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a b s t r a c t
Objective. To examine whether modes of commuting to school at baseline and changes in commuting
were related to 6-year changes in cardiorespiratory ﬁtness in youth.
Methods. A total of 262 (142 girls) Swedish children (9 years at entry) were measured at baseline (1998/9)
and follow-up (2004/5). Mode of commuting to school was assessed by questionnaire and ﬁtness by a maximal
bicycle test.
Results. At baseline, 34% of children used passive modes of commuting (e.g., car, motorcycle, bus, train), 54%
walked, and 12% bicycled to school. Six years later the percentage of bicyclists increased 19% and the percentage
of walkers decreased 19%. On average, children who bicycled to school increased their ﬁtness 13% (p= 0.03)
more than those who used passive modes and 20% (p= 0.002) more than those who walked. Children who
used passive modes or walked at baseline and bicycled to school at 6 years later increased their ﬁtness 14%
(p= 0.001) more than those who remained using passive modes or walking at follow-up.
Conclusions. Implementing initiatives that encourage bicycling to school may be a useful strategy to increase
cardiorespiratory ﬁtness of children.
© 2012 Elsevier Inc. All rights reserved.

Introduction
Cardiorespiratory ﬁtness (henceforth referred to as ﬁtness) during
childhood and adolescence is an important health indicator (Ortega,
et al., 2008). Low ﬁtness has been associated with clustering of
cardiometabolic risk factors (i.e., insulin resistance, lipid proﬁle, blood
pressure) in young people that may persist into adulthood (Andersen,
et al., 2003). Physical activity is a major determinant of ﬁtness (Ruiz
and Ortega, 2009). Active transportation to/from school provides an
opportunity for increasing levels of physical activity (Chillón et al.,
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2010; Davison, et al., 2008) and ﬁtness (Aires, et al., 2011; Andersen,
et al., 2009; Chillón et al., 2010) mainly when active commuting is by
bicycle (Bere et al., 2011a,b; Ostergaard, et al., 2012).
There is an increasing interest regarding the long-term effects of active
commuting to school on health parameters in youth. Two longitudinal
studies in Danish (Cooper, et al., 2008) and Canadian children (Pabayo,
et al., 2010) observed an association between active commuting to school
with ﬁtness and body mass index (BMI), respectively. However, two
other longitudinal studies in US children (Heelan, et al., 2005;
Rosenberg, et al., 2006) did not ﬁnd signiﬁcant associations between
active commuting to school (mainly walking) and BMI. Two longitudinal
studies conducted in cities where bicycling to school was common found
positive associations between bicycling to school and a healthier weight
(Bere et al., 2011a) and cardiometabolic risk factors (Andersen, et al.,
2011). Longitudinal data on active commuting to school and its
relationship with markers of total and central body fat (i.e., sum of 5
skinfolds, waist circumference) are lacking.
Among a sample of Swedish children, we aimed: 1) to describe
longitudinal changes over 6-years in commuting to school patterns, 2)
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to examine the association between modes of commuting to school at
childhood with 6-year changes in ﬁtness, fatness, and cardiometabolic
risk factors, and 3) to investigate the association between changes in
mode of commuting to school and changes in ﬁtness, fatness, and
cardiometabolic risk factors from childhood to adolescence.
Methods
Study sample and design
The European Youth Heart Study (EYHS) addresses cardiovascular risk
factors and their determinants in European children and adolescents
(Riddoch, et al., 2005). The current study sample belongs to the Swedish part
of the EYHS. A cohort study started in 1998/9 (Wennlöf, et al., 2003) and the
participants were invited to complete the same examination in 2004/5
(Grjibovski, et al., 2006). The dropout rate was 60% (from 907 9 year old
children to 278 15 year old adolescents). A total of 262 Swedish children with
complete data on commuting to school at baseline and follow-up were included
in the current study. The study protocol was approved by the Örebro County
Council and Huddinge University Hospital. Parents or legal guardian provided
written informed consent. All measures were performed at both time periods.
Assessment of active commuting to school
Participants completed a computerized questionnaire at both time periods
with the following question: “How do you usually travel to school?” Possible
answers were: by car or motorcycle, by bus or train, by bicycle, and on foot.
Commuting to school was categorized as passive (car, motorcycle, bus, or train),
walk, or bicycle. Similar questions have shown evidence for reliability and validity
(Evenson, et al., 2008).
Assessment of ﬁtness
Fitness was measured at both time periods by an incremental maximal cycle
ergometer test (Hansen, et al., 1989) with evidence for validity (Riddoch, et al.,
2005; Strong, et al., 2005). The “Hansen formula” (Hansen, et al., 1989) was
used for calculating maximal oxygen consumption (VO2max) expressed in
absolute terms (l/min). Absolute levels of VO2max are more suitable for
comparison purposes and future meta-analyses, since they can be derived from
different modes of ﬁtness testing (e.g., treadmill, stair stepping) (Labayen,
et al., 2012).
Assessment of fatness
Height (cm), weight (kg), and waist circumference (cm) were measured
by standard procedures. Skinfold thicknesses (mm) were measured at the biceps,
triceps, subscapular, suprailiac, and medial calf areas on the left side (Lohman,
et al., 1991). The sum of 5 skinfolds and waist circumference were used as
surrogates of total and central fatness, respectively.
Assessment of cardiometabolic risk factors
Blood samples were taken by venipuncture after an overnight fast. Highdensity lipoprotein cholesterol (HDLc), triglycerides (TG), and insulin levels
were measured as reported elsewhere (Wennlöf et al., 2005). Systolic and
diastolic blood pressures were measured with an automatic oscillometric method
(Ruiz, et al., 2007). The mean arterial pressure (MAP) was calculated: diastolic
blood pressure+ [0.333×(systolic blood pressure–diastolic blood pressure)].
The cardiometabolic risk score was calculated as the sum of the age-sex
standardized scores (insulin, waist circumference, TG/HDLc, and MAP) multiplied
by their loadings in a factorial model validated in children and adolescents from
Spain, Sweden, and Estonia (Martínez-Vizcaino et al., 2010, 2011).
Assessment of covariates
Sexual maturation status was assessed at both time periods (Tanner and
Whitehouse, 1976). Mother's and father's income was used as markers of
socioeconomic level; incomes were reported by parents at baseline. Physical
activity was objectively measured using an activity monitor (MTI model
WAM 7164, Manufacturing Techonolgy Inc., Fort Walton Beach, FL) and expressed
in counts/min (Chillón et al., 2010).
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Statistical analysis
All statistical analyses were performed using SPSS (version 18.0, Chicago,
IL, USA). The level of signiﬁcance was set at b 0.05 for all analyses. To describe
longitudinal changes over 6-years in commuting to school patterns (aim 1),
data were presented as percentages separately for girls and boys. To examine
the association between modes of commuting to school at baseline with 6-year
changes in ﬁtness, fatness, and cardiometabolic risk factors (aim 2), interactions
between gender with ﬁtness (VO2max), fatness (BMI, waist circumference, and
sum of 5 skinfolds) and cardiometabolic risk factors (insulin, TG/HDLc, MAP,
and cardiometabolic risk score) were studied using analysis of covariance
(ANCOVA). Because there were only two time points (baseline and follow-up),
ANCOVA was chosen, and modes of commuting to school at baseline was
included as a ﬁxed factor. Waist circumference, sum of 5 skinfolds, insulin,
and TG/HDLc were log transformed. There were no interactions by gender;
thus, analyses were conducted with boys and girls combined. The model for
ﬁtness was adjusted for gender, change in sexual maturation status, baseline
VO2max, and baseline weight. The models for fatness and cardiometabolic risk
factors were adjusted for gender, change in sexual maturation status, and the
baseline value of each studied outcome. Pairwise comparisons between baseline modes of commuting to school (passive vs. walk, passive vs. bicycle, and
walk vs. bicycle) were adjusted for multiple testing using the Bonferroni
correction.
To investigate the association between changes in mode of commuting to
school and changes in ﬁtness, fatness, and cardiometabolic risk factors from
childhood to adolescence (aim 3), we focused on the participants who were
passive or walkers at baseline. We compared changes in ﬁtness, fatness, and
cardiometabolic risk factors between those that became bicyclists at follow-up
(called the passive/walk to bicycle group) compared to those who did not change
the mode (called the persistent passive/walk group). These associations were
examined by ANCOVA, and the same covariates as in aim 2 were included in
the models. Additional analyses were calculated for changes in ﬁtness, adjusting
for baseline height, mother's income, father's income, and baseline physical
activity, separately.

Results
(Aim 1) Changes in school commuting patterns
Characteristics of the study sample by gender at baseline and followup are shown in Table 1. In the whole sample, the percentage of passive
commuting at baseline (34%) was similar at follow-up (34%); the
percentage of bicyclists increased from 12% to 31%, and the percentage
of walkers decreased from 54% to 35%, both from baseline to follow-up.
(Aim 2) Baseline commuting to school and changes in ﬁtness, fatness,
and cardiometabolic risk factors
The change observed in ﬁtness signiﬁcantly differed by commuting
groups at baseline (p = 0.003, Table 2). On average, children who
bicycled to school increased their ﬁtness 13% (p = 0.03) more than
those who used passive modes and 20% (p = 0.002) more than
those who walked during the 6-year period. Changes in fatness
and cardiometabolic risk factors did not differ between baseline
commuting groups. Unadjusted values at baseline and follow-up for
passive mode, walkers, and bicyclists are presented in Supplementary
Table 1.
(Aims 3) Changes in commuting to school and changes in ﬁtness, fatness,
and cardiometabolic risk factors
The change (follow-up — baseline) observed in ﬁtness signiﬁcantly
differed among passive/walker participants at baseline that kept with
the same mode of commuting at follow-up and those who changed
their mode of commuting to school as bicyclists at follow-up (Table 3).
Children who were passive or walked at baseline and bicycled to school
at follow-up increased their ﬁtness 14% (p =0.001) more than those
who kept passive or walking 6-years later. When these analyses were
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Table 1
Baseline (1998/9) and follow-up (2004/5) characteristics of the Swedish cohort (n = 262).
Baseline (1998/9)

Follow-up (2004/5)

Girls

Age (years)
Tanner stage (% at I/II/III/IV/V)
Weight (kg)
Height (cm)
Commuting (% Passive/Walk/Bicycle)
VO2max (l/min)
Body mass index (kg/m2)
Waist circumference (cm)
Sum of 5 skinfolds (mm)
Insulin (pmol/L)
Triglyceride (mmol/L)
HDL cholesterol (mmol/L)
Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
Cardiomebatolic risk score

Boys

n

Mean

(SD)

142
140
141
141
142
137
141
141
132
89
106
106
141
141
87

9.5
(0.4)
65/33/3/0/0
32.7
(6.6)
137.8
(6.6)
38/49/13
1.2
(0.2)
17.1
(2.3)
59.2
(6.0)
45.5
(17.4)
33.1
(14.5)
0.8
(0.3)
1.4
(0.2)
104.1
(7.3)
62.8
(5.9)
0.1
(1.2)

Girls

Boys

n

Mean

(SD)

n

Mean

120
113
119
119
120
115
119
119
117
96
103
103
120
120
94

9.5
99/1/0/0/0
33.5
139.2
28/60/12
1.4
17.2
60.6
40.8
28.4
0.6
1.5
103.6
61.1
− 0.1

(0.3)

142
140
142
142
142
131
142
142
142
128
129
129
140
141
126

15.5
(0.4)
0/5/24/49/22
56.9
(8.9)
164.7
(5.4)
35/37/28
2.2
(0.4)
20.9
(2.7)
68.4
(6.6)
69.8
(24.8)
52.1
(22.9)
0.8
(0.3)
1.5
(0.3)
106.1
(8.8)
62.1
(6.5)
− 0.2
(1.3)

(6.5)
(5.6)
(0.2)
(2.5)
(6.3)
(18.0)
(12.4)
(0.2)
(0.3)
(6.9)
(5.3)
(1.2)

(SD)

n

Mean

(SD)

120
111
120
120
120
116
120
120
117
116
116
116
119
119
116

15.5
(0.3)
1/3/6/22/69
64.0
(10.9)
176.5
(7.1)
33/32/35
3.1
(0.5)
20.5
(2.9)
71.7
(6.6)
45.2
(19.6)
45.0
(22.1)
0.9
(0.4)
1.4
(0.3)
111.0
(10.8)
60.2
(6.3)
− 0.4
(1.4)

SD, standard deviation. VO2max, maximal oxygen consumption.

further adjusted for baseline height, mother's income, and father´s
income separately, the results persisted. However, when these analyses
were adjusted for baseline physical activity the association was
attenuated (p= 0.03). There were no signiﬁcant differences for fatness
and cardiometabolic risk factors among the persistent passive/walk
group and the passive/walk to bicycle group. Unadjusted values at baseline and follow-up for persistent passive/walkers and passive/walkers
that changed to bicycling are presented in Supplementary Table 2.
Discussion
The results suggest that in this cohort of Swedish children: 1) bicycling
to school increased while walking to school decreased from childhood to
adolescence, both in girls and boys; 2) bicycling to school in childhood
was related to improvements in ﬁtness 6 years later; 3) passive/walker
children who became bicyclists at adolescence improved their ﬁtness
levels compared to those who kept commuting by passive/walking; and
4) the two previous ﬁndings were not observed for changes in fatness
and cardiometabolic risk factors.
Patterns of active commuting to school changed similarly in boys
and girls from childhood to adolescence; the prevalence of bicycling
increased and the prevalence of walking decreased. A similar change
in active commuting patterns was found among Danish youth
(Cooper, et al., 2008) from childhood to adolescence, with bicycling
increasing and walking declining. This might be related with agerelated independent mobility (Davison, et al., 2006; Page, et al., 2010).
Both participants and parents might perceive that it is safer to bicycle

rather than walk during adolescence. Another reason might be that
distance to school increased (e.g., secondary school was farther than
primary school), making it more feasible to bicycle rather than walk.
The current study showed that children who bicycle to school at
baseline improved their VO2max more than those who were passive or
walked to school over the 6-year period. This relationship was further
supported when examining the relationship of longitudinal changes in
mode of commuting with changes in ﬁtness from childhood to adolescence. Passive/walker children who became bicyclists at adolescence
improved their ﬁtness levels more than those who kept commuting by
passive/walking. The changes in ﬁtness were mainly due to the change
of commuting mode, because statistical analyses were adjusted for baseline weight and change in sexual maturation status. When these analyses
were additionally adjusted for baseline height and mother or father's
incomes separately, the results persisted. However, when these analyses
were adjusted for baseline physical activity assessed by accelerometry
the association was attenuated. However, this adjustment is of concern
because the measure includes counts taken from active commuting.
Whether the differences in the improved ﬁtness between those who
bicycled to school and those who walked or used passive modes to
school was due solely to active commuting or to a higher overall
physical activity remains to be established.
We did not ﬁnd signiﬁcant associations between mode of commuting
to school and fatness levels or cardiometabolic risk factors. It might be
that bicycling is not enough stimulus to improve the levels of fatness
and cardiometabolic risk factors. However, fatness might be improved
in bicyclists followed for a longer period, since there were small

Table 2
Mean and 95% conﬁdence intervals (CI) of changes (follow up-baseline) in ﬁtness, fatness, and cardiometabolic risk factors by mode of commuting to school at baseline (1998/9) in
the Swedish cohort (n = 262).
Modes of commuting to school at baseline
Change in:

VO2max (l/min)
Body mass index (kg/m2)
Waist circumferenceb (cm)
Sum of 5 skinfoldsb (mm)
Insulinb (pmol/L)
Triglycerides/HDLcb (mmol/L)
Mean arterial pressure (mm Hg)
Cardiometabolic risk score

Passive

Walk

Pa

Bicycle

n

Mean

95% CI

n

Mean

95% CI

n

Mean

95% CI

75
82
82
78
53
61
81
52

1.289
3.601
10.157
14.501
13.501
0.108
0.942
− 0.398

1.210 to 1.367
3.188 to 4.014
9.084 to 11.231
10.865 to 18.137
8.209 to 18.793
0.030 to 0.187
− 0.387 to 2.271
− 0.704 to − 0.091

118
131
131
125
86
100
129
85

1.235
3.555
9.879
13.564
14.473
0.100
0.459
− 0.493

1.172 to 1.298
3.227 to 3.882
9.028 to 10.730
10.693 to 16.436
10.349 to 18.597
0.039 to 0.161
− 0.593 to 1.511
− 0.731 to − 0.255

28
29
29
26
20
22
29
20

1.488
3.642
9.940
14.836
20.322
0.068
2.205
0.019

1.360 to 1.617
2.945 to 4.339
8.131 to 11.749
8.574 to 21.098
11.693 to 28.951
− 0.062 to 0.198
− 0.011 to 4.420
− 0.471 to 0.509

0.003
0.97
0.88
0.99
0.59
0.73
0.37
0.18

All analyses were adjusted for gender, change in sexual maturation status, and the baseline value of each studied outcome. In addition, ﬁtness was adjusted for baseline weight.
a
P overall from ANCOVA analyses within the passive, walk, and bicycle groups; each row is a separate analysis.
b
Log-transformed data were used in the analysis, but raw data are shown in the table.
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Table 3
Mean and 95% conﬁdence intervals (CI) of changes (follow up-baseline) in ﬁtness, fatness and cardiometabolic risk factors for persistent passive/walkers and those who changed
from passive/walk to bicycle from baseline (1998/9) to follow-up (2004/5) in the Swedish cohort (n = 262).
Changes in modes of commuting to school
Change in:

VO2max (l/min)
Body mass index (kg/m2)
Waist circumferenceb (cm)
Sum of 5 skinfoldsb (mm)
Insulinb (pmol/L)
Triglycerides/HDLcb (mmol/L)
Mean arterial pressure (mm Hg)
Cardiometabolic risk score

Persistent Passive/Walk

Pa

Passsive/Walk to Bicycle

n

Mean

95% CI

n

Mean

95% CI

136
153
153
146
97
112
151
95

1.205
3.676
9.955
14.992
14.048
0.124
0.701
− 0.458

1.146 to 1.263
3.379 to 3.973
9.161 to 10.749
12.414 to 17.571
10.377 to 17.707
0.066 to 0.181
− 0.292 to 1.695
− 0.676 to − 0.239

57
60
60
57
42
49
59
42

1.383
3.376
10.373
12.097
12.464
0.062
0.688
− 0.516

1.292 to 1.473
2.900 to 3.853
9.098 to 11.647
7.953 to 16.241
6.849 to 18.079
− 0.025 to 0.150
− 0.909 to 2.284
− 0.846 to − 0.186

0.001
0.29
0.68
0.19
0.79
0.39
0.99
0.77

All analyses were adjusted for gender, change in sexual maturation status, and the baseline value of each studied outcome. In addition, ﬁtness was adjusted for baseline weight.
a
P overall from ANCOVA analyses within the persistent passive/walk and the passive/walk to bicycle groups; each row is a separate analysis.
b
Log-transformed data were used in the analysis, but raw data are shown in the table.

improvements in the sum of 5 skinfolds. Participants reported short
bicycling trips; 90% of the trips lasted less than 15 min. Similar results
were observed in a cohort of 7th grade US children; active commuting
to school over 2 years was not associated with changes in BMI or weight
status (Rosenberg, et al., 2006). Pabayo, et al. (2010) found improvements in BMI of early adolescent Canadian children with sustained active
transportation in 3 years. Also, in a longitudinal study among Norwegian
and Dutch adolescents, those who continued bicycling had a lower odds
of being overweight than those that did not bicycle, those that stopped
bicycling, and those that started bicycling (Bere et al., 2011a). A
longitudinal study has recently shown a consistent pattern of better
cardiovascular risk factor proﬁle in commuter bicyclists compared
with children using other means of transport in Denmark (Andersen,
et al., 2011). The two previous studies occurred in cities with a longstanding tradition of bicycling and rates of bicycling were more than
30% among participants.
Limitations
The current study presented some limitations. The sample size was
low to test all possible combinations regarding passive, walkers, and
bicyclists at baseline and follow-up. A larger sample size is needed to
conﬁrm the results. The question used for assessing commuting to school
did not account for frequency or multi-modes and it only reported the
trip to school. Moreover, we categorized all motorized modes of transportations (car, motorcycle, bus, or train) as passive; however, previous
studies found differences in energy expenditure between mass transit
transportation and transportation by car (Morabia, et al., 2010). There
might be other covariates not measured that would account for changes
in ﬁtness, such as distance to school. There were only two time points
(baseline and follow-up) for analyzing the longitudinal changes.
Fitness was measured using a cycle ergometer and frequent bicyclists
might perform the test better than walkers and passive commuters. This
limitation has also been showed in previous studies (Andersen, et al.,
2009; Chillón et al., 2010; Cooper, et al., 2008). A cross-sectional study
carried out in English children assessed ﬁtness using the 20 m shuttlerun test (Voss and Sandercock, 2010) and showed that those who
bicycled to school were ﬁtter than passive travelers (car and public
transportation). In this study, ﬁtness was assessed by a running test,
which suggests that associations between bicycling to school and
ﬁtness may only be observed in studies using either bicycling or running tests to assess ﬁtness.
Conclusion
Bicycling to school in childhood was associated with ﬁtness improvements over a 6-year period and becoming a bicyclist to school was also
associated with ﬁtness improvements. Implementing initiatives that

encourage bicycling to school for young people might be a useful public
health strategy. To date, interventions promoting active commuting to
school have been implemented and assessed, but with limited effectiveness (Chillón et al., 2011). Our data support that more efforts focused on
long-term outcomes and sustainability of active transportation to school,
particularly bicycling, might be beneﬁcial for youth health.
Supplementary materials related to this article can be found online at http://dx.doi.org/10.1016/j.ypmed.2012.05.019.
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