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Abstract

Introduction: Physical activity is a critical factor in the prevention of chronic disease and in achieving and maintaining good health. However,
little is understood about the link between the built environment and physical activity levels in regional areas.

Objectives: We linked geospatially-assessed walkability with population health surveillance data gathered from urban and regional locations
across Tasmania, Australia, to assess if walkability was associated with physical activity.

Methods: We used linear regression analysis to determine associations between physical activity duration and the walkability index level

generated by geospatial assessments.

Results: We demonstrated a clear association between higher walkability and greater physical activity duration, which was more pronounced

in regional areas when compared to urban areas.

Conclusions: Geospatially-assessed walkability may influence physical activity levels in regional areas.

Implications for Public Health: Designing the built environment to increase walkability may be a simple but effective strategy for enabling

more physical activity, especially in regional settings.
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Introduction

egular physical activity (PA) plays a critical and essential role

in the prevention of multiple poor health outcomes,

including premature mortality, cardiovascular disease, type
Il diabetes, multiple cancers, depression and anxiety.'”?
Furthermore, PA brings substantial social, environmental and
economic benefits, both at the individual level and the community
level.>* However, only 24% of Australian adults report meeting the
recommended guidelines for PA levels, with regional Australians
even less active than their urban adult counterparts.” Residents in
regional areas of Australia are also more likely to experience
chronic health conditions and engage in risky health behaviours

such as smoking and excessive alcohol consumption, compared
with those living in urban settings.’®

The built environment can positively influence PA through a number
of mechanisms, including access to amenities, street connectivity,
intersection density, residential density, number of parks, and public
transport.”® However, research on this relationship has largely
focused on urban or metropolitan settings,”'" with less known about
how the built environment relates to PA in regional settings.'> Some
research indicates differences in the built environment between
urban and regional locations,”® which may influence the level of
health promoting behaviours undertaken by residents, including
PA."* However, the paucity of evidence related to regional settings
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provides very limited guidance for policy makers in determining
priorities for resource and infrastructure allocation for supportive
built environments.

The concept of ‘walkability’ provides a useful framework for
understanding how the built environment can both positively and
negatively influence an individual’s capacity to undertake PA.
Walkability encompasses the concepts of urban design and
infrastructure (for example, areas being safe, enticing and
traversable), and the outcomes fostered by these environments (for
example, encouraging PA and enhancing connectedness through
sustainable transport options).15 Furthermore, a ‘walkability index’
has previously been established as a method of defining an area’s
walkability'® and has previously been positively associated with PA in
urban areas,'””'® providing a pathway to encourage health-
promoting behaviours as part of the built environment.

Research aim

In this study, we linked geospatial assessments of neighbourhood
walkability with population health surveillance and monitoring data
gathered from both urban and regional suburbs across Tasmania,
Australia. From this linkage, we aimed to assess if walkability factors
were associated with population-level measures of PA, and if there
were differences across urban and regional settings.

Study setting

This study was located in Tasmania, an island state in southern
Australia. Tasmania had an estimated population of 571 500'° in 2022,
and is divided into 29 Local Government Areas (LGAs). All regions of
Tasmania are classified by the Australian Bureau of Statistics (ABS) as
either ‘Inner regional’, ‘Outer regional’, ‘/Remote’ or ‘Very remote’,”°
with no regions falling within the ‘Major cities’ classification. The
majority of the population reside in the three major centres of Hobart
(population 247 100), Launceston (population 91 000) and the north-
west cluster of Burnie, Wynyard, Devonport and Ulverstone
(population 74 600). This is supplemented by smaller but economically
important regional centres such as St Helens (population 1 573) and
Queenstown (population 1 772)*" with the remaining 157 000
residents scattered across small towns and settlements (see Figure 1).

Ethics and funding statement

This research was part of the Communities for Walkability study, a
project funded by the Australian Medical Research Future Fund
(APP1200144) and co-designed with policy partners from the
Tasmanian Department of Health (DoH) and the Local Government
Association of Tasmania (LGAT). Ethics approval was granted by the
Tasmanian Health and Medical Human Research Ethics Committee
(ID 23174; 3 March 2021).

Methods

Data sources
Geospatial assessments of walkability

A walkability index was calculated at Mesh Block level for suburbs
and towns across Tasmania using standardised scores of local
neighbourhood attributes, weighted by the Mesh Block population
counts. A Mesh Block is the smallest level of geography included in
the Australian Statistical Geography Standard used by the Australian
Bureau of Statistics and is similar to a Census Tract. On average, a

Mesh Block contains 30 to 60 dwellings but can be fewer in more
remote areas. In Tasmania, Mesh Blocks designated as ‘Residential’
have an average population of 43.%

Local neighbourhood attributes included in the walkability index were i)
street connectivity (connectivity); ii) dwelling density (density); and iii) a
daily living score (destinations), attributes commonly used in walkability
and health research.”® Street connectivity and dwelling density were
calculated as the total number of intersections and dwellings
respectively within 1600m (1 mile) along the pedestrian-accessible road
network from residential addresses. This distance represents a 15-20
minute walk, which is reasonable for regional areas and commonly
recognised in the broader literature.”**> These components were
calculated at the individual address level before being normalised and
added together to create the walkability index. Walkability was then
reported at the Mesh Block level by averaging the walkability indexes for
each address within the Mesh Block. The third component of daily living
score was created using binary indicators recording the presence' or
absence (0) of access to three types of destinations within 1600m:
supermarkets; public transport stops; and convenience stores (including
stores, newsagents and petrol stations where basic food is available).
These metrics were chosen based on previous research by Gunn et al. *°
who found that transport stops, supermarkets and small food or
convenience stores are associated with increased walking for transport,
and this approach has been used in multiple locations around Australia.””
Distances to these destinations from residential addresses were also
calculated using the pedestrian-accessible road network.?® The majority
of destinations were sourced through Open Street Map (OSM***° and
cross-checked with local governments (where available), while road
networks were also sourced through OSM. Public transport stops were
sourced from General Transit Feed Specification (GTFS) data.’’ Address
points were sourced though the Geocoded National Address File (G-NAF)
dataset.>? Population statistics for Mesh Blocks and suburb/town
boundaries were sourced from the Australian Bureau of Statistics.”
Results for the local neighbourhood attributes were standardised and
aggregated firstly to the Mesh Block and then town/suburb boundaries
for further analysis. All analyses were completed in QGIS.*

Assessment of regionality

Using the Australian Statistical Geography Standard and tables of
suburb correspondence® all suburbs and towns were classified as
either ‘urban’ or ‘regional’ by assigning ‘Urban’ to localities classified
as ‘Inner regional’, and ‘Regional’ to localities classified as ‘Outer
regional’, ‘Remote’ or ‘Very Remote'.

Walkability rankings

The walkability index was first computed for all Tasmanian suburbs
and towns and classified into tertiles. As the statewide distribution
was heavily skewed towards high scores in urban areas, we
standardised the index separately for urban and regional locations to
avoid misclassification. Within each stratum (urban or regional), we
linearly scaled the index to a 0-1 range using the following formula,

X — min (x)
max (x) — min(x)

stdwalkipgex =

where x is the raw index. We then redefined walkability
levels to Low, Moderate or High using tertiles of the
standardised values within each stratum. (see Table 1).
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Figure 1: Map of Tasmania, Australia, showing ABS regionality classifications and major population centres.
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Table 1: Walkability index categories for urban, regional and all towns in

Tasmania, before and after normalisation applied.

Walkability category

Before normalisation After normalisation

Urban Regional Urban Regional
High 124 113 77 159
Moderate 25 93 39 80
Low 6 13 39 80

Tasmanian Population Health Survey data

The Tasmanian Population Health Survey (TPHS) is a three- to four-
yearly, cross-sectional population health surveillance and monitoring
survey of a representative sample of Tasmanians aged 18 years and
over, which has been undertaken since 2009. In 2022, recruitment
was via the Integrated Public Number Database (IPND), a mobile
telephone number database with associated postcode information.

This allowed for targeted recruitment by LGA, with a computer-
generated list of random numbers from each LGA. Using
standardised protocols, a research company contracted by the DoH
conducted telephone interviews and collected information on
sociodemographic variables (for example, age, gender and
education), health behaviours (for example, PA and diet), and
physical and mental health outcomes (for example, body mass index,
psychological distress and the presence of various chronic
conditions).

Participants were informed about the requirements of voluntary
participation (a telephone interview), what the data would be used
for (to support planning and research, implementation and
evaluation of health services and programs in Tasmania). There were
4,061 participants in total, with a response rate of 29%, calculated as
a percentage of completed interviews from all interviews and
refusals.®* To ensure adequate representation across Tasmania,
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quotas were set for each LGA, although the survey under-
represented males and younger age groups when compared to 2021
Tasmanian Census data.>*

For this analysis, we evaluated four PA outcomes. These included
duration (mins/week) of walking, moderate-intensity PA, vigorous-
intensity PA, and moderate-vigorous PA (MVPA, calculated by
summing moderate PA and vigorous PA outcomes) (see
Supplementary Materials for PA-related survey questions). PA
outcomes were aggregated to the town/suburb level, and the mean
calculated. Towns or suburbs with no PA data were omitted from
analysis. While walking and moderate-intensity PA are conceptually
more closely aligned to walkability, we included an exploratory
analysis of the vigorous-intensity PA and MVPA outcomes as it is
plausible vigorous activity could be influenced by neighbourhood
walkability.

Data linkage

TPHS data were provided with approval by the Tasmanian DoH.
Linkage of geospatial walkability data to 2022 TPHS data were based
on the location (suburb or town) provided by the TPHS respondent.
Some suburbs recorded as places of residence by TPHS respondents
were recorded as having zero population in the 2021 Census, due to
differences in data collection methods between the 2021 ABS Census
and the 2022 TPHS. For these respondents, we used Tobler’s First Law
of Geography® and reallocated suburb of residence to the nearest
town with a non-zero population recorded by the 2021 Census.

Statistical analysis

Sociodemographic data from the TPHS were summarised using
proportions for categorical variables. Linear regression analysis was
used to determine associations between PA (minutes) and the
walkability index. Using the ‘low’ category as a baseline, comparisons
were made between ‘low’ and ‘moderate’ walkability categories, and
‘low’ and ‘high” walkability categories. Given the small number of
residents in some towns used in the analysis, population weights
were also applied. These were derived by calculating the proportion
of residents represented from the general population of the town.??

To address non-normality in the PA outcomes, the Yeo-Johnson
transformation® was applied as it handles positive, zero and
negative values without shifting the data. This transformation
improves model validity by stabilising variance and enhancing
interpretability. Model selection was guided by the Akaike
Information Criterion (AIC) comparing weighted versus unweighted
models for each outcome. We used weighting rather than covariate
adjustment, as the weighted models had better AIC than both the
unweighted models and the models including the proportion of
residents as a covariate. Regression estimates with 95% confidence
intervals (Cls) were reported.

To determine differences in PA duration in minutes, expected
marginal means (EMMs) by walkability level were obtained from the
transformed-scale linear models and back-transformed using
parametric bootstrapping with 5,000 draws. Bootstrap samples from
the multivariate normal of the EMMs (using the estimated mean and
variance-covariance estimates) were mapped through an inverse
Yeo-Johnson function using outcome-specific lambda values
estimated from the preprocessing step, yielding EMMs in minutes
with 95% percentile Cls. Pairwise differences in minutes (low vs high,

low vs moderate) were computed, with two-sided p-values from the
proportion of bootstrap differences crossing zero. All analyses were
conducted using the Im() function in R’

Results

Tasmanian Population Health Survey results

The TPHS had 4,014 respondents, with 65.8% (n=2540) living in an
urban area, and 34.2% (n=1374) in a regional area.
Sociodemographic characteristics of survey respondents can be
found in Supplementary Table 1. When compared with the TPHS
dataset as a whole, urban locations have a greater proportion of
residents who are employed, earn more, are younger and have
higher educational attainment, compared to those living in regional
locations.

Figure 2: Population-weighted association between physical activity type
(minutes per week of walking and moderate PA) and walkability categories in|

(a) all Tasmanian localities, (b) urban Tasmanian localities, and (c) regional
Tasmanian localities.
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Suburb/town results

Of the 775 suburbs and towns in Tasmania, 478 were included in this
analysis. The remaining towns did not have representation in the
TPHS. Suburbs and towns included in analyses had resident
populations between 8 and 14,481, with an average population of
4,080. Urban localities had a range of 58 to 14,481 and an average
population of 5,339, while regional locations had a range of 8 to
6,653 and an average population of 1,659.

Regression analysis

Figure 2 (and Supplementary Table 2) show the population-weighted
association between walking and moderate PA with the walkability
index category for all of Tasmania, and separately for urban and
regional areas. For unweighted population results, see
Supplementary Table 3.

Figure 2a shows the association between walking and moderate-
intensity PA with walkability index categories across all of Tasmania.
Overall, regions with higher walkability were associated with more
minutes of walking and moderate-intensity PA, when compared to
regions with lower walkability index scores. There was a stronger
association observed when comparing high to low walkability
categories than when comparing moderate to low categories,
showing a dose-response gradient (i.e. ‘high’ categories
demonstrated greater duration of PA than ‘moderate’ or ‘low’
categories).

Figure 2b shows the association between walking and moderate-
intensity PA with walkability index categories for urban locations in
Tasmania. Similar to results for all of Tasmania, a dose-response
gradient was observed for walking and moderate-intensity PA with
high versus low walkability categories of walkability, compared to
moderate versus low categories. However, the association was only
significant for moderate-intensity PA in high versus low walkability
regions. Skewed distributions of walkability categories for the urban
regions, even after normalisation (see Table 1) may account for
greater confidence intervals in these results.

Figure 2c shows the association between walking and moderate-
intensity PA with walkability index categories for regional locations in
Tasmania. Regions with higher walkability index scores were

Table 2: Population-weighted estimated differences (in mins) in duration of

walking and moderate PA for all Tasmanian localities.

PA type Category Difference (mins)  p-value  Low (I High CI
Walking Low vs Moderate  58.93 <0.05 19.65 100.64
Walking Low vs High 84.11 <0.05 47.40 122.16
Moderate PA  Low vs Moderate  6.46 <0.05 137 12.81
Moderate PA  Low vs High 31.56 <0.05 20.62 45.30

Table 3: Population-weighted estimated differences (in mins) in duration of

walking and moderate PA for urban Tasmanian localities.

PA type Category Difference (mins)  p-value  Low CI  High Cl
Walking Low vs Moderate  -2.17 0.94 -70.56 64.97
Walking Low vs High 38.24 0.23 -23.57 100.00
Moderate PA  Low vs Moderate  13.28 0.20 -1.24 35.77
Moderate PA  Low vs High 30.25 <0.05 9.90 5191
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Table 4: Population-weighted estimated differences (in mins) in duration of

walking and moderate PA for regional Tasmanian localities.

PA type Category Difference (mins)  p-value  Low (I  High Cl
Walking Low vs Moderate ~ 63.91 <0.05 1741 113.56
Walking Low vs High 75.00 <0.05 3117 12136
Moderate PA  Low vs Moderate  0.23 0.898 -2.71 3.49
Moderate PA Low vs High 18.13 <0.05 9.37 30.15

associated with greater duration of resident walking, when compared
to regions with lower walkability index scores, in a dose-response
manner. There was a significant association between moderate-
intensity PA for high versus low walkability categories, but no
association with moderate versus low walkability categories was
observed.

Population-weighted estimated differences in duration of walking
and moderate PA are shown in Table 2 (all Tasmanian localities),
Table 3 (urban localities) and Table 4 (regional localities). Unweighted
estimated differences are presented in Supplementary Materials (see
Supplementary Table 4).

Exploratory analyses

Exploratory analyses were performed for vigorous-intensity PA and
MVPA, as it is plausible that variables are influenced by
neighbourhood walkability. Results for these outcomes are presented
in Supplementary Materials (see Supplementary Fig. 1 and
Supplementary Table 5). Overall, regions with higher walkability
index scores trended towards increased duration of resident vigorous
PA and MVPA, when compared to regions with lower walkability. This
association was statistically significant when low and high walkability
categories were compared, but not when comparing moderate to
high walkability categories. For urban locations in Tasmania,
associations trended in the opposite direction to expectations but
were not statistically significant. For regional locations in Tasmania,
associations between vigorous PA and MVPA with moderate versus
low walkability categories were in the opposite direction to
expectations and statistically significant, while associations between
vigorous PA and MVPA with high versus low walkability categories
were in the expected direction but did not reach statistical
significance. Overall, these disparities indicate no clear pattern
between vigorous PA, MVPA and walkability index.

Discussion

Our findings indicate that greater spatially-assessed walkability was
associated with a higher duration of both walking and moderate PA
in Tasmania. This association was stronger with higher walkability
levels and for regional areas compared to urban areas. Across
Tasmania, differences in walking duration of close to one hour were
shown when comparing low to moderate walkability-assessed areas,
and over 80 mins when comparing low to high walkability-assessed
areas. Increases of over six minutes to over 30 minutes were
demonstrated for moderate PA duration.

This is one of the first studies in adults that we know of examining
the association between an objective geospatial walkability index
assessment and PA in regional areas of Australia. Our findings are
important for regional health outcomes, and suggest that built
environments in these areas need to be improved and made more
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walkable to increase PA among residents. With regional adults
globally demonstrating higher rates of premature mortality and
chronic disease,*®**° designing and enhancing built environments to
support walking and moderate PA could provide a critical avenue for
improving the health and wellbeing of these populations.

Across the state as a whole, there was a clear and consistent dose-
response association between higher walkability index scores and
greater durations of walking and moderate-intensity PA. This is
consistent with findings from the existing (mostly urban) literature,
which has shown the importance of a range of factors for PA,
including proximity of destinations, land use mix, connectivity,
population density, neighbourhood aesthetics, safety from crime, and
proximity to parks.***> The objective spatial measures of walkability
used in this study were a summary index of connectivity, density and
destinations, and designed for use in urban areas. The current results
confirm the applicability of these measures at the population level in
both urban and regional settings with clear and consistent
associations between walkability and PA across the state, even in
small towns.

When stratified by urban/regional location, however, findings were
less consistent. There was no evidence of an association between
walking or moderate-intensity PA in urban areas with moderate
compared to low levels of walkability. However, a positive association
was apparent between walking and moderate-intensity PA in urban
areas with high versus low levels of walkability, albeit statistically
significant only for moderate PA. This is possibly a dilution effect,
where urban-dwelling residents have more options for spaces and
places to be active. For example, when the immediate environment
does not cater to their needs, they may be able to more easily travel
to other areas to be active, whereas this option may not be available
to regional residents.

In regional areas, both moderate and high levels of walkability were
positively associated with walking, while high levels of walkability
were positively associated with moderate-intensity PA. These findings
suggest walkability is especially important for PA in regional
communities, particularly for walking. Walking is the most common
and freely available form of PA for adults*® and is a key behavioural
target for PA promotion, given it is accessible and typically does not
require specialised equipment, clothing, or skills. With the high
prevalence of premature mortality and chronic disease and lower
prevalence of PA in regional areas,*®**° creating more walkable built
environments holds promise as an important opportunity to promote
active lifestyles at the population level. Planning and design policies
for regional areas that support street connectivity, have a variety of
destinations, and greater population densities should be considered
as public health strategies to increase PA and improve health in
regional communities.

In our exploratory analyses, we found little evidence of an association
between walkability and vigorous-intensity PA or MVPA. At the state
level, associations with high compared to low walkability levels were
in the expected direction for both vigorous PA and MVPA. However,
when stratified by urban/regional area, associations were
inconsistent in direction and magnitude across levels of walkability,
across PA type (vigorous PA and MVPA), and across areas (urban/
regional), suggesting these stratified results should be interpreted
with caution, and may be due to the smaller number of participants
reporting vigorous PA in the TPHS. Plausibly, the types of vigorous PA
performed may be more likely to occur outside of the local

neighbourhood — for example, at sports centres or running/cycling
trails and tracks that may be more geographically dispersed — and
hence walkability may be less likely to play a strong role in
supporting/hindering some vigorous activities.

Policy implications

Across Tasmania, differences in walking and PA duration between
categories ranges from 6.5 minutes per week (of moderate PA in low
versus moderate walkability towns) to 84.1 minutes per week (of
walking in low versus high walkability towns). This equates to 4.3% to
56% of the minimum recommended duration of moderate PA (150
minutes per week), which includes brisk walking.** At the higher end,
this is an important and substantial contribution to meeting PA
guidelines. While out of scope of this study, significant investment in
walkability factors, especially in regional centres, is likely to be worthy
of consideration to increase PA participation, which may lead to
reductions in chronic health conditions.

Numerous public health policies and frameworks already highlight
the importance of walkability and the built environment in
supporting communities to be more active. Key policies include the
World Health Organization’s Global Action Plan for Physical Activity,*®
Australia’s National Preventive Health Strategy,’® and the Heart
Foundation’s Blueprint for an Active Australia.”” Design guidelines
such as the Heart Foundation’s ‘Healthy Active by Design’ also
emphasise the importance of designing communities that promote
health.”® However, few have a specific focus on understanding
walkability and its role in promoting PA in regional areas. The
findings from this study suggest that designing walkable
communities may be equally, if not more influential on PA in regional
areas, and must be given adequate attention in planning and design
considerations. All communities should have access to environments
that support active living, including those living in regional areas.
Addressing current gaps in the walkability of regional areas is needed
to increase PA participation and improve health and wellbeing,
reducing existing geographic disparities in health.

Local government planning also has a critical role to play to increase
walkability and encourage both recreational and transport walking
and increased PA in regional locations. Urban design in these areas is
usually focused on a main street with key destinations clustered in
the centre of town. However, if a regional population grows rapidly,
new housing is located on the edge of town in low density
developments well beyond distances of within 800m from the key
destinations that encourage walking.”**° In Australia, regional
migration patterns have changed since the COVID-19 pandemic®
and are likely to continue if residents can retain metropolitan labour
market employment in nearby larger regional towns,”’ or post-
pandemic working from home remains viable.” This requires new
responses from local government to review strategic and statutory
planning practices, including those focused on density destinations
and connectivity to support walkability, PA and communities
designed to support health.

Finally, improved walkability may have benefits beyond PA, with the
connection between walkability, social connectedness and inclusion
an additional and important perspective when considering wider
community health outcomes. A positive association between
walkability and social connectedness has been repeatedly

demonstrated,”*>° while social and family connectedness has been



linked to improved mental health, improved relationships, and
reduced substance abuse.”’®®

Strengths and limitations

There are a number of strengths and limitations of this study that
should be considered when interpreting the findings. Firstly, data
were cross-sectional and analysed at the level of localities (towns/
suburbs). This means there is the potential for ecological fallacy and
caution is needed in making inferences about individuals from
inferences about the group which those individuals belong. For
example, active people could choose to live in more walkable areas,
although it has been demonstrated that residential self-selection
plays a limited role in built environment/PA associations.”® A further
limitation is that confounders such as socioeconomic or demographic
characteristics were not included in analysis, however population-
weighting was considered in the model. The geospatial assessment
of walkability is both a strength (i.e. an objective measure reduces the
risk of bias) and a weakness (i.e. there is lack of qualitative or lived
experience data) but it is a standardised measure (i.e. walkability
index) that has been used across Australia in research?’ and policy.*°
The use of population surveillance and monitoring data to estimate
PA is also both a strength (i.e. population coverage, random
sampling, efficient and economical, maximises an existing resource)
and a weakness (i.e. 29% response rate, no control over study design
and measures). The use of a self-reported measure of PA is a potential
limitation, however, the questions asked were based on a reliable and
validated measure recommended for use by all Australian
jurisdictions as the tool for monitoring physical activity in adults.®’
Finally, although we refer to ‘urban’ localities, the entire state of
Tasmania is classified by the Australian Bureau of Statistics as regional
and remote,”® which may result in a lack of heterogeneity, where the
more urbanised areas in this study may differ from urban areas in
other states in Australia.

Future research

This study highlights the usefulness of linking geospatial walkability
data with routine health surveillance data collected from people in
both urban and regional areas to gain greater insights for population
health and planning, and indicates that future health surveillance
activities could include a geospatial component. While geospatial
data has been linked with routine surveillance data in the
communicable disease space,®” its application in relation to health
behaviour surveillance is less common. Doing so would have
application beyond PA research — for example, to fast food, alcohol
and tobacco retail outlets and their associations with unhealthy diets,
risky alcohol consumption and tobacco use. Qualitative research at
the individual level would allow greater inferences about associations
between the built environment and PA behaviour. Integrating
qualitative data into geospatial assessments of walkability is likely to
provide greater insights into lived experience and the broader
context of behaviours. The use of objective measures of PA would
strengthen future research, although at greater cost. Including
comparisons with more urbanised areas may provide greater
heterogeneity and different understandings of associations. Finally,
an exploration of how sociodemographic or socioeconomic
differences could account for differences in PA beyond regionality
would add to this evidence base, as would a more comprehensive
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exploration of the impact of walkability on social connectedness in
regional and remote settings.

Conclusion

This research demonstrates the utility of linking geospatially-assessed
walkability data with population surveillance survey data in a
regional setting. We found greater walking and moderate-intensity
PA in areas with higher geospatially-assessed walkability, when
compared to areas with lower geospatially-assessed walkability. This
trend was stronger in regional areas, providing an overlooked
opportunity to support these communities to participate in more PA,
meet PA guidelines, and achieve better health outcomes. These
findings may assist urban planning and health policymakers to
understand the implications of built and landscape design decisions
on population health outcomes, especially in regional environments.

Conflicts of interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to
influence the work reported in this article.

Funding

This work was financially supported by the Australian Medical
Research Future Fund (APP1200144), in partnership with the
Tasmanian Department of Health and Local Government Association
of Tasmania, Australia Heart Foundation and University of Tasmania,
Australia. The funding source had no involvement in the study
design, collection, analysis and interpretation of data or manuscript
development. VC was funded by a Heart Foundation Future Leader
Fellowship (ID 104892).

Data availability statement

Data may be made available on request.

Acknowledgements

The authors gratefully acknowledge Public Health Services (DoH,
Tasmania) for provision of TPHS data. The authors also acknowledge
Dr Myriam Ziou (University of Tasmania) for additional assistance
with statistics, Dr Grant Williamson (University of Tasmania) for
additional assistance with mapping, and the numerous developers of
R packages used in analysis.

Author ORCIDs

Sharon L. Campbell & https://orcid.org/0000-0002-9788-5372
Alan Both ) https://orcid.org/0000-0003-4021-9632
Verity Cleland @ https://orcid.org/0000-0001-8358-3237

References

1. Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT. Effect of physical
inactivity on major non-communicable diseases worldwide: an analysis of
burden of disease and life expectancy. Lancet 2012;380(9838):219-29.

2. Warburton DER, Bredin SSD. Health benefits of physical activity: a systematic
review of current systematic reviews. Curr Opin Cardiol 2017;32(5):541-56.

3. Ding D, Lawson KD, Kolbe-Alexander TL, Finkelstein EA, Katzmarzyk PT, van
Mechelen W, et al. The economic burden of physical inactivity: a global analysis
of major non-communicable diseases. Lancet 2016;388(10051):1311-24.


https://orcid.org/0000-0002-9788-5372
https://orcid.org/0000-0003-4021-9632
https://orcid.org/0000-0001-8358-3237
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref1
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref1
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref1
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref2
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref2
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref3
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref3
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref3

8

20.

21.

22,

23.

24,

25.

26.

27.

28.

. Australian

. Consoli

Full Length Article

. Eigenschenk B, Thomann A, McClure M, Davies L, Gregory M, Dettweiler U, et al.

Benefits of outdoor sports for society. A systematic literature review and re-
flections on evidence. Int J Environ Res Publ Health 2019;16(6):937.

Bureau of Statistics. National health survey. Canberra:
Commonwealth of Australia; 2022 [Available from: https://www.abs.gov.
au/statistics/health/health-conditions-and-risks/national-health-survey/
2022#health-risk-factors.

. Australian Institute of Health and Welfare. Rural and remote health. Australian

Government; 2022 [Available from: https://www.aihw.gov.au/reports/rural-
remote-australians/rural-and-remote-health. [Accessed 9 February 2023].

. Carr LJ, Dunsiger SI, Marcus BH. Walk score™ as a global estimate of neigh-

borhood walkability. Am J Prev Med 2010;39(5):460-3.

. Sallis JF, Cerin E, Conway TL, Adams MA, Frank LD, Pratt M, et al. Physical activity

in relation to urban environments in 14 cities worldwide: a cross-sectional
study. Lancet 2016;387(10034):2207-17.

. Van Cauwenberg J, Van Holle V, De Bourdeaudhuij |, Van Dyck D, Deforche B.

Neighborhood walkability and health outcomes among older adults: the
mediating role of physical activity. Health Place 2016;37:16-25.

. Creatore MI, Glazier RH, Moineddin R, Fazli GS, Johns A, Gozdyra P, et al. As-

sociation of neighborhood walkability with change in overweight, obesity, and
diabetes. JAMA 2016;315(20):2211-20.

. Sun 'Y, He C, Zhang X, Zhu W. Association of built environment with physical

activity and physical fitness in men and women living inside the city wall of
Xi‘an, China. Int J Environ Res Publ Health 2020;17(14):4940.

. Miller C, Paulsen L, Bucksch J, Wallmann-Sperlich B. Built and natural envi-

ronment correlates of physical activity of adults living in rural areas: a sys-
tematic review. Int J Behav Nutr Phys Activ 2024;21(1):52.

. Thornton LE, Crawford DA, Cleland VJ, Timperio AF, Abbott G, Ball K. Do food

and physical activity environments vary between disadvantaged urban and
rural areas? Findings from the READI study. Health Promot J Aust 2012;
23(2):153-6.

. Cleland V, Sodergren M, Otahal P, Timperio A, Ball K, Crawford D, et al. Asso-

ciations between the perceived environment and physical activity among
adults aged 55-65 years: does urban-rural area of residence matter? J Aging Phys
Activ 2015;23(1):55-63.

. Forsyth A. What is a walkable place? The walkability debate in urban design.

Urban Des Int 2015;20(4):274-92.

. Frank LD, Sallis JF, Saelens BE, Leary L, Cain K, Conway TL, et al. The develop-

ment of a walkability index: application to the neighborhood quality of life
study. Br J Sports Med 2010;44(13):924-33.

A, Nettel-Aguirre A, Spence JC, McHugh T-L, Mummery K,
McCormack GR. Associations between objectively-measured and self-reported
neighbourhood walkability on adherence and steps during an internet-deliv-
ered pedometer intervention. PLoS One 2020;15(12):e0242999.

. Cole R, Dunn P, Hunter I, Owen N, Sugiyama T. Walk score and Australian adults’

home-based walking for transport. Health Place 2015;35:60-5.

. Australian Bureau of Statistics. National, state and territory population 2022

[Available from: https://www.abs.gov.au/statistics/people/population/national-
state-and-territory-population/latest-release] (Accessed 1 December 2022).
Australian Bureau of Statistics. 1270.0.55.005 - australian statistical geography
standard (ASGS): volume 5 - remoteness structure. July 2016. 2018 [Available
from: https://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/1270.0.55.
005July9%202016?0penDocument. [Accessed 5 July 2024].

Australian Bureau of Statistics. Census 2021 2022 [Available from: https://www.
abs.gov.au/census].

Australian Bureau of Statistics. Census mesh block counts. Australia: Common-
wealth Government; 2021. 2021 [Available from: https://www.abs.gov.au/
census/guide-census-data/mesh-block-counts/latest-release#. [Accessed 21
December 2023].

Giles-Corti B, Gunn L, Hooper P, Boulange C, Diomedi BZ, Pettit C, et al. Built
environment and physical activity. In: Nieuwenhuijsen M, Khreis H, editors.
Integrating human health into urban and transport planning: a framework. Cham:
Springer International Publishing; 2019. p. 347-81.

Christian HE, Bull FC, Middleton NJ, Knuiman MW, Divitini ML, Hooper P, et al.
How important is the land use mix measure in understanding walking behav-
iour? Results from the RESIDE study. Int J Behav Nutr Phys Activ 2011;8(1):55.
Koohsari MJ, Shibata A, Ishii K, Kurosawa S, Yasunaga A, Hanibuchi T, et al. Built
environment correlates of objectively-measured sedentary behaviours in
densely-populated areas. Health Place 2020;66:102447.

Gunn LD, King TL, Mavoa S, Lamb KE, Giles-Corti B, Kavanagh A. Identifying
destination distances that support walking trips in local neighborhoods.
J Transport Health 2017;5:133-41.

Davern M, Both A, Murray K, Roberts R, Norzahari F. Liveability research creating
real world impact: connecting urban planning and public health through the
Australian urban observatory. Cities & Health 2023;7(5):765-78.

Australian Urban Observatory. Access to services of daily living. 2020 [Available
from: https://auo.org.au/portal/metadata/walkability/access-to-services-of-
daily-living/. [Accessed 23 February 2023].

29.

30.

31.

32

33.
34.

35.

36.

37.

38.

39.

40.

41,

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

OpenStreetMap. OpenStreeMap. 2023 [Available from: www.openstreetmap.org.
[Accessed 23 February 2023].

Barrington-Leigh C, Millard-Ball A. The world’s user-generated road map is more
than 80% complete. PLoS One 2017;8:e0180698.

MobilityData 10. TransitFeeds 2023 [Available from: https://transitfeeds.com/]
(Accessed 23 February 2023).

PSMA Australia limited. Canberra: Australian Government; 2018 [Available from:
www.data.gov.au. [Accessed 23 February 2023].

QGIS. QGIS geographic information system. 2023.

Cox J, Dyke H, Martino R, Edwards L. Report on the tasmanian population health
survey 2022. Tasmania: Hobart: Department of Health; 2023.

Miller HJ. Tobler's first law and spatial analysis. Ann Assoc Am Geogr 2004;
94(2):284-9.

Yeo IK, Johnson RA. A new family of power transformations to improve
normality or symmetry. Biometrika 2000;87(4):954-9.

R Core Team. R: a language and environment for statistical computing. Vienna,
Austria: R Foundation for Statistical Computing; 2021.

Curtin SC, Spencer MR. Trends in death rates in urban and rural areas: united States,
1999-2019. Data Brief No417. United States: National Centre for Health Statistic; 2021.
Australian Institute of Health and Welfare. Rural and remote health. Canberra:
AIHW; 2024.

Mayne DJ, Morgan GG, Willmore A, Rose N, Jalaludin B, Bambrick H, et al. An
objective index of walkability for research and planning in the Sydney metro-
politan region of New South Wales, Australia: an ecological study. Int J Health
Geogr 2013;12(1):61.

Sugiyama T, Cerin E, Owen N, Oyeyemi AL, Conway TL, Van Dyck D, et al.
Perceived neighbourhood environmental attributes associated with adults’ rec-
reational walking: IPEN adult study in 12 countries. Health Place 2014;28:22-30.
Sugiyama T, Francis J, Middleton NJ, Owen N, Giles-Corti B. Associations be-
tween recreational walking and attractiveness, size, and proximity of neigh-
borhood open spaces. Am J Publ Health 2010;100(9):1752-7.

Australian Bureau of Statistics. Physical activity 2022. Canberra: Commonwealth
Government of Australia; 2023 [Available from: https://www.abs.gov.au/
statistics/health/health-conditions-and-risks/physical-activity/latest-release.
[Accessed 24 January 2024].

Ageing AGDoHDa. Physical activity and exercise guidelines for all Australians
2021 [Available from: https://www.health.gov.au/topics/physical-activity-and-
exercise/physical-activity-and-exercise-guidelines-for-all-australians] (Accessed
7 October 2025).

World Health Organization. Global action plan on physical activity 2018-2030:
more active people for a healthier world. Geneva: World Health Organiza-
tion; 2018.

Australian Government Department of Health. National preventive health
strategy 2021-2030. Canberra: Australian Government; 2021.

National Heart Foundation of Australia. Blueprint for an active Australia. of
Australia: National Heart Foundation; 2019.

National Heart Foundation of Australia. Healthy by design. A guide to planning
and designing environments for active living in Tasmania. of Australia: National
Heart Foundation; 2009.

Boulange C, Gunn L, Giles-Corti B, Mavoa S, Pettit C, Badland H. Examining
associations between urban design attributes and transport mode choice for
walking, cycling, public transport and private motor vehicle trips. J Transport
Health 2017;6:155-66.

Li T, Denham T, Dodson J. Internal migration and settlement patterns in aus-
tralia's regional urban centres. Popul Space Place 2024;30(2):e2740.

Denham T. The limits of telecommuting: policy challenges of counter-
urbanisation as a pandemic response. Geogr Res 2021;59(4):514-21.

Denham T, Davern M, Dodson J, Li T. Suburban liveability and post-pandemic
workplace transitions. Urban Pol Res 2023;41(4):368-86.

Zhu X, Lu Z, Yu CY, Lee C, Mann G. Walkable communities: impacts on residents'
physical and social health: researchers from Texas A&M University studied
residents in a newly developed 'walkable community' in Austin, Texas to see
how it changed their habits for physical activity and whether it increased social
interaction and cohesion in the community. World Health Des 2013;6(3):68-75.
Kaczynski AT, Glover TD. Talking the talk, walking the walk: examining the effect
of neighbourhood walkability and social connectedness on physical activity.
J Publ Health 2012;34(3):382-9.

Sonta A, Jiang X. Rethinking walkability: exploring the relationship between urban
form and neighborhood social cohesion. Sustain Cities Soc 2023;99:104903.
O’Donnell AW, Stuart J, Jose PE, Homel J. Trajectories of substance use and well-
being in early and middle adolescence shaped by social connectedness. J Res
Adolesc 2022;32(2):769-84.

Asante S, Karikari G. Social relationships and the health of older adults: an ex-
amination of social connectedness and perceived social support. Journal of
Ageing and Longevity 2022;2(1):49-62.

Ermer AE, Proulx CM. The association between relationship strain and emotional
well-being among older adult couples: the moderating role of social connect-
edness. Aging Ment Health 2022;26(6):1198-206.


http://refhub.elsevier.com/S1326-0200(26)00005-1/sref4
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref4
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref4
https://www.abs.gov.au/statistics/health/health%2Dconditions%2Dand%2Drisks/national%2Dhealth%2Dsurvey/2022%23health%2Drisk%2Dfactors
https://www.abs.gov.au/statistics/health/health%2Dconditions%2Dand%2Drisks/national%2Dhealth%2Dsurvey/2022%23health%2Drisk%2Dfactors
https://www.abs.gov.au/statistics/health/health%2Dconditions%2Dand%2Drisks/national%2Dhealth%2Dsurvey/2022%23health%2Drisk%2Dfactors
https://www.aihw.gov.au/reports/rural%2Dremote%2Daustralians/rural%2Dand%2Dremote%2Dhealth
https://www.aihw.gov.au/reports/rural%2Dremote%2Daustralians/rural%2Dand%2Dremote%2Dhealth
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref7
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref7
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref8
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref8
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref8
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref9
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref9
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref9
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref10
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref10
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref10
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref11
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref11
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref11
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref12
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref12
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref12
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref13
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref13
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref13
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref13
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref14
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref14
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref14
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref14
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref15
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref15
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref16
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref16
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref16
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref17
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref17
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref17
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref17
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref18
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref18
https://www.abs.gov.au/statistics/people/population/national%2Dstate%2Dand%2Dterritory%2Dpopulation/latest%2Drelease
https://www.abs.gov.au/statistics/people/population/national%2Dstate%2Dand%2Dterritory%2Dpopulation/latest%2Drelease
https://www.abs.gov.au/AUSSTATS/abs%40.nsf/DetailsPage/1270.0.55.005July%202016?OpenDocument
https://www.abs.gov.au/AUSSTATS/abs%40.nsf/DetailsPage/1270.0.55.005July%202016?OpenDocument
https://www.abs.gov.au/census
https://www.abs.gov.au/census
https://www.abs.gov.au/census/guide%2Dcensus%2Ddata/mesh%2Dblock%2Dcounts/latest%2Drelease%23
https://www.abs.gov.au/census/guide%2Dcensus%2Ddata/mesh%2Dblock%2Dcounts/latest%2Drelease%23
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref23
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref23
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref23
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref23
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref24
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref24
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref24
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref25
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref25
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref25
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref26
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref26
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref26
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref27
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref27
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref27
https://auo.org.au/portal/metadata/walkability/access%2Dto%2Dservices%2Dof%2Ddaily%2Dliving/
https://auo.org.au/portal/metadata/walkability/access%2Dto%2Dservices%2Dof%2Ddaily%2Dliving/
http://www.openstreetmap.org
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref30
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref30
https://transitfeeds.com/
http://www.data.gov.au
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref33
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref34
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref34
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref35
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref35
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref36
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref36
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref37
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref37
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref38
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref38
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref39
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref39
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref40
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref40
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref40
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref40
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref41
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref41
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref41
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref42
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref42
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref42
https://www.abs.gov.au/statistics/health/health%2Dconditions%2Dand%2Drisks/physical%2Dactivity/latest%2Drelease
https://www.abs.gov.au/statistics/health/health%2Dconditions%2Dand%2Drisks/physical%2Dactivity/latest%2Drelease
https://www.health.gov.au/topics/physical%2Dactivity%2Dand%2Dexercise/physical%2Dactivity%2Dand%2Dexercise%2Dguidelines%2Dfor%2Dall%2Daustralians
https://www.health.gov.au/topics/physical%2Dactivity%2Dand%2Dexercise/physical%2Dactivity%2Dand%2Dexercise%2Dguidelines%2Dfor%2Dall%2Daustralians
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref45
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref45
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref45
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref46
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref46
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref47
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref47
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref48
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref48
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref48
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref49
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref49
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref49
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref49
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref50
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref50
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref51
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref51
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref52
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref52
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref53
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref53
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref53
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref53
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref53
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref54
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref54
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref54
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref55
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref55
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref56
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref56
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref56
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref57
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref57
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref57
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref58
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref58
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref58

59.

60.

61.

Cao X, Mokhtarian PL, Handy SL. Examining the impacts of residential self-selection
on travel behaviour: a focus on empirical findings. Transp Rev 2009;29(3):359-95.
Hill S, Cumpston Z, Quintana Vigiola G. Australia state of the environment 2021:
urban. Independent report to the Australian government minister for the envi-
ronment. Canberra: Commonwealth of Australia; 2021.

Australian Institute of Health and Welfare. The active Australia survey: a
guide and manual for implementation, analysis and reporting. Canberra:
AIHW; 2003.

CHRONIC DISEASE PREVENTION AND CONTROL 9

62. Luan H, Law J. Web GIS-based public health surveillance systems: a systematic
review. ISPRS Int J Geolnf 2014;3(2):481-506.

Appendix A Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.anzjph.2026.100316.


http://refhub.elsevier.com/S1326-0200(26)00005-1/sref59
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref59
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref60
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref60
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref60
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref61
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref61
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref61
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref62
http://refhub.elsevier.com/S1326-0200(26)00005-1/sref62
https://doi.org/10.1016/j.anzjph.2026.100316
https://doi.org/10.1016/j.anzjph.2026.100316

	Associating geospatially assessed walkability with population health physical activity indicators from urban and regional s ...
	Introduction
	Research aim
	Study setting
	Ethics and funding statement

	Methods
	Data sources
	Geospatial assessments of walkability
	Assessment of regionality
	Walkability rankings
	Tasmanian Population Health Survey data
	Data linkage

	Statistical analysis

	Results
	Tasmanian Population Health Survey results
	Suburb/town results
	Regression analysis
	Exploratory analyses

	Discussion
	Policy implications
	Strengths and limitations
	Future research

	Conclusion
	flink6
	flink7
	References


