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Background: Active commuters have lower risk of chronic disease. Understanding which
of the, to some extent, modifiable characteristics of public transportation that facilitate its
use is thus important in a public health perspective. The aim of the study was to exam-
ine the association between individual public transportation accessibility and self-reported
active commuting, and whether the associations varied with commute distance, age, and
gender.

Methods: Twenty-eight thousand nine hundred twenty-eight commuters in The Capital
Region of Denmark reported self-reported time spent either walking or cycling to work or
study each day and the distance to work or study. Data were obtained from the Danish
National Health Survey collected in February to April 2010. Individual accessibility by pub-
lic transportation was calculated using a multi-modal network in a GIS. Multilevel logistic
regression was used to analyze the association between accessibility, expressed as access
area, and being an active commuter.

Results: Public transport accessibility area based on all stops within walking and cycling
distance was positively associated with being an active commuter. Distance to work, age,
and gender modified the associations. Residing within 10 km commute distance and in
areas of high accessibility was associated with being an active commuter and meeting the
recommendations of physical activity. For the respondents above 29 years, individual pub-
lic transportation accessibility was positively associated with being an active commuter.
Women having high accessibility had significantly higher odds of being an active commuter
compared to having a low accessibility. For men, the associations were insignificant.

Conclusion: This study extends the knowledge about the driving forces of using public
transportation for commuting by examining the individual public transportation accessi-
bility. Findings suggest that transportation accessibility supports active commuting and
planning of improved public transit accessibility has thus a potential of providing health
benefits to commuters.

Keywords: physical activity, GIS, travel planner, multi-modal network, multilevel regression

INTRODUCTION
A number of studies have found that active commuters have lower
risks of a number of chronic diseases (1–4). Using public trans-
portation involves walking or cycling to a transit stop, transfer
walks, and walking to the end destination, thereby providing health
benefits through regular physical activity to commuters during the
week (5). Increasing the number of active commuters as an alter-
native to car-based commuting also has the beneficial potential
of decreasing air pollution by lowering car congestion. Under-
standing which of the, to some extent, modifiable characteristics
of public transportation that facilitate its use is thus important in
a public health perspective.

Several studies have investigated the association between local
access to public transportation stops and active commuting. Indi-
vidual access to public transportation described by the proximity

(6, 7) and density of transit stops (8–11), as well as the service
frequency and number of routes at nearest stop (7) was found to
be positively associated with active commuting. The access is very
important because it determines how easily a person can reach
the public transportation network, however, is does not quantify
the accessibility by public transportation, i.e., the area and thereby
opportunities than can be reached by using public transportation.

Dalvi and Martin (12) defined accessibility as the ease with
which people can reach their destinations or activity sites. Thus,
accessibility by public transportation describes how efficient the
public transportation network is in bringing people to destinations
often within a given time frame and is a widely used term in trans-
port planning and studies of urban form. Several researchers’ have
modeled individual public transportation accessibility (13–19).
These models vary in complexity and some include time schedules
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while others rely on simplifications of the different parts of the
journey, e.g., access, waiting, in-vehicle, transfer, and the egress
time from the origin to destinations. Only one study has inves-
tigated individual public transportation accessibility in relation
to active commuting. Frank et al. (20) found that transit accessi-
bility was significantly associated with walk energy expenditure.
Their accessibility measure described a travel survey households’
potential to reach the region’s five major activity centers. In addi-
tion, others studies on travel mode choice have found that the
prevalence for car-based commuting increases with distance to
work (7, 21, 22) and that there is higher prevalence for using
public transportation in younger age groups (4, 23). More stud-
ies on accessibility and the association to active commuting are
warranted to understand how the local public transportation is
influencing active commuting.

The aim of this study was to model individual accessibility
using data from a travel planner and to examine the association
between individual public transportation accessibility and self-
reported active commuting in The Capital Region of Denmark.
Furthermore, the aim was to examine if the associations were
modified by the individual commute distance, age, and gender.

MATERIALS AND METHODS
STUDY POPULATION
The study included cross-sectional data collected from the Danish
National Health Survey 2010 described in Christensen et al. (24).
The survey contained questions on health behavior, including dis-
tance to and time spent walking or cycling to work or study each
day. Respondents either completed an enclosed paper question-
naire and returning it by the mail, or online. The Capital Region
of Denmark was selected as study area. The region includes Copen-
hagen metropolitan area as well as suburban and rural districts.
From the total population above 16 years of age (1,355,000), a ran-
dom sample of 95,150 was selected; the response rate was 52.3%.
The data were collected from February to April 2010. The study
used a subsample of 28,928 respondents living on the main island
of Zealand in The Capital Region of Denmark, working or in edu-
cation, between 16 and 64 years of age and with valid answers on
time spent each day on active commuting in hours and minutes
and individual distance to work or study. All individuals home
addresses were geocoded using address matching with the official
address register from the Danish Geodata Agency.

The survey was approved by the Danish Data Protection
Agency. Approval from the regional Committee on Health
Research Ethics was not necessary as no human biological material
was included in the data collection.

GEOGRAPHICAL DATA
Public transport network data were obtained from Rejseplanen.dk,
which is the official Danish travel planner search engine. The
data contained information on transport mode (bus, train, s-train,
metro, and ferry), routes, schedules, and geographic location of all
transit stops. The schedules covered the same period as the Health
Survey, i.e., February to April 2010. Road networks were obtained
from the Danish Geodata agency (Kort10). Roads where walk-
ing or cycling was prohibited (e.g., motorways, highways) were
excluded from the dataset before analysis.

MULTI-MODAL PUBLIC TRANSPORTATION NETWORK
The geographic location of the transit stops and schedules from
Rejseplanen.dk were used to construct a multi-modal transit net-
work including all transport modes in the region (bus, trains,
S-trains, metro, and ferry). In addition, road network walk links
were constructed using origin-destination matrices in the Net-
work Analyst application of ESRI ArcGIS 10.1 (Redlands,CA,USA:
Environmental Systems Research Institute) from each individual
home address to all public transport stops within 3 km. Walk links
were also constructed between all stops not connected by a tran-
sit service to allow transfers not included in the transit network.
The walk links connected stops situated no more than 1 km road
network distance apart. Time spent along the access and trans-
fer walk links were calculated from their distance and a walking
speed of 5 km/h. Wait time at initial stop, in-vehicle, transfer, and
egress time was integrated in the model using the time schedule.
The Network Analyst application of ESRI ArcGIS 10.1 (Redlands,
CA, USA: Environmental Systems Research Institute) was used to
build the network having travel time as the network impedance.
The interchange connections at the same stop/station at a given
time and transfers were restricted by having an arrival time less
than and within 20 min from the next departure time (wait time).

ACTIVE COMMUTING
The outcome variable was based on the self-reported time spent
walking or cycling to work every day (hours, minutes) (25). The
variable was dichotomized into two measures: (1) being an active
commuter as binary variable (“yes” or “no”), with a cut-off value
of 5 min spent on active commuting per day and; (2) meeting rec-
ommended levels of physical activity (“yes” or “no”) (≥30 min) by
active commuting alone.

INDIVIDUAL PUBLIC TRANSPORTATION ACCESSIBILITY
The individual accessibility was defined as the area each respon-
dent can cover on the road network using active transport modes
including public transportation inspired by Benenson et al. (13).
The accessibility was calculated for a Monday morning between
07:15 and 08:15 during a normal week in March 2010. If no service
was active within 20 min at the initial stop, the accessibility area was
set equal to 0. Three measures of accessibility were created using
public transportation services at (1) nearest stop within 1 km, (2)
all stops within 1 km walking distance from home address, and (3)
all stops within 3 km cycling distance from home address. Services
at the nearest stop do not always have the best service, which is
why all stops within walking distance were modeled. The 3 km
access was used to capture accessibility for respondents living in
the rural areas. Furthermore, the accessibility area was calculated
for 30 and 60 min travel time. This was based on the assumption
that 30 min travel time measures local accessibility, whereas 60 min
travel time measures the regional accessibility. The 30 and 60 min
travel thresholds has been used in a number of other accessibility
studies (14, 26, 27). The accessible area from a given origin (AAo)
can be expressed as AAo=Aac+Aegr. Aac is the initial access area,
resulting from either 1 km walking or 3 km cycling (road network)
in all directions from the individual home address. Aegr is the sum
of egress areas, resulting from walking away from all reachable
transit stops in all directions on the road network. Access and
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FIGURE 1 | Individual public transportation accessibility area based
on entering all stops within walking (road network) distance from
home address (1 km). The shown accessibility areas results from

traveling 30 and 60 min by public transportation in all directions starting
from the home address in the Copenhagen city area at 07:15 in the
morning.

egress areas were dissolved by individual to remove overlapping
areas. Individual public transportation accessibility area based on
all stops within walking distance (1 km) for an individual living
in Copenhagen City Center is shown in Figure 1. Ultimately, the
resultant accessibility areas where divided into quartiles for each
measure.

COVARIATES
The individual covariates were obtained from central registers and
comprised age, gender, income, and education level. Four classes of
education level were defined: primary or secondary school, voca-
tional education, academy or bachelor degree, and master’s or
Ph.D. degree.

Contextual covariates (median income level, population den-
sity, and street connectivity) were aggregated by parishes, the
smallest administrative units in Denmark. Street connectivity was
defined by the gamma index γ= l/[3(n− 2)], where n equals the
intersections (28).

STATISTICAL ANALYZES
SAS version 9.3 (SAS Institute, Inc., Cary, NC, USA) was used to
perform multilevel regression analyzes (GLIMMIX procedure) to
investigate if the individual public transportation accessibility was
associated with being an active commuter. A two-level model was
fitted with individuals (level 1, n= 28,928) nested within parishes
(Level 2, n= 223).

Two empty models were estimated to detect whether there was
a contextual dimension to being an active commuter and meeting
recommended levels of active commuting. A three-step model-
ing strategy was used and ICC was calculated for each model: (1)
the determinant was included in the model; (2) the individual
level covariates were included to examine whether the between-
parish variance was attributable to a compositional effect; (3) the
parish level covariates were included to explore if the remaining
between-parish variance could be explained by contextual factors.
Furthermore, subgroup analyzes was conducted for distance to
work expressed by living within four distance categories (≤5, >5–
10, >10–20, and >20 km) from work, for age categorized in three
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Table 1 | Descriptive statistics of the study population socio-demographics, home address location, and commute distance by subgroups of

being an active commuter and meeting recommended levels of physical activity.

Total Active commuter (≥5 min/day) Meeting recommended

levels of physical activity

(≥30 min/day)

Yes No Yes No

N (%) N (%) N (%) N (%) N (%)

Total population 28, 928 (100) 21, 094 (72.9) 7834 (27.1) 14, 629 (50.6) 14, 299 (49.4)

Age (average years/SD) 40.9 (13.1) 39.7 (13.5) 44.3 (11.2) 39.3 (13.7) 42.6 (12.2)

Age groups (4 missing)

16–29 years 6538 (22.6) 5724 (87.5) 814 (12.5) 4245 (64.9) 2293 (35.1)

30–45 years 10, 782 (37.3) 7507 (69.6) 3275 (30.4) 5056 (46.9) 5726 (53.1)

46–64 years 11, 604 (40.1) 7860 (67.7) 3744 (32.3) 5327 (45.9) 6277 (54.1)

Gender (4 missing)

Male 12, 624 (43.6) 8518 (67.5) 4106 (32.5) 5709 (45.2) 6915 (54.8)

Female 16, 300 (56.3) 12, 573 (77.1) 3727 (22.9) 8919 (54.7) 7381 (45.3)

Education (415 missing)

Primary or secondary school 8150 (28.2) 6434 (78.9) 1716 (21.1) 4608 (56.5) 3542 (43.5)

Vocational education 7742 (26.8) 4920 (63.5) 2822 (36.5) 3273 (42.3) 4469 (57.7)

Bachelor degree 7898 (27.3) 5822 (73.7) 2076 (26.3) 3992 (50.5) 3906 (49.5)

Master or Ph.D. degree 4723 (16.3) 3593 (76.1) 1130 (23.9) 2501 (53.0) 2222 (47.0)

Home address location

Copenhagen inner-city 9258 (32.0) 8024 (86.7) 1234 (13.3) 6396 (69.1) 2862 (31.9)

Suburban and city areas 17, 477 (60.4) 11, 900 (68.1) 5577 (31.9) 7607 (43.5) 9870 (56.5)

Rural 2193 (7.6) 1170 (53.4) 1023 (46.6) 626 (28.5) 1567 (71.5)

Distance to work groups

0–5 km 9237 (31.9) 7957 (86.1) 1280 (13.9) 5731 (62.0) 3506 (38.0)

>5–10 km 6676 (23.1) 5117 (76.6) 1559 (23.4) 3995 (59.8) 2681 (40.2)

>10–20 km 6516 (22.5) 4265 (65.5) 2251 (34.5) 2730 (41.9) 3786 (58.1)

>20 km 6499 (22.5) 3755 (57.8) 2744 (42.2) 2173 (33.4) 4326 (66.6)

age categories (16–29, 30–45, and 46–64 years of age) and for gen-
der. Values of P < 0.05 were considered statistically significant. If
an interaction was present, the odds of being an active commuter
when belonging to a given distance or age category were calculated
based on the full model.

RESULTS
Table 1 shows the descriptive statistics for the study population.
56.3% were females while 40.1% were between 46 and 64 years
of age, 22.6% were between 16 and 29 and 37.3% were between
30 and 45 years of age. Approximately 73% of the study popula-
tion reported daily active commuting and 50.6% reported meeting
recommended levels of physical activity by active commuting
(moderate physical activity). The proportion of active commuters
decreased with increasing commute distance and age.

The ICC in the two empty models showed a noticeable sig-
nificant between-neighborhood variation of 13.6% in being an
active commuter and 12.7% in meeting recommendations of phys-
ical activity. The ICC in the unadjusted models ranged from 3.3
to 11.6% and was significantly reduced to 0.9–1.4% in the fully
adjusted models.

Table 2 shows the individual public transportation accessibility
area size divided in quartiles for a travel time of 30 and 60 min.

Changing the access point to the transit network from the nearest
stop to all stops within 1 km increases the accessibility area in each
quartile. Expanding the access to all stops within 3 km cycling,
results in a maximum accessibility area of 713.3 km2 when the
travel time is 60 min.

The results from the multilevel regression models are shown
in Table 3. No significant association was found between public
transportation accessibility at nearest stop and being an active
commuter. The accessibility areas, resulting from accessing all
stops within walking distance were significantly positively asso-
ciated with being an active commuter. An increase in accessibility
area was associated with significantly higher odds of being an active
commuter. The same dose–response relationship as was observed
in the association between the accessibility area, resulting from
accessing all stops within cycling distance and being an active
commuter although there was no difference in odds of being
an active commuter in the medium-low and the medium-high
accessibility groups. In addition, positive associations were found
between the density accessibility areas and meeting recommenda-
tions on physical activity although less pronounced compared to
the associations with being an active commuter.

The interaction between the public transportation accessibil-
ity area and categorized commute distance was significant for
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Table 2 | Quartiles of individual public transportation accessibility area

for 30 and 60 min travel time calculated for all adult commuters aged

16–64 inThe Capital Region of Denmark participating in the Danish

National Health Survey 2010.

30 min travel (km2) 60 min travel (km2)

Nearest stop

Low 0–4.0 0–108.5

Medium low 4.1–19.3 108.6–313.7

Medium high 19.4–62.8 313.8–470.4

High 62.9–209.2 470.5–695.0

All stops within 1 km walking

Low 0–16.9 0–264.3

Medium low 17.0–44.5 264.4–421.2

Medium high 44.6–85.1 421.4–525.5

High 85.2–235.8 525.6–695.1

All stops within 3 km cycling

Low 0–42.0 0–383.2

Medium low 42.1–91.8 383.3–514.7

Medium high 91.9–137.9 514.8–606.4

High 138.0–235.9 606.5–713.3

all measures of accessibility (P-values <0.0001) as shown in
Table 4.

For the accessibility areas, resulting from 1 km walking or 3 km
cycling, an increase in accessibility area was associated with signif-
icantly higher odds of being an active commuter. For commuters
having between 10 and 20 km commute distance, an increase in
the accessibility area (1 km walking and 3 km cycling) was associ-
ated with significantly higher odds of being an active commuter in
the medium-low quartile of accessibility compared to low accessi-
bility. Living more than 20 km from work, the association between
public transportation accessibility and being an active commuter
became insignificant and even negative for medium high and high
accessibility in the model with all stops within 3 km cycling. Pos-
itive significant associations were also found between all density
measures and meeting recommendations of physical activity for
participants with commute distance of ≤10 km. The associations
were strongest for those having between 5 and 10 km commute
distance. For participants having between 10 and 20 km commute
distance, a medium-low or medium-high accessibility based on
1 km walking or 3 km cycling was associated with significantly
higher odds of meeting recommendations of physical activity
compared to having low-public transportation accessibility. For
those having more than 20 km commute distance, accessibility area
was not associated with meeting recommended levels of physical
activity.

The subgroup analysis with age showed that for the age category
16–29 years, the association between accessibility (1 km walking
and 3 km cycling) and being an active commuter was insignifi-
cant (results not shown). For the respondents in the other two
age groups, 30–45 and 46–64 years, the accessibility was positively
associated with being an active commuter. The association was
strongest among the 30–45 years old. The subgroup analysis with
age showed the same results with meeting recommended levels of
physical activity.

For women, there was a significant positive association between
accessibility area based on all stops within walking and cycling
distance and being an active commuter (results not shown). Fur-
thermore, women having high accessibility based on services at
the nearest stop (30 and 60 min) had significantly higher odds of
being an active commuter compared to the reference group (low).
For men, the associations were insignificant. For women, there
was a significantly positive association between accessibility area
based on all stops within walking and cycling distance and meeting
recommendations of physical activity. No significant associations
were found for women between accessibility based on services at
the nearest stop (30 and 60 min) and meeting recommendations of
physical activity. For men, the associations were less pronounced,
although suggesting that higher accessibility based on walking and
cycling was positively associated with meeting recommendations
of physical activity.

DISCUSSION
The findings suggest that individual public transportation acces-
sibility is associated with commuters travel preferences and higher
public transportation accessibility is associated with being an
active commuter and meeting recommended levels of physical
activity from active commuting only. The study adds to the pre-
vious studies of the access to public transportation and associ-
ated active commuting by combining the access to public trans-
portation, i.e., density of stops, service frequency, and available
routes with the efficiency of the public transportation network in
enabling the respondent in reaching destinations. The study fur-
ther highlights the difference in accessibility and the association
with active commuting between using services only at the nearest
stop and at all stops within walking or biking distance.

Those living in the metropolitan and inner suburban areas
often have multiple transit stops within walking distance that pro-
vide different transit services and modes. The insignificant associ-
ation found between individual public transportation accessibility
and active commuting for public transportation accessibility at the
nearest stop may thus be explained by the fact that the nearest stop
provides a too simplified picture of the “real” public transporta-
tion accessibility. Another explanation may be due to the way the
accessibility is modeled. The nearest stop measure is quite sensitive
to services leaving between the time a participant enters the stop
until the last allowed departure time at 07:35. This can result in
accessibility areas of 0 km2 although services may leave at 07:36
and thereby lower the variance of the measure. Commuters tend
to optimize their trip by entering a station just in time for the
service to depart. This cannot be captured in this analysis.

The positive association found between accessibility based on
all stops within walking distance (1 km) and active commuting
reflect other findings that accessible and efficient public trans-
portation is conducive for being an active commuter (7–11, 20).

In accordance with other studies, we found that distance to
work or study influence active commuting (7, 21, 22). Living
close to work (within 10 km) in areas of high-public transporta-
tion accessibility are associated with being an active commuter.
Metropolitan and city areas have high-public transportation acces-
sibility, high density of opportunities such as jobs and a sup-
portive infrastructure that promotes walking or cycling and use
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Table 3 | Crude and adjusted associations (OR) between individual public transportation accessibility area and being an active commuter and

meeting recommended levels of physical activity.

Active commuter (≥5 min/day) Meeting recommended levels of

physical activity (≥30 min/day)

Model 1: crude

Model 3: fully

adjusted model Model 1: crude

Model 3: fully

adjusted model

OR (CI) OR (CI)a OR (CI) OR (CI)a

Nearest stop 30 min. Acc.

Low 1.00 1.00 1.00 1.00

Medium low 0.92 (0.85–1.00) 0.93 (0.86–1.01) 0.92 (0.86–1.00) 0.93 (0.87–1.01)

Medium high 1.05 (0.96–1.14) 1.03 (0.94–1.12) 0.99 (0.91–1.06) 0.98 (0.91–1.06)

High 1.21 (1.10–1.34) 1.05 (0.95–1.17) 1.03 (0.95–1.12) 0.97 (0.89–1.05)

P -valueb <0.0001 0.0607 0.0832 0.3233

ICC 11.6 1.4 11.8 1.3

Nearest stop 60 min. Acc.

Low 1.00 1.00 1.00 1.00

Medium low 1.00 (0.92–1.09) 1.04 (0.96–1.13) 0.99 (0.92–1.08) 1.03 (0.95–1.12)

Medium high 1.07 (0.98–1.17) 1.03 (0.95–1.13) 1.03 (0.95–1.12) 1.04 (0.96–1.12)

High 1.27 (1.14–1.41) 1.07 (0.96–1.19) 1.04 (0.94–1.14) 0.97 (0.88–1.06)

P -valueb 0.0002 0.6310 0.7908 0.4248

ICC 11.4 1.4 12.3 1.4

Stops within 1 km 30 min. Acc.

Low 1.00 1.00 1.00 1.00

Medium low 1.26 (1.16–1.37) 1.17 (1.08–1.27) 1.17 (1.08–1.26) 1.10 (1.02–1.19)

Medium high 1.70 (1.54–1.87) 1.33 (1.21–1.47) 1.41 (1.29–1.55) 1.22 (1.11–1.33)

High 2.13 (1.90–2.39) 1.37 (1.21–1.55) 1.48 (1.33–1.64) 1.15 (1.03–1.28)

P -valueb <0.0001 <0.0001 <0.0001 0.0005

ICC 6.2 1.2 8.4 1.1

Stops within 1 km 60 min. Acc.

Low 1.00 1.00 1.00 1.00

Medium low 1.41 (1.28–1.54) 1.17 (1.07–1.28) 1.43 (1.31–1.57) 1.23 (1.12–1.34)

Medium high 1.90 (1.71–2.11) 1.34 (1.21–1.49) 1.82 (1.64–2.01) 1.37 (1.24–1.51)

High 2.73 (2.41–3.10) 1.44 (1.26–1.66) 2.17 (1.93–2.44) 1.36 (1.21–1.53)

P -valueb <0.0001 <0.0001 <0.0001 <0.0001

ICC 4.8 1.3 5.3 0.9

Stops within 3 km 30 min. Acc.

Low 1.00 1.00 1.00 1.00

Medium low 1.62 (1.45–1.81) 1.21 (1.09–1.35) 1.58 (1.42–1.76) 1.18 (1.07–1.30)

Medium high 2.20 (1.95–2.49) 1.20 (1.06–1.36) 2.37 (2.12–2.66) 1.33 (1.19–1.49)

High 3.36 (2.94–3.84) 1.44 (1.24–1.67) 3.03 (2.69–3.42) 1.42 (1.25–1.61)

P -valueb <0.0001 <0.0001 <0.0001 <0.0001

ICC 4.2 1.3 3.6 0.9

Stops within 1 km 60 min. Acc.

Low 1.00 1.00 1.00 1.00

Medium low 1.61 (1.44–1.80) 1.20 (1.07–1.33) 1.68 (1.51–1.87) 1.24 (1.12–1.37)

Medium high 1.98 (1.76–2.23) 1.19 (1.05–1.34) 2.11 (1.88–2.36) 1.28 (1.15–1.43)

High 3.60 (3.15–4.13) 1.45 (1.24–1.71) 3.29 (2.92–3.72) 1.47 (1.28–1.69)

P -valueb <0.0001 <0.0001 <0.0001 <0.0001

ICC 3.8 1.3 3.3 0.9

aAdjusted for individual age, gender, education, distance to work, and neighborhood median income, population density, and street connectivity.
bP-value from type III test of the association.

Between-neighborhood variation is expressed by intra-class correlation coefficient (ICC). Significant associations are highlighted in bold text.
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Table 4 | OR table for associations between public transport accessibility and being an active commuter modified by commute distance.

≤5 km >5–10 km >10–20 km >20 km

OR (CI) OR (CI) OR (CI) OR (CI)

Nearest stop 30 min Acc.

Low 1.00 1.00 1.00 1.00

Medium low 1.02 (0.86–1.21) 0.96 (0.81–1.14) 0.83 (0.72–0.96) 0.94 (0.83–1.07)

Medium high 1.08 (0.91–1.28) 1.21 (1.03–1.43) 0.89 (0.76–1.03) 1.00 (0.86–1.16)

High 1.46 (1.21–1.76) 1.21 (1.01–1.44) 0.87 (0.73–1.04) 0.76 (0.63–0.91)

P -value interaction=<0.0001

Nearest stop 60 min Acc.

Low 1.00 1.00 1.00 1.00

Medium low 0.98 (0.83–1.17) 1.06 (0.89–1.26) 0.93 (0.81–1.08) 1.15 (1.00–1.31)

Medium high 1.09 (0.91–1.29) 1.14 (0.96–1.34) 0.92 (0.79–1.07) 1.01 (0.87–1.18)

High 1.46 (1.21–1.77) 1.24 (1.04–1.49) 0.85 (0.70–1.02) 0.75 (0.62–0.91)

P -value interaction=<0.0001

Stops within walking distance 30 min Acc. (1 km)

Low 1.00 1.00 1.00 1.00

Medium low 1.26 (1.05–1.50) 1.23 (1.03–1.46) 1.20 (1.05–1.39) 1.08 (0.95–1.23)

Medium high 1.56 (1.30–1.87) 1.35 (1.13–1.61) 1.33 (1.14–1.56) 1.25 (1.06–1.47)

High 1.94 (1.58–2.37) 1.63 (1.34–1.99) 1.19 (0.99–1.44) 0.87 (0.71–1.06)

P -value interaction=<0.0001

Stops within walking distance 60 min Acc. (1 km)

Low 1.00 1.00 1.00 1.00

Medium low 1.31 (1.09–1.56) 1.25 (1.04–1.50) 1.24 (1.07–1.43) 1.05 (0.92–1.21)

Medium high 1.54 (1.28–1.86) 1.49 (1.24–1.80) 1.37 (1.17–1.61) 1.18 (1.00–1.40)

High 2.24 (1.80–2.78) 1.72 (1.40–2.12) 1.29 (1.06–1.58) 0.89 (0.72–1.09)

P -value interaction=<0.0001

Stops within walking distance 30 min Acc. (3 km)

Low 1.00 1.00 1.00 1.00

Medium low 1.12 (0.93–1.36) 1.22 (1.00–1.48) 1.40 (1.20–1.64) 1.18 (1.02–1.36)

Medium high 1.34 (1.10–1.64) 1.39 (1.15–1.69) 1.31 (1.10–1.56) 0.85 (0.70–1.02)

High 2.01 (1.60–2.51) 1.79 (1.43–2.24) 1.31 (1.06–1.62) 0.85 (0.69–1.06)

P -value interaction=<0.0001

Stops within walking distance 60 min Acc. (3 km)

Low 1.00 1.00 1.00 1.00

Medium low 1.15 (0.95–1.39) 1.24 (1.02–1.51) 1.42 (1.21–1.67) 1.12 (0.96–1.29)

Medium high 1.28 (1.05–1.55) 1.40 (1.15–1.69) 1.34 (1.13–1.59) 0.93 (0.78–1.11)

High 2.14 (1.70–2.71) 1.97 (1.56–2.48) 1.25 (1.00–1.56) 0.79 (0.63–0.98)

P -value interaction=<0.0001

Significant associations are highlighted in bold text.

of public transportation. There is prevalence for car-based com-
muting at commute distances longer than 20 km even if public
transportation accessibility is high, resulting in a negative asso-
ciation between public transportation accessibility and active
commuting.

A high proportion of the respondents between 16 and 29 live
close to their work or study and walk or cycle all the way. This
weakens the effect of public transportation (the association is
insignificant) although other studies find that this age group is
the most inclined to use public transportation to travel (4, 23).
For the other age groups, the positive associations found reflect
that using active commute modes becomes more attractive if the
potential for reaching other destinations is high.

The results suggest that men’s active commute patterns are less
influenced by public transportation than women, which may be
caused by more car-based commuting. Living in areas of high
accessibility is not associated with active commuting in men
whereas women show a clear dose–response relationship between
accessibility and the odds for being an active commuter.

Higher public transportation accessibility has the potential for
increasing active commuting and thereby providing important
health benefits through active transportation. Future transport
planning should evaluate how longer commute trips (>10 km)
can be covered by better public transportation services to create
an alternative to car-based commuting. Save roads and bike lanes
to and from stations/stops, allowing bikes to be transported on
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trains and in busses and more flexible transfers between stops
not connected by services are all things that make public trans-
portation services more available by reducing access and egress
time. Public transportation service level could be improved with
shorter wait time between services and optimal transfer time. This
will increase accessibility by public transportation. Furthermore,
it should include restrictions on car-based commuting such as
restrictions on car-park facilities, which have a positive impact
toward active commuting in Denmark (22).

Accessibility has only been investigated in association to active
commuting by Frank et al. (20). This is to our knowledge the
first study looking at the association between accessibility area and
active commuting. Accessibility is directly linked to the local public
transportation network. Whether accessibility in other countries
shows the same association with active commuting is yet to be
explored. In this study, accessibility is calculated using a simple
two-dimensional approach and time tables. Higher availability
of more disaggregate data and new approaches to calculating
accessibility using web-crawlers or journey planner API’s (19)
will undoubtedly increase research within accessibility and active
commuting.

STRENGTHS AND LIMITATIONS
This study has a number of strengths. The multi-modal network
constructed with integrated time schedule made it possible to
calculate individual public transportation accessibility based on
network travel time and walking along the road network. The
accessibility measure includes the potential to travel in the asso-
ciation analysis in contrast to just looking at the access to public
transportation stops. The large study population selected from
one of the largest health surveys in the world and the individual
register-based socioeconomic data provide a unique study base.
The multilevel model accounted for the large neighborhood effect
found.

There are a number of limitations to this study. The cross-
sectional design makes it impossible to draw conclusion on causal-
ity. The self-reported daily active commuting may be subject to
information bias. The active commuting information is restricted
to time spent walking or cycling to work or study, and it does
not refer to time spent in usage of public transportation or car.
The high proportion of respondents reporting active commut-
ing in this study is substantially higher than in other studies. It
is therefore unknown whether the results may be generalizable
to other countries or cities where active commuting is not as
common. The multi-modal network uses the time schedule to cal-
culate travel time but no information about service performance
have been included. No land-use parameter such as reachable jobs
is included in the individual public transportation accessibility
meaning that all areas are weighted equally important when com-
muting. The public transportation accessibility is thus used as
a measure of how efficient the public transportation system is
in bringing respondents to other destinations. Transfers between
transport modes were not limited in this study although this is
often listed as an inconvenience when using public transportation
(29). Further work would benefit from including work addresses
in order to model routes to work using different transport modes
and examine associated travel choices.

CONCLUSION
This study extends the knowledge about the driving forces of using
public transportation for commuting by examining the individual
public transportation accessibility. The findings suggest that pro-
vision of good public transportation accessibility is associated with
active commuting although it varies with distance to work or study,
age, and gender. The implication for future transport and health
policy is to improve public transit services by increasing accessi-
bility through improved access and linkage between services and
keep travel costs at a rational level.
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