed in Mean ± SD. MVPA: moderate to vigorous physical activity. F= Fisher-Snedecor variance
estimator; p < 0.05 in bold.

Table 4. Distribution of the sample by gender, geographical environment, and type of commuting
to school.

Gender
N

χ2

Girls Boys Value p

Geographical
environment

City/urban 96 (45.9) 72 (40.4) 168
1.193 0.551Residential area/outside city 35 (16.8) 32 (18.0) 67

Rural/village 78 (37.3) 74 (41.6) 152
N 209 (100) 178 (100) 387

Gender
N

χ2

Girls Boys Value p

Commuting to school Motor vehicle 119 (56.9) 96 (53.9) 215
0.352 0.608Walking 90 (43.1) 82 (46.1) 172

N 209 (100) 178 (100) 387

Geographical environment
N

χ2

City/Urban
Residential
area/Outside

city
Rural/Village Value p

Commuting
to school

Motor vehicle 72 (42.9) 25 (37.3) 118 (77.6) 215
50.003 ≤0.001

Walking 96 (57.1) 42 (62.7) 34 (22.4) 172
N 168 (100) 67 (100) 152 (100) 387

Values expressed in mean ± SD. MVPA: moderate to vigorous physical activity. F = Fisher–Snedecor variance
estimator, p < 0.05 in bold. Values expressed in frequencies (%). χ2 = Chi-squared. p < 0.05 in bold.

4. Discussion

Regarding compliance with the international recommendations of healthy physical activity, only
34.7% of the children fulfilled said recommendations, and of those who did so were more boys than
girls, which confirms the data obtained in other studies [22–28]. Although the average physical activity
of both sexes makes us see how the recommended values are exceeded, we must bear in mind that a
large sector of the analyzed population does not comply with them.

Regarding the levels of MVPA during commuting to school, they were very low (girls:
3.10 ± 3.20 min, boys: 3.56 ± 4.09 min), as was the case of the number of steps taken at that time (girls:
619 ± 459.05, boys: 702.26 ± 518.58). These low values are similar to those found by Merom et al [16],
who indicated that walking/cycling only and in combination with bus/car were of short duration
(median 7 or 4 min, respectively). One possible explanation for these low values is that the time for
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commuting to school is lower than one hour. However, this low time dedicated to MVPA at the time of
commuting to school is an excellent opportunity to increase the weekly time of physical activity of
schoolchildren, as we found in our results with the significant positive correlations between the daily
MVPA and the MVPA during commuting to school (r = 0.324, p ≤ 0.001), and also between the daily
MVPA and the steps during commuting to school (r = 0.245, p ≤ 0.001). This time dedicated to active
commuting can be, if small changes are made in the intensity of the commuting, a great contribution in
the overall MVPA of the children, as many children only have the opportunity to be active during a
trip to school, a school recess and a Physical Education session [25,29]. This would mean a change in
the urban and rural structures, in the educational policies and in the organization of the educational
centers in order to promote active commuting.

It should also be noted that, according to WHO [5], if children are currently doing no physical
activity, doing amounts below the recommended levels will bring more benefits than doing none at all,
and it should also be noted that amounts of physical activity greater than 60 min provide additional
health benefits. Therefore, doing more physical activity during commuting to school will be beneficial
for the children, even if this physical activity is not very high, because every minute of physical activity
has a positive value for health.

In the present study, only 44.4% walked to school, while 55.6% used a car. To better understand
these results, it is important to put them in context, comparing them with previous studies carried out
in several countries. When comparing our results with the results of the Spanish study ALADINO [30],
we can observe a decrease in active commuting, because in the study ALADINO [30] the most frequent
mean of commuting to school was walking (62.8% go to school walking and 65.7% return walking),
followed by car (33.1% go to school in car and 30.1% return in car). These results are similar to the data
obtained by D’Haese et al. [31], as they stated that approximately 60% of children in Belgium use active
commuting to attend school. Nevertheless, Merom et al. [16] found that only 22% of children used
active commuting in Australia. In addition, Sirard and Slater [10] carried out a global review about the
use of active commuting to school and indicated that active commuting had dropped from 40.7% to
12.9%, while passive commuting has gone from 17.1% to 55.0% between 1969 and 2001. The research
of Pizarro et al. [32] in Portugal also shows a descending line, since active commuting and specifically
walking to school fell from 27% in 1991 to 19% in 2001, while passive commuting increased from
23% to 49%.

There are several studies that affirm that this decrease in the use of active commuting is the result
of a social change, a population increase, environmental and personal factors, as well as increased
traffic in cities and bad management of infrastructure for bicycle users [33–35]. However, it seems
that some countries, such as Denmark and the Netherlands, have not noticed this decrease due to the
strong tradition among the population [33]. In fact, Andersen et al. [36], in a study with adolescents
conducted in 18 schools in Denmark, showed that there was a high percentage of active commuting
use (around 64% of the population). Considering these differences between countries, future studies
should design and apply programs of promotion of active commuting following the example of the
countries where active commuting is more frequent.

In our study, we have been able to confirm that the participants from rural areas used less active
commuting than those living in urban areas. This seems to be a paradox, since apparently rural
areas have better conditions for active commuting [1,35]. However, maybe urban areas nowadays are
more walkable than rural areas due to better connectivity, and maybe rural areas do not offer better
conditions for active commuters to go to school, where the distance could be also an important factor.
As some authors [37,38] showed, when the distance to school is higher, the active commuting is lower,
indicating that distances between 1.5–2 km are the best to favor the increase of active commuting.
These authors also pointed out that when the distance is higher than 6 km, passive commuting is
very frequent.

Regarding the limitations of the study, distance to school and parent commuting habits were not
considered in this study. Hence, it is recommended that these aspects are considered in future studies
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in order to increase the knowledge of the children’s socio-environmental influences on commuting
to school. The main strength of this study was the use of reliable and valid instruments to analyze
physical activity, commuting to school, and geographical environment in Spanish nine-year-old
children. The main practical implication of the results of this study is that active commuting to school
means increasing levels of physical activity in both sexes. Moreover, rural environments despite
having less traffic density, presented lower rates of children’s active commuting to school. Therefore,
active commuting to school should be encouraged, particularly in rural areas, applying strategies for
this purpose. For instance, the organization of big sporting events [39] and the involvement of the
community through volunteers who accompany the children to schools from meeting points, in order
to increase physical activity as part of a group [40,41].

5. Conclusions

This study shows that active commuting to school increases the levels of physical activity, with a
positive correlation between these two factors. The geographical environment influences the way in
which children commute to school, being active commuting to school significantly less frequent in those
children who live in a rural environment. Therefore, the traditional use of active commuting in rural
environments seems to have decreased in comparison to urban environments, which seems to evidence
a social change regarding the use of active commuting. As active commuting to school means increasing
levels of physical activity in both sexes, strategies should be implemented in order to encourage active
commuting to schools, contributing at the same time to greater mobility and sustainability of future
generations, and generating a positive impact on public and environmental health. Nonetheless,
further research is required to assess the effects of external factors on the relationships among distance,
active commuting probability, and physical activity.
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