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ABSTRACT

Introduction Active commuting is an inexpensive and
accessible form of physical activity and may be beneficial
to health. The aim of this study was to investigate the
association of active commuting and its subcomponents,
cycling and walking, with cardiometabolic risk factors,
physical fitness and body composition in young men.
Methods Participants were 776 Finnish young (26+7
years), healthy adult men. Active commuting was
measured with self-report. Waist circumference was
measured and body mass index (BMI) calculated. Aerobic
fitness was measured with bicycle ergometer and
muscular fitness with maximal leg and bench press, sit-
ups, push-ups and standing long jump. Cardiometabolic
risk factors were analysed from blood samples and
selected variables (glucose, insulin, triglycerides, high-
density lipoprotein cholesterol, low-density lipoprotein
cholesterol, as well as systolic and diastolic blood
pressure) were further converted to z-score to form
clustered cardiometabolic risk.

Results A total of 24% used active commuting
consisting of 10% of walkers and 14% of cyclists. After
adjustments for age, smoking, time of year, leisure-

time and occupational physical activities, cycling was
inversely associated with the clustered cardiometabolic
risk (3=—0.11, 95% Cl —0.22 to —0.01), while walking
was not (3=-0.04, 95% CI —0.16 to 0.08). However,
further adjustment for waist circumference attenuated
the associations to non-significant. Moreover, cycling but
not walking was inversely associated with BMI, waist
circumference and maximal strength, while a positive
association was observed with aerobic fitness (p<0.05).
Conclusion This study shows that cycling to work

or study has beneficial associations to clustered
cardiometabolic risk, body composition and aerobic fitness
in young, healthy adult men.

INTRODUCTION

Lack of physical activity has shown to be
associated with morbidity and premature
mortality.! One of physical activity domains,
active commuting may provide large poten-
tial to increase physical activity because itis an
accessible and relatively cheap alternative for
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What are the new findings

» Cycling to work or study was inversely associated
with clustered cardiometabolic risk in young, healthy
men.

» Cycling to work or study was positively associated
with cardiorespiratory fitness and inversely with
body composition in young, healthy men.

» Walking to work or study was not associated with
physical fitness, body composition or clustered car-
diometabolic risk in young, healthy men.

many individuals. In addition, it can be inte-
grated into everyday life especially for those
not interested or motivated to engaging in
leisure-time physical activity.

The first large-scale study regarding active
commuting and health was conducted by
Andersen et al who showed in 20000 subjects
that cycling to work was associated with a
28% decrease in mortality.”> Nevertheless,
previous cross-sectional studies have observed
conflicting results regarding cardiovascular
risk factors, such as blood pressure, choles-
terols and fasting glucose.” Nevertheless,
clustering of cardiovascular disease (CVD)
risk factors has been observed to inversely
associate with active Commuting.45

In addition to physical activity and its
components alone, physical fitness and
body composition have independent and
mediating effects regarding cardiometa-
bolic health.® Therefore, it is of interest to
evaluate the associations between active
commuting and fitness as well as body compo-
sition. Recent results from cross-sectional
studies have shown that active commuting
is inversely associated with body mass index
(BMI) and body fat percentage (BF%) in
adult populations,”® whereas physical fitness
has been less studied in adults. The few
previous cross-sectional studies show positive
associations between active commuting and

BM)

Vaara JP, et al. BMJ Open Sp Ex Med 2020;6:€000668. doi:10.1136/bmjsem-2019-000668 = 1

BAsem


http://bmjopen.bmj.com/
http://orcid.org/0000-0002-2346-4073
http://crossmark.crossref.org

cardiorespiratory fitness, whereas muscular fitness vari-
ables show non-significant findings.”’

The associations and responses in the outcomes
regarding active commuting can be different for walking
and cycling as evidenced in some of the earlier studies
favouring cycling compared with walking (eg, see previous
works'*™'?). Therefore, the primary aim of the present
study was not only to compare fitness, body composi-
tion and cardiometabolic risk factors between active and
passive commuting but also to assess more specifically
associations of walking and cycling as separate entities.

METHODS

Patient and public involvement

The present cross-sectional study includes no patient
and public involvement. Participants were 776 young
(age 26+7 years.) adult Finnish men, who were invited
in the military refresher training. The call up to military
refresher training and information about the study plan
for participants were sent to participants 5 months before
commencement of the study, which was carried out in
seven different measurement sessions in 2015 (from May
until November). The study protocol was explained in
detail to the participants before they gave their written
consent. This work was supported by The Scientific
Advisory Board for Defence, Finland; National Defence
Foundation, Finland and Support Foundation of the
Finnish Defence Forces. Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) cross-
sectional reporting guidelines have been applied in this
study."”

Altogether, 1106 men were called up and 823 could
participate in the military refresher training (response
rate 74%). Among those men who participated in the
military refresher training, 32 refused to take part in the
study (response rate 96%). There were 15 women who
participated in the study but are not included in these
analyses. Due to some missing values in the outcomes,
the total study sample was 749. The study sample was
compared with corresponding cohorts of Finnish men
aged 20-30 years old in the national register data (Statis-
tics Finland) from the year 2014 for education and place
of residence. Based on these analyses, in the current
study sample, Northern and Southern Finland were
slightly overrepresented. In addition, the proportion
of those participants who had studied 13 years or more
was slightly over-represented. Taking into account these
limitations, the present study sample can be considered
to represent young adult Finnish men.

Assessment of travel behaviour and background information

A questionnaire was used to assess demographics,
physical activity and active commuting behaviour. Trans-
portation mode to work or study was assessed with a question:
“What is your typical transport mode to work or school?
Response options were car, train, bus or tram, walking,
cycling or other modes. The participants were only able
to select one main mode of commuting. The commuting

mode was stratified into active commuting as walking
and cycling, whereas car, public and other modes were
combined as passive travel behaviour, similar to previous
studies.’” 21 In the present study, a questionnaire of
commuting mode was similar to what previous studies
have used.® """ Although, active commuting ques-
tionnaires have not been extensively validated, Panter
et al showed that compared with objective measures
(combined heart rate and movement sensors and global
positioning system device), self-report instruments
resulted in a 2 min overestimation for walking and a 1
min underestimation for cycling per tlrip.15 In addition,
active commuting modes are mostly routine activities and
therefore smaller recall bias may be present compared
with other physical activity domains."®

Demographic variables consisted of age, marital status,
employment status and smoking. Moreover, leisure-
time and occupational physical activities (OPA, LTPA) were
assessed by self-report and they were used as covariates
in the statistical analysis. A detailed description of the
questions has been reported earlier.” Moreover, LTPA
question has been validated against fitness in a previous
study observing that weekly frequency of vigorous phys-
ical activity was positively associated with fitness.'”

Assessment of body composition, physical fitness and
cardiometabolic risk factors
Body composition. Body weight was measured to the
nearest 0.1 kg and body height by a commercial scale to
the nearest 0.1 cm. BMI was also calculated. Waist circum-
ference was measured by a tape measure at the level
of iliac crest after exhaling. Physical fitness was assessed
with several tests including cardiorespiratory fitness and
muscular endurance and maximal strength. The partici-
pants performed the physical fitness tests in the following
order: standing long jump, isometric maximal force,
cardiorespiratory fitness and after minimum of 30 min
rest muscular endurance tests were performed.

Cardiorespiratory fitness (VO,max) was determined using
an indirect graded cycle ergometer test (Ergoline 800S,
Ergoselect 100K, Ergoselect 200K, Bitz, Germany) until
exhaustion. A detailed protocol information can be
found elsewhere together with results of the high intra-
class correlation of using this method.'®

Muscular endurance tests consisted of push-ups and sit-
ups (repetitions/minute). There was a recovery period
of 5 min between the tests. Standing long jump test was
performed in the specifically designed gym mat. The
warm-up lasted 10 min and consisted of callisthenics
exercises, such as xjumps, push-ups, sit-ups, squats,
planks and countermovement jumps. The participants
completed three trials each interspersed by a 1 min rest
period. The performance was measured with 1 cm preci-
sion. Maximal isometric force was measured with horizontal
bench and leg press (both regarded as tests for maximal
strength) using a dynamometer. Detailed information
about procedures can be found elsewhere.”
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The cardiometabolic risk factors consisted of blood pressure,
serum lipids and plasma glucose, insulin and HbAI1C.
Furthermore, inflammatory factors, such as interleukin-6
(IL-6), C reactive protein (CRP) and adiponectin, were
measured. Blood pressure was recorded three times at
2 min intervals in a seated position using an automatic
blood pressure device (Omron M6 Comfort, Nether-
lands). In the analysis, a mean of the two lowest values was
used. Blood samples were drawn from the ulnar vein using
Terumon Venosafe (Terumo Europe, Leuven, Belgium)
and were centrifuged at the speed of 3500 rpm. Glucose,
insulin, HbA1C, serum high-density lipoprotein (HDL)-
cholesterol and triglycerides (TGs) were analysed by the
Konelab 20 XTi -device (Thermo Electron Co, Vantaa,
Finland) and the isolated low-density lipoprotein (LDL)-
cholesterol fraction was used for direct measurement
of LDL-cholesterol (CHOD-PAP method). Moreover,
apolipoprotein (Apo) Ala and Alb and their ratio were
analysed. The ranges for TGs, HDL-cholesterol and LDL-
cholesterol assays were 0.05-11.0, 0.16-0.84, 0.09-11.0
mmol/L, respectively, and for Apo Al and B 0.1-11.0
and 0.1-11.0, respectively. The ranges for glucose, insulin
and HbAlc were 0.3-40.0 mmol/L, 2.0-300.0 IU/mL
and 20.0-150.0 mmol/mol, respectively. Moreover, the
ranges for adiponectin, IL-6 and for CRP were 5.0-150.0
ng/mL, 2.0-60.0 pg/mL and 0.2-3780.0 mg/L, respec-
tively. Intra-assay and interassay coefficients of variance
were 1.0% and 2.5% for TG, 1.1% and 2.3% for LDL, and
0.5% and 7.6% for HDL, respectively, and for Apo Al
and B 2.7% and 4.6% and 1.6% and 3.4%, respectively.
Intra-assay and interassay coefficients of variance were
1.0% and 1.6%, 4.0% and 4.9%, and 1.6% and 2.8% for
glucose, insulin and HbAlIc, respectively. Intra-assay and
interassay coefficients of variance for adiponectin, IL-6
and CRP were 4.4% and 5.8%, 4.5% and 5.3%, and 4.7%
and 7.1%, respectively.

In addition, a continuous clustered cardiometabolic
risk, similar to earlier studies,5 19 as used in the current
study. The score consisted of glucose, insulin, TGs,
HDL-cholesterol, LDIL-cholesterol, as well as systolic
and diastolic blood pressure. First, the values of each
cardiometabolic risk factor were transformed to z-scores.
HDL-cholesterol was inverted before being included in
the risk score. The continuous clustered cardiometabolic
risk (range —1.17 to +3.11) was calculated from the mean
of z-score values of all cardiometabolic risk factors.

Statistical analysis

Data were analysed with IBM SPSS Statistics V.22.0.0.0.
Descriptive statistics as frequencies, means, SD and 95%
CI were calculated. Normal distribution was tested with
Kolmogorov-Smirnoff. Those variables that were not
normally distributed were log-transformed (HDL, LDL,
TGs, Apo-Al, Apo-B, Apo-Al/Apo-B ratio, glucose,
insulin, HbAlc, adiponectin, IL-6 and CRP). Analysis
of covariance and nominal regression analysis were
conducted for exploring the associations between passive
and active commuting including its subgroups (cycling

and walking) with body composition, physical fitness and
cardiometabolic risk factors. Besides the adjustments of
age and smoking in the regression models, leisure-time
physical activity and occupational physical activity were
adjusted because of their interactions. The proportion
of those engaging to leisure-time physical activity three
or more times per week (high LTPA group) were as
follows: 51% among cyclists, 43% among walkers and
38% among passive commuters (p=0.074). In addition,
the proportions of those with sedentary or light occupa-
tional physical activity (low OPA group) were 52% among
cyclists, 58% among walkers and 41% among passive
commuters (p=0.017). In addition, measurement site was
used as a covariate to reflect seasonal variation in active
commuting because measurements were conducted
starting from May until November including different
seasons. Furthermore, additional model included also
waist circumference as an adjusted variable for clustered
cardiometabolic risk.

RESULTS

Participants characteristics

The demographics and travel modes to work or study
are presented in table 1 and the means and SD in body
composition, physical fitness and cardiometabolic risk
factor variables in table 2. Twenty-four per cent engaged
to active commuting consisting of 10% walkers and 14%
cyclists (table 1).

Associations of active commuting with physical fitness and
body composition

After adjustments for age, measurement site, smoking,
leisure-time and occupational physical activities, active
commuting group had higher aerobic fitness but lower
push-up performance and maximal strength of the lower
and upper extremities compared with passive travellers
(p<0.05). In addition, cycling group had higher maximal
oxygen uptake (p<0.05), whereas the walking group
had lower maximal oxygen uptake and maximal force
of lower extremities compared with passive travellers
(p<0.05). After the adjustments, cycling group had lower
waist circumference and BMI (p<0.05), whereas no other
differences were found between the groups (table 3).

Associations of active commuting with cardiometabolic risk
factors

Although the clustered cardiometabolic risk was not asso-
ciated with active commuting in general (=-0.08,95% CI
-0.17 to 0.01, p=0.059) or with walking (f=—-0.04, 95% CI
-0.16 to 0.08, p=0.507), a significant inverse association
with cycling was observed (B=-0.11,95% CI-0.22 to-0.01,
p=0.044) adjusted for age, measurement site, smoking,
leisure-time and occupational physical activity. However,
the association was attenuated to non-significant after
further adjustment for waist circumference. After the
adjustments for age, measurement site, smoking, leisure-
time and occupational physical activity, no differences
were observed in single cardiometabolic or inflammatory
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Table 1 Demographic and baseline characteristics in travel Table 2 The baseline characteristics in physical fitness,
parameters in the study sample cardiometabolic risk factors and inflammatory factors
Characteristics % n Mean+SD 95% ClI
Smoking Age (years) 26+7 26 to 27
Smokers 25.9 194 Body composition
Marital status Body weight (kg) 81.3+14.9 80.2t0 82.3
Married/partnered 44.6 334 Body mass index 25.2+4 .1 24910255
Divorced/widowed 3.2 24 Waist circumference 87.4+11.1 86.6 to 88.2
Never married/single 522 391 (cm)
EelucEiien Physical fitness
<9 years 33 o5 VO, .. (mL/min/kg) 41.1+7.8 40.5to 41.6
10-12 years 33.6 252 Standing long jump (cm) 227+26 225 to 229
13-15 years 41.9 314 Sit-UpS (reps/min) 35+12 34 to 36
>16 years 29 1 158 Push-ups (reps/min) 28+14 27 to 29
Employment status Maximal strength in 871+216 856 to 887
bench press (N)
Employed 69.3 519 i )
Maximal strength inleg  3394+933 3327 to 3461
Student 25.0 187 extension (N)
House husband/unemployed 5.7 43 Cardiometabolic risk factors
Mode of travel to work or study Systolic blood pressure  123.4:11.8  122.6 to 124.3
Active commuting 241 181 (mmHg)
Walking 101 76 Diastolic blood pressure 74.5+9.2 73.8to 75.1
Cycling 140 105 (mmHg)
Passive travel 75.9 568 E—lDL—tl:/th))lesterol 1.41+£0.33 1.3910 1.43
mmo
Leisure-ti hysical activit
e LDL-cholesterol 2.76+0.81 2.70 to 2.81
Moderate 464 223 Triglycerides (mmol/L) ~ 1.12+0.81 1.07 to 1.17
High 259 303 Apo-A1 (g/L) 1.52+0.27 1.50 to 1.54
Cecuprileitl 2 vstesl EEiliy Apo-B (ug/L) 0.80+0.22 0.78 to 0.81
Low 27.8 204 Apo-A/Apo-B ratio 2.04+0.66 1.99 to 2.09
Moderate 46.1 341 Plasma glucose 4.91+0.75 4.86 to 4.96
High 26.1 190 (mmol/L)
Insulin (mIU/L) 4.85+4.05 4.57 to 5.14
risk factors between any of the groups, although border- HbA1c (mmol/mol) 31.47+3.05 31.26 10 31.70
line significances were observed for cycling and walking Clustered - 0.003+0.571 -0.04 to 0.04
compared with passive travellers in insulin concentration cardiometabolic risk
(p=0.053, p=0.061, respectively) (table 4). Moreover, the Inflammatory factors
regression analysis showed similar non-significant associ- Adiponectin (ug/mL) 6.50+2.55 6.32 t0 6.68
ations and additional adjustment for waist circumference IL-6 (og/mL) 1.1621.46 1.06101.26
did not change these results. CRP (mg/L) 1.59:+3.83 13210 1.86

DISCUSSION

The main results of the present study indicate that cycling
was inversely associated with the clustered cardiometa-
bolic risk. Moreover, cycling but not walking to work or
study was inversely associated with body composition and
positively with aerobic fitness.

In previous cross-sectional studies, conflicting results
have been observed regarding blood pressure, choles-
terols and fasting glucose (eg, see previous work®).
Our previous study with a similar study sample showed
that active commuting combining walkers and cyclists

CRP, C reactive protein ; HDL, high-density lipoprotein; IL-6,
interleukin-6; LDL, low-density lipoprotein.

together and including running errands was inversely
associated with the clustered cardiovascular risk but
not with single risk factors.” Similarly, Kwasniewska et
al found no association between active commuting and
single CVD risk factors however, when CVD risk factors
were clustered together as metabolic syndrome, a higher
prevalence of the syndrome in the low active commuting
group was observed compared with the high group.* In
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Table 3 Group comparisons (mean+SE) between passive travel and active commuting (walking, cycling) in body
composition, physical fitness and cardiometabolic risk factors adjusted for age, smoking, measurement site, leisure-time and
occupational physical activity

Passive travel (n=568)

Active commuting (n=181)

Cycling (n=105)

Walking (n=76)

Body composition

Body mass (kg)

Body mass index

Waist circumference (cm)
Physical fitness

VO, max (mL/kg/min)

Standing long jump (cm) 226.9+1.2 (224.5-229.2)

Sit-ups (reps/min)
Push-ups (reps/min)

Maximal strength in
bench press (N)

Maximal strength in leg
extension (N)

Cardiometabolic risk factors

Systolic blood pressure
(mmHg)

Diastolic blood pressure
(mmHg)

HDL-cholesterol
(mmol/L)

LDL-cholesterol (mmol/L)

Triglycerides (mmol/L)

Apo-A (g/L)

Apo-B (pg/L)

Apo-A/Apo-B ratio

Plasma glucose (mmol/L)

Insulin (mIU/L)

HbA1c (mmol/mol)
Inflammatory factors

Adiponectin (mmol/L)

IL-6 (pg/mL)

CRP (pg/mL)

82.2+15.1 (81.0-83.5)
25.3+0.2 (24.9-25.7)
87.9+0.50 (86.9-88.9)

39.8+0.3 (39.2-40.5)

33.5+0.5 (32.5-34.5)
27.7+0.6 (26.6-28.9)

3425+39 (3256-3424)

86910 (850-888)

123.9+0.6 (122.8-125.0)

75.10.4 (74.2-75.9)
1.39+0.02 (1.36-1.42)

2.72+0.04 (2.65-2.80)
1.14=0.03 (1.09-1.20)
0.40+0.01 (0.38-0.41)
0.79+0.01 (0.77-0.81)
2.05+0.03 (1.99-2.11)
4.89+0.02 (4.85-4.94)
5.07+4.35 (4.70-5.43)

31.55+0.15 (31.27-32.25)

6.34+0.12 (6.10-6.59)
1.17+0.07 (1.04-1.31)
1.60+0.16 (1.27-1.92)

79.0+14.2 (76.9-81.1)
24.6+0.3 (24.0-25.3)
86.2+0.87 (84.4-87.9)

41.8+0.59 (40.67-42.98)**
223.5+2.10 (219.3-227.6)

34.8+0.9 (33.1-36.5)

25.4+1.0 (23.3-27.4)*
3315270 (3178-3452)*

80517 (771-838)**

122.4+1.0 (120.4-124.3)
74.6+0.7 (73.1-76.0)
1.41=0.03 (1.35-1.46)

2.65+0.06 (2.52-2.78)
1.11=0.05 (1.01-1.20)
0.42+0.01 (0.39-0.44)
0.80+0.01 (0.77-0.83)
2.08+0.05 (1.97-2.18)
4.83+0.04 (4.74-4.92)
4.41+3.07 (3.96-4.87)
31.470.25 (30.99-31.95)

6.43+0.22 (6.01-6.85)
1.32+0.12 (1.08-1.56)
1.68+0.33 (1.04-2.32)

77.4+13.3 (74.8-80.1)*
24.4+0.4 (23.5-25.2)"
85.3+1.1 (83.1-87.5)*

44.1+0.7 (42.7-45.6)"*

224.9+2.7 (219.7-230.2)

(

(
35.2+1.1 (33.0-37.3)
25.6+1.3 (23.1-28.2)

3087+94 (2903-3271)*

77521 (733-817)**

122.3+1.2 (119.9-124.8)

74.3+0.9 (72.5-76.1)

1.39+0.04 (1.32-1.45)

2.61+0.08 (2.45-2.78)
1.11=0.06 (0.98-1.23)
0.41+0.02 (0.38-0.44)
0.79+0.02 (0.75-0.84)
2.03+0.07 (1.90-2.16)
4.82+0.05 (4.73-4.92)
4.28+3.33 (3.50-5.05)

31.59+0.32 (30.96-32.23)

6.33+0.28 (5.79-6.87)
1.34+0.16 (1.03-1.64)
1.46+0.39 (0.70-2.22)

81.1+15.2 (77.6-84.6)
25.0+0.5 (24.1-26.0)
87.4+1.3 (84.8-89.9)

38.6+0.8 (36.9-40.3)1
221.4+3.1 (215.3-227.5)
34.4+1.3 (31.9-36.9)
25.0+1.5 (22.0-27.9)
3254109 (3041-3468)

847+25 (798-895)F

122.3+1.4 (119.5-125.1)

74.9+1.1 (72.8-77.0)

1.44+0.04 (1.36-1.51)

2.71+0.10 (2.52-3.00
1.11=0.07 (0.97-1.25
0.43+0.02 (0.39-0.46
0.81+0.03 (0.76-0.86
2.13+0.08 (1.99-2.28
4.72+0.05 (4.61-4.83
4.52+2 87 (3.95-5.08)

31.53+0.37 (30.80-32.25)

)
)
)
)
)
)

6.57+0.31 (5.95-7.18)
1.29+0.18 (0.93-1.65)
1.52+0.46 (0.61-2.42)

*p<0.05 significant difference compared with passive travel; **p<0.001 significant difference compared with passive travel.

1p<0.001 significant difference compared with cycling.
11p<0.05 significant difference compared with cycling.

Apo-A1, apolipoprotein A1; Apo-A, apolipoprotein A; Apo-B, apolipoprotein B; CRP, C reactive protein; HDL, high-density lipoprotein; IL-6,

interleukin-6; LDL, low-density lipoprotein.

line with the present study, Andersen et al also showed in
their prospective study that cycling, but not walking to
school, was inversely associated with CVD risk factors in
children."

The exercise intensity in cycling is higher compared
with walking® and, therefore, may partly explain the
difference observed between cycling and walking. More-
over, the current study sample consisted of rather fit, lean,
healthy young men and, therefore, it may be speculated
that no association was observed for active commuting
and individual CVD risk factors, as well as for inflam-
matory factors. It may be that associations exist more
commonly in different study samples, such as individuals

with obesity and sedentary individuals. In direct support
of this, Gram et alreported in their randomised controlled
trial (RCT) study that overweight and obese individ-
uals who cycled 6 months to their work decreased the
concentration of CRP, however, not that of ﬁbrinogen.21
As inflammatory factors are closely related to fat mass it
may, however, be interpreted that the decrease in CRP in
the study by Gram et al was, at least partially, mediated by
modest weight loss (1.8 kg).*!

Body mass, BMI and waist circumference were all
inversely associated with cycling but not walking to work
or study in the present study. The majority of previous
cross-sectional studies report inverse associations between
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Table 4 Regression analysis (standardised beta-coefficients and 95 % CI) of active commuting and its subgroups in body
composition, physical fitness and cardiometabolic risk factors adjusted for age, smoking, measurement site, leisure-time and

occupational physical activity

Active commuting (n=568) Cycling (n=105)

Walking (n=76)

Body composition

Body mass (kg)

Body mass index

Waist circumference (cm)
Physical fitness

~2.15 (~4.69 to 0.39)
~0.66 (~1.36 to 0.05)
~1.72 (-3.55 to 0.10)

~3.62 (~6.77 to ~0.47)"
-0.94 (-1.82 to —0.07)*
~2.57 (-4.82 to —0.33)*

~0.15 (=3.73 to 3.44)
-0.27 (-1.26 t0 0.73)
-0.52 (-3.12 t0 2.08

VO, max (mL/kg/min)
Standing long jump (cm)

Sit-ups (reps/min)
Push-ups (reps/min)

2.01 (0.77 to 3.24)™
-3.39 (-7.79 t0 1.01)

1.34 (~0.47 to 3.16)
-2.38 (-4.53 to —0.23)*

4.31 (2.81 to 5.80)™
-1.91 (-7.34 t0 3.52)

1.68 (~0.56 to 3.91)
-2.12 (-4.76 to 0.53)

-1.25 (-2.96 to 0.49)

-5.45 (-11.70 to
0.81)

0.87 (-1.71 to 3.46)
-2.75 (-5.81 t0 0.32)

Maximal strength in bench press (N)

Maximal strength in leg extension (N)
Cardiometabolic risk factors

~18.35 (-33.88 to —2.83)"

-6.41 (-9.97 to —2.85)"**

~25.28 (-44.39 to -6.16)* —8.57 (~30.68 to

13.54)
-9.37 (-13.73 to -5.00)** —2.24 (-7.29 to 2.82)

Clustered cardiometabolic risk
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
HDL-cholesterol (mmol/L)
LDL-cholesterol (mmol/L)
Triglycerides (mmol/L)
Apo-A (g/L)
Apo-B (ug/L)
Apo-A/Apo-B ratio
Plasma glucose (mmol/L)
Insulin (mIU/L)
HbA1c (mmol/mol)

Inflammatory factors
Adiponectin (mmol/L)
IL-6 (pg/mL)
CRP (pg/mL)

-0.08 (-0.17 to 0.01)
~1.61 (~3.65 to 0.43)
-0.53 (-2.02 to 1.01)
0.02 (~0.04 to 0.08)
-0.07 (-0.21 t0 0.07)
~0.04 (~0.14 to 0.07)
0.02 (~0.01 to 0.05)
0.01 (~0.03 to 0.06)
0.01 (~0.05 to 0.06)
~0.06 (~0.15 to 0.03)
-0.09 (-0.25 to —0.07)
~0.23 (-0.75 to 0.28)

0.01 (~0.06 to 0.08)
0.14 (-0.12 to 0.40)
~0.07 (~0.76 to 0.61)

-0.11 (-0.22 to -0.01)*
-1.59 (~4.10 to 0.92)
-0.72 (-2.59 to 1.15)
-0.01 (~0.07 t0 0.07)
-0.11 (~0.28 to 0.06)
-0.04 (-0.17 to 0.09)
0.01 (~0.02 to 0.05)
0.01 (~0.05 to 0.07)
-0.02 (-0.15 t0 0.12)
-0.01 (~0.03 to 0.01)
-0.22 (-0.44 t0 0.01)
~0.41 (-1.05 to 0.23)
0.01 (~0.08 to 0.09)
0.13 (-0.13 to 0.38)
~0.06 (-0.34 to 0.21)

-0.04 (-0.16 to 0.08)
~1.63 (-4.54 t0 1.27)
-1.99 (-2.36 to 1.96)
0.05 (~0.03 to 0.13)
-0.01 (-0.21 t0 0.18)
~0.03 (-0.18 to 0.11)
0.03 (~0.01 to 0.07)
0.02 (~0.05 to 0.08)
0.09 (~0.07 to 0.24)
-0.02 (~0.05 to 0.01)
0.01 (-0.19 to 0.21)
0.01 (-0.73 t0 0.73)

0.02 (~0.08 to 0.11)
~0.06 (~0.36 to 0.23)
0.07 (~0.24 to 0.38)

*p<0.05 significant difference compared with passive travel; ***p<0.001 significant difference compared with passive travel.
Apo-A, apolipoprotein A; Apo-B, apolipoprotein B; CRP, C reactive protein; HDL, high-density lipoprotein; IL-6, interleukin-6; LDL, low-

density lipoprotein.

active commuting and body weight'’ and large obser-
vational studies from UK biobank data have revealed
inverse associations with active commuting and BML"®
A prospective study confirms that change from passive
to more active commuting is associated with a reduction
in BMI,22 and the results from the few RCT studies show
that cycling to work reduces both body mass and/or body
fat®' * ** and BMI but not fat-free mass.* **

There are very few previous observational studies that
have investigated active commuting including cycling
and walking with physical fitness outcomes in adult popu-
lations. In our previous study,’ it was shown that active
commuting, either by cycling or walking, to work or

study, also including running errands, was positively asso-
ciated with aerobic fitness. Similarly, Bopp et al reported
in university students that active commuting was posi-
tively related to aerobic fitness.” Furthermore, the very
few RCT studies show beneficial effects of cycling to work
on aerobic fitness.” %

Due to cross-sectional study design causality cannot
be determined and reverse causality, however, has to be
taken into account in the present study. It may be that
aerobically fitter individuals are more prone than their
less fit counterparts to use active commuting as a means
of transportation. Second, it is possible that individuals
who have good inherited aerobic capacity are more
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prone to choose active commuting and this would also
be reflected to lower maximal strength test results in
cyclists. On the other hand, although there are not many
previous intervention studies, the few studies do suggest
a causal pathway between cycling to work and improve-
ment of cardiorespiratory fitness.*’ ! %%

In the present study, there were no differences
in explosive force production of lower extremities
measured as standing long jump between passive and
active commuters and its subgroups. Similarly, maximal
strength tests showed no differences in our previous
study with active commuting including also running
errands, although muscular endurance was higher in
those ones with high active commuting level.” On the
other hand, Bopp et al reported no differences between
active and passive commuters in muscular endurance or
maximal strength in university students.” Better muscular
endurance test results in the present study may in part be
related to the mode (60 s tests) of muscular tests since
they require also aerobic component.

Strengths and limitations

The strength of the present study is the extensive
measurements of objective measures of cardiometabolic
risk factors, including inflammatory factors, and phys-
ical fitness as well as body composition measurements.
However, the exposure outcome of commuting mode is
self-reported and therefore may be less reliable. However,
commuting mode is mostly a routine activity and there-
fore may include less limitations regarding recall bias.'®
Furthermore, only a small overestimation of 2 min for
walking and 1 min underestimation for cycling per trip
has been observed for active commuting time.'> The
main limitations of the present study are lack of data
on active commuting frequency, volume and intensity,
which all may play significant role on the outcome vari-
ables. Unfortunately, with this questionnaire we were not
able to assess these details in either cycling or walking
groups. Moreover, participants were only able to select
one main mode of travel and as some individuals may
switch between active and passive travel that is a limita-
tion. Mixed-model travel options would have offered
more insight in the current topic, and are therefore
warranted in the future studies. In addition, time of
year may influence on physical activity behaviour and
therefore we attempted to adjust the analysis with time
of year (measurement site). Most of the previous studies
have assessed aerobic fitness by using cycle ergometer
test, which could potentially favour cyclists compared
with walkers. However, a previous study showed that
mechanical efficiency was not better in cyclists compared
with walkers in submaximal performance using direct
measurement of oxygen uptake.10

CONCLUSION

In conclusion, the present study demonstrated that
among young, healthy adult men cycling to work or study
was inversely associated with clustered cardiometabolic

risk and body composition, and positively with aerobic
fitness. Similar associations were not evident for walking.
Aerobic fitness and body composition are important
mediators for cardiometabolic health and thereby their
improvements induced by cycling to work or study may
lead to cardioprotective effects in the long term. As an
important dimension of total physical activity spectrum,
cycling to work should further be promoted because
cycling is rather inexpensive form of physical activity
and therefore may be easily adopted by an individual.
Practical applications may include also improvements in
cycling infrastructure to make cycling more appealing
choice of physical activity.
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