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Modelling the cost effectiveness of investing in sidewalks 

The original ACE-prevention model [1] was adapted and updated from the original 2003 

baseline year  to assess the cost effectiveness of adding 10 km of sidewalk in each 

neighbourhood. The model assesses the cost effectiveness of the intervention for an 

Australian adult neighbourhood population, with baseline year 2010. 

The model was set up in Excel (Microsoft Office 2010) and uncertainty analysis was 

performed with the add-in tool Ersatz (version 1.3; Epigear International).  

Modelling health outcomes 

Additional walking in the modelled population was translated into changes in health adjusted 

life-years (HALYs) and incidence/prevalence of physical activity related diseases using a 

multi-cohort version of a proportional multi-state life table (MSLT)  [2]. This MSLT model 

allows living individuals to be characterized into healthy or diseased states as opposed to the 

traditional life table that only permits two states (alive or dead).  The term ‘proportional’ is in 

reference to the possibility of including multiple diseases whilst allowing for comorbidities.  

Two populations are simulated in the model, the population of interest as it is (or is expected 

to be in the future, based on observed trends), and an identical population that is exposed to 

changes in physical activity. Each of these populations has a standard life table with all-cause 

mortality and sub-life tables for each one of the diseases causally related to physical activity. 

The Potential Impact Fraction (PIF) is used to link changes in exposure to incidence of 

physical activity related diseases. The PIF can be defined as the proportional change in 
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disease incidence (or mortality) as a function of a change in exposure to a risk factor for that 

disease. For example, an increase in physical activity levels decreases the incidence of 

ischemic heart disease. In the proportional MSLT, this then leads to a decrease in the number 

of prevalent cases in later years at higher ages. Mortality due to a disease is modelled as a 

proportion of prevalence, and consequently a reduction in mortality (compared to the non-

intervention population) follows a decrease in prevalence.  

Changes in HALYs are calculated as the difference of HALYs lived between an Australian 

adult population that has been exposed to changes in physical activity compared to an 

identical population that does not experience any changes.  HALYs are calculated by dividing 

both populations into five-year age cohorts groups (20-24 to 95+) and simulating each cohort 

in the life table until everybody dies or reaches the age of 100. Within the cohort each single 

year is adjusted for disability attributable to diseases included in the model and for disability 

caused by all other causes applying estimates for the Australian population [3].  

A schematic description of the proportional multi-state life table is presented in Figure 1 only 

for the counterfactual population in the model (derived from the factual population). In this 

study, we estimate overall differences in health outcomes by comparing the total number of 

health-adjusted life years (denoted as Lwx in figure 1) accumulated in the intervention 

population compared with the non-intervention population. Our ‘health-adjusted life years’ 

(HALYs) are thus akin to ‘quality-adjusted life years’ (QALYs). We chose the generic term 

HALYs because the valuation of health states is based on Global Burden of Disease disability 

weights.  
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Figure 1 Schematic description of a proportional MSLT, indicating the interaction between life-table 

parameters and diseases parameters. All the parameters are age specific denoted with x, i is incidence, 

p is prevalence and m is mortality, w is disability adjustment, q is probability of dying, l is number of 

survivors, L is life years, Lw is disability adjusted life years and DALE is disability adjusted life 

expectancy, ‘-‘ denotes a denotes parameter related to diseases or causes not included in the models 

and ‘-‘ relates to all modelled diseases included in the model.  A change in the determinant of health 

(physical activity) translates into changes in incidence (ix), which changes disease specific prevalence 

(px) and mortality (mx). Changes in prevalence translate into changes in disability adjustments (w). 

 

Changes in diseases 

In the MSLT the five physical activity related diseases are modelled applying a set of 

differential equations to describe the transition between the four states (healthy, diseased, 

death from the diseases and death from all other causes) [4] (Figure 2). Transition 

probabilities among the four states are based on rates of mortality, incidence, case fatality and 

remission. As explained before, the originator of change is incidence. To simplify the process 

remission is set to zero.   
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Figure 2 Conceptual disease model used for each of the physical activity related diseases and 

calculation of new incidence after the intervention. The disease conceptual model has four health 

states (healthy, diseased, dead from the disease and dead from other causes) and transition hazards 

between health states [4]. The ‘relative risk PIF’ [5] was used to estimate new levels of incidence due 

to changes in physical activity, where 𝑝𝑖 is physical activity prevalence at level i (3 levels in this 

research), 𝑅𝑅𝑖 is the relative risk of physical activity for each of the diseases associated with i and 

𝑅𝑅𝑖
′ is the relative risk of physical activity for each disease associated after the intervention. 

Data 

Intervention effect (proportion taking up walking and additional minutes per week), 

epidemiological data and disease-related costs, relative risks of physical activity related 

diseases, physical activity prevalence, population demography (mortality and population), 

intervention duration and costs, population density and discounting rates are model input 

requirements.  

Intervention effects were derived from the Heckman model estimates for the association 

between sidewalk and walking [6]. 

Epidemiological data for the five physical activity related diseases (ischemic heart disease, 

stroke, type 2 diabetes, colon cancer and breast cancer in women) were derived from the 

Global Burden of Disease 2010 study [7] with the help of DISMOD II to obtain parameters 

not explicitly reported (incidence and case fatality from prevalence and mortality).  
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Health care costs for the modelled diseases are from the original ACE-Prevention study 

(Disease Costs and Impact Study 2001 prepared by the Australian Institute of Health and 

Welfare) inflated applying the Health Price  Index [8] (Table 1). Cost were obtained by 

dividing total cost related to a disease by the number of incident cases (breast cancer and 

colon cancer) or prevalent cases (ischaemic heart disease, stroke and diabetes type 2). Health 

care costs due to any other diseases that occur across the life course are included in the same 

fashion by inflating values from the original model (if people live longer they spend more in 

health care and the opposite if they live shorter lives). 

Table 1 Health care cost per prevalent or incident case of disease 

Age Ischemic 

heart diseasea 

Strokea Type 2 

diabetesa 

Breast cancerb Colon cancerb 

Male      

<55 $3,930 $2,956 $669 - $23,202 

55–64 $2,638 $6,556 $876 - $23,424 

65–74 $2,208 $12,641 $1,012 - $24,097 

75-84 $2,006 $17,055 $848 - $23,928 

85+ $1,850 $21,625 $787 - $25,588 

Female      

<55 $2,430 $1,541 $671 $16,481 $22,733 

55–64 $2,017 $2,773 $1,007 $13,921 $21,689 

65–74 $2,116 $6,774 $1,113 $15,401 $22,869 

75-84 $2,075 $17,427 $988 $16,856 $23,030 

85+ $2,216 $26,106 $569 $16,609 $21,949 

a. Cost per prevalent case of disease. 

b. Cost per incident case of disease. 

N.B. Costs are in Australian dollars, from the Disease Costs and Impact Study 2001 prepared by the 

Australian Institute of Health and Welfare and adjusted to the year 2010 [8]. 

 

Relative risks for the five physical activity related diseases are from meta-analyses carried out 

for the World Health Organization's Comparative Quantification of Health Risks [9] (Table 

2). As type 2 diabetes is a risk factor for cardiovascular disease, the relative risks from the 

Asia Pacific Cohort Study Collaboration [10] were applied to estimate the risk of ischemic 

heart diseases and stroke among those with type 2 diabetes.



Table 2 Relative risks of disease due to physical inactivity 

 Age Inactive Insufficient Sufficient 

Ischaemic heart 

diseasea 

15-69 

70-79 

80+ 

1.71 (1.58-1.85) 

1.50 (1.38-1.61) 

1.30 (1.21-1.41) 

1.44 (1.28-1.62) 

1.31 (1.17-1.48) 

1.20 (1.07-1.35) 

1.00 

1.00 

1.00 

Ischaemic 

strokea 

15-69 

70-79 

80+ 

1.53 (1.31-1.79) 

1.38 (1.18-1.60) 

1.24 (1.06-1.45) 

1.10 (0.89-1.37) 

1.08 (0.87-1.33) 

1.05 (0.85-1.30) 

1.00 

1.00 

1.00 

Type 2 diabetes 15-69 

70-79 

80+ 

1.45 (1.37-1.54) 

1.32 (1.25-1.40) 

1.20 (1.14-1.28) 

1.24 (1.10-1.39) 

1.18 (1.04-1.32) 

1.11 (0.99-1.25) 

1.00 

1.00 

1.00 

Breast cancer 

(in women) 

15-44 

45-69 

70-79 

80+ 

1.25 (1.20-1.30) 

1.34 (1.29-1.39) 

1.25 (1.21-1.30) 

1.16 (1.11-1.20) 

1.13 (1.04-1.22) 

1.13 (1.04-1.22) 

1.09 (1.01-1.18) 

1.06 (0.98-1.15) 

1.00 

1.00 

1.00 

1.00 

Colon cancer 15-69 

70-79 

80+ 

1.68 (1.55-1.82) 

1.48 (1.36-1.60) 

1.30 (1.20-1.40) 

1.18 (1.05-1.33) 

1.13 (1.01-1.27) 

1.09 (0.97-1.22) 

1.00 

1.00 

1.00 

a. Relative risks of ischaemic heart disease and ischaemic stroke due to diabetes are 2.19 (1.81-

2.66) and 2.64 (1.78-3.92) respectively [6]. 

N.B. Values shown are the mean and 95% confidence intervals. 

 

Prevalence of physical activity per 5-year age/sex group was derived from the National 

Nutrition and Physical Activity Survey Basic Confidentialised Unit Record File (CURF) [11] 

with the help of Stata (StataCorp. 2013. Stata Statistical Software: Release 13. College 

Station, TX: StataCorp LP). We weighted the sample data applying person weights provided 

in the data set. Respondents were asked questions on time spent on four types of activities: 

walking for transport, walking for fitness, vigorous and moderate physical activity that were 

then multiplied by the Metabolic Equivalent of Task per minutes (MET-minutes) [12] to 

obtain weekly energy expenditure (duration of physical activity (mins) * intensity factor 

walking for recreation/fitness=3.5, walking for transport=3.5, moderate=5, vigorous=7.5). 

Three categories of physical activity were created according to the weekly energy 

expenditure: sufficiently active (≥750 MET-minutes per week), insufficiently active (100-750 

MET-minutes per week) and inactive (<100 MET-minutes per week) (Figure 3).  Average 

energy expenditure by sex (assumed the same across all age groups) for the calculation of 
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diseases relative risk per age and sex were obtained by multiplying the corresponding MET 

minutes by each of the types of physical activity and obtained the average MET-minutes per 

each of the three physical activity categories. 

 

Figure 3 Prevalence of physical activity in Australia (from the National Health Survey 2011-2013) 

Population and mortality data inputs are 2010 estimates from the Australian Bureau of 

Statistics (ABS) [13, 14].  

Intervention  

For the intervention we used estimates for the population that would be affected by the 

intervention which we derived from residential density and intervention costs (Table 3). 
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Table 3  Intervention parameters 
Parameter Value  Source/Comments 

Density (net density) 

Base 9 (19,000)a Empirical findings from Falconer et al. [15 p. 288] 

For sensitivity analysis 

Low 20 (41,000) Heart Foundation "Does Density matter?" , 2014,  Falconer et 

al. [15] 

Medium 30 (62,000) Heart Foundation "Does Density matter?" , 2014,  Falconer et 

al. [15] 

High 60 (123,000) Heart Foundation "Does Density matter?" , 2014,  Falconer et 

al. [15] 

Sidewalk Costb 

Base scenario $172/m2 (2012/13) Liverpool City Council [16] 

For sensitivity analysis  

Low $150/m2 (2014) WalksVictoria [17] 

High $236/m2 (2012/13) Liverpool City Council [16] 

Useful Life of Sidewalk 

Base 15 years Quoted by Paul McEvoy in Gunn et al. [18] 

Project lifetime 

Base 30 Years As per in ACE-prevention [19] 

a. Based on 2.55 adults per dwelling.  

b. Factored to 1.5 meter wide (Liveable Neighbourhood guidelines) and set to baseline year 

2010. 

 

Discount rate health and costs 

Discounting was applied to health benefits, costs offsets and intervention costs. There has 

been an ongoing discussion in regards to the appropriate discount rate and whether health 

benefits should be discounted [20]. Here we followed the recommendations by Gold et al 

[21] and applied 3% for health benefits and costs (intervention costs and cost offsets) for the 

base case scenario (the recommendations says 3% or 5%).  For sensitivity analyses we varied 

the discounts rates to 0% for health effects [20] and 5%, and included a scenario in which 

costs were discounted at 3% and health effects at 1% [22].  

Predictive validity 

There are multiple techniques to assess the validity of the model. Sargent [23] discusses that a 

model is developed for a specific purpose and thus its validity should be tested with respect to 

his purpose. The model developed here assessed how increases in walking affected 

neighbourhood adult population health, where health was measured using changes in 

HALYs. The formal validity of the model was checked by several investigators. We tested 
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for extreme conditions. Specifically, we tested the model outcome when change in walking 

was equal to zero, and we obtained the expected zero change in outcomes. Moreover, we 

tested for internal validity by running the model several times to compare the consistency of 

the results. 
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