
Preventive Medicine 99 (2017) 134–139

Contents lists available at ScienceDirect

Preventive Medicine

j ourna l homepage: www.e lsev ie r .com/ locate /ypmed
Neighborhood walkability and hospital treatment costs: A
first assessment
Yan Yu a,b,⁎, Rachel Davey a, Tom Cochrane a, Vincent Learnihan a, Ivan C. Hanigan a, Nasser Bagheri c

a Centre for Research and Action in Public Health, Health Research Institute, University of Canberra, ACT, Australia
b School of Demography, Australian National University, ACT, Australia
c School of Population Health, Australian National University, ACT, Australia
⁎ Corresponding author at: Building 22, University Driv
ACT 2617, Australia.

E-mail address: yan.yu@canberra.edu.au (Y. Yu).

http://dx.doi.org/10.1016/j.ypmed.2017.02.008
0091-7435/© 2017 Elsevier Inc. All rights reserved.
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 8 October 2016
Received in revised form 19 January 2017
Accepted 13 February 2017
Available online 16 February 2017
Health system expenditure is a global concern, with hospital cost a major component. Built environment has
been found to affect physical activity and health outcomes. The purpose of the study was a first assessment of
the relationship between neighborhood walkability and hospital treatment costs. For 88 neighborhoods in the
Australian Capital Territory (ACT), 2011–2013, a total of 30,690 public hospital admissions for the treatment of
four diagnostic groups (cancers, endocrine, nutritional and metabolic diseases, circulatory diseases and respira-
tory diseases) were extracted from the ACT admitted patient care database and analyzed in relation to theWalk
Score® index as a measure of walkability. Hospital cost was calculated according to the cost weight of the diag-
nosis related group assigned to each admission. Linear regressions were used to analyze the associations of
walkability with hospital cost per person, admissions per person and cost per admission at the neighborhood
level. An inverse association with neighborhood walkability was found for cost per person and admissions per
person, but not cost per admission. After adjusting for age, sex and socioeconomic status, a 20-unit increase in
walkability was associated with 12.1% (95% CI: 7.1–17.0%) lower cost and 12.5% (8.1–17.0%) fewer admissions.
These associations did not vary byneighborhood socioeconomic status. This exploratory analysis suggests the po-
tential for improved population health and reduced hospital cost with greater neighborhoodwalkability. Further
research should replicate the analysis with data from other urban settings, and focus on the behavioral mecha-
nisms underlying the inverse walkability-hospital cost association.

© 2017 Elsevier Inc. All rights reserved.
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1. Introduction

Health care costs are rising globally. In 2013, OECD countries spent
on average USD 3453 per person on health care (3866 for Australia;
8713 for the United States) (OECD, 2015). The average share of gross
domestic product spent in health care increased from 6.1% in 1980 to
8.9% in 2013 (5.8% to 8.8% for Australia; 8.2% to 16.8% for the United
States) (OECD, 2015). As non-communicable diseases (e.g., cancers, di-
abetes and cardiovascular and chronic respiratory diseases) have re-
placed infectious diseases as the leading cause of death worldwide
(World Health Organization, 2014), people are likely to spend more
years in need of health care for long-term illnesses and physical
limitations.

Some of these chronic diseases are related to lifestyle risk factors
such as inadequate physical activity. Growing research in the last 10–
15 years has focused on the association between the built environment,
physical activity (e.g. walking) and health. These studies found that
e, University of Canberra, Bruce,
people are more physically active when they live in walkable neighbor-
hoods that have interconnected streets and diverse nearby destinations
such as shops, restaurants, services, public transit stops and parks
(Committee on Physical Activity, 2005; Renalds et al., 2010; Saelens et
al., 2003). Built environment characteristics promoting or inhibiting
physical activity are also associated with the prevalence and incidence
of metabolic complications and chronic diseases such as obesity, diabe-
tes and hypertension (Booth et al., 2011; Ewing et al., 2003; Sallis et al.,
2012). These health conditions could require expensivemedical care, in
particular inpatient hospital treatment. To our knowledge, however, no
studies have investigated the hospital cost impact of neighborhood
walkability.

In this paper, we used hospital admissions data and a validated pub-
licly available index of neighborhoodwalkability (Walk Score®) to con-
duct an aggregate-level cross-sectional analysis of the relationship
between walkability and inpatient hospital costs in the Australian Cap-
ital Territory (ACT). Comprehensive public hospital admissions for four
primary medical diagnosis groupings (cancers; endocrine, nutritional
andmetabolic [ENM] diseases; circulatory diseases; and respiratory dis-
eases) were analyzed. We examined the association of neighborhood
walkability with hospital cost per person and its two components (the
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number of hospital admissions per person and cost per admission). In
analyzing the two separate components, an additional question was to
determine the extent to which these two components drive the associ-
ation between walkability and hospital cost. We further asked whether
the walkability-cost association is explained or varies by neighborhood
socio-economic conditions. Finally, estimates were derived for hypo-
thetical changes in hospital outcomes, given changes in walkability. By
exploring and analyzing associations between hospital costs and
walkability, this study extends the existing literature on built environ-
ment and health outcomes, and informs policies to facilitate and pro-
mote healthier lifestyles to reduce health care cost.
2. Methods

The study population was Australia's capital city Canberra, in which
around 380,000 people reside (Australian Bureau of Statistics, 2015a).
Acute hospital admissions in the region's two public hospitals between
2011 and 2013 were extracted from the administrative database of ad-
mitted patient care maintained by the ACT Government Health Direc-
torate. For each admission, the database includes standard socio-
demographic information such as age and sex, location of residence,
dates of admission and separation, and clinical information such as
medical diagnosis, type of care, and theAustralianRefinedDiagnosis Re-
lated Group (AR-DRG). The AR-DRG codes relate the type of patients to
the hospital resources required for treatment (Australian Institute of
Health and Welfare, 2014a).

Caseswere selectedwhere the primarymedical diagnosiswas coded
according to the 10th Revision of the International Classification of Dis-
eases as one of the four groups: cancers (C00-D48), ENMdiseases (E00-
E88), circulatory diseases (I00-I99), and respiratory diseases (J00-J98).
These are among the chronic conditions contributing the greatest bur-
den to hospital costs in ACT and Australia (Australian Institute of
Health andWelfare, 2014a). The study was approved by the ACT Health
Human Research Ethics Committee on 10 December 2014 (Protocol:
ETH.11.14.310) and the University of Canberra Human Research Ethics
Committee (Protocol: 12-158).

We defined neighborhood at the suburb level, that is, Statistical
Areas Level 2 in the Australian Statistical Geography Standard
(Australian Bureau of Statistics, 2011a). A suburb in Australia generally
has a population size ranging from 3000 to 25,000, with an average of
about 10,000. In the ACT, they are smaller with population sizes be-
tween 1000 and 15,000. Of the 31,800 acute-care admissions due to
the four diagnosis groups between 2011 and 2013, the following data
were excluded: 228 records with missing information on statistical
area or neighborhood walkability, 804 records in four new suburbs
that were built and settled in 2010 or later, and 78 records in two sub-
urbs with very low total admission numbers. The final analysis data
had a total of 30,690 hospital admissions and included 88 ACT suburbs.
Note that these were the total of acute care admissions to public hospi-
tals for the treatment of the four disease categories, except for the above
exclusions. However, private hospital admissions were not available for
the ACT (Australian Institute of Health andWelfare, 2014a), a limitation
that we further consider in the Discussion section.

Also note that our analysis included patients for the treatment of all
diseases classified under the four diagnostic categories. Thiswas because
current knowledge on built environment features and disease outcomes
was not sufficient for us to select or exclude admissions.While there has
been considerable evidence linking built environment with CVD and
risk factors and diabetes, neighborhood walkability could affect the
prognosis of other less well-known illnesses. In addition, given the
large body of research on the developmental origins of chronic diseases
(Gluckman and Hanson, 2006), we analyzed admissions at all ages, in-
cluding infants whowere not ready to walk. However, additional sensi-
tivity analyses (not shown) found essentially identical results when we
excluded 1473 admissions for ENM diseases that were not diabetes
(that is, ICD-10 codes E00-E88, except E10-E14) and 2037 admissions
under age 5.

2.1. Hospital cost measures

We constructed three outcome measures: annual hospital cost per
person and its two components of admissions per person and cost per
admission. All three outcomes were aggregated at the neighborhood
level and adjusted for age and sex using the direct standardization
method. In addition to the hospital admissions data, we used the
2011–2013 age-sex-specific midyear population estimates for each
neighborhood as population exposure (that is, denominator)
(Australian Bureau of Statistics, 2015b) and the midyear 2013 Austra-
lian age-sex population distribution as the standard (Australian
Bureau of Statistics, 2015a).

The outcome of cost per person was derived in three steps. First, we
used the cost weights associated with the AR-DRG codes of hospital ad-
missions to determine the cost for each hospital admission.We used the
public hospital cost weights for AR-DRG version 6.0x: Round 16 for ad-
missions in 2011 (Independent Hospital Pricing Authority, 2014) and
Round 17 for admissions in 2012–2013 (Independent Hospital Pricing
Authority, 2015), and then adjusted the cost to 2013 Australian dollars,
using an adjustment factor (Australian Institute of Health and Welfare,
2014b). Second, for each neighborhood, we summed the cost within
sex and age groups (under age 5, eight 10-year groups and 85+) anddi-
vided it by midyear population to calculate cost per person. Last, we
weighted the actual age-sex-specific hospital cost by the standard pop-
ulation to get age-sex-standardized cost per person for each neighbor-
hood. The admissions per person outcome was calculated in the same
steps, but counting the number of admissions instead of adding up the
cost. The cost per admission outcome was derived by dividing cost per
person by admissions per person (that is, cost per admission = cost
per person/admissions per person).

2.2. Walkability and socioeconomic status measures

WeusedWalk Score®, a publicly accessible index tomeasure neigh-
borhood walkability (Walk Score®, 2015). Based on data sources such
as Google, Open StreetMap and otherWalk Score® user provided infor-
mation, the patented Walk Score® algorithm uses a decay function to
award points for each geographic location by calculating the shortest
network distance to amenities in each of 13 categories that include
stores, restaurants, entertainment, schools and parks. The categories
are equally weighted, and the points are summed and normalized to
reach a score of 0–100, with penalties to account for less street intercon-
nection. Higher Walk Score® values indicate more walkable neighbor-
hoods. A five-category classification for Walk Score® was: 0–24 (“very
car-dependent”, almost all errands requiring a car), 25–49 (“car-depen-
dent”, most errands requiring a car), 50–69 (“somewhat walkable”,
some errands accomplishable on foot), 70–89 (“very walkable”, most
errands accomplishable on foot) and 90–100 (“walker's paradise”,
daily errands not requiring a car). The Walk Score® measure has been
validated against geographic information systemmeasures of neighbor-
hood walkability (Carr et al., 2010, 2011; Duncan et al., 2011) and used
previously in studies for various geographic locations and levels in Aus-
tralia, Canada and the United States (e.g., Chiu et al., 2016; Cole et al.,
2015; Sriram et al., 2016).

Neighborhood socioeconomic status (SES) was based on the Socio-
economic Indexes for Areas (SEIFA) developed by the Australian Bureau
of Statistics, which are area-based compositemeasures of socioeconom-
ic conditions, including income, educational attainment, employment
or occupation and housing characteristics (Australian Bureau of
Statistics, 2011b). In this analysis, we used the Index of Relative Socio-
economic Advantage and Disadvantage from the 2011 Census data,
and based on preliminary analysis, grouped the rank scores of 0–100
into three categories: low (0–40), medium (41–80) and high (81–100).
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2.3. Statistical analysis

We used linear regression tomodel the associations between neigh-
borhood walkability and hospital treatment costs. Three models were
estimated, sequentially adding 1) the Walk Score® variable, 2) the SES
variable and 3) interactions between Walk Score® and SES. We
modelled the outcomes on the logarithmic scale (owing to skewness
in the distribution of thesemeasures), theWalk Score® variable as con-
tinuous and the SES variable in the three categories detailed above.
Model specification details are shown in Appendix A1.

The regression coefficient for theWalk Score® variable estimates the
association between walkability and hospital outcomes. We interpret
the exponential of the Walk Score® coefficient minus one as relative
change in the outcome given a one-unit change inWalk Score®, and re-
port this estimate along with 95% Confidence Interval (CI). Changes in
the Walk Score® coefficient between Model 1 (unadjusted) and
Model 2 (adjusted for SES) show the extent to which SES is responsible
for the associations betweenwalkability and hospital costs. Model 3 ex-
amines whether these associations vary across SES groups. Note that all
models adjust for age and sex differences between the neighborhoods
because the outcome measures have been age- and sex-standardized,
as explained above.

Models 1–3 were estimated separately for each of the three out-
comes. Recall cost is a product of the two component measures of ad-
missions and cost per admission. Thus, the coefficient estimates on the
logarithmic scale sum up. That is, the Walk Score® coefficient for the
cost per person outcome is the sum of the twoWalk Score® coefficients
for admissions per person and cost per admission.We compared the es-
timates across the outcomes to gauge the role played by each compo-
nent in the association between neighborhood walkability and
hospital cost.

3. Results

Between 2011 and 2013, there were a total of 30,690 admissions
for the four disease groups; hospital cost totaled AUD 251.8 million
(Table 1). Circulatory and respiratory diseases took up the largest
share of the admissions (39% and 33% respectively), followed by cancers
21%. The rate of admissions was high for those under age 5, dropping
low between ages 5 and 35, and rising continuously from age 35 to
Table 1
Descriptive statistics for acute public hospital admissions in the Australian Capital Territo-
ry, 2011–2013.

Males Females Both sexes

Total hospital admissionsa 16,338 14,352 30,690
Hospital cost (2013 AUD)

Total (millions)b 142.5 109.2 251.8
Mean 8723 7611 8203
Standard deviation 11,602 9699 10,768

Distributions of medical diagnosis (%)
Cancers 19 22 21
ENMc diseases 8 9 9
Circulatory diseases 42 35 39
Respiratory diseases 31 34 33

Age-specific rates of admissions (per 1000 persons)
Aged 0–4 years 30.6 24.8 27.8
5–14 10.2 8.6 9.4
15–24 6.9 9.9 8.3
25–34 6.3 8.8 7.5
35–44 11.6 13.0 12.3
45–54 23.2 19.0 21.0
55–64 49.0 30.5 39.5
65–74 92.2 63.9 77.6
75–84 190.6 128.7 156.3
85+ 279.7 192.9 223.2

a Admissions in 88 neighborhoods due to four diagnoses as listed.
b Male and female costs do not add up to the cost for both sexes because of rounding.
c ENM-endocrine, nutritional and metabolic.
the oldest ages. Hospital costs were higher for men than women, with
men having a larger number of admissions, higher total cost, higher
mean cost and higher standard deviation of cost.

Among the 88 neighborhoods,Walk Score® ranged between 15 and
83, with a mean value of 41, median of 38 and standard deviation of 14.
As shown in Table 2, nearly four-fifths of the neighborhoods fell into the
two car-dependent categories. Across the three SES categories, the low-
SES neighborhoods were more likely to be in the two walkable catego-
ries than the medium- and high-SES ones: 13 out of the 35 low-SES
neighborhoods were somewhat or very walkable, as compared with 4
out of the 39 medium-SES and 2 out of the 14 high-SES neighborhoods.
However, the number of neighborhoods was small in the high SES-high
walkability combinations. The correlation between the continuous
Walk Score® and SES variables was negative 0.15 and statistically
non-significant.

Regression estimates are shown in Table 3. Cost per person was in-
versely and statistically significantly associated with Walk Score®. The
exponentiated coefficient in the unadjusted model indicates that a
one-unit increase in Walk Score® was associated with a reduction in
cost of 0.47% (0.13–0.80%). In Model 2 when the SES variable was in-
cluded, the estimated cost reduction increased to 0.64% (0.36–0.92%).
SES was also inversely associated with hospital cost; cost per person
was lower for the higher than lower SES groups. InModel 3, the interac-
tion terms between Walk Score® and SES on hospital cost were small
and statistically non-significant, indicating that the inverse association
between Walk Score® and cost did not vary across the SES categories.
Results were not different when both SES and Walk Score® were spec-
ified as continuous (not shown).

Similar results were found when examining admissions per person.
A one-unit Walk Score® increase was associated with a 0.52% (0.20–
0.83%) reduction in admissions, which increased to 0.67% (0.41–
0.92%) when SES was adjusted for, and the reduction in admissions
was invariant across SES categories. However, cost per admission was
not associated with Walk Score® in any of the three models.

Under the SES-adjusted model, percentage reductions in cost per
person and admissions per person were nearly identical. Thus, the in-
verse association between neighborhood walkability and hospital cost
was primarily driven by the smaller number of admissions in the
more walkable neighborhoods, not by neighborhood differences in
cost per admission.

Fig. 1 shows the raw data and SES-adjusted regression lines for the
three log-transformed outcomes vs. Walk Score®, separate by SES.
Cost per person and admissions per person were lower for higher
Walk Score® values and higher SES groups. Cost per admission was
not associated withWalk Score®; the estimates were lower for the me-
dium SES group than for the low and high SES groups, but the differ-
ences were statistically non-significant (Table 3). The regression lines
for the three SES groups were parallel with the same slopes, reflecting
the lack of SES variations in the association between Walk Score® and
hospital costs.

Based on the SES-adjusted models, we calculated percentage differ-
ences in hospital costs givenWalk Score® differences of various magni-
tudes (Appendix A2). For a 20-unit Walk Score® increase, which
roughly corresponds to changing from a less walkable to a more walk-
able neighborhood (e.g., from “very car-dependent” to “car-dependent”
or from “car-dependent” to “somewhat walkable”), hospital cost would
be lower by 12.1% (95% CI: 7.1–17.0%), and the number of admissions,
smaller by 12.5% (8.1–17.0%). Applying these percentage reductions to
the total hospital admissions for the four diagnoses over the three-
year period (Table 1), the absolute reductions would reach AUD 30.5
(17.9–42.8) million and 3836 (2486–5217) admissions.

4. Discussion

Our analysis has found an association between walkability and hos-
pital cost across 88 neighborhoods in the Australian Capital Territory.



Table 2
Walkability categories in relation to socioeconomic status, 2011–2013 ACT admitted patient care database.

Walkability categoriesa All neighborhoods

Very car-dependent Car-dependent Somewhat walkable Very walkable

Total N (%) 4 (5%) 65 (74%) 13 (15%) 6 (7%) 88 (100%)
SESb, N (%)

Low 2 (6%) 20 (57%) 9 (26%) 4 (11%) 35 (100%)
Medium 1 (3%) 34 (87%) 3 (7%) 1 (3%) 39 (100%)
High 1 (7%) 11 (79%) 1 (7%) 1 (7%) 14 (100%)

a Based onWalk Score: “very car-dependent” (0–24), “car dependent” (25–49), “somewhat walkable” (50–69) and “verywalkable” (70–89); no neighborhoods are “walker's paradise”
(90–100).

b SES—socioeconomic status, based on rank scores for the Index of Relative Socioeconomic Advantage and Disadvantage: 0–40 (low), 41–80 (medium) and 81–100 (high).
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People living in neighborhoods with a higher Walk Score® had lower
average hospital cost for the acute care of four major chronic disease
categories. The reductions in costweremainly due to fewer hospital ad-
missions (that is, lower rates of admissions), not to lower cost per ad-
mission in the more walkable neighborhoods. To our knowledge, this
is the first empirical assessment of the relationship between neighbor-
hood walkability and hospital costs. Strengths of the study include its
population base (in a city of 380,000 people), comprehensive inclusion
of admissions to public hospitals for four major chronic disease groups,
validated index of neighborhood walkability, and analysis of hospital
Table 3
Results from regressing hospital outcomes (logarithmic scale) on Walk Score®, 2011–
2013 ACT admitted patient care database.

Model 1 Model 2 Model 3

b [s.e.] b [s.e.] b [s.e.]

Cost per persona,b,c

Intercept 5.7869⁎ [0.0750] 6.0089⁎ [0.0712] 5.9983 [0.0959]
Walk Score
(WS)

−0.0047⁎ [0.0017] −0.0064⁎ [0.0014] −0.0062⁎ [0.0020]

SES:d low as ref.
Medium −0.2016⁎ [0.0438] −0.1868 [0.1480]
High −0.3822⁎ [0.0588] −0.3553⁎ [0.1614]
WS X SES:e low as ref.
Medium −0.0003 [0.0035]
High −0.0007 [0.0037]
R2 0.08 0.41 0.41
Admissions per persona,b

Intercept −3.2292⁎ [0.0701] −3.0350⁎ [0.0648] −3.0999⁎ [0.0865]
Walk Score
(WS)

−0.0052⁎ [0.0016] −0.0067⁎ [0.0013] −0.0052⁎ [0.0018]

SES:d low as ref.
Medium −0.1586⁎ [0.0399] 0.0025 [0.1334]
High −0.3885⁎ [0.0535] −0.3088⁎ [0.1454]
WS X SES:e low as ref.
Medium −0.0039 [0.0031]
High −0.0018 [0.0033]
R2 0.11 0.46 0.47
Cost per admissiona,b,c

Intercept 9.0161⁎ [0.0400] 9.0439⁎ [0.0466] 9.0982⁎ [0.0619]
Walk Score
(WS)

0.0005 [0.0009] 0.0003 [0.0009] −0.0010 [0.0013]

SES:d low as ref.
Medium −0.0430 [0.0287] −0.1892⁎ [0.0955]
High 0.0063 [0.0385] −0.0465 [0.1041]
WS X SES:e low as ref.
Medium 0.0036 [0.0022]
High 0.0012 [0.0024]
R2 0.00 0.04 0.07

⁎ p-Value b0.05; s.e.—standard error; 100− 100 ∗ exp(b) indicates % change in hospital
outcome, given a one-unit change in the variable.

a Acute public hospital admissions in 88 ACT neighborhoods due to cancers, endocrine,
nutritional & metabolic diseases, circulatory diseases & respiratory diseases.

b Directly age- and sex-standardized by using the 2013 Australian population as the
standard.

c 2013 Australian dollar pricing.
d SES—socioeconomic status, based on rank scores for the Index of Relative Socioeco-

nomic Advantage and Disadvantage: 0–40 (low), 41–80 (medium) and 81–100 (high).
e Interactions between WS and SES categories.
cost components. Study weaknesses include the observational and
cross-sectional design, which has well-known limitations for inferring
causal relationships. The analysis is at the aggregate level, thus not
allowing for discerning the underlying individual behavioral mecha-
nisms or uncovering heterogeneities within neighborhoods. Other lim-
itations include missing information on duration of residence, and the
composite walkability index does notmeasure neighborhood aesthetics
and safety from traffic and crime that could also affect walking behavior
and physical activities.

The lower hospital cost and smaller number of admissions associat-
edwith the higherWalk Score® in our analysis persisted after statistical
adjustment for SES. Higher SES was associated with more favorable
health outcomes (lower cost and fewer admissions),which is consistent
with the established literature (Cutler et al., 2008; Smith, 2007). Inter-
estingly, themorewalkable neighborhoodswere somewhatmore likely
to be of lower SES in the ACT, as was found for other international loca-
tions (Cowie et al., 2016; Creatore et al., 2016; King and Clarke, 2015).
Since the SES and built environment variables were rather weakly cor-
related, and the more walkable ACT neighborhoods did not simulta-
neously have more socioeconomic resources, the inverse walkability-
cost association was not attributable to SES differences across
neighborhoods.

People living in neighborhoods with different walkability may differ
in other ways, however. Even thoughwe have accounted for SES, which
is one of the most consistent characteristics associated with diverse
health behaviors and outcomes, people could still self-select into resi-
dential areas based on physical activity and health status, for example.
The inverse association of walkability with hospital admissions and
cost could thus result from physically more active and healthier people
having chosen to live in themorewalkable neighborhoods. The ACT ad-
missionsdatabase does not have the information to allow for a study de-
sign to disentangle self-selection from actual behaviors andmake causal
inference, as discussed above. However, the inverse association of
neighborhood walkability with hospital costs was consistent with pre-
vious studies showing that people living in more walkable neighbor-
hoods tend to engage more in physical activities, depend less on cars
for everyday living and have lower risks of overweight and obesity
and diabetes (Creatore et al., 2016; Duncan et al., 2014; Sallis et al.,
2016). Most of the prior research was cross-sectional like ours
(McCormack and Shiell, 2011). However, prospective studies compar-
ing people moving to more or less walkable neighborhoods also found
an inverse association of walkability with hypertension (Chiu et al.,
2016) and body mass index increases among men (but not among
women) (Wasfi et al., 2016).

The ACT admitted patient care database collected all admissions to
the public hospitals, but because of confidentiality reasons, private hos-
pital admissions were not available (Australian Institute of Health and
Welfare, 2014a). In Australia, themajority of admissions occur in public
hospitals, but there is a strong SES gradient between patients in public
and private hospitals, and the type of care may also differ between the
two. According to national statistics, of all admissions in 2012–2013,
41% occurred in private hospitals, but two-thirds of elective admissions
involving surgery were treated in private hospitals (Australian Institute



Fig. 1. Hospital treatment costs (logarithmic scale) vs. Walk Score®, by socioeconomic status (SES), 2011–2013 ACT admitted patient care database. Notes: 1. Raw data points and SES-
adjusted linear regression lines; 2. Acute public hospital admissions in 88 ACT neighborhoods due to cancers, endocrine, nutritional and metabolic diseases, circulatory diseases and
respiratory diseases.
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of Health andWelfare, 2014a). Of all inpatients living in neighborhoods
in the top SES quintile, 59%were treated in private hospitals, in contrast
to 26% of patients in the bottom SES quintile (Australian Institute of
Health andWelfare, 2014a). In the ACT, it is possible that a greater pro-
portion of the omitted private hospital admissions were made by pa-
tients from the less walkable neighborhoods, which were somewhat
of higher SES (Table 2). The statistical adjustment for SES partially alle-
viates the issue of omitting private hospital admissions in the analysis.
However, residual associations between socioeconomic conditions,
walkability and private admissions could still put a downward bias in
our results, in particular driving the null association between neighbor-
hood walkability and cost per admission as found here.

Another possible explanation for the lack of association between
walkability and cost per admission is that the hospital cost estimates
based on AR-DRG codes may have averaged out the variations across
admissions. Further research analyzing related outcomes such as length
of hospital stay and survival would be useful.

We found the associations between walkability and hospital out-
comes did not vary across SES groups. Moreover, additional analyses
(not shown) did not find statistically significant quadratic terms for
Walk Score® in the regression models, thus not supporting a nonlinear
relationship betweenWalk Score® and theoutcomes. These results sug-
gest that designing urban forms to enhance built environment features
that are friendly to walking and physical activity may improve health
outcomes and reduce hospital costs for awide spectrum of people living
in a variety of physical environments. Nonlinear threshold effects were
previously detected for modes of travel at the highest population and
employment densities (Frank and Pivo, 1994); however, the associa-
tions with the built environment were linear for the physical activity
outcome in a cross-country study of 14 cities (Sallis et al., 2016), and
did not vary across income levels for obesity in a Canadian study
(Creatore et al., 2016). In our study, the number of neighborhoods
with high Walk Score® values was small, especially for the high SES
group (Table 2 and Fig. 1), which could limit the statistical power to de-
tect variations.

In conclusion,we found lower hospital treatment costs in ACT neigh-
borhoods with higher walkability. Compared with the least walkable
neighborhoods, average hospital costs were 26–37% lower in the most
walkable ones. A 20-unit increase in walkability was associated with
~12% reductions in hospital cost per person and admissions per person.
Results here suggest the potential for designingmorewalkable environ-
ments to promote physically active living, improve population health
and reduce health care costs. Future research would benefit from link-
age of the hospital records with individual behavioral data (e.g., from
sample surveys) to study and understand more fully the interrelation-
ships between built environment, health behaviors and health
outcomes.
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