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Abstract

Objective: To examine the associations between lifestyle factors and active com-
muting to school in Spanish adolescents.
Design: Cross-sectional study. Lifestyle factors (overall/extracurricular physical
activity, television viewing, reading as a hobby, sleep duration, breakfast/fruit
intake, smoking and alcohol intake) as well as mode and duration of commuting
to school were self-reported. Active commuters were defined as those adolescents
who walked or cycled to school.
Setting: Secondary schools in Madrid, Spain.
Subjects: Adolescents (n 2029) aged 13 to 17 years.
Results: Similar percentages of adolescent boys (57?6 %) and girls (56?1 %)
were classified as active commuters to school (P 5 0?491). The analysis showed
that only adequate sleep duration (OR 5 1?35, 95 % CI 1?11, 1?66; P 5 0?003)
and breakfast consumption (OR 5 0?66, 95 % CI 0?49, 0?87; P 5 0?004) were
independently associated with active commuting to school.
Conclusions: Only those behaviours that occur immediately before commuting to
school (sleep and breakfast) are associated with active commuting in Spanish
adolescents.
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Leading an active life during adolescence may have a

positive influence on chronic diseases such as obesity,

diabetes, CVD and some types of cancer later in life(1).

Current public health guidelines recommend that adoles-

cents should engage in moderate to vigorous physical

activity for at least 60min every day(2). This amount of

physical activity seems to be necessary to achieve bene-

ficial effects on health in adolescence(2), but most epide-

miological studies have shown that adolescents do not

meet the physical activity recommendations(3,4). Adoles-

cents have numerous opportunities during the school day

to engage in physical activity and a daily routine involving

active commuting to school may be a good opportunity to

accumulate physical activity at the recommended intensity.

Active commuting has also been associated with a

reduction in obesity and cardiovascular risk factors in

adults(5). Although there is some contradictory evidence,

several studies have shown that adolescents who actively

commute to school also might have higher levels of

physical activity and fitness, as well as lower levels

of body fat(6). In addition, active commuters to school in

adolescence might become active commuters in adult-

hood (i.e. walking or cycling to work). Consequently,

educational and public health organizations are showing

increasing interest in joint efforts to promote active

commuting to school.y See Appendix for AFINOS Study Group members.
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A number of studies over the last decade have exam-

ined possible correlates of active commuting to school in

children and adolescents. Overall, potential key factors

such as neighbourhood, environmental, demographic,

school, family, physical and social characteristics have

been investigated in order to develop strategies to

increase the number of students walking or cycling to

school(6). However, limited research has shown potential

behavioural factors that may predict active commuting to

school. In contrast with children, adolescents make their

own decisions regarding daily behaviour; therefore a

better understanding of the behavioural correlates of

active commuting to school in adolescence is required.

The purpose of the present study was therefore to

examine behavioural correlates of active commuting to

school in Spanish adolescents.

Methods

Study design and participants

Participants for the present study were those enrolled in

the AFINOS (Physical Activity as a Preventive Measure

Against Overweight, Obesity, Infections, Allergies, and

Cardiovascular Disease Risk Factors in Adolescents) cross-

sectional study between 2007 and 2008. The AFINOS study

design, protocols and methodologies have been described

in detail elsewhere(7). Briefly, the AFINOS study was

designed to assess health status and lifestyle factors

through a survey completed by a representative sample of

adolescents, aged 13 to 17 years, from the Madrid region(7).

Secondary schools were randomly selected according to

the geographic distribution of adolescents in the region.

The sample size was calculated taking 0?05 as the max-

imum permissible error (reliability of 95%) and based on

an estimated prevalence of overweight and obese adoles-

cents of 20%. The final calculated sample size (1998 ado-

lescents) was increased by 20% to allow for possible

dropouts or data losses to give a final sample size of 2400

participants of both genders. Of these subjects, 2029 (979

boys and 1050 girls) who provided valid data on their

mode and time of commuting to school were included in

the current study.

All parents/guardians and adolescents gave their written

informed consent for participation. The AFINOS study

protocol was approved by the Ethics Committee of the

Puerta de Hierro Hospital (Madrid, Spain) and the Bioethics

Committee of the Spanish National Research Council.

Socio-economic and demographic factors

Some socio-economic factors were obtained using self-

report questions designed for adolescents(7). Family

structure was determined by asking adolescents whether

their mother and father lived at home with them. The

final variable used was having both parents at home or

another option (i.e. mother or father or neither at home).

An immigrant status (yes/no) according to country of

birth was also identified. Adolescents reported the number

of brothers/sisters in their family and, in accordance with

Spanish government criteria, large families were defined

as those with at least three children. The type of school

was categorized on the basis of being administered by

the national government (public schools) or not (private

schools). The demographic distribution in the Madrid

region was categorized into two categories, with the

metropolitan area (Madrid city) and suburbs being

merged into a single category and the group of outlying

towns forming the other category.

Assessment of commuting to school

Mode and duration of commuting to school were

self-reported using standardized questions for Spanish

adolescents(8). Adolescents reported their habitual mode

of transportation to school in the following categories:

(i) walking; (ii) cycling; (iii) bus/subway; (iv) car; or

(v) motorcycle. The active commuting to school group

consisted of those adolescents who walked or cycled to

school. Responses regarding duration of their habitual

commuting to school were categorized as follows: (i) 15min

or less; (ii) 15 to 30 min; (iii) 30 to 60 min; or (iv) 60 min

or more.

Behavioural factors

Several lifestyle factors were selected from the epide-

miological questionnaire for adolescents(7). Overall physical

activity was assessed using the validated Spanish version of

the PACE1 (Physician-based Assessment and Counselling

for Exercise) questionnaire for adolescents(9). This ques-

tionnaire uses two questions to assess physical activity:

(i) ‘Over the past 7 days, on how many days were you

physically active for a total of at least 60min per day?’ (Q1);

and (ii) ‘Over a typical or usual week, on how many days

are you physically active for a total of at least 60min

per day?’ (Q2). Both questions have a scale of 0 to 7d.

Adolescents were classified into two groups (active/inactive)

according to the PACE1 criterion that considers physi-

cally active adolescents as those who engaged in physical

activity on at least 5 d/week using the mean of both

questions(10). For differentiating among types of physical

activity, participation (yes/no) in extracurricular physical

activity was determined by the following question: ‘Do

you undertake any physical sporting activity after school?’

Adolescents were also asked to self-report how much

time they usually spent watching television, reading as a

hobby, and sleeping at night on normal school days. For

these behaviours, participants were also classified into

two groups and healthy behaviours were considered as

follows: watching television for less than 2h/d(11); reading

for at least 1 h/d; and sleeping at night for at least

8 h/d(12). Adolescents’ dietary habits of recommended

fruit intake (at least two servings daily) and skipping

breakfast (yes/no) were also identified by self-report(13).

1780 D Martı́nez-Gómez et al.



Finally, patterns of habitual smoking and alcohol intake

were reported.

Data analysis

Study sample characteristics are presented as number of

subjects and percentage, unless otherwise stated. The x2

test was performed to obtain inter-group differences

according to socio-economic and demographic character-

istics. Binary logistic regression analyses were applied to

examine the associations between behavioural factors and

active commuting to school. Behavioural factors were

introduced separately. Interaction factors (gender 3 main

exposures) were incorporated into the models to deter-

mine whether gender modified the associations between

behavioural factors and active commuting to school. Since

no significant interactions were found (P . 0?1), analyses

were performed with adolescent boys and girls together.

Odds ratios and 95% confidence intervals were calculated

for all associations using three additive models. The first

model showed crude OR, whereas the second model

showed multivariate-adjusted OR controlling for age,

gender, socio-economic factors (family structure, family

size, immigrant condition, type of school) and demo-

graphic distribution. The final full-adjusted model included

the above confounder variables as well as those beha-

viours that showed significant associations. This final

model examined whether the associations between beha-

vioural factors and active commuting to school are inde-

pendent of each other. In the logistic regression models,

adolescents with unhealthy behaviours were considered

the reference group. Analyses were performed using

the SPSS for Windows statistical software package version

15 (SPSS Inc., Chicago, IL, USA) and the significance level

was P , 0?05.

Results

All adolescents (n 2029) provided a complete set of

data regarding socio-economic and demographic factors,

whereas data on behavioural factors were not available

in several cases (range, n 1857–1993). The samples

with missing data were equivalent to the whole sample

according to age and gender distribution (P . 0?05).

Descriptive patterns of commuting to school are pre-

sented in Fig. 1. Overall, walking was the most common

mode of active commuting to school (55?4 % of boys and

53?5 % of girls), whereas bus/subway was the most

common inactive mode (25?5 % of boys and 25?9 % of

girls). Similar numbers of adolescent boys (57?6 %) and

girls (56?1 %) were classified as active commuters to

school (P 5 0?491), and the duration of these active

journeys was usually 15 min or less (80?0 % of boys and

77?1 % of girls). In addition, there were no significant

differences in levels of active commuting to school by age

in either boys (P 5 0?059) or girls (P 5 0?080).

Table 1 shows differences in active commuting to

school according to socio-economic factors and demo-

graphic distribution groups in the total sample and by

gender. A higher percentage of adolescent boys in

families with both parents living at home reported active

commuting to school (P 5 0?015), although there were no

differences between family structure groups in girls

(P 5 0?971). There were also no inter-group differences in

levels of active commuting to school according to other

socio-economic factors, such as family size, immigrant

condition and type of school. However, a lower percen-

tage of adolescents in the metropolitan area and suburbs

were classified as active commuters to school compared

with those adolescents living in towns (52?0 % v. 73?6 %

respectively, P , 0?001). These differences were similar

when analysed separately by gender (both P , 0?001).

Table 2 presents the associations between behavioural

factors and active commuting to school. The binary

logistic regression showed that overall physical activity,

extracurricular physical activity, watching television,

reading as a hobby, fruit intake, smoking and alcohol

intake were not significantly associated with active com-

muting to school, whereas adequate sleep on school

days (OR 5 1?386, 95 % CI 1?144, 1?680; P 5 0?001) and

habitual breakfast (OR 5 0?745, 95 % CI 0?574, 0?966;

P 5 0?027) were positively and inversely associated with

active commuting to school, respectively. These associa-

tions remained after controlling for age, gender, socio-

economic factors and demographic distribution (Table 2).

A final model including confounder variables and both

behavioural factors was tested (n 1812). This analysis

showed that sleep duration (OR 5 1?354, 95 % CI 1?107,

1?655; P 5 0?003) and habitual breakfast (OR 5 0?657,
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Fig. 1 Mode of commuting to school by gender ( , males;
, females) among adolescents (n 2029) aged 13–17 years,

Madrid, Spain
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Table 1 Prevalence of active commuting to school according to socio-economic and demographic factors among adolescents (n 2029)
aged 13–17 years, Madrid, Spain

All Males Females

n % n % n %

Family structure
Both parents living at home 924 57?8 471 59?5 453 56?1
One or no parents living at home 229 53?4 93 49?7 136 56?2
P value 0?105 0?015 0?971

Large family ($3 children)
No 1033 56?4 514 57?5 519 55?4
Yes 120 60?6 50 58?8 70 61?9
P value 0?258 0?813 0?185

Immigrant
No 959 56?9 485 57?9 474 56?0
Yes 194 56?2 79 56?0 115 56?4
P value 0?807 0?681 0?929

Type of school
Public 991 57?2 485 57?7 506 56?6
Private 162 54?9 79 56?8 83 53?2
P value 0?474 0?842 0?431

Demographic distribution
Metropolitan area 1 suburbs 818 52?0 395 52?8 423 51?2
Towns 335 73?6 169 73?2 166 74?1
P value ,0?001 ,0?001 ,0?001

Table 2 Associations between behavioural factors and active commuting to school among adolescents (n 1857 to 1993) aged 13–17 years,
Madrid, Spain

Unadjusted Multivariate adjusted

n OR 95 % CI OR 95 % CI

Physically active
,5 d/week 1628 1?000 Reference 1?000 Reference
$5 d/week 313 1?068 0?837, 1?365 1?058 0?824, 1?358
P value 0?596 0?661

Extracurricular physical activity
No 694 1?000 Reference 1?000 Reference
Yes 1273 1?032 0?857, 1?244 1?020 0?843, 1?234
P value 0?738 0?839

Television viewing on school day
$2 h/d 465 1?000 Reference 1?000 Reference
,2 h/d 1410 0?844 0?682, 1?045 0?825 0?662, 1?027
P value 0?120 0?085

Reading as a hobby on school day
,1 h/d 1495 1?000 Reference 1?000 Reference
$1 h/d 362 0?919 0?729, 1?158 0?943 0?745, 1?195
P value 0?474 0?629

Sleep duration on school day
,8 h/d 648 1?000 Reference 1?000 Reference
$8 h/d 1221 1?386 1?144, 1?680 1?291 1?061, 1?571
P value 0?001 0?011

Breakfast
No 281 1?000 Reference 1?000 Reference
Yes 1688 0?745 0?574, 0?966 0?741 0?566, 0?970
P value 0?027 0?029

Fruit consumption
,2 servings/d 1562 1?000 Reference 1?000 Reference
$2 servings/d 431 1?097 0?884, 1?361 1?094 0?880, 1?359
P value 0?402 0?418

Smoker
Yes 321 1?000 Reference 1?000 Reference
No 1637 1?092 0?859, 1?389 1?104 0?886, 1?376
P value 0?472 0?378

Alcohol intake
Yes 1057 1?000 Reference 1?000 Reference
No 913 0?993 0?831, 1?187 0?981 0?817, 1?178
P value 0?942 0?839

1782 D Martı́nez-Gómez et al.



95 % CI 0?494, 0?874; P 5 0?004) were independently

associated with active commuting to school. Hence,

adolescents with inadequate sleep duration on school

days and habitual breakfast consumption reported the

lowest percentage of active commuting to school (Fig. 2).

The final model was also performed separately for those

adolescents who cycled to school (2?3 %). These analyses

showed that habitual breakfast was also inversely asso-

ciated with commuting to school by bike (OR 5 0?071,

95 % CI 0?035, 0?147; P , 0?001), while adequate sleep

duration was positively associated with cycling to school

(OR 5 4?357, 95 % 1?867, 10?170; P 5 0?001).

All analyses were also repeated in younger and older

groups (13?00–15?49 and 15?50–17?99 years) and the

results did not change materially (data not shown).

Discussion

The main results of the present study indicated that, of

all lifestyle behaviours analysed, only those behaviours

that occur immediately before commuting to school were

important correlates of active commuting to school, irre-

spective of socio-economic and demographic factors. In

particular, adequate sleep duration on school days was

positively associated with active commuting to school,

whereas, somewhat unexpectedly, adolescents who eat

breakfast had a lower prevalence of active commuting to

school. Since behavioural correlates of active commuting

to school are generally unknown, these novel findings

should be taken into consideration when developing

public health strategies that promote active modes of

commuting to school among adolescents.

No previous studies have aimed to examine the influ-

ence of sleep duration on a school day on active com-

muting to school. Sleep duration is considered a relevant

health behaviour in both adolescents and adults because

of its link with numerous chronic diseases(14–16). In

addition, our study suggests that adolescents who sleep

enough hours at night according to the public health

recommendation for these ages(12) are likely to commute

actively to school. Several previous studies that examined

the associations between sleep duration and daily physical

activity in adolescents reported contradictory findings

and, overall, did not support a plausible cause-and-effect

relationship(17–19). Morning fatigue may mediate our

significant association between sleep duration and active

commuting to school(19). Accordingly, adolescents with

insufficient sleep duration might experience morning

fatigue and therefore might choose inactive modes of

commuting to school rather than active modes(20). How-

ever, these observations cannot be elucidated from the

current study and further research is therefore necessary to

better understand the link between sleep duration and

active commuting to school.

Another relevant and interesting finding was the rela-

tionship between breakfast consumption and active com-

muting to school. Although there is little and inconsistent

scientific evidence available(21), it might be assumed that

healthy behaviours lead to other healthy behaviours(22).

For example, a healthy behaviour such as adequate sleep

duration was positively associated with active commuting

to school in the present study. In contrast, a well-known

healthy behaviour such as eating breakfast has been

inversely associated with active commuting to school. A

possible explanation is that adolescents prefer to spend

their time eating breakfast rather than actively commuting

to school or that those adolescents who have to use

inactive modes of commuting to school have more time

to eat breakfast. Irrespective of the reason, skipping

breakfast cannot be a recommended strategy to increase

active commuting to school among adolescents(13); there-

fore public health strategies should promote both eating

breakfast and active commuting to school as healthy habits

in adolescence. Since our findings were independent of

several socio-economic and demographic characteristics,

other key factors that might mediate the associations

between eating breakfast and commuting to school must

be examined in future research.

We also found that other healthy behaviours were not

associated with active commuting to school in Spanish
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Fig. 2 Prevalence of active commuting to school across sleep
( , adequate sleep duration; , inadequate sleep duration)
and breakfast groups among adolescents (n 1812) aged 13–17
years, Madrid, Spain

Lifestyle and commuting to school in adolescents 1783



adolescents; for example, adolescents with high levels of

overall and extracurricular physical activity did not have a

higher prevalence of active commuting to school. Some

studies have demonstrated that adolescents who com-

mute actively to school tend to be more physically active

than passive commuters, although this evidence is less

clear in adolescents than in children(3). For example,

Santos et al.(23) showed that organized and non-organized

physical activity after school was not predictive of active

commuting to school in Portuguese adolescents. Hohepa

et al.(24) found that Australian adolescents who actively

commute to school were not active during other periods

such as morning recess, lunch breaks and after-school

activities during school days. Conversely, two studies in

German and American adolescents showed that active

commuters reported higher levels of physical activ-

ity(25,26). The difference between studies may be partially

explained by how physical activity was measured. The

aforementioned studies and our study used self-report

measures; however, several studies in adolescents have

shown that objectively measured physical activity (i.e.

accelerometry) is positively associated with active com-

muting to school in Northern European countries(27,28).

Patterns of sedentary behaviour such as television

viewing and reading as a hobby were not significantly

associated with active commuting in the present study.

Likewise, Mota et al.(29) showed that neither television

viewing nor computer usage was a predictor of active

commuting to school in a sample of Portuguese adoles-

cents. Robertson-Wilson et al.(26) also found that the

amount of sedentary time was not a consistent predictor

of adolescents’ active commuting to school. In contrast,

Landsberg et al.(25) showed that television viewing was

lower in actively commuting adolescents, although these

observations were not adjusted for socio-economic or

demographic variables since this was not the principal

aim of their study. It should be noted that the above

studies used average variables of sedentary behaviour in

a habitual week, whereas we tested these associations

using data for school days.

Irrespective of breakfast consumption, we included

fruit intake as another indicator of healthy diet and found

no significant association with active commuting to school.

Landsberg et al.(25) also found that dietary patterns were not

associated with active commuting to school in 14-year-old

adolescents. Finally, we also investigated whether habitual

smoking or alcohol intake was associated with active

commuting to school. Previous studies suggested that

alcohol intake is not a predictor of active commuting to

school(26), whereas adolescents who are habitual smokers

tended to commute to school using inactive modes(25,26).

Our findings support these results with regard to alcohol

intake but not with respect to smoking patterns.

The adolescent sample studied herein showed a

similar prevalence of active commuting to school as

European(25,28–30) and Asian(31) adolescents and slightly

higher than American(26) and Australian adolescents(32).

Nevertheless, the prevalence found was slightly lower

(210 %) than in a previous study of Spanish adoles-

cents(8). The AVENA (Alimentación y Valoración del

Estado Nutricional en Adolescentes; Food and Assess-

ment of the Nutritional Status of Adolescents) study

showed that up to 65 % of Spanish adolescents reported

active commuting to school and 83 % of them spent less

than 15 min travelling to school(8). Significant differences

between the present study and the AVENA study make

correct comparisons difficult, although the prevalence of

active commuting to school found in both these studies

suggests that Spanish adolescents meet the public health

recommendations of 50 % walking to school but do

not meet the recommendation of 5 % cycling to school

promoted by the US Department of Health and Human

Services (www.healthypeople.gov). This fact has public

health implications since several studies have shown that

cycling to school may have greater benefits on health

(e.g. physical fitness) than walking to school(28,30). These

findings therefore highlight the need for strategies to

encourage adolescents to cycle to school, particularly the

provision of adequate facilities and safe routes to school

in metropolitan areas(6).

Several specific limitations of the current study should

be acknowledged. First, the cross-sectional design does

not allow us to establish causality. Thus our findings might

be subject to reverse causality (e.g. skipping breakfast

could be a cause of active commuting to school or active

commuting to school could be a cause of skipping

breakfast) and prospective studies may prove valuable in

examining this issue. Second, behavioural correlates were

self-reported and these results must be interpreted with

caution. Self-report measurements are subjective and rely

on memory. Furthermore, the sporadic nature of adoles-

cents’ behaviour makes some activities (e.g. physical

activity) difficult to recall and quantify(33). Third, relevant

measures of deprivation such as income, education or

occupation were not available in the AFINOS study. This

fact warrants further studies investigating the role of socio-

economic inequalities on the associations between lifestyle

factors and active commuting to school. This future

research direction is important since a previous study in

Spanish adolescents showed that several deprivation

measures seem to be inversely related to active commuting

to school(8). Consequently, the associations of sleep

duration and breakfast consumption with active commut-

ing to school found in our study might be mediated by a

deprivation status. We performed post hoc analyses con-

trolling for the number of computers at home since this

indicator is used in the Family Affluence Scale (FAS)(34).

The FAS is based on the concept of material conditions in

the family as a measure of deprivation(34). In these analyses

the main results did not change but we found an inverse

association between the number of computers at home

and active commuting to school. Finally, we cannot know

1784 D Martı́nez-Gómez et al.



whether the associations between breakfast consumption

and commuting to school differ by the place where the

adolescent usually eats breakfast (i.e. at home or during

the trip to school).

In summary, adequate sleep duration is positively

associated with active commuting to school in adoles-

cents, whereas adolescents who eat breakfast are less

likely to commute actively to school. The links between

these lifestyle factors and active commuting to school

need to be investigated in greater depth in order to tailor

public health strategies in adolescence.
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Wärnberg, J. Romeo, L.E. Diaz, T. Pozo, M.A. Puertollano,
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