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Abstract

Background: Public transport users often accumulate more physical activity than motor vehicle users, but most
studies have been conducted in large metropolitan areas with multiple public transport options with limited knowl-
edge of the relationship in regional and rural areas. In a regional city, this pilot study aimed to (1) test the feasibility
of preliminary hypotheses to inform future research, (2) test the utility of survey items, and (3) establish stakeholder
engagement.

Methods: Data were collected via a cross-sectional online survey of 743 Tasmanian adults. Physical activity outcomes
were walking (min/week), total moderate- to vigorous-intensity physical activity (min/week) and attainment of physi-
cal activity guidelines (yes/no). Transport variables were frequency of public and private transport use per week. Trun-
cated and log binomial regression examined associations between public/private transport use and physical activity.

Results: Neither frequency of public nor private transport use was associated with minutes of walking (public trans-
port: B — 24.4,95% Cl: — 110.7, 61.9; private transport: B — 1.1,95% CI: — 72.4, 70.1), minutes of total physical activity
(public transport: B — 90.8, 95% Cl: — 310.0, 128.5; private transport: B 0.4, 95% Cl: — 134.0, 134.9) or not meeting
physical activity guidelines (public transport: RR 1.02, 95%Cl: 0.95, 1.09; private transport: RR 1.02, 95%Cl: 0.96, 1.08).

Conclusions: The hypothesis that public transport users would be more physically active than private transport users
was not supported in this pilot study. Stakeholders were engaged and involved in various phases of the research
including development of research questions, participant recruitment, and interpretation of findings. Further studies
using representative samples and refined measures are warranted to confirm or refute findings.
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Key messages regarding feasibility

+ The relationship between physical activity and public
transport use in regional and rural areas is not clear.

+ A relationship between physical activity and pub-
lic transport use in this regional area was not sup-
ported, but useful information to inform future stud-
ies was collected, and stakeholder partnerships were
strengthened.

« Future studies using representative samples and
refined measures are warranted to confirm or refute

findings.

Background

Despite the well-documented role that regular participa-
tion in physical activity (PA) plays in reducing the public
health burden of disease, the prevalence of insufficient PA
is still sizeable in Australia and internationally. An insuf-
ficiently active population is at greater risk of developing
non-communicable diseases such as coronary heart dis-
ease, dementia, diabetes, stroke, depression and different
types of cancer [1-5]. Maintaining sufficient levels of PA
are associated with weight control, improved muscular
and cardiorespiratory fitness and improved bone and
functional health [6]. The estimated total costs of inactiv-
ity were INT$567.5 billion globally and AUD$805 million
in Australia in 2013 [7]. Nonetheless, only 69% of adults
(15 years or older) worldwide meet the recommendation
of at least 150 min of moderate-intensity PA per week [8].
In Australia, 48% of adults (18-64 years old) are classed
as sufficiently active [9]. Efforts to increase levels of PA
in the population through the promotion of leisure-time
activity have failed to attain the desired outcome, so there
is a need to target other domains of PA [10].

Incidental PA—or unstructured activity that is accu-
mulated during the day—has the potential to offer sig-
nificant benefits to public health. Engagement in active
transport—such as walking and cycling—offers one
way of accumulating incidental PA. A systematic review
found that public transport users accumulate 8—15 addi-
tional minutes of total PA per day, making them 3.5 times
more likely to meet PA guidelines compared with motor
vehicle users [11]. However, whether public transport
users are more physically active than private transport
users in non-metropolitan areas remains unknown, as
most studies consider transport in the context of densely
populated metropolitan areas with an abundance of pub-
lic transport options running at high frequencies.

Neighbourhood characteristics, such as accessibil-
ity to public transport and destination proximity [12—
21], as well as the general structure and design of the
public spaces of a city [22, 23], have been identified as
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significant factors in encouraging higher levels of engage-
ment with active transport. Transport systems in particu-
lar have been identified in numerous international [24]
and national [25] frameworks as an aspect of the built
environment that can have a critical impact on health
and behaviour.

The Australian island state of Tasmania is a regional
area where buses are the only mode of public transport,
and metropolitan services are predominantly offered by
a single provider. Only 3% of Tasmanian adults use pub-
lic transport as their primary mode of transport on their
journey to work [26], and it is estimated that it comprises
only 4% of the primary trips for all purposes in the greater
capital city region of Hobart [27]. In 2014—2015, Tasma-
nia had the lowest proportion of adults engaged in suf-
ficient amounts of PA in the country at 43% [28]. This low
engagement with both public transport and PA indicates
a potential opportunity to simultaneously increase levels
of PA and public transport use for health, environmental,
social, and economic benefit. However, prior to interven-
tion, the relationship between PA and public transport in
non-metropolitan areas requires investigation and con-
firmation. The aims of this pilot study were (1) to test the
preliminary hypothesis that greater public transport use
was associated with higher PA levels among a sample of
adults living in a regional area, (2) test the utility of sur-
vey items, and (3) establish stakeholder engagement.

Methods

Data were from the cross-sectional 2017 Tasmanian
Travel and Physical Activity Survey (TAPAS) pilot obser-
vational study. TAPAS was conducted to generate infor-
mation about travel behaviour and physical activity in a
regional area, generate information for sample size esti-
mations for future work, engage with stakeholders (public
transport provider, local government, state government)
and establish whether a larger observational study was
warranted. Ethical approval was received on 10 February
2017 (H16327), and participants were required to review
an information sheet and provide informed consent. We
used the STROBE Statement to guide reporting (Addi-
tional File 1).

Stakeholder engagement

Stakeholder engagement encompassed principles out-
lined in the VicHealth Stakeholder Engagement Frame-
work (meaningful, open, inclusive, respectful and
collaborative) [29]. We engaged with a public transport
provider, the local government peak body, a state govern-
ment health department, a state government planning
department, a local council, a university sustainabil-
ity department, and a sustainable transport consultant.
Connections with stakeholders occurred by consulting
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(seeking advice on and impact of proposed work through
meetings and informal discussions), collaborating (part-
nering for development and delivery of jointly agreed
work through this research), and empowering (support-
ing stakeholders in actions to build a healthier Tasmania).

Study population
Tasmania has a population approaching 520,000 people
[30]; only the Northern Territory (247,000) and Austral-
ian Capital Territory (431,800) are smaller. The largest
Australian state, New South Wales, has a population of
8,176,400. Approximately 43% of Tasmania’s population
resides in and around the Greater Hobart Region [31],
making it one of Australia’s least populated cities [32];
comparatively, the capital cites of Darwin (Northern Ter-
ritory) and Canberra (Australian Capital Territory) have
around 147,000 and 431,00 residents, respectively, while
the capital city of New South Wales (Sydney) has more
than 5 million residents. While 72% of Australians live in
‘Major Cities;, there are no areas classified as Major Cities
in Tasmania.

The Greater Hobart Region includes the capital city of
Hobart, as well as surrounding local government areas
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(LGAs) (Fig. 1). Hobart is classified as an ‘Inner Regional’
area using the Australian Statistical Geography Stand-
ard [33], and is closest in size to the Queensland cities of
Townsville (183,000) and Cairns (155,000), both consid-
ered ‘Outer Regional’ areas. The region has a low-density
settlement pattern, with a large proportion of single-
detached dwellings found in residential areas. Ninety two
percent of all jobs in Southern Tasmania are within the
Greater Hobart Region; of these, 47% are housed in the
Hobart City Council LGA, followed by 31% in the satel-
lite LGAs of Glenorchy and Clarence. Despite a recent
trend towards multiple commercial centres within the
region, the public transportation system remains largely
radial [34]. Low residential density (and the resulting lim-
ited public transport options), housing affordability and
limited local employment opportunities have driven the
population to become heavily reliant on private motor
vehicles [35].

Recruitment methods

Eligible participants were adults aged 18+ years living in
Tasmania in March and April 2017. Convenience recruit-
ment methods included dissemination of promotional
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materials in key locations and via professional net-
works and organisations, social media, and traditional
media. Participants opted into a draw to win one of five
AUD$100 vouchers.

Procedure and sample size

As this was a pilot study, we did not conduct sample size
calculations. From a total of 1355 adults who partici-
pated in the TAPAS study, 612 were excluded from this
analysis. Among these, 264 failed to answer all manda-
tory questions (including key demographic measures),
and 147 contained missing data on PA variables due to
a systematic error in the survey design. An investigation
of the potential bias in demographic characteristics of the
group with missing data compared with the group with
complete data revealed no statistically significant differ-
ences at the 95% confidence level between the two groups
(Additional File 2). This result guided the decision to
exclude these participants from the analysis. In addition,
only those living in the relatively well-serviced Greater
Hobart Region who used public and/or private transport
during the observed week were included in this study,
resulting in a sample size of 743.

Measures
Self-reported duration and frequency of walking and vig-
orous- and moderate-intensity PA were collected via the
short form of the International Physical Activity Ques-
tionnaire—Short Form (IPAQ-SF) [36]. The IPAQ stand-
ardised scoring protocol [37] was used to derive three
variables: minutes of weekly walking, minutes of weekly
total PA and a binary variable to indicate whether the
Australian National PA Guidelines [38] had been met.
Walking was selected as an outcome because conceptu-
ally it would be the physical activity behaviour most likely
to be influenced by mode of transport, especially as there
is no capacity to store bicycles on buses in Tasmania.
Total PA was calculated by adding minutes of walking
and vigorous- and moderate-intensity PA. Meeting PA
guidelines was defined as no (less than 150 min of total
PA or 75 min of vigorous-intensity PA) or yes (at least 150
min of total PA or 75 min of vigorous-intensity PA).
Public and private transport use were derived from
a past week trip recall survey that collected data on the
purpose, mode of transport and duration of each trip for
each day of the week. Public and private transport use
was defined as the frequency of use in the 1-week period
captured by the survey. Participants were categorised as
public transport users and nonusers for each day of the
week (yes = 1, no = 0), resulting in a measure ranging
from 0 to 7 days of public or private transport use per
week.
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Sociodemographic variables included age (18-24,
25-34, 35-44, 45-54 or 55+ years); highest level of
education (low, medium or high); employment status
(employed full-time, employed part-time or not in the
workforce and other); household composition (fam-
ily with children < 18 years old living at home, couple
without children < 18 years old living at home, group
household or other); self-reported health (excellent, very
good, good or fair/poor), gender (man, woman or other);
student (studying full-time or not studying full-time),
language spoken at home (English or other) and cur-
rent injury, illness, disability restricting PA (yes or no).
Other measures included walking distance from home
to the nearest bus stop (5 min or less, 6 to 10 min, more
than 10 min), access to a motor vehicle (yes or no) and
whether physical activity in the last week was the same
or different than usual (same as usual or different than
usual). A variable derived from participants’ postcodes
indicated residence in inner, middle or outer Greater
Hobart urban zones. Inner urban was defined as all sub-
urbs within the City of Hobart; middle urban refers to the
well-serviced broader urban area [39]; and outer urban
refers to remaining suburbs within the Greater Hobart
Region where public transport services are less frequent
and accessible (Fig. 1). This urban zone classification was
generated to investigate well-established geographic dif-
ferences in transport behaviour [40-42].

Analysis

Descriptive statistics (medians and interquartile ranges
for continuous data and numbers and proportions for
categorical data) were used to characterise the sample.
A confounder analysis investigated which variables were
associated with both the outcome and predictor vari-
ables (Additional File 3). Only correlates that satisfied the
forward stepwise selection criteria were included as con-
founders in each of the adjusted models. The associations
between continuous outcomes and predictors and the
categorical and ordinal variables were tested using the
Kruskal-Wallis test (or Mann—Whitney U test for binary
variables) and Spearman correlation, respectively. The
associations between the dichotomous outcome and the
categorical and ordinal variables were tested using chi-
squared (or Fisher’s Exact test) and Kruskal-Wallis tests
(or Mann—Whitney U test), respectively. A conservative
alpha was set at 0.2.

The use of linear regression to investigate the associa-
tion between frequency of public and private transport
use and weekly minutes of walking and total PA was inap-
propriate due to the nonnormal distribution of the PA
variables and the presence of zeros in the data that would
have generated missing values if the outcomes were log
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transformed. PA variables were truncated as per IPAQ
scoring protocols, and their distribution lent themselves
to truncated regression models.

Unadjusted and adjusted log binomial regression
models were built to estimate the relationship between
frequency of public and private transport use per week
and the risk of participants not meeting PA guidelines.
Household composition and employment status were
collapsed into dichotomous variables (i.e., family with
children vs. couples without children/group household/
lone person, working full- or part-time hours vs. not in
the labour force) after the multivariable log binomial
models failed to converge. These categories were chosen
after descriptive statistics indicated similar distributions
when cross-referenced with PA outcomes.

All analyses were conducted using Stata SE 15.0 (Stata-
Corp, TX, USA). Each regression model was subjected to
analysis of model fit performed using a forward stepwise
selection method. Nested models were compared, and
confounding variables were selected for inclusion in the
model based on a 10% change threshold to the coefficient
of the exposure variable [43].

Results

Sample characteristics of the 743 participants can be
found in Table 1. Compared with the broader Greater
Hobart population, the following groups were overrepre-
sented in the survey: women (67% in this study vs. 52%
of the broader population), people aged 18-54 (85% vs.
60%), those working part- or full-time (78% vs. 56%), full-
time students (23% vs. 6%), those with a university quali-
fication (57% vs. 26%) and those who speak English at
home (97% vs. 92%) [44].

Sixty-one percent of survey participants travelled only
by motor vehicle, 11% travelled only by public trans-
port, and 28% used mixed modes of transport. Median
frequency of motor vehicle use was 5 days/week, and
median frequency of public transport use was 0 days/
week. Median time spent in PA was 175 min per week for
walking and 310 min/week for total PA, and 79% of par-
ticipants met Australian PA guidelines.

The effects of frequency of public and private transport
use on time spent walking and doing total PA were neg-
ligible, with no statistically significant relationship found
in unadjusted or adjusted models (Table 2). Frequency of
public and private transport use also had no significant
association with the likelihood of meeting PA guidelines
in unadjusted or adjusted models.

Discussion

The primary aim of this study was to determine whether
higher frequency of public transport use was associated
with more PA in a regional city. We found that neither

Table 1 Sample characteristics (n = 743)
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Sample % (n)

Gender
Man
Woman
Other’
Age
18-24
25-34
35-44
45-54
55+
Employment status
Working full-time hours
Working part-time hours
Not in the labour force
Other'
Student
Studying full-time
Not studying full-time
Highest education level*
Low
Medium
High
Household composition

Family with children < 18 years old living at home
Couple without children < 18 years old living at home
Group household (adults living together)

Lone person
Other®

Language spoken at home

English
Other

General health
Excellent
Very good
Good

Fair/poor

324 (241)
66.9 (497)
0.7 (5)

4(129)
24.1(179)
23.0(171)
20.6 (153)

911

46.0 (342)

31.6 (235)

21.5(160)
8 (6)

233(173)
76.7 (570)

203 (151)
23.0(0171)
56.7 (421)

33.7 (250)
244 (181)
20.5(152)

0 (141)
( 9)
97.3(723)

2.7 (20)

Current injury, illness, disability restricting physical activity

Yes
No
Urban zone classification
Inner urban
Middle urban
Outer urban

Walking distance from home to bus stop

5 min or less
6to 10 min
More than 10 minutes

Has access to a motor vehicle/cycle

Yes
No

12.9 (96)
87.1(647)

45.1 (335)
46.0 (342)
8.9 (66)

64.3 (478)
21.7 (161)
14.0 (104)

77.9(579)
22.1 (164)
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Table 1 (continued)

Sample % (n)

Physical activity last week the same of different than usual

The same as usual 85.1 (632)

Different than usual 149(111)
Physical activity guidelines

Meets guidelines 79.0 (587)

Does not meet guidelines 21.0(156)

Median ()

Minutes of physical activity/week

Walking 175 (80-280)

Total physical activity 310 (170-530)
Frequency of transport use/week
Public transport 0(0-2)

Private transport 52-7)

* Includes ‘transgender’, ‘prefer not to disclose; ‘gender fluid’ and ‘non-binary’;
T includes volunteers and unclear responses; + Low = year 12 or less, Medium
= trade/apprenticeship or certificate/diploma, High = university qualification,
§ includes large families, multigenerational households, visitor and unclear
responses; || 25th and 75th quartiles

frequency of public nor private transport use had a sig-
nificant relationship with PA in this sample. This finding
contrasts with existing literature where public transport
users are more physically active than private transport
users [11]. A likely possible explanation for these discrep-
ant findings is that previous studies have predominantly
been conducted in large metropolitan centres with more
than one public transport option, where a single journey
may consist of multimodal trips. Hobart, on the other
hand, is a regional city with a single type of public trans-
port available (buses) predominantly serviced by a single
provider (Metro Tasmania).

Previous PA and transport studies have shown that
‘place’ matters and that urban design may be associated
with engagement in both PA and public transport use
[12, 14, 16, 17, 20-22]. For instance, distance to a bus
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stop and housing density have been found to be signifi-
cantly associated with regular walking for transport [12,
14]. Urban sprawl is an issue in the low-density Greater
Hobart Region and walking to the bus stop is not always
viable for those living on the urban fringe, semi-rural
environments, or small towns with more limited access
to bus routes. To address this accessibility issue, there
has been a focus on “park and ride” facilities to encour-
age public transport use for those living outside the
Hobart LGA, for instance, in the LGA of Kingborough
[45]. However, those driving to the bus stop are unlikely
to be benefiting from the active components often asso-
ciated with public transport use. While the relationship
between PA and public and private transport use may
therefore differ according to whether people live in the
inner, middle or outer Greater Hobart urban zones, we
found no evidence of an interaction between public and
private transport use and urban zone in this sample (data
not shown).

Bus stop accessibility and parking zones in Hobart’s
Central Business District (CBD) may be another expla-
nation for why public transport users may not be accu-
mulating more PA than private transport users in this
regional setting. The availability of all-day on-street
motor vehicle parking in the CBD is decreasing. Conse-
quently, some drivers may choose to park for free or at
a low cost in inner suburban areas and walk the remain-
der of the way [46]. On the other hand, an abundance of
bus stops within the CBD possibly translates into shorter
walking trips for public transport users. While private
transport users may be taking longer walking trips dur-
ing their journeys, public transport users may be tak-
ing multiple shorter walking trips (e.g., public transport
users walk to the bus stop then walk to the destination,
while motor vehicle drivers only walk to the destination).
Future research should consider investigating how urban
sprawl, parking zones and public transport systems in
nonmetropolitan areas encourage or discourage higher

Table 2 Associations between transport mode and physical activity (PA) outcomes

Public transport

Private transport

Unadjusted

Adjusted

Unadjusted Adjusted

Walking min/week, B (95% Cl)*
Total PA min/week, B (95% Cl)*
Not meeting PA guidelines, RR (95% Cl)"

294 (—76.5,1354)
— 742 (—3149,1664)
1.05 (0.98, 1.13)

—244(—110.7,61.9)
—90.8 (— 3100, 128.5)°
1.02 (0.95, 1.09)°

—60.0 (— 1554,354)
— 650 (—246.7,116.8)
1.01 (0.96, 1.07)

—1.1(=724,70.)°
04 (—134.0,1349)°
1.02 (0.96, 1.08)

* Coefficient and 95% confidence intervals estimated using truncated regression; t risk ratio and 95% confidence intervals estimated using log binomial regression; +
includes ‘couple without children < 18 years old living at home’, ‘group household (adults living together)’ and ‘lone person’

@ Adjusted for household composition, access to a motor vehicle, urban zone classification

b Adjusted for age, education, household composition, urban zone classification

¢ Adjusted for gender, age, education, household composition, urban zone classification

4 Adjusted for employment status, urban zone classification

¢ Adjusted for gender, employment status, urban zone classification
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engagement with PA through public transport use. Fur-
ther, strategies to increase PA through public transport
use that target the inner and middle urban zones may
be more likely to succeed, due to destination proximity,
urban design and public transport accessibility.

A second aim was to establish the utility of the meas-
ures used. Substantial amounts of missing demographic
data (n = 264) suggest improvements to our survey tool
are required. Other issues with the measures used that
were identified include the IPAQ-S potentially not being
sensitive enough to detect associations with transport
mode frequency, despite broad acceptance as a valid
measure of PA [37]. Studies that have found associations
between public transport use and increased PA have
used a combination of objective measures (i.e., pedom-
eters and/or accelerometers) and self-report trip diaries
or diary logs. We identified only two other studies [47,
48] that used the IPAQ (both long and short forms), and
neither found a significant association between pub-
lic transport and quantity of PA, although one found
that transport mode had an effect on PA participation
[47]. Further, some studies have exclusively examined
transport-related PA, while the current study focused on
walking for all purposes and total PA [13, 49, 50]. Further
refinement of measures for future studies of transport
behaviour and PA is required.

This study also aimed to establish stakeholder engage-
ment. One stakeholder group that we consulted with did
not engage further with the project, largely due to a lack
of capacity and management support. The remaining
stakeholders were involved in establishing research ques-
tions, supporting participant recruitment, and interpret-
ing findings, ensuring local relevance and establishing a
direct pipeline for research translation. The strength of
engagement was further demonstrated through a sub-
sequent successful funding application to Australia’s
National Health and Medical Research Council Part-
nership Project scheme, where three of these partners
(public transport provider, local government peak body,
state government health department) committed sub-
stantial in-kind and/or cash contributions to advance this
work. It is widely acknowledged that intersectoral action
is required to support uptake of active and public trans-
port [24, 51, 52]. A novel aspect of this partnership was
the bringing together of stakeholders from research, pol-
icy, and practice across the health and public transport
sectors.

If findings from this pilot study were replicated in a
representative sample using refined measures, it would
suggest that strategies solely based on the promotion of
public transport use in nonmetropolitan areas to increase
PA may have limited success without support from other
interventions targeting individual (e.g., behaviour change
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programs), social (e.g., cultural norms) and/or environ-
mental (e.g., urban form) factors. This poses challenges to
current transport- and health-related policies and strat-
egies that aim to promote more active living by encour-
aging a change from private to public transport in the
Greater Hobart Region [22, 53]. The Tasmanian Govern-
ment has promoted walking to or from a more distant
bus stop for PA gain [54], but the uptake of this message
is limited [55]. Further research is needed to explore
these issues and possible intervention strategies that may
positively impact on both physical activity behaviour and
healthy transport options.

Strengths and limitations

This pilot study had limitations. First, as a pilot study,
generalisation of the findings to the wider popula-
tion is limited because the sample was not drawn at
random. Although the sample showed heterogene-
ity among the participants in key demographic char-
acteristics, PA profiles and transport behaviours, it
differed from the broader population in several ways
(as described in the Results section). The online sur-
vey measured transport use related to the past week,
but these may not reflect participants’ usual behav-
iour. The short form of the IPAQ does not differentiate
between leisure time and transport-related PA which
impeded the investigation of the direct association
between transport mode on incidental PA. The IPAQ
overestimates physical activity [56]. This overesti-
mation is problematic at a population level (e.g., for
prevalence estimates based on absolute values), but is
not of concern in this study where the intention was to
make between-group comparisons.

There were strengths to this pilot study. It is the first
study to test hypotheses around public transport use and
PA in a regional setting, contributing new knowledge to
the evidence base. The large sample enabled multivari-
able analyses that considered a broad range of potential
confounding factors. Further, it used a broadly accepted
measure of PA that, despite some validity concerns [56],
offers reliable and results comparable with other studies.
It also provided an opportunity to engage closely with
stakeholders, including a public transport provider, local
government peak body, and state government health
department, to codesign research questions, support
recruitment and interpret findings.

Conclusion

This study investigated the associations between pub-
lic and private transport use and PA in the regional city
of Hobart, Australia. It found that neither frequency of
public nor private transport use was associated with PA
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in this population. The findings require confirmation in
representative samples, both in Tasmania and in other
regional areas with similar population size, density and
topography, and the use of objective measures of trans-
port and PA behaviour.

Abbreviation
PA: Physical activity.
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