Bjerkelund et al. Archives of Public Health (2016) 74:43
DOI 10.1186/513690-016-0155-7

Archives of Public Health

RESEARCH Open Access

Socio-demographic, personal,

@ CrossMark

environmental and behavioral correlates of
different modes of transportation to work
among Norwegian parents

Oline Anita Bjerkelund'?, Hanna Degerud' and Elling Bere'”

Abstract

were applied.

Background: Cycling and brisk-walking to work represents an opportunity to incorporate sustainable transport
related moderate- to- vigorous physical activity (MVPA) into daily routine among adults, and thus, may make an
important contributing to health. Despite the fact that walking and cycling is an option for many commuters and
also brings a number of benefits, a considerable proportion of commuters choose to use other means of transport
when cycling and walking would be a highly appropriate transport mode. The object of this study was to assess
the associations between modes of commuting to the workplace among parental adults; taking socio-
demographic, personal, environmental and behavioral factors into account.

Methods: Data from a cross- sectional questionnaire were collected from a sample of 709 parents (23 % men and
77 % women) of children aged 10-12 years-old in two Norwegian counties, Hedmark and Telemark. Commuting
behavior, socio- demographic determinants, personal and environmental factors were ascertained using
questionnaire data from the Fruit and Vegetables Makes the Marks project (FVYMM). Multivariate logistic regressions

Results: In total, 70 % of adults were categorized as car commuters to and from work, 12 % was categorized as a
cyclist and 7 % as a walker. The multivariate analyses showed that active commuters were more likely to have a
shorter distance to work and perceived the traffic as more safe. Moreover, those who actively commute to the
workplace considered commuting as a way to obtain health benefits and a way to reduce CO, emissions. Active
commuters also considered weather to be an obstacle to active commuting.

Conclusion: In this cross-sectional study of parents living in sub-urban Norway, we found that active commuting to
and from the workplace were associated with a shorter distance to work, traffic safety, environmental concern,
health benefits and weather condition. In light of these findings, cycling to work seems to be the most appropriate
target for interventions and public health campaigns within this population.

Background

An active lifestyle with regular physical activity is associ-
ated with beneficial effects on a range of health out-
comes [1, 2], reduced risk of chronic diseases [3, 4] and
enhancement of self- reported well-being [5-7]. Cycling
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and brisk-walking to work represents an opportunity to
incorporate sustainable transport related moderate- to-
vigorous physical activity (MVPA) into daily routine
among adults, and thus, may make an important con-
tributing to health [8-10]. Accordingly, daily repetitive
active transport has been reported to relate inverse with
metabolic risk factors for cardiovascular disease [4, 11],
prevalence of diabetes 2 [12], obesity [13—15], and posi-
tively with physical fitness [16—18].

Despite the fact that walking and cycling is an option for
many commuters and also brings a number of benefits, a
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considerable proportion of commuters choose to use other
means of transport when cycling and walking would be a
highly appropriate transport mode [13, 19, 20]. Hence,
trend data for high-income countries indicate that transport
related physical activity has decreased in the past 20-30
years [20-22]. Clearly, active commuting has some po-
tential disadvantages and different reasons have been
suggested, such as the difficulties of carrying heavy loads,
being at the mercy of the weather, traffic safety and distance
[13, 19, 20]. Correspondingly, a large number of studies
across different countries, for instance The Netherlands,
Denmark, Germany, Belgium, UK and US, have examined
the relationship between determinants and active commut-
ing among students and adult population [13, 19, 23-26].
Some studies have found psychological factors important,
such as strong habits [27-29], high self-efficacy [25], posi-
tive intensions [29] and attitudes towards active transporta-
tion [30]. Others have found influential factors in the
environment, such as traffic safety [31-33], residential
density, land use mix use [34, 35] and short distance be-
tween home and work [36]. However, the majority of these
studies assessed either walking alone or as a pool of active
commuters that include both cyclist and walkers, and thus
potentially neglected which specific determinants character-
istics are most important for commuters’ mode of travel.
Moreover, there has been little agreement on how commut-
ing should be measured and inconsistent measures of travel
habits have been reported in previous studies with little or
no information on their validity and reliability. Clearly,
there is a need of studies using specific and precise mea-
surements of active commuting.

Among developing countries, the prevalence of active
travel for any purpose is highest in northern European
countries where walking and cycling are far more com-
mon, than in Mediterranean cities and the United States
of America (US) [12, 19, 24, 37, 38]. In general, it is also
reported that the use of public transport, which normally
requires walking or cycling to a station, is also more
common in Europe than in US and Mediterranean
countries [13, 31]. In example, the prevalence of com-
muter walking in the US is reported approximately 2.5
3 %, while cycling consist of 0.5-1 % of total commuter
trips [12, 37]. On the other hand, countries in northern
Europe, eg Denmark, Belgium and the Netherlands have
much higher prevalence of active commuters, in general
approximately 40-50 % of total commuter trips to work
are made by either walking (20-25 % of total commuting
trips) or cycling (20-25 % of total commuting trips) in
these countries [21, 39, 40]. In Norway, Vagane and col-
legues (2012) has presented data from a study measuring
usual mode of travel transportation in a national Norwe-
gian sample and found that among 11 % of commuter
trips was made by either walking or bicycling [41]. How-
ever, it is important to be aware of that comparisons of
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data from different countries are difficult, because no
standardized method has been used in commuting and
transport research [23]. Moreover, there is also major
differences in active transportation habits across coun-
tries, even when geography, population density and, cli-
mate are apparently similar [20]. On the other side, there
is consistent evidence across different countries that the
benefits of active transport are multifactorial, and include
in addition to opportunities for habitual physical activity
and beneficial health effects, reduced pollution emission,
less traffic, and greater social interactions [13, 20, 42]. It is
also likely that active transport could represent a time- ef-
ficient, cheap and thus feasible approach for increasing
levels of physical activity, [19, 30, 43] which is important,
especially among working parents.

Therefore, better insight in factors associated with active
commuting can provide an empirical basis for effective
intervention among parents. Accordingly, the aim of this
study was to assess the associations between modes of
commuting to the workplace and socio-demographic, per-
sonal, environmental and behavioral factors into account
among parents.

Methods

Research design and setting of the study

The present study is part of the project “cohort I1I” sur-
vey within the Fruit and Vegetables Makes the Marks
project (FVMM) [44] and the Active Transportation to
school and work in Norway project [26, 45]. Research
clearance was obtained from the Norwegian Social Sci-
ence Data Services (NSD; ID = 22405). Informed written
consent was sought from all the participants.

Characteristics of participants

The sample includes 709 parents of children in 6™ and 7
graders (10-12-years of age) at 27 randomly selected
schools in two Norwegian counties, Hedmark and Tele-
mark. The data collection took place in September 2008
were a total of 1339 schoolchildren (out of 1912 eligible)
brought home a parent questionnaire to be completed in-
dependently by one of their parents. A total of 1012 par-
ents completed the questionnaire. Based on the answers
from the 1012 questionnaires, we excluded parents not
working away from home (# = 128) and those working less
than 1 day a week away from home (n=38). We also
excluded parents with inconsistent or erroneous answers
(n=137). This included foremost a large group of partici-
pants where the number of days that they reported work-
ing away from home did not correspond to how many
days a week they reported using different modes of com-
muting. For instance, some reported working 5 days a
week away from home, but only reported commuting by
any given mode of transportation for three of these days.
We only included participants where this reporting was
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completely consistent. The final selection that was in-
cluded in statistical analyses consisted consequently of
709 parents, whereas 690 of them had reported gender.

Measures

Mode of commuting

Commuting to work was obtained using a questionnaire
to record participant’s self-reported travel to and from
work based on a questionnaire matrix shown to have ac-
ceptable test-retest reliability [45] and a significant rank
order agreement [46].

Hence, the outcome was assessed with separate items
to and from work for different seasons; fall, winter,
spring and summer by asking; “How many days a week
do you travel to/from work?: (1) walking (2) cycling (3)
by car (4) by public transport, giving a total of eight
responses (to and from work) per mode of commuting
(ie to and from work for fall, winter, spring and sum-
mer). The number of trips for all seasons was grouped
and the mean number of trips per week for walking, cyc-
ling, car commuting and public transport was calculated.
Based on the average number of trips/week the parents
were categorized into one specific mode of commuting
if more than 50 % of the trips were conducted by that
specific mode. If the mean number of trips did not count
to a specific main mode of commuting (>50 % of trips),
these participants were not categorized into a specific
mode of commuting, and therefore classified as “not cat-
egorized” and used as a reference population in statis-
tical analyses [45].

Socio-demographic characteristic

The socio-demographic variables assessed included gen-
der, educational level and ethnicity. Socioeconomic sta-
tus (SES) was measure using one item: “How many years
of education have you completed?” (low: no college or
university education/high: having attended college or
university). Ethnicity was obtained from the children’s
questionnaire, determined by two questions regarding
the parents’ native country: “What is your mother native
country?” and “What is your father native country?” The
parents who respond to the questionnaire (mother or
father) were categorized into two groups: native Norwe-
gians (born in Norway) and not native Norwegians (not
born in Norway).

Personal and environmental characteristics

Access to car, bicycle, car parking at work was assessed
using three items; “Do you have a car for personal use?”;
Do you have a bike for personal use?”; “Do you have ac-
cess to car parking at work?”. Items were rated yes/no.
Moreover, the responders reported number of cars for
personal use. Items were rated no car (0), one car (1)
and more than one car (2). Regarding perceptions about
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traffic safety, parents were asked to “Rank the level of
road safety on your way to your workplace from 1 (very
dangerous) to 5 (completely safe)”. Personal attitudes re-
garding active transport and car use to work was
accessed by the following statements; “I like to walk or
cycle to work”; “I use the way to work as exercise to
keep myself in good physical shape”; “I rarely walk or
cycle to and from work if the weather is bad”; “In terms
of travel choice I always choose the most environmen-
tally friendly ways of traveling”; “I limit my car use to re-
duce CO2 emissions” and “I always use the car when
grocery shopping”. The answers response was collapsed
into two categories into a median cut of in order to re-
duce the number of single variables.

Behavioral characteristics

Leisure time physical activity was asses using two items;
“Do you exercise regularly?” (response option was yes/
no) and “How many times a week do you exercise to the
extent that you experience shortness of breath and/or
sweating?” A number of six response alternatives was
rated from “every day” =1 to “never” = 6. Based on the
answers, leisure time physical activity was subsequently
categorized into “low” (once a week or less), and “high”
(2—-3 times a week or more) based on a median cut. Re-
garding sedentary behavior, parents were asked “How
many hours per day during leisure time do you usually
watch TV and/or sit in front of your computer?” Items
was rated from “never” =1 to “more than 4 h” =6. Par-
ents who reported %-1 h or less were categorized into
“low” and those reported 2—3 h or more were catego-
rized into “high” degree of sedentary behavior. Sleeping
hours was reported using one item; “How many hours of
sleep do you usually get at night?” Item was dichoto-
mized into “less than 7 h” and “7 h or more”.

Distance to work, weight status, age, and gender
Perceived distance in kilometers between home and
workplace was provided by the questionnaire. Two di-
chotomous variables were created: living less or more
than 3 km from work, or living less or more than 5 km
from work. The relationship between commuting dis-
tance and choice of mode is unclear [13, 19], so we
choose to conduct distance cut-offs based on subjective
values from different experiences. The cut offs were used
in the statistical analysis for walking (3 km) and cycling
(5 km) and driving (5 km), respectively. Age was
calculated based on date of birth. Body Mass Index (BMI,
kg/m?) was calculated from self-reported values of height
and weight and overweight defined as a BMI above 25.

Statistical analysis
In descriptive analyses, the responders were grouped in to
their respective modes of commuting and the unadjusted



Bjorkelund et al. Archives of Public Health (2016) 74:43

relationships with potential correlates were assessed with
one-way analysis of variance (ANOVA) and chi-squared
test. In adjusted analyses, we used multivariate logistic re-
gression to identify potential correlates associated with the
probability of being either walker (vs. non-walkers), cyclist
(vs. non cyclists) or car commuter (vs. non-car com-
muters). We did not assess the correlates of public trans-
portation due to few participants categorized into this
mode of commuting (n =17). Walking, cycling and non-
active commuters were first compared to the rest of the
sample (eg walkers, were compare to non-walkers (ie cy-
clists, non-active commuters and parents not categorized
into mode of commuting) and then, walkers and non-
active commuters were compared to cyclist).

Independent variables were included in the final
multivariate models if they were statistically signifi-
cant at (p <0.05) in the univariate analysis. In model 1,
the socio-demographic variables were included. Model 2
further included variables related to personal attitudes and
environmental factors. Model 3 further included variables
related to the selected health-related behaviors. The re-
sults of the logistic regression are given as odds ratios
(OR) with 95 % confidence intervals (95 % CI). The level
of statistical significance was p < 0.05. All the statistical
analyses were performed using SPSS 20.0 for windows
(SPSS Inc., Chicago, IL).

Results

Descriptive data are presented in Table 1 and shows that
the proportions of the participants categorized as walkers,
cyclist, car and public transport commuters were 7.3, 12.3,
70.4 and 2.4 %, respectively. A total of 7.6 % did not meet
the criteria to be categorized into any modes of transport.
Gender was reports as male or female, and we did not find
any significant associations among gender differences and
commuting mode (Table 1). Characteristics between indi-
viduals with complete data (n =709) and those who were
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excluded (n=303) with respect gender, education, regu-
larly exercise, distance to work and mode of commuting
to work were tested by oneway Anova.

Overall, the study population was mostly ethnic Nor-
wegians (93.9 %), females (77.2 %), and had a high edu-
cational level (58.8 %). The mean commuting distance to
the workplace was 3.2 km +22.5 and mean age of re-
spondents was 41.7 +5.3 years. A total of 63 % of the
study population reported to exercise regularly. Distance
from home to work was strongly associated with mode
of commuting. Those living less than 3 km from work
were more likely to be categorized as a cyclist, whereas
those living more than 3 km from work were more likely
to be categorized as car commuters (Table 1). Table 2
shows that parents were more likely to be a walker if the
distance to work was less than 3 km (19.3 vs. 2.4 %, OR
=4.6, 95 % CI=2.0-10.7), if the traffic was considered to
be safe (OR=1.2 for each incremental increase in per-
ceived traffic safety, 95 % CI=1.0-1.5), and if they had a
positive attitude towards reducing car CO, emissions
(12.6 vs. 5.7 %, OR=2.1, 95 % CI=1.0 — 4.7). Parents
were less likely to be a walker if they had access to more
than one car (3.9 vs. 49.2 %, OR =0.2, 95 % CI =0.0, 0.8)
or if they considered weather as an obstacles for active
commuting (19.9 vs. 2.9 %, OR = 0.3, 95 % CI =0.1-0.6).

Table 3 shows the results of the multivariate logistic re-
gression assessing the probability of being a cyclist. Simi-
lar to walkers, the parents were more likely to be a
cyclist if the distance to work was less than 5 km
(22.1 vs. 33 %, OR=3.0=95 % CI=1.4-6.3) and if
the surrounding traffic was perceived as safe (OR=
1.1, 95 % CI=1.0-1.3) and less likely if the weather
was considered to be an obstacle (2.9 vs. 19.9 %, OR
=0.2=95 % CI=0.1-0.4). Additionally, parents who
considered cycling to work as exercise to maintain
physical shape was more likely to be cyclists (15.3 vs.
7.1 %, OR=2.7, 95 % CI=1.4-5.4) while those using

Table 1 Description of mode of commuting and the unadjusted association between mode of commuting and socio

demographics collected among Norwegian parents

Walkers Cyclist Car commuters Public transporters
n % % (95 % CI) % (95 % CI) % (95 % Cl) % (95 % Cl)
Total sample 709 100.0 73 - 12.3 - 704 - 24 -
Male 157 22.8 6.3 (25-10.2) 121 6.9-17.2) 73 (6.5-8.0) 5.1 (1.6-86)
Female 533 777 7.7 (54-10.0) 12.2 (9.1-14.9) 6.9 (6.5-7.3) 1.7 (0.5-2.8)
Low education 291 412 52 (26-7.7) 13.1 (9.2-17.0) 7.0 (6.5-7.6) 3.1 (1.1-5.1)
High education 416 588 89 (6.2-11.6) 11.5 (85-14.7) 7.1 (6.6-7.5) 19 (0.1-3.3)
Regular exercise 445 63.6 6.7 (44-9.1) 15.3° (11.9-187) 6.7 (6.2-7.1) 20 (0.7-3.3)
Not regular exercise 255 364 8.6 (52-12.1) 7.1 (39-10.2) 7.7° (7.2-8.2) 3.1 (09-5.2)
Distance less than 3 km 202 29.1 19.3 (13.8-24.8) 27.2° (21.0-334) 371 (30.4-43.9) 09 (—04-24)
Distance more than 3 km 492 709 24 (1.1-3.8) 6.1 (4.0-8.2) 83.9° (80.7-87.2) 3.1 (1.5-4.6)

Significant difference between groups (chi-square statistics, P > 0.05)
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Table 2 Correlates of walking to and from work (n =52) in comparison to not walking (n =657)
Variable Model 1¢ Model 2°
OR 95 % Cl OR 95 % Cl

Distance (less than 3 km) 9.6 (4.9, 19) 46 (20,11)
Access to car

One car 03 0.1,1.2)

More than one car 0.2 (0.0,0.8)
Access to car park 0.5 0.2,12)
Traffic safety (scale 1-10) 12 (10, 1.5
Positive attitude towards walking or cycling to work 45 09, 22)
Regards commuting as exercise 1.1 (0.5, 2.5)
Regards weather as obstacle to active commuting 03 (0.1, 06)
Limits car use to reduce C02 emissions 2.1 (10,4.7)
Positive attitude towards environmentally ways of traveling 08 04,1.7)
Use car for grocery shopping 1.8 0.8, 4.1)

“Based on multivariate logistic regression analysis

PIn model 2, there were 554 participants due to missing information on covariates (n = 155)

the car for grocery shopping was less likely to be cyc-
list (5.9 vs. 11.7 %, OR=0.4, 95 % CI=0.2-0.8).

Table 4 shows the results of the multivariate logistic
regression assessing the probability of being a car com-
muter. Parents were more likely to be a car commuter if
they considered weather as an obstacle (82.5 vs. 29.6 %,
OR=87, 95 % CI=4.6-16.4) and if they used car for
grocery shopping (78.8 vs. 45.0 %, OR=2.2, 95 % CI =
1.2-4.1). Parents were less likely commute by car if the
distance to work was below 5 km (48.2 vs. 90.4 %, OR =
0.1, 95 % CI =0.1-0.3), if they perceived the traffic to be
safe (OR = 0.9 for each incremental decrease in perceived
traffic safety, 95 % CI=0.8—1.0), if they considered com-
muting as an opportunity to exercise (39.7 vs. 83.7 %,

OR=0.3, 95 % CI=0.1-0.5) and if they tried to limit car
use in order to reduce CO2 emissions (53.7 vs. 76.0 %, OR
=05, 95 % CI=0.3-1.0). Additionally, parents were less
likely to be car commuters if they only had access to one
car instead of more than one (559 vs. 83.1 %, OR =04,
95 % CI=0.2-08) and if they were of non-native Norwe-
gian ethnicity (50.0 vs. 71.9 %, OR = 0.1, 95 % CI = 0.0-0.5).

Discussion

We have described the associations between modes of
commuting to the workplace among parental adults by
taking socio-demographic, personal, environmental and
behavioral factors into account. We found several corre-
lates associated with being either a walker, cyclist or car

Table 3 Correlates of cycling to and from work (n =87) in comparison to not walking (n =622)

Variable Model 1° Model 2 Model 3
OR 95 % Cl OR 95 % Cl OR 95 % Cl

Distance (less than 5 km) 83 (44,15.7) 29 (14, 6.0) 3.0 (14,63)
Own a bike 34 (0.7,16.8) 30 (0.6, 15.3)
Access to car

One car 19 (0.5, 7.0) 18 (0.5, 7.0)

More than one car 14 (0.3,5.7) 14 (0.3,5.6)
Traffic safety (scale 1-10) 1.1 (1.0, 1.3) 1.1 (10, 1.3)
Positive attitude towards walking or cycling to work 1.7 06, 4.7) 16 (06, 46)
Regards commuting as exercise 28 (14, 5.6) 27 (14,54)
Regards weather as obstacle to active commuting 02 (0.1, 04) 02 (0.1, 04)
Limits car use to reduce C02 emissions 15 (0.8, 2.8) 1.5 (08, 2.8)
Positive attitude towards environmentally ways of traveling 12 0.7,2.2) 12 06, 2.2)
Use car for grocery shopping 04 0.2,0.8) 04 (0.2,08)
Performs physical training regularly 14 (0.7,2.8)

?Based on multivariate logistic regression analysis. ®In model 3, there were 543 participants due to missing information on covariates (n = 166)
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Table 4 Correlates of driving to and from work (n =499) in comparison to not walking (n=210)
Variable Model 1¢ Model 2 Model 3°

OR 95 % Cl OR 95 % Cl OR 95 % Cl
Native Norwegian 03 0.1, 0.5) 0.1 (0.0, 0.5) 0.1 (0.0,05)
Distance (less than 5 km) 0.1 0.1,0.1) 0.1 (0.1,03) 0.1 (0.1,03)
Own a bike 04 0.1, 13) 04 0.1, 13)
Access to car (reference = one car)

More than one 04 (0.2,0.7) 04 (0.2,08)
Access to car park 33 (1.0, 10.5) 3.1 (1.0, 10)
Traffic safety (scale 1-10) 09 (0.8, 1.0) 0.9 (0.8, 1.0)
Positive attitude towards walking or cycling to work 0.5 0.2, 1.0) 0.5 (0.2, 1.0)
Regards commuting as exercise 0.2 (0.1,05) 03 (0.1,05)
Regards weather as obstacle to active commuting 84 (45,16) 87 (46, 16)
Limits car use to reduce C02 emissions 0.5 (0.3, 1.0) 0.5 (0.3, 1.0)
Positive attitude towards environmentally ways of traveling 05 (03, 1.0) 06 (03, 1.0)
Use car for grocery shopping 22 (1.2,4.0) 22 (1.2,4.7)
Performs physical training regularly 08 03,1.7)
Low levels of leisure time physical activity 08 (05, 17)

“Based on multivariate logistic regression analysis

PIn model 3, there were 524 participants due to missing information on covariates (n = 185)

commuter. Consistent with others studies [20, 22, 36,
47, 48], we found that commuters with shorter distance
between home and workplace were more likely to be
walkers and cyclists, and we also found them to be less
likely to commute by car. Higher levels of perceived traf-
fic safety were associated with increased probability of
walking and cycling, and slightly decreased probability of
commuting by car. This is in line with findings from
other studies; which have reported about a positive asso-
ciation between perceived traffic safety and the probabil-
ity of walking or cycling to work [31, 49, 50]. Moreover,
infrastructural initiatives through urban design of land
use and planning at community, street scales and active
transport policy have been found as effective practices to
increase active commuting [31, 36, 47].

In our study, data showed that those who commuting
by car reported slightly lower traffic safety on the way to
work compared to walkers and cyclists. Drivers may
have to deal with stressful situations due to high traffic
stream and vehicular queuing, which might lead to them
feeling less safe in traffic and hence explain the associ-
ation between driving a car and feeling less safe in traf-
fic. Research study traffic safety has found that lack of
control in traffic situations can promote stress among
drivers [30]. On the other hand, parents who experience
car commuting as less safe may be more inclined to
change behavior and be a potential target for campaigns
promoting active commuting. We also found that par-
ents were more likely to be car commuters if they had
access to more than one car. The reason for this could
be that parents might find it more convenient to use the

car when it is readily available. It is no doubt that there
is a global need to reduce climate gas emissions and
motorization, which demands initiative and raising obvi-
ously important questions for the future well-being
around the world [51-53]. There are several practical-
ities in everyday life that may influence modes of trans-
port. Norway is a country with cold climate and shifting
weather that may discourage people from doing out-
doors activities. We found that attitudes towards active
commuting in bad weather were associated with reduced
probability of walking and cycling and increased prob-
ability of car commuting. This association has also been
reported in populations from US and Austria [49, 54,
55]. Weather is an obstacle that cannot be removed, but
the impact may be reduced if bike paths and sidewalks
are kept free from snow and ice during wintertime and
by providing people access to adequate facilities at work,
such as wardrobes with showers and lockers. Moreover,
grocery shopping may also be more convenient with a
car due to the difficulties of carrying heavy loads; hence,
we found that those who reported using the car for gro-
cery shopping, were more likely to be car commuters
and less likely cycle. Some research has suggested that
environmental concern and health benefits are associ-
ated with active commuting [54-56]. We found that par-
ents with a positive attitude towards reducing CO,
emissions were more likely to be walkers, but less likely
to be car commuters. Further, we found those who con-
sidered travelling to work as an opportunity to maintain
physical health, were more likely to be a cyclist and less
likely to be a car commuter. Increased awareness and
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knowledge regarding the environmental and health ben-
efits of active transportation may be an important strat-
egy in the promotion of active transportation. The
results of this study showed that the prevalence of walk-
ing (7.3 %) was somewhat lower compared to estimates
based on the total Norwegian population (11 %) [41].
Since data was collected from two counties in Norway,
not surrounded by any large cities, the difference may
therefore be due to longer distances between home and
work compared to what might be the case in larger cit-
ies. In contrast, the proportion that cycled to work was
higher (12.3 % compared to 6 %), suggesting that cycling
may be both feasible and preferable to walking when ac-
tively commuting in this geographical region. As ex-
pected, fewer people used public transportation to work
in our study than what have been observed in the total
Norwegian population (2.4 and 15 %, respectively). On
the other hand, more people drove car (70 % compared
to 61 %, respectively). There is limited availability of pub-
lic transportation in our study area compared to large cit-
ies and this might lead to an increase in the need to drive
cars. In light of these findings, cycling to work seems to be
the most appropriate target for interventions and public
health campaigns within this population. Henceforth, this
study is a contribution to the research field in order to fa-
cilitate the social and environmental condition to active
commuting so walking and cycling substitute car trips as
the default choice in order to improve public health in all
segments of the population.

The strengths and limitations

The main strength of this study is the large sample and
the precision of the measurement of active commuting
as the main exposure and multiple measures of outcome
variables. We wused a reliable comprehensive self-
reported design of the measure on commuting to work,
making it possible to assess the frequency of the differ-
ent modes of active commuting to and from the work-
place [26, 45]. Since there has been little agreement on
how commuting should be measured, inconsistent mea-
sures of travel habits have been reported in previous
studies with little or no information on their validity and
reliability.

However, a key limitation of data collected by self-
reporting questionnaire that could have affected the re-
sults is that participants may answer differently about
the frequency of active commuting in order to adhere to
social norms regarding physical activity and health life-
style. In addition, the cross-sectional design of this study
makes it impossible to draw conclusions regarding
specific causal relationship between active commuting,
determinants and personal barriers. A total of 1 912 par-
ents were eligible invited to take part in the study, were
only 709 were considered in the analysis. This may
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probably have resulted in a significant bias in results.
Furthermore, more mothers than fathers respond to the
questionnaire, and this raising question about the
generalizability. Ideally, gender responders should have
been evenly distributed in the study. We also found a
small numbers of participants walking and cycling and
this is clearly a limitation when analyzing the associa-
tions’ factors.

On the contrary, we used perceived distance between
home and workplace and this may be different from object-
ive measured distance. In addition, some of the observed
relationships between individual modes of transport and
correlates may also not necessarily be generalizable to other
populations, such as those from more urban areas. How-
ever, the association between active transportation and per-
ceived health benefits and environmental concern should
be valid for many commuters.

Conclusion

In this cross-sectional study of parents living in sub-
urban Norway, we found that active commuting to and
from the workplace were associated with a shorter dis-
tance to work, traffic safety, environmental concern,
health benefits and weather condition.

The authors recommend further research studies to
examine the effect of social interaction between parents
and children in addition to school and community in-
volvements, and addressing the complexity of multiple
factors influencing active commuting. Parents may have
unique challenges to face as a role model of social and
spousal support. For public and environmental health,
more knowledge about commuting habits is important
and necessary to identify effective models for using evi-
dence in the policy making process. Public health strat-
egies should encourage a high level of active commuting
and provide a bike and walking-friendly environment
that supports active commuting, in order to tackle triple
challenges of health issues in the future.
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