
















Figure 4 Spatial patterns of ENMD risk. Maps showing (A) clusters of Collection Districts in 2007 and (B) Statistical Area Level

1 in 2012* with statistically significantly different risks of hospitalisation for selected ENMDs. Expected counts for 2007 were

calculated using 2006 census populations and census 2011 for 2012. Relative risk for a given contiguous cluster was calculated

relative to the risk in the rest of the ACT. *See text for clarification. ACT, Australian Capital Territory; ENMD, endocrine, nutritional

and metabolic diseases.

Figure 5 Spatial patterns of respiratory disease risk. Maps showing (A) clusters of Collection Districts in 2007 and (B) Statistical

Area Level 1 in 2011 with statistically significantly different risks of hospitalisation for respiratory diseases. Expected counts for

2007 were calculated using 2006 census populations. Relative risk for a given contiguous cluster was calculated relative to the

risk in the rest of the ACT. ACT, Australian Capital Territory.
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(RR<0.13) clusters or non-significant clusters. One of
the recognised problems with SaTScan is its propensity
at larger geographic aggregations to detect large low-risk
clusters in rural, sparsely populated areas. Thus, areas
North East of Gungahlin and some areas south east of
Kingston-Barton appear as low-risk clusters, which in
reality have very few residents (figure 6).
The results of Monte Carlo logistic regressions showed

significant relationships between suburb-level Walk
Score and the risk of MI (table 2). Specifically, there was
a 4% 1.04 (95% CI 1.01 to 1.07) increased odds of
being hospitalised for a heart attack from living in a
neighbourhood that is not a ‘walker’s paradise’.
Similarly, there was a significant progressively increasing
risk of being hospitalised with cancer when living in
increasingly less walkable suburbs. When lung cancers
were removed from the set of four cancers (not shown),
the effect sizes remained the same, but the CIs widened,
becoming marginally non-significant. This probably indi-
cates that the relationship with neoplasms is most likely
valid, but the regressions are underpowered due to the
small numbers. A high pseudo R2 of around 95% in the
MI model was reported, underscoring our earlier
comment that these values should be interpreted with
care.
The relationships were supported by the negative

binomial model (table 3). For example, there are 4%
less hospitalisations with myocardial infractions
from neighbourhoods that are a walker’s paradise
relative to car-dependent neighbourhoods. Somewhat

counter-intuitive relationships with hospital admissions
from neoplasms were found, where those living in a
neighbourhood with more hospitalisations of low SES
people or having less access to GPs decreased the likeli-
hood of a neoplasm-related hospitalisation, which may
suggest the potential for missed diagnoses.
Being female was protective for circulatory disease,

MI, ENMD or hospitalisation with more than one
condition but was a risk factor for selected neoplasms
(table 2). Being married (or in a de facto relationship)
increased the risk of being hospitalised with any condi-
tion but decreased the risk of being hospitalised with
multiple conditions (table 2). Results from the eco-
logical model (table 3) also support the findings from
the Monte Carlo model. In Australia, while public hos-
pital services are free, patients may have the choice of
accessing private services for a fee, usually paid through
insurance. Paying with private insurance was positively
associated with MI hospitalisation or hospitalisation with
selected neoplasms.
Overall, the results of the regressions agreed with

results of exploratory mapping—that is, the outlying low
walkability suburbs have higher rates of key NCD-related
hospital admissions.

DISCUSSION
We found that Walk Score was significantly associated
with hospital admission for MI. The spatial patterns of
MI admission rates and Walk Score supported this

Figure 6 Spatial patterns of MI and cancer risk. Maps showing Statistical Area Level 2 (suburbs) with statistically significantly

different rates of hospitalisation for (A) MI and (B) selected cancers. Relative risk for a given contiguous cluster was calculated

relative to the risk in the rest of the ACT. ACT, Australian Capital Territory; MI, myocardial infarction.
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Table 2 Summary of robust Monte Carlo logistic regression derived ORs with 95% CIs for each NCD hospitalisation outcome*

Predictor CSD MI ENMD Selected Neoplasms

More than one

comorbid NCD

Individual-level variables

(Intercept) 1.09 (0.98 to 1.21) 0.99 (0.95 to 1.02) 1.14 (1.02 to 1.27) 0.85 (0.81 to 0.9) 0.02 (0.00 to 0.13)

Female 0.95 (0.94 to 0.96) 0.97 (0.97 to 0.98) 0.95 (0.94 to 0.96) 1.09 (1.08 to 1.10) 0.86 (0.83 to 0.90)

Age in years 1.01 (1.01 to 1.01) 1.00 (1.00 to 1.00) 1.00 (1.00 to 1.00) 1.00 (1.00 to 1.00) 1.04 (1.04 to 1.04)

Married 1.11 (1.1 to 1.12) 1.02 (1.01 to 1.02) 1.04 (1.03 to 1.05) 1.06 (1.05 to 1.07) 0.93 (0.89 to 0.98)

Paid with private insurance 0.99 (0.98 to 1.01) 1.06 (1.05 to 1.07) 0.99 (0.97 to 1.01) 1.08 (1.07 to 1.10) 0.98 (0.91 to 1.06)

Has hospital insurance 1.02 (1.01 to 1.03) 0.98 (0.97 to 0.99) 0.99 (0.98 to 1.01) 0.97 (0.96 to 0.98) 0.90 (0.84 to 0.95)

Ecological variables

Access to GP clinic 1.00 (1.00 to 1.01) 1.00 (1.00 to 1.00) 1.00 (1.00 to 1.00) 1.00 (1.00 to 1.00) 0.99 (0.97 to 1.01)

Walk Score

Reference: walker’s paradise (score 90–100)†

Very walkable (score 70–89) or

Somewhat walkable (score 50–69)

1.02 (0.92 to 1.13) 1.04 (1.01 to 1.07) 1.07 (0.97 to 1.19) 1.06 (1.01 to 1.12) 1.87 (0.37 to 9.4)

Car-dependent (score 25–49) or

Car-dependent (score 0–24)

1.03 (0.93 to 1.14) 1.04 (1.01 to 1.07) 1.09 (0.98 to 1.2) 1.07 (1.01 to 1.12) 2.02 (0.04 to 10.24)

IRSAD score 1.00 (1.00 to 1.00) 1.00 (1.00 to 1.00) 1.00 (1.00 to 1.00) 1.00 (1.00 to 1.00) 1.00 (1.00 to 1.00)

Mean distance to off-licence alcohol outlet 1.00 (0.99 to 1.01) 1.00 (0.99 to 1.01) 1.00 (0.99 to 1.01) 1.00 (0.99 to 1.01) 0.92 (0.88 to 0.96)

Log traffic exposure 1.00 (1.00 to 1.00) 1.00 (1.00 to 1.00) 1.00 (1.00 to 1 0.00) 1.00 (1.00 to 1.00) 1.00 (1.00 to 1.00)

Pseudo R2
‡ 16.83 95.5 3.54 22.3 10.16

Total number of hospitalisation events: N=75 290.
*Significant effects in bold. Significance levels were not computed for Monte Carlo estimates.
†Walker’s paradise is the reference category while the two car-dependent and two walkable categories are aggregated.
‡Pseudo R2 is a measure of the amount of variation explained by the model; 95% CI.
CSD, circulatory system diseases; ENMD, endocrine, nutritional and metabolic diseases; GP, general practice, IRSAD, Index of Relative Socio-Economic Advantage and Disadvantage; MI,
myocardial infarction; NCD, non-communicable disease.
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finding. Thus, individuals residing in a neighbourhood
considered a ‘walker’s paradise’ (eg, Civic) have signifi-
cantly lower risks of admission for MI after adjustment
for age, gender, marital status and insurance status. A
similar relationship existed with certain neoplasms,
though further investigation is required to support this
finding. The highest risks of neoplasms and MI admis-
sion rates were found in Kambah (Walk Score 28) and
Kaleen (Walk Score 39), which were classified as ‘car-
dependent’ by Walk Score. While a number of studies
have shown that Walk Score is related to walking for
recreation and transportation14–16 37 ours is one of the
few studies23 24 that showed a significant relationship
between Walk Score and hospital admissions.
Our analyses used suburb-level Walk Scores. It is

known that there are significant differences in walkabil-
ity within suburbs, and therefore individual residential-
level Walk Scores could capture more of the variation
in walkability in the ACT, and perhaps help in obtain-
ing more robust estimates of the relationships between
key NCD-related hospital admission and walkability.
Walk Score itself has been criticised by some research-
ers as a measure of walkability, though some of these
criticisms—such as the use of ‘as the crow flies’ dis-
tance—have been rectified in the newer versions of
Walk Score which we have used.38 Another shortcom-
ing with the Walk Score and other environmental data
used in these analyses is that they are from a single
time point over the analysis period. While theoretically
temporal synchronisation between the environmental
data and the health data is ideal, accessing archived
spatial data sets for different time periods of interest
was not possible in a reasonable time frame for this
study.
Our data are from public hospital data, and we did

not have access to private hospital data. While there is a
possibility that this may cause biases, public hospitalisa-
tions cover the majority of hospitalisations in the

ACT, and therefore are mostly representative of hospitali-
sations in this population.28 Nevertheless, it is possible
that there are suburb-level (or smaller area) variations in
the proportion of private hospital admissions relative to
public hospital admissions. This may cause biases the
extent of which are not known. Some of the areas with
consistent low risk, such as Civic and Kingston-Barton
(at the centre of the ACT), are areas with high residen-
tial density, easy access to shops and public transport.
These areas also tend to draw a higher proportion of
individuals who are younger and mobile, and are less
likely to be hospitalised for any condition whatsoever.
Since our regression models do not incorporate under-
lying population data, it is possible that variations in
area-level populations may affect our analyses.
Nevertheless, exploratory cluster mapping does incorpor-
ate underlying population and we note that areas such
as Civic, Phillip and Kingston-Barton were generally
low-risk clusters. Therefore, the relationships are unlikely
to be biased by population heterogeneity in hospitalisa-
tion rates.
A recent similar study from Australia found no sig-

nificant association between Walk Score and the likeli-
hood of ischaemic heart disease (IHD).23 There could
be multiple reasons for this, including the fact that
Walk Score at geographic centroids of SLAs were used
to summarise the Walk Score in a given SLA. Since
there is considerable variation of Walk Score within an
SLA, a geography much larger in size than SA2s in the
aforesaid study, using centroid Walk Scores, may not be
appropriate. In contrast, we used an SA2/suburb-level
Walk Score, which represents the average Walk Score at
the suburb level. Another reason as to why significant
associations were not found in the study23 could be the
outcome investigated—IHD. This condition, like CSD,
may remain undiagnosed in the population, resulting
in a hospitalisation data set that is not representative of
the true patterns of the condition in the population.

Table 3 Summary of rate ratios (CI)†

Number of hospitalisations of MI Selected neoplasms

Females 1.0005 (0.9978 to 1.0032) 1.0007 (0.9964 to 1.005)

Married people 1.0032 (1.0016 to 1.0049)** 1.0036 (1.0004 to 1.0068)+

Paid with private health insurance 1.0032 (0.9976 to 1.0087) 1.0047 (0.9953 to 1.0141)

People with hospital insurance 0.9958 (0.9924 to 0.9992)* 0.9952 (0.9891 to 1.0014)

People within 1 km distance to off-licence alcohol outlets 0.9999 (0.9995 to 1.0003) 1.0001 (0.9992 to 1.0009)

People 44 and younger 0.9980 (0.9927 to 1.0033) 0.9829 (0.9691 to 0.9971)+

People 45–64 0.9980 (0.9923 to 1.0038) 0.9885 (0.9738 to 1.0034)

People 65 and over 0.9997 (0.9943 to 1.0050) 0.9856 (0.9715 to 0.9999)

People with good GP access 1.0020 (0.9963 to 1.0077) 1.0172 (1.0033 to 1.0313)*

People living in suburbs that are a ‘walker’s paradise’ 0.9545 (0.9166 to 0.9782)* 0.9048 (0.7944 to 0.9583)*

People in ‘very walkable’ or ‘somewhat walkable’ suburbs 0.9999 (0.9997 to 1.0002) 1.0002 (0.9997 to 1.0008)

People in lowest decile of IRSAD 1.0000 (0.9994 to 1.0007) 0.9981 (0.9965 to 0.9996)*

People in topmost quartile of traffic exposure 0.9999 (0.9995 to 1.0003) 0.9995 (0.9986 to 1.0004)

†Significant effects in bold—key: p<0.001**, p<0.05*, p=0.05+.
GP, general practice; IRSAD, Index of Relative Socio-Economic Advantage and Disadvantage; MI, myocardial infarction; number of
suburbs=90.
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MI, which is a severe acute outcome of undiagnosed
IHD or CSD, is less likely to suffer from diagnostic
bias. To the best of our knowledge, at least one other
study, in this case reporting results from the USA, has
reported an association between mixed land use, better
access to fitness facilities and a lower risk of coronary
heart disease in low-income women.24 The local
government area of ACT is high SES and relatively
egalitarian, being at the middle of the income inequal-
ity league relative to other local governments in
Australia.56 Car ownership in the ACT (603/1000
people) is well above the Australian average (568/
1000) with only two states, Victoria and South
Australia, having higher ownership rates. In addition,
public and active transport modes of travel to work are
less popular in the ACT compared with other capital
cities.57 The combination of high SES, low walkability
and high car ownership is known to discourage
walking (recreational or transportation walking),11 12

which in turn may influence the risk of heart disease
or cancer, as demonstrated in this study. It is possible
that cars may enable informed individuals to shop for
healthy foods, but the food environment beyond
alcohol is not explored in this study. Incorporating the
food environment in our analyses is an area of future
work. Further work will include additional environmen-
tal measures (eg, air quality and crime will be included
in the next phase), further refinement of indices (eg,
mix of food outlets, nutritional quality of food avail-
able), closer analysis of the metric and distributional
properties of each measure and better quality data on
individual behaviours. In addition, future research
should assess whether the present findings are repli-
cated in similar, as well as in different, populations and
settings.
This study uses an ecological cross-sectional design

which may generate bias. In addition, patients could
have a condition and not be hospitalised (eg, death
from MI before hospitalisation). Cancer registries could
supply better quality and more comprehensive data than
hospitalisation from neoplasms. Another limitation of
our study is that we used respiratory diseases as our
control condition in the regressions. This is because the
drivers of respiratory conditions are generally different
from the drivers of heart attacks, ENMDs, etc. While our
data, which were limited to the four conditions, con-
strained the analyses to this specific control, future ana-
lyses will attempt to incorporate all hospitalisations as a
control condition. We showed that there are relation-
ships between walkability as measured by Walk Score
and key NCDs providing support of the logical link
between environment, behaviours and health outcomes
(figure 1: link C). Nevertheless, we remain interested in
investigating link A, the relationship between environ-
ment and behaviours, since 2013 data on lifestyle risk
behaviours at the suburb level such as smoking/alcohol
and body mass index have become available through the
ACT Adult Health Survey. Incorporation of these data

into further analyses remains an area of future explor-
ation. Furthermore, if individual-level address informa-
tion of the survey respondents were available, this would
allow a more precise and accurate investigation of the
effects of the built environment on lifestyle risk beha-
viours and NCDs.

CONCLUSION
Our analyses form a unique and systematic investigation
into the effect of built environment and consequent
NCD-related hospital admissions. This research high-
lights the significant role that walkability plays in health
and in use of healthcare resources, that is, hospitals.
While this research could have a significant bearing on
local policymaking, it also captures a niche in the
broader built environment and health literature with its
investigation of relationships between the built environ-
ment and health outcomes.
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