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Cross-sectional evidence of the cardiometabolic health benefits
of urban liveability in Australia
Carl Higgs 1✉, Koen Simons 1,2, Hannah Badland 3 and Billie Giles-Corti 1

Recognition is increasing globally that urban planning interventions to improve neighbourhood liveability enable healthy
sustainable lifestyles and assist in the prevention and management of chronic disease. We present the spatial urban liveability
index (ULI) as a tool to inform localised interventions that would create healthier, more sustainable cities and examine its
associations with cardiometabolic and wellbeing-related health outcomes. The ULI and associated indicators were calculated for
Melbourne address points and spatially linked with health outcomes for participants from the 2014 Victorian Population Health
Survey. Residing in higher liveability areas was found to be positively associated with a more physically active lifestyle and
negatively associated with BMI—more so than for a comparable walkability index. Although walkable neighbourhoods
underpin a liveable city, areas with diverse ‘community, culture and leisure’ destinations displayed strongest beneficial
associations with cardiometabolic health outcomes, suggesting that access to diverse local destinations may encourage more
active sustainable living.
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INTRODUCTION
Awareness of the relationship between urban liveability and its
impact on our health and wellbeing has grown in recent
decades1–4, with recognition of the need for multi-sector
interventions including urban planning to foster healthy active
lifestyles that prevent and control chronic disease5. Defined
through a social determinants of health lens, urban liveability is a
multi-dimensional construct which refers to neighbourhoods that
are ‘safe, attractive, socially cohesive and inclusive, and environmen-
tally sustainable; with affordable and diverse housing linked by
convenient public transport, walking and cycling infrastructure to
employment, education, public open space, local shops, health and
community services, and leisure and cultural opportunities’6.
A growing body of evidence supports the hypothesis that the

development of liveable neighbourhoods will lead to reductions
in key modifiable risk factors for cardiometabolic disease, in part,
by increasing opportunities for physical activity principally
through walking, leading to downstream impacts of reduced
population levels of overweight and obesity, high blood pressure
and high blood plasma glucose7. A 2016 systematic review of
evidence for associations between the built environment and
cardiovascular disease outcomes from 18 studies found that
neighbourhoods with greater walkability were associated with
increased physical activity and lower prevalence of cardiometa-
bolic health risks8. These findings were supported by those of a
2019 systematic review and meta-analysis of 36 longitudinal
studies published between 2000 and 20169, which found evidence
that walkable, low sprawl urban areas were associated with
meaningful improvements in cardiometabolic health; and an
earlier 2011 systematic review of evidence of environment
characteristics and cardiometabolic risk factors involving 131 stu-
dies published between 1985 and 200910 that the second-most
consistent finding after a positive relationship between socio-
economic deprivation and poor cardiometabolic health was that
highly walkable neighbourhoods (high street connectivity,

residential density and access to amenities, including parks) were
associated with lower risk of obesity.
Aspirations for the creation of liveable cities that encourage

healthy active lifestyles as a means of fostering sustainable
development have been formulated in white papers, policies and
performance frameworks across diverse contexts and levels of
government in Australia and internationally11–13. Yet, despite
increased availability and opportunities of rich open geographical
and government data sets that may be used to measure
implementation of liveability targets for urban areas4,14–16,
evidence of the impact of such policy for delivering equitable
health and wellbeing outcomes remains nascent17 and mixed18–22.
To move beyond aspirations towards the equitable delivery of
services and amenities that would create sustainable cities that are
supportive of health and wellbeing requires the purposive
measurement and analysis of their spatial distribution23.
In our previous study examining associations between a pilot

urban liveability index (ULI) and active transportation behaviours
in Melbourne, Australia, we found that a one-unit increase in local
neighbourhood liveability was associated with estimated
increased odds ratios (OR) for walking, cycling or public transport
of >10% and a decreased OR for driving of approximately 15%,
with adjustment for individual socio-demographic characteris-
tics24. Our findings were in line with a growing body of evidence
suggesting that the way we design cities influences behaviours
around transportation mode choice and physical activity, with
downstream impacts on health and wellbeing25–28.
Following the development of the pilot ULI, the need for some

refinements was noted24: (1) the disaggregation of the walkability
and social infrastructure access composite indicators, in order to
both make the construction more transparent, and implicitly add
more weight to the importance of access to proximate destina-
tions to a well serviced neighbourhood; and (2) omitting the air
pollution indicator, due to its positive collinearity with walkability.
Although air quality is an important downstream outcome of city
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planning decisions, it was determined appropriate to be excluded
from the ULI as an index of upstream determinants of city
planning. This reformulation corresponded to our theoretical
liveability framework, which posited a mutually dependent
relationship between environmental sustainability and healthy
liveable neighbourhoods6.
In this cross-sectional study, we outline the refinement of our

spatial ULI as a tool to inform localised urban planning
interventions and examine its adjusted associations with cardio-
metabolic and wellbeing-related health outcomes in an Australian
adult sample.

RESULTS AND DISCUSSION
ULI calculation and linkage
The ULI was calculated for 1,550,641 residential address proxy
sample points across the urban portion of Greater Melbourne
(Fig. 1). The final ULI-linked analytical data set comprised of 8691
Victorian Population Health Survey 2014 (VPHS) geocoded
respondents with complete data on socio-demographic covariates
(Supplementary Fig. 1). Sample size for each analysis after
restriction to complete outcome data and exclusions is further
reported in Supplementary Table 1.

Participant characteristics
Participant socio-demographic characteristics are summarised in
Table 1 and cardiometabolic outcomes of interest in Table 2. Both
tables include the associated liveability (ULI) distribution summary
for each item. The sample was largely comprised of an older
cohort (3.9% aged 18–30 years and 69.9% aged 50+ years), the
majority of whom either owned or were purchasing their own
home (86.3%); renting was strongly associated with living in more
liveable areas, whether privately or through social housing.
While 46.4% of participants reported undertaking ≥10min of

walking for transport and slightly fewer (39.3%) met physical
activity requirements by walking, achieving these respective
outcomes was strongly associated with living in a more liveable
neighbourhood. Most participants (53.4%) had a body mass index
(BMI) >25 kg/m2, with 1.5% recording a BMI <18.5 kg/m2.
Diagnosis of hypertension was reported in 38.0% of participants,
while 8.5% reported a diagnosis of type 2 diabetes mellitus
(T2DM). Excellent or very good health status was reported by
41.6% of participants, while 14.4% had Kessler 10 results indicative
of psychological distress, and fewer still (6.3%) reported not being
satisfied with life as a whole.

Multilevel regression analyses
Fully adjusted models examining the association between the
health and wellbeing outcomes of interest with both the ULI and
its component indicators are reported in Table 3 (physical activity
and health outcomes) and Table 4 (wellbeing outcomes). To
facilitate comparison of the ULI with previously used measures,
Tables 3 and 4 also include results for the pilot ULI and the
walkability index.
Results for each exposure were scaled according to its

interquartile range (IQR), as observed in the VPHS sample. For
each analysis, this represents the difference in living in an area
with high exposure value (e.g. highest quartile of ULI), compared
with an area with low exposure value (e.g. lowest ULI quartile).
Defined in this way, after adjusting for socio-demographic
characteristics and geographic clustering, living in a higher
liveability area was associated with increased odds of walking at
least 10 min per week for transport between 48% and 78%,
increased odds of meeting physical activity requirements by
walking between 8% and 25% and having a lower BMI between
0.16 and 0.55 kg/m2. The point estimate for odds of T2DM

diagnosis was estimated to be 10% lower in high- compared with
low-liveable areas although the broad credible interval (CI)
indicated broad uncertainty of magnitude and direction of this
effect in the population, consistent with a 21% reduction, up to a
1% increase in odds of diagnosis. There was no clear evidence of
adjusted associations between urban liveability and hypertension
or the mental wellbeing outcomes of self-rated health, psycho-
logical distress and life satisfaction.

Associations between ULI sub-indicators and cardiometabolic
outcomes
All ULI component indicators with the exception of housing
affordability and living and working in the same area were
associated with walking for transport and to a lesser extent
achieving recommended levels physical activity. Notably, those
who lived in areas with greater local employment were estimated
to have 8% increased odds of achieving recommended levels of
physical activity through walking (adjusted OR (AOR) 95% CI 1.01,
1.16). Overall, indicators with larger estimated effect sizes for
physical activity (ULI; ‘Community, culture and leisure’ access;
supermarket access; convenience access; street connectivity) were
also associated with larger reductions in BMI, with point estimates
ranging from −0.24 kg/m2 (street connectivity) to −0.59 kg/m2

(Community, culture and leisure) per IQR change in exposure. In
particular, models employing the ‘Community, culture and leisure
access’ indicator often resulted in the best fit and largest
estimated effect sizes. This was also the only indicator where
the posterior CIs for association with hypertension (AOR 0.89; 95%
CI 0.82, 0.97) and T2DM (AOR 0.82; 95% CI 0.71, 0.94) diagnosis
were not ambiguous with regard to the direction of estimated
association.
To aid visualisation of the spatial distribution of distinct regions

across the Melbourne metropolitan region with address points
within recommended distance of community, culture and leisure
destinations, a further spatial analysis was conducted on these
points generating the convex hull of those clustered within 400 m
of each other, where the resulting geometry collection consisted
of ≥10 points (Fig. 2). Labels were annotated through concatena-
tion of the names of 2011 suburb geometries29 with either a >10%
intersection with the convex hull polygon or an absolute area of
intersection of at least 3 km2. In contrast to the ULI, for which the
highest scoring addresses (scores of ≥110; 42,666 address points
or 2.8%) were clustered in the inner city region (Fig. 2), clusters of
address points with access to community, culture and leisure
destinations all within recommended distance (54,389 address
points or 3.5%) were also identified in some middle and outer
suburbs. Correlation of sub-indicators with composite measures is
further reported in a supplementary correlation analysis (Supple-
mentary Table 2).

Comparison of the ULI with the pilot-ULI
Compared with its pilot version, the ULI was found to have a
broader IQR and in turn stronger magnitudes of associations with
cardiometabolic outcomes. Unlike the ULI, the pilot ULI was not
found to be associated with BMI after adjustment. Nevertheless,
the walkability index was associated with lower BMI (AOR −0.29;
95% CI −0.44, −0.12); however, the magnitude per change in IQR
was lower than that of the ULI.

Main findings
Residing in higher liveability neighbourhoods was found to be
positively associated with undertaking at least 10 min of weekly
walking for transport, meeting physical activity recommendations
by walking, negatively associated with BMI, and although not
statistically significant, lower levels of T2DM diagnosis. Living in
more walkable neighbourhoods and those with greater access to
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Fig. 1 The spatial distribution of the urban liveability index. The spatial distribution of the urban liveability index for Melbourne, Australia,
with a target time point of 2011–2012 (data sources dated from 2011 to 2014, as per Table 5); local government area and Australian continent
boundaries displayed for reference purposes, sourced from the Australian Bureau of Statistics under CC BY 4.0 licence as per the data
availability statement.
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local destinations was associated with higher odds of walking and
achieving recommended levels of physical activity but no other
cardiometabolic risk factor. Living in areas with access to diverse
community, culture and leisure destinations was associated with
lower odds of diagnosis for both hypertension and T2DM. The
associations observed for the ULI were of greater magnitude than
for the pilot liveability index and walkability index.

The combined role of community, culture and leisure
Notably, more so than street connectivity, dwelling density or
other types of destination, we found that living in a neighbour-
hood with access to a mix of community, culture and leisure
destinations (i.e. a community centre, a cinema or theatre, a
library and a museum or art gallery) was uniquely predictive of
reduced odds of both hypertension and T2DM, following

Table 1. Liveability distribution by VPHS participant demographics.

N Percentage (%) ULI (zero-centred) distribution by percentiles

0 25 50 75 100

Minimum Median Maximum

Overall 8,691 100.0 −15.1 −2.8 0.8 4.5 17.5

Age group (years)

18–30 337 3.9 −13.7 −3.6 0.7 4.0 15.7

30–50 2,280 26.2 −15.1 −3.8 0.4 4.3 17.5

50–65 2,734 31.5 −14.8 −2.9 0.8 4.8 17.5

65+ 3,340 38.4 −14.8 −2.1 1.1 4.5 17.1

Sex

Female 4,948 56.9 −15.1 −2.7 0.9 4.5 17.5

Male 3,743 43.1 −14.4 −3.0 0.8 4.6 17.5

Household composition

Couple only 2,786 32.1 −14.8 −3.0 0.4 4.0 17.5

Couple with children 2,906 33.4 −15.1 −3.9 0.1 3.5 17.3

One parent family 636 7.3 −13.5 −2.5 0.8 4.4 16.3

Group household 279 3.2 −12.4 −3.4 1.1 5.0 14.5

One-person household 2,084 24.0 −14.8 −0.9 2.3 6.5 17.0

Highest level of education attained

Year 11 1,762 20.3 −14.8 −2.7 0.4 3.5 17.0

Year 12 3,405 39.2 −15.1 −3.6 −0.1 3.4 17.5

Tertiary 3,524 40.6 −14.5 −2.0 2.0 6.1 17.5

Employment status

Student 156 1.8 −11.2 −2.2 1.2 4.7 15.0

Employed for wages, salary or payment in kind 3,533 40.7 −15.1 −3.4 0.6 4.4 17.5

Engaged in home duties 403 4.6 −14.1 −3.9 −0.3 3.4 15.5

Self employed 794 9.1 −14.7 −2.9 1.4 5.8 15.9

Retired 3,277 37.7 −14.8 −2.1 1.0 4.5 17.1

Other 34 0.4 −13.5 −2.7 −0.6 3.0 16.1

Unable to work 230 2.7 −9.2 −2.5 0.8 4.8 15.9

Unemployed 264 3.0 −12.5 −2.7 1.2 5.1 16.3

Annual household income (equivalised, AUD)

<$10,000 81 0.9 −13.4 −2.6 1.4 4.8 15.2

$10,000–$20,000 1,010 11.6 −13.5 −1.4 1.3 4.6 16.9

$20,000–$30,000 1,207 13.9 −14.8 −2.5 0.6 3.9 15.6

$30,000–$40,000 698 8.0 −14.4 −2.8 0.5 4.0 17.2

$40,000–$50,000 625 7.2 −14.4 −2.9 0.4 4.1 17.0

$50,000–$60,000 647 7.2 −13.5 −3.8 0.2 3.8 17.5

$60,000–$80,000 946 10.9 −15.1 −3.2 0.4 3.9 16.8

$80,000–$100,000 828 9.5 −14.4 −3.9 0.3 4.3 16.3

$100,000–$125,000 816 9.4 −14.7 −3.7 0.4 4.2 17.5

$125,000–$150,000 561 6.5 −14.7 −3.4 0.7 4.7 17.3

$150,000–$200,000 595 6.9 −13.5 −2.7 1.4 5.5 17.0

≥$200,000 677 7.8 −13.3 −0.8 3.2 7.7 17.1

Home ownership status

Owned or being purchased by the occupants 7,503 86.3 −15.1 −3.1 0.6 4.1 17.5

Rented privately 780 9.0 −12.7 −0.9 2.7 6.7 15.6

Rented from the housing trust or any other public agency 348 4.0 −10.6 0.4 4.0 9.3 17.2

Other 60 0.7 −9.9 −2.6 1.1 4.8 14.2

The ULI has been centred on zero by subtracting 100 to facilitate comparison of differences.
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adjustment for socio-demographic characteristics. The geo-
graphic particularity of a residential location with proximal access
to each of these distinct amenities may serve as a marker for a
vibrant, well-provisioned activity centre offering a broad range of
services and amenities supporting local, walkable living; and this
requires further investigation.

Liveability and the social determinants of health
Meaningful associations with the ULI or the other spatial indicator
exposures considered were not observed for self-rated health,

psychological distress or life satisfaction outcomes. However, the
observed pattern in associations between the ULI and its
constituent indicators is consistent with the theoretical social
determinants of health pathways and outcomes. Considered
through this framework, it is expected that associations with built
environment exposures will be strongest upstream for behavioural
and lifestyle factors such as meeting physical activity recommen-
dations, rather than more distal outcomes such as subjective
wellbeing, which develop over longer periods with complex
pathways; yet, it is broadly accepted that interventions which

Table 2. Liveability distribution by VPHS participant cardiometabolic risk factor outcomes.

N Percentage (%) ULI (zero-centred) distribution by percentiles

0 25 50 75 100

Minimum Median Maximum

Overall 8,691 100.0 −15.1 −2.8 0.8 4.5 17.5

Walked for transport (≥1min)

No 4,273 49.2 −14.7 −3.7 −0.1 3.1 17.5

Yes 4,030 46.4 −15.1 −1.6 2.0 6.2 17.5

Not answered 388 4.5 −13.3 −3.6 0.0 3.9 15.5

Meets physical activity requirements by walking

No 4,876 56.1 −15.1 −3.0 0.6 3.9 17.1

Yes 3,411 39.3 −14.8 −2.5 1.4 5.4 17.5

Not answered 404 4.7 −13.4 −2.9 0.7 4.1 16.9

BMI (kg/m2)

<18.5 130 1.5 −12.5 −2.0 1.6 7.1 17.2

18.5–25 3,277 37.7 −14.8 −2.5 1.3 5.2 17.3

25–30 2,900 33.4 −14.8 −3.1 0.6 4.3 17.5

≥30 1,738 20.0 −14.4 −3.3 0.1 3.5 16.8

Not answered 646 7.4 −15.1 −2.1 1.4 5.0 15.9

Hypertension diagnosis

No 5,367 61.8 −15.1 −3.0 0.9 4.7 17.5

Yes 3,302 38.0 −14.4 −2.6 0.7 4.2 17.0

Not answered 22 0.3 −10.5 −2.4 0.7 3.8 10.9

Diabetes mellitus diagnosis

No 7,871 90.6 −15.1 −2.9 0.9 4.6 17.5

Yes, type 2 742 8.5 −13.1 −2.7 0.6 3.7 15.9

Yes, other non-gestational 78 0.9 −8.9 −1.2 1.6 3.5 13.7

Health status

Excellent 991 11.4 −14.8 −2.4 1.6 5.8 17.1

Very good 2,627 30.2 −14.8 −2.9 0.7 4.6 17.5

Good 3,237 37.3 −15.1 −2.9 0.7 4.1 17.3

Fair 1,376 15.8 −14.4 −2.7 1.1 4.5 17.1

Poor 421 4.8 −13.2 −2.8 0.6 4.2 15.1

Not answered 39 0.5 −7.3 −1.9 2.1 6.2 13.7

Psychological distress (K10 ≥ 20)

No 7,160 82.4 −15.1 −2.9 0.8 4.5 17.5

Yes 1,248 14.4 −13.7 −2.7 0.7 4.8 17.1

Not answered 283 3.3 −13.2 −1.4 1.6 4.5 16.9

Life satisfaction

Very satisfied 3,379 38.9 −14.8 −2.9 0.9 4.7 17.3

Satisfied 4,673 53.8 −15.1 −2.8 0.8 4.3 17.5

Dissatisfied 432 5.0 −12.2 −2.2 1.3 5.2 17.1

Very dissatisfied 116 1.3 −10.5 −2.9 0.9 4.7 13.7

Not answered 91 1.1 −9.2 −1.9 1.1 5.0 14.7

The ULI has been centred on zero by subtracting 100 to facilitate comparison of differences.
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target behaviours as underlying causes contributing to down-
stream conditions can improve overall population health and
reduce health system burdens30,31.

Generalisability
The findings from this study were based on a spatially
representative cohort of adults in Melbourne. The general pattern
of the spatial distribution of amenities observed in this study has
been observed in other Australian cities4; however, extension of
the ULI methods to other contexts should consider applicability to
local environmental and social contexts: cultures and customs,
climate and topography, histories of built environment develop-
ment and equity and regional economic integration are important
factors to consider when translating liveability32. The goal of
absolute or relative ‘liveability’, and the equity of its spatial
distribution for a city’s population, is arguably an inherent human
response to the challenges of urbanism, which is a global
phenomenon; formulas for liveability are not necessarily new or
culturally specific. The usage of the term, in a pamphlet comparing
London unfavourably with Paris, by John Storer in 1870 presents
a definition of liveability resonant with that used in this study

150 years later, with appeal not only to the health impacts of
urban form but also the importance of cultural and social life for
population wellbeing: ‘When we speak of a city being liveable, we
mean that there is in it room and space for all; that the blessings of
fresh air and sunlight are accessible to the poor and rich alike; that
life is not robbed of all its grace and beauty by everlasting
confinement in close alleys, or in noisy damp dark streets; that the
atmosphere is unpolluted by smoke; and beyond this we mean a city
which wise rulers have adorned, and beautified with noble
intellectual works of art; so that the people lifting up their eyes,
and beholding what is beautiful and refining, may themselves
become beautiful and refined in mind and body, and worthy of the
high place man fills upon this planet. A high ideal is indicated by this
word liveable, if we use it rightly’33.
The Economist Intelligence Unit measures ‘liveability’ globally as

a basis for remuneration of expatriates34. However, the ULI
measured in this study reflects the aspirations for liveability for all
of a city’s residents, shared by communities, stakeholders and
researchers from diverse contexts32,35–37. It is noted that if
approached uncritically, and without an equity perspective, the
application of liveability in policy may at times be fraught18,19.

Table 3. Estimated effect sizes of urban liveability index on physical activity and cardiometabolic risk factors outcomes (Analyses 1–5) per
interquartile range increase in exposure.

Walking for
transport

Physical activity by
walking

BMI (winsorised) Hypertension Type 2 diabetes
mellitus

IQR

Model Logistic Logistic Linear Logistic Logistic

Outcome ≥10min/week ≥150min/week kg/m2 Reported Reported

AOR 95% CI AOR 95% CI β 95% CI AOR 95% CI AOR 95% CI

Urban liveability index (ULI) 1.63 [1.48, 1.78] 1.16 [1.08, 1.25] −0.35 [−0.55, −0.16] 0.97 [0.90, 1.04] 0.90 [0.79, 1.01] 7.18

Social infrastructure

Community, culture and leisure 1.68 [1.50, 1.89] 1.22 [1.10, 1.32] −0.59 [−0.78, −0.39] 0.89 [0.82, 0.97] 0.82 [0.71, 0.94] 16.26

Early years 1.17 [1.07, 1.27] 1.03 [0.95, 1.10] 0.03 [−0.16, 0.18] 1.04 [0.96, 1.11] 0.99 [0.88, 1.11] 13.06

Education 1.12 [1.03, 1.22] 1.09 [1.01, 1.17] 0.01 [−0.16, 0.19] 1.06 [0.99, 1.15] 0.97 [0.85, 1.11] 14.30

Health services 1.45 [1.31, 1.61] 1.11 [1.02, 1.20] −0.46 [−0.66, −0.25] 0.94 [0.86, 1.02] 0.97 [0.85, 1.09] 14.92

Sport and recreation 1.10 [1.04, 1.15] 1.06 [1.02, 1.11] −0.09 [−0.19, 0.01] 1.01 [0.97, 1.06] 1.00 [0.94, 1.08] 8.38

Food

Fresh food access 1.56 [1.41, 1.75] 1.12 [1.02, 1.22] −0.49 [−0.72, −0.28] 0.95 [0.88, 1.05] 0.98 [0.85, 1.14] 16.44

Convenience amenities

Convenience access 1.46 [1.30, 1.62] 1.12 [1.03, 1.24] −0.55 [−0.76, −0.35] 0.92 [0.85, 1.00] 0.86 [0.75, 1.00] 16.56

Public transport

Bus 1.09 [0.98, 1.20] 0.97 [0.89, 1.05] 0.03 [−0.15, 0.21] 0.98 [0.91, 1.07] 1.00 [0.86, 1.14] 16.53

Tram 1.03 [1.02, 1.04] 1.01 [1.00, 1.02] −0.02 [−0.04, 0.00] 1.00 [0.99, 1.00] 0.98 [0.97, 1.00] 1.58

Train 1.14 [1.09, 1.18] 1.01 [0.99, 1.04] −0.08 [−0.15, −0.01] 0.98 [0.95, 1.01] 1.02 [0.97, 1.07] 6.92

Public open space

Public open space access 0.88 [0.77, 0.98] 1.04 [0.94, 1.16] 0.22 [−0.02, 0.44] 1.00 [0.90, 1.12] 0.90 [0.75, 1.09] 21.80

Walkability

Street connectivity 1.49 [1.38, 1.60] 1.10 [1.02, 1.17] −0.24 [−0.41, −0.06] 0.96 [0.91, 1.02] 0.90 [0.81, 1.00] 12.04

Dwelling density 1.25 [1.17, 1.35] 1.08 [1.02, 1.14] −0.08 [−0.21, 0.06] 1.00 [0.96, 1.06] 0.93 [0.85, 1.01] 11.06

Housing

Affordable housing 1.00 [0.92, 1.07] 1.03 [0.97, 1.11] 0.07 [−0.09, 0.23] 1.04 [0.97, 1.12] 1.04 [0.93, 1.17] 14.38

Employment

Living and working locally 0.95 [0.87, 1.05] 1.08 [1.01, 1.16] −0.10 [−0.28, 0.07] 1.00 [0.95, 1.06] 0.96 [0.87, 1.06] 9.02

Comparison exposures

Pilot ULI 1.26 [1.16, 1.39] 1.12 [1.05, 1.21] −0.08 [−0.25, 0.10] 1.00 [0.93, 1.07] 0.90 [0.80, 1.01] 6.53

Walkability Index 1.53 [1.42, 1.64] 1.11 [1.04, 1.18] −0.29 [−0.44, −0.12] 0.98 [0.92, 1.04] 0.90 [0.81, 1.00] 12.09

BMI body mass index, IQR interquartile range, AOR adjusted odds ratio, CI credible interval.
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Our ULI method provides a flexible framework for calculating the
spatial distribution of liveability for distinct residential address
points across a study region, allowing for identification of local
inequities with high precision, or, as in this study, for linkage with
geocoded health survey data to investigate implications of
variation in local liveability for cardiometabolic health and
wellbeing. Critical application of this method in diverse contexts
with adaptations aligns with comparative urbanism, which
respects difference and variation38. A universally applicable
definition of liveability allowing for generalised statements on
sustainable health outcomes across diverse contexts is perhaps
apocryphal; however, adaptation of the ULI method to local
contexts can support both within-city and between-city compar-
isons, as long as the variations and contingencies in these
contexts are acknowledged.

Study design
The impact of local neighbourhood urban liveability on down-
stream health outcomes such as hypertension and T2DM may not
be immediate but instead may involve sustained exposure to
more or less ‘liveable’ built environments across an individual’s life
course22,39. The present cross-sectional study did not account for

participants’ residential histories; however, a meta-analysis of
longitudinal studies by Chandrabose et al., mostly conducted in
urban settings in developed countries, concluded that there is
strong evidence that more walkable environments are associated
with improved hypertension—and T2DM—related outcomes9.
Walkable neighbourhoods underpin a liveable city, providing
opportunities for healthy sustainable lifestyles40. However, liveable
communities offer more than simply being walkable. The ULI
incorporates access to a wide range of destinations and was more
strongly associated with walking behaviour than the walkability
index alone. Assuming there is a unidimensional property, i.e. a
single factor of liveability, then ULI and walkability can both be
seen as imperfect measures of this quantity. They are strongly
correlated with one another and both predict walking behaviour
in this cross-sectional study. If ULI’s improved performance can
indeed be attributed to being a more precise measure of
liveability, then it shall also perform better in longitudinal studies.
Such studies have higher power to detect effects on downstream
cardiometabolic outcomes (hypertension, T2DM) as the preventa-
tive effect of healthy lifestyles improves with sustained activity
over multiple years. Due to their correlation, walkability and ULI
are both susceptible to the same sources of confounding, but the

Table 4. Estimated effect sizes of urban liveability index on wellbeing outcomes (Analyses 6–8) per interquartile range increase in exposure.

Self-rated health Psychological distress Life satisfaction IQR

Model Logistic Logistic Ordinal logistic

Outcome [‘Very good’, ‘Excellent’] K10 ≥ 20 [‘Very Dissatisfied’, ‘Dissatisfied’, ‘Satisfied’,
‘Very Satisfied’]

AOR 95% CI AOR 95% CI AOR 95% CI

Urban liveability index 1.01 [0.94, 1.08] 1.07 [0.97, 1.16] 0.96 [0.90, 1.02] 7.18

Social infrastructure

Community, culture and leisure 1.03 [0.95, 1.10] 1.05 [0.94, 1.16] 0.95 [0.88, 1.02] 16.26

Early years 0.95 [0.89, 1.03] 1.04 [0.95, 1.14] 0.96 [0.90, 1.03] 13.06

Education 1.00 [0.93, 1.07] 1.01 [0.90, 1.11] 1.03 [0.96, 1.09] 14.30

Health services 1.00 [0.93, 1.08] 1.02 [0.91, 1.13] 1.00 [0.93, 1.06] 14.92

Sport and recreation 1.02 [0.98, 1.05] 0.98 [0.93, 1.03] 0.98 [0.94, 1.02] 8.38

Food

Fresh food access 1.05 [0.97, 1.14] 1.02 [0.89, 1.14] 0.97 [0.89, 1.03] 16.44

Convenience amenities

Convenience access 1.03 [0.95, 1.12] 1.03 [0.92, 1.16] 0.95 [0.89, 1.03] 16.56

Public transport

Bus 1.00 [0.94, 1.09] 1.03 [0.92, 1.16] 1.00 [0.94, 1.07] 16.53

Tram 1.00 [0.99, 1.01] 1.01 [1.00, 1.02] 1.00 [0.99, 1.00] 1.58

Train 1.01 [0.99, 1.05] 1.03 [0.99, 1.06] 0.99 [0.96, 1.01] 6.92

Public open space

Public open space access 1.00 [0.92, 1.12] 0.98 [0.86, 1.14] 1.00 [0.92, 1.09] 21.80

Walkability

Street connectivity 0.98 [0.92, 1.04] 1.07 [0.99, 1.16] 0.99 [0.94, 1.04] 12.04

Dwelling density 0.97 [0.92, 1.01] 1.06 [0.99, 1.12] 0.97 [0.94, 1.01] 11.06

Housing

Affordable housing 0.99 [0.92, 1.04] 1.01 [0.93, 1.12] 0.96 [0.89, 1.00] 14.38

Employment

Living and working locally 1.06 [1.00, 1.11] 1.01 [0.95, 1.08] 1.04 [0.99, 1.08] 9.02

Comparison exposures

Pilot ULI 1.00 [0.94, 1.07] 1.05 [0.96, 1.15] 0.97 [0.91, 1.03] 6.53

Walkability Index 0.98 [0.92, 1.04] 1.06 [0.99, 1.14] 0.98 [0.93, 1.02] 12.09

K10 Kessler 10 scale, IQR interquartile range, AOR adjusted odds ratio, CI credible interval.
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magnitude of such biases need not be identical in this study.
Natural experiments are particularly suitable to overcome bias and
changes in at least one ULI component are, by definition, at least
as likely as changes in walkability. This provides more opportu-
nities for research. The key contribution of our study has been the
development of an enhanced address-level built environment
exposure variable associated with healthy, sustainable lifestyles.

Temporality
Both the ULI and its pilot predecessor were constructed using
spatial data sources targeting 2012. However, the VPHS survey
was conducted between 2012 and 2014. While the temporal
sequence of ‘exposure precedes outcome’ may be assumed to be
broadly correct, given that ‘real-world’ features will have pre-dated
their representation in data, some degree of information bias
arising from mismatch of data sources to some participants’
responses is acknowledged. It was not possible to acquire all data
sources at perfectly coincident time points. Despite best efforts
towards achieving data contemporaneity, it is understood that the
time when a data representation of a location could be considered
‘true’ may have expired by the time the data were published or
retrieved by us. It is also possible that some participants moved
into an area after spatial data recorded for that area had become
obsolete, and thus their lived experience of a neighbourhood may
differ from that which we have estimated. While we note this
limitation, it is assumed that such instances would be either
random, meaning that associations observed are likely to have
been somewhat attenuated41, or specifically impacting urban
fringe areas with more dynamic development. Overall, given the

large sample size and variety of data sources considered, the
impact on any location or individual from potential mismatch is
considered limited.

Liveability and individual activity space
The ULI has been constructed using the walkable area surround-
ing individual residences. However, there is an emerging body of
research that considers the health impacts on individuals of their
broader activity space exposures, with consideration beyond the
residential neighbourhood and home life, to also encompass work
and recreation locations that may be more important at different
life stages42. Future research needs to consider the expansion of
the spatial ULI to encompass individuals’ broader activity spaces43.

Quality of amenities
A number of the indicators included in the ULI measure access
within a walkable distance to an amenity; however, the quality of
that amenity—beyond proximity, or size in the case of public
open space—was not considered due to data limitations. The
consideration of quality is an added complexity, which in principle
could be further accommodated in the ULI by calculating
indicators using data sources with additional covariates. For
example, our public transport indicators measure proximity to
public transport stops, which is one dimension of transport service
known to influence walking behaviour44. However, other dimen-
sions of public transport service not considered in the present
study include: frequency of service; accessibility with regard to
individual abilities or overcrowding; and overall utility given cost,

Fig. 2 Spatial distribution of community, culture and leisure access. Spatial distribution of community, culture and leisure access, with
annotated convex hull clusters of address points with full access to community, culture and leisure destination types within recommended
distances. The Australian continental digital boundary for 2011 was sourced from the Australian Bureau of Statistics under CC BY 4.0 licence as
per the data availability statement.
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comfort and travel time for getting to a specific destination of
interest. Not accounting for these dimensions may impact the
estimation of effect sizes and the attribution of effects to different
components of the built environment. The advent of broadly
available General Transit Feed Specification data (in 2015, for
Melbourne) means that some of these aspects of public transport
may be more readily measurable for major urban centres at the
time of writing than was the case in 201445. Future studies should
aim to make use of quality measures to more deeply understand
associations between liveability and health and wellbeing.

Future directions for urban liveability research to inform
urban planning interventions
Through linkage of a spatial ULI with a population health survey,
we found that more liveable areas were associated with increased
walking for transport behaviour and physical activity levels
achieved through walking, and lower BMI. Creating more liveable
cities therefore has the potential to foster both health and
sustainable lifestyles. The ULI displayed stronger health-beneficial
associations than a previous pilot version, and the walkability
index is commonly used in built environment and active transport
studies. Examination of the index sub-components found that
access to a mix of community, culture and leisure destinations
(treated as an individual indicator within the ULI) was most
strongly associated with cardiometabolic outcomes, including
reduced diagnoses of hypertension and T2DM. This may be
because these types of destination may be a marker for
established activity centres. This requires further investigation in
future studies. Given global interest in urban liveability in policy
and public discourse, these results highlight the utility of the ULI
as a tool to inform localised urban planning interventions that
would create healthier more sustainable cities.

METHODS
Urban liveability index
Detailed methods for the construction of the ULI are published else-
where24; however, the present paper refines the selection of indicators
incorporated in the composite indicator. The ULI was calculated for
address points within the urban portion of the 2011 statistical division
for Melbourne46: a coastal Australian port city developed through the
nineteenth to twenty-first centuries with temperate climate, rapid
population growth and sprawling growth extending from relatively flat,
moderately dense and well-serviced inner suburbs to peri-urban rural and
bush fringe areas challenged with a lack of amenities, local employment
opportunities and transport infrastructure47,48.
Spatial data resources including the road network49, address points50,

destinations, administrative areas and area linkage data sets as required
(see Table 5) were collated up to a 10 km expanse beyond the study region
boundary to ensure appropriate measurement of built environment
exposures on the urban fringe. Liveability measurement was undertaken
for address points in small area census regions (Mesh Blocks) with positive
dwelling count in the 2011 census51, reflecting residential exposure
potential. Local neighbourhood liveability indicators were calculated for
each residential address. Where area-level measures were more appro-
priate than address level, or finer grained data were otherwise not
available, administrative area statistics were associated with address points
via geographical linkage. The revised ULI formulation presented here
includes 15 indicators across 8 broad domains, detailed in Table 5.

Access to point of interest locations
Point of interest destination accessibility indicators were evaluated
according to destination types: community, culture and leisure; education;
health and social services; sport and recreation services; early years
services; fresh food outlets; convenience amenities; public transport (bus,
tram and train; evaluated separately). Access to destinations along the
pedestrian road network for each address point was evaluated against
destination-specific access thresholds (see Table 6). A score out of 1 for
access for each indicator was calculated using soft thresholds24. The soft
threshold method yielded a continuous rather than binary score for access

such that greater proximity was rewarded while arbitrarily greater distance
from the target threshold only lead to a commensurately arbitrary penalty;
i.e. access to a destination at exactly the threshold value yields a score of
0.5, with more proximal access scoring higher, and access at greater than
double the threshold distance approaching a score of zero. Equal
weighting was awarded to each component destination (e.g. access to
3–5 health destinations corresponded to a score of 0.6 out of a possible
maximum of 1 for that social infrastructure subdomain).

Access to public open space
The general approach for evaluating access to large public open space was
as per that used to determine destination access, described above.
However, in lieu of a single point for each public open space, pseudo-
access points were generated along public open space polygon
boundaries at 20m intervals52.

Local walkable neighbourhood characteristics
The local walkable neighbourhood for each address point was measured
as the 1600 m extent along pedestrian traversable network segments52,
buffered by 50 m53. The resulting area was used as a denominator in
local intersection and dwelling density calculations. Intersection density,
or street connectivity, was calculated as the number of cleaned
pedestrian network intersections intersecting the local walkable network
buffer, divided by its area in square kilometres54. Local neighbourhood
dwelling density was calculated as the sum of dwellings within Mesh
Blocks intersecting the local walkable network buffer, divided by its area
in hectares.

Area-level measures
Housing affordability stress was first defined as the proportion of low-
income households (in the bottom 40% of the Australian income
distribution) spending >30% of their income on housing costs. This
measure was reverse scaled for inclusion in the ULI composite measure,
representing housing affordability as the proportion of low-income
households not spending in excess of 30% of household income on
housing. The percentage of employed persons working in the same
Statistical Area 3 (broader catchment, SA3) as the local area (Statistical Area
2; SA2) in which they live was also evaluated.

Composite indicator construction
Indicator estimates for each address were conditionally cleaned through
constraining the range of indicators with outlying values in excess of
3 standard deviations of the indicator mean through scaling to
terminate within 3 standard deviations of the mean; these cleaned
indicator estimates were normalised to a common scale with mean of
100 and standard deviation of 10, as per the previously published
methods24. With the cleaned, normalised value z of indicator j at address
i referred to as zij and following the Mazziota–Pareto Index method55,
the average of each address point’s set of normalised indicator results
zi—Eq. (1)—, less their standard deviation—Eq. (2)—squared standar-
dised by the mean s2zi=zi (coefficient of variation) as a penalty for
inconsistent performance, results in the ULI estimate for that address
point—Eq. (3). Thus, the final ULI score implicitly rewards balance across
the set of indicators considered.

zi ¼ 1
nj

PN

j¼1
zij (1)

szi ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPn

j¼1
sij�zið Þ2
Nj

r

(2)

ULIi ¼ zi � s2zi
zi

(3)

Spatial distribution maps were prepared using QGIS 3.1656. The spatial
distribution of the composite indicator was mapped for Melbourne
residential address points (Fig. 1).

Survey data
Data from the VPHS, a cross-sectional survey concerned with health
and wellbeing outcomes for 33,654 Victorians aged ≥18 years57 were
obtained (Victorian DHHS HREC ethics approval number 23/16).
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The survey was undertaken with informed consent and included
questions related to physical activity, active transport usage, obesity
and chronic diseases, general health, mental health and community
satisfaction and was conducted using computer-assisted telephone
interviews across the state of Victoria57. Approximately 426 participants
were included from each local government area (LGA), following
selection using random digit dialling. Study participants were asked to
provide either their residential address or the nearest intersection to
their address between two roads. Where responses were provided and of
sufficient quality to be usable, these locations were geocoded. Built
environment indicators and ULI scores calculated for address points
across the greater Melbourne region using spatial data from 2011 to
2014 were able to be linked to 11,067 geocoded participants’ survey
data based on match to closest residential address point, with a median
match distance of 0.1 m [IQR 0.0, 18.9]. A participant flow diagram is
presented in Supplementary Fig. 1. A completed STROBE reporting
checklist has also been included as Supplementary Note 158.

Statistical analyses
Multilevel modelling of cardiometabolic and health-related outcomes
with regard to liveability was undertaken using linear and logistic
models fitted using the R package rstanarm and ordered logistic
regression using the R package brms59–61. Both packages provide an
interface for Bayesian analysis using weakly informative priors. Eight
outcomes of interest were considered under the themes: physical
activity by walking, cardiometabolic risk factors, major chronic disease,
and overall health and wellbeing. Details on the eight analyses
adjusting for socio-demographic covariates (age group, sex, employ-
ment status, education, income, household type, housing tenure) and
LGA-level clustering are provided in Table 6. Results are reported as
either AORs (logistic models) or beta-coefficients (β; linear models) for
unit change in the outcome variable, with 95% CIs for estimates of the
true effect size.
To further investigate the relationships between liveability

and physical activity and body size, and the potential associations
with metabolic outcomes, we fitted models for each sub-indicator

Table 5. Indicators included in the revised urban liveability index.

Domain Indicator Data Scale

Social infrastructure 1. Community, culture and leisure access Community centresa 1000m

Cinema/theatrea 3200m

Librariesa 1000m

Museums/art galleriesa 3200m

2. Education access State primary schoolsa 1600m

State secondary schoolsa 1600m

3. Health and social services access Aged careb 1000m

Community health centresb 1000m

Dentistsb 1000m

General practitioner clinicsb 1000m

Maternal/child healthb 1000m

4. Sport and recreation access Swimming poolsa 1200m

Sport/recreation facilitiesa 1200m

5. Early year access Childcarec 800m

Childcare out of school hoursc 1600m

Food 6. Fresh food access Supermarkets (major chains)d 1000m

Fruit and vegetable grocerse 1600m

Fish/meat/poultry shopse 1600m

Convenience 7. Convenience access Convenience store, news agency or petrol statione 1000m

Public transport 8. Bus access Bus stopsf 400m

9. Tram access Tram stopsf 600m

10. Train access Train stationsf 800m

Public open space 11. Access to public open space >1.5 hectares Public open space entry point proxy locationsg 400m

Walkability 12. Street connectivity per km2 Pedestrian network intersectionsf 1600m

13. Dwelling density per hectare Mesh block areas with dwelling countsh 1600m

Housing 14. Housing affordability Housing expenditure by relative household incomei Statistical Area 1

Employment 15. Living and working in local area Place of work (Statistical Area 3) by place of residence
(Statistical Area 2)j

Statistical Area 2

aVictorian Government. VicMap Features of Interest. https://discover.data.vic.gov.au/dataset/foi-point-vicmap-features-of-interest (2012).
bHealthdirect Australia. National Health Services Directory. https://about.healthdirect.gov.au/nhsd (2012; retrieved, cleaned and geocoded in 2014).
cAustralian Children’s Education & Care Quality Authority (2014; retrieved, cleaned and geocoded in 2014).
dPitney Bowes MacroPlan Australia Supermarkets (2014).
ePitney Bowes Acxiom MapInfo Business Points Australia (2014).
fVictorian Department of Transport. 2012. VicMap Transport. https://discover.data.vic.gov.au/.
gVictorian Environmental Assessment Council. Metropolitan Melbourne Open Space Inventory. https://discover.data.vic.gov.au/dataset/veac-metropolitan-
melbourne-open-space-inventory (2011).
hABS 2074.0—Census of Population and Housing: Mesh Block Counts, 2011. Australian Bureau of Statistics. https://www.abs.gov.au/AUSSTATS/abs@.nsf/
DetailsPage/2074.02011 (2012).
iABS. 2011 Census of Population and Housing, Customised Data Report. Canberra, ACT: Australian Bureau of Statistics (2012).
jABS. 2011 Census of Population and Housing - Employment, Income and Unpaid Work. Findings based on use of ABS Table Builder data: Australian Bureau of
Statistics (2017).

C. Higgs et al.

10

npj Urban Sustainability (2021)    37 Published in partnership with RMIT University

https://discover.data.vic.gov.au/dataset/foi-point-vicmap-features-of-interest
https://about.healthdirect.gov.au/nhsd
https://discover.data.vic.gov.au/
https://discover.data.vic.gov.au/dataset/veac-metropolitan-melbourne-open-space-inventory
https://discover.data.vic.gov.au/dataset/veac-metropolitan-melbourne-open-space-inventory
https://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/2074.02011
https://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/2074.02011


separately. For comparison with existing measures in the literature,
models were also fitted for the walkability index and the pilot ULI24. To
facilitate comparison of effect size estimates across the range of
exposures and corresponding units of analysis considered, the
results for each exposure were scaled according to the respective
distances of their IQR as observed in the VPHS sample. This value—the
difference between the 75th percentile and the 25th percentile—
represents a meaningful estimate of variability that does not rely on
distributional assumptions. This approach is akin to considering
for each exposure what the impact of a ‘high’ result would be
relative to a ‘low’ one in terms realistic to their spatial distribution for
the sample.
Post hoc, correlations with the community, culture and leisure access

score were calculated, and cluster analysis of address points with the
indicator was performed to explore differences in spatial distribution to
the ULI.

DATA AVAILABILITY
A CSV file containing the ULI and component indicators with both raw and cleaned,
normalised values as well as coordinates and area linkage codes with an accompanying
data dictionary is hosted on FigShare under CC BY-NC-SA 4.0 terms at https://doi.org/
10.25439/rmt.13322984. The source data that support the calculation of the ULI for
Greater Melbourne in 2012 are available from the sources cited in the ‘Methods’
section; however, some were used under license for the current study or are historical
data sets and so are not publicly available. Source data are, however, available from the
authors upon request and with permission of custodians. The Victorian Public Health
Survey data that support the findings of this study are available from the Victorian
Department of Health and Human Services pending ethics approval. Data sourced
under CC BY 4.0 licence from the Australian Bureau of Statistics included. the Australian
Statistical Geography Standard (ASGS): Volume 1—Main Structure and Greater Capital
City Statistical Areas, July 2011 (https://www.abs.gov.au/AUSSTATS/abs@.nsf/
DetailsPage/1270.0.55.001July%202011); Australian Statistical Geography Standard
(ASGS): Volume 4—Significant Urban Areas, Urban Centres and Localities, Section of
State (https://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/1270.0.55.004July%
202011); 2011 Census of Population and Housing: Mesh Block Counts (https://www.
abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/2074.02011); Other ABS data were
acquired from custom data reports or constructed using ABS Table Builder, as
indicated in Table 5. Historical archives of the Geocoded National Address File (G-NAF)
are available under CC BY 3.0 terms from (https://data.gov.au/dataset/ds-dga-e1a365fc-
52f5-4798-8f0c-ed1d33d43b6d). Victorian Government data sets used under CC BY 4.0
terms included VicMap Features of Interest (https://discover.data.vic.gov.au/dataset/
foi-point-vicmap-features-of-interest), the VicMap transport data set (https://discover.

data.vic.gov.au/dataset/vicmap-transport-scale-various) and the Victorian Environmen-
tal Assessment Council (VEAC) Metropolitan Melbourne Open Space Inventory (https://
discover.data.vic.gov.au/dataset/veac-metropolitan-melbourne-open-space-inventory).

CODE AVAILABILITY
Code used for calculation of the ULI is available at https://doi.org/10.25439/
rmt.14956209. Code used for analysis of the VPHS data set is available at https://
bitbucket.org/Koen_Simons/liveability_vphs/.
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