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Abstract
Background: Physical inactivity has major impacts on health and productivity. Our aim was to estimate the health
and economic benefits of reducing the prevalence of physical inactivity in the 2008 Australian adult population.
The economic benefits were estimated as ‘opportunity cost savings’, which represent resources utilized in the
treatment of preventable disease that are potentially available for re-direction to another purpose from fewer
incident cases of disease occurring in communities.
Methods: Simulation models were developed to show the effect of a 10% feasible, reduction target for physical
inactivity from current Australian levels (70%). Lifetime cohort health benefits were estimated as fewer incident
cases of inactivity-related diseases; deaths; and Disability Adjusted Life Years (DALYs) by age and sex. Opportunity
costs were estimated as health sector cost impacts, as well as paid and unpaid production gains and leisure
impacts from fewer disease events associated with reduced physical inactivity. Workforce production gains were
estimated by comparing surveyed participation and absenteeism rates of physically active and inactive adults, and
valued using the friction cost approach. The impact of an improvement in health status on unpaid household
production and leisure time were modeled from time use survey data, as applied to the exposed and non-exposed
population subgroups and valued by suitable proxy. Potential costs associated with interventions to increase
physical activity were not included. Multivariable uncertainty analyses and univariate sensitivity analyses were
undertaken to provide information on the strength of the conclusions.
Results: A 10% reduction in physical inactivity would result in 6,000 fewer incident cases of disease, 2,000 fewer
deaths, 25,000 fewer DALYs and provide gains in working days (114,000), days of home-based production (180,000)
while conferring a AUD96 million reduction in health sector costs. Lifetime potential opportunity cost savings in
workforce production (AUD12 million), home-based production (AUD71 million) and leisure-based production
(AUD79 million) was estimated (total AUD162 million 95% uncertainty interval AUD136 million, AUD196 million).
Conclusions: Opportunity cost savings and health benefits conservatively estimated from a reduction in
population-level physical inactivity may be substantial. The largest savings will benefit individuals in the form of
unpaid production and leisure gains, followed by the health sector, business and government.

Background
Physical activity, which is increasingly being engineered
out of our working and social lives, is important to
maintaining health. Physical activity enhances muscle
strength, aerobic capacity and psychological well-being,
while moderating health risk factors such as obesity,
high cholesterol and hypertension [1]. Physical activity
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levels equivalent to 2.5 hours per week of moderateintensity activity (i.e. an effort equivalent to brisk walking, or approximately 4000 kJ/week) are considered
important targets to achieve health benefits [2]. Evidence suggests that walking for half an hour a day, five
days a week, may increase life expectancy by 1.5 to 3
years depending on the intensity [3]. The time lag
between increasing physical activity and observing
health benefits is relatively short [4,5]. However, many
people do not participate in regular physical activity.
The two main barriers appear to be time limitations and
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dissatisfaction, since many do not enjoy exercise [6]. In
Australia, there is evidence that 70% of adults are either
sedentary or have a low activity level [7]. Evidence from
three national health surveys conducted between 1995
and 2005 suggest that the proportions of Australians
reporting sedentary or low exercise levels have not
changed markedly over the last ten years [7,8].
A sedentary lifestyle has been associated with a greater
risk of all-cause mortality [9]. Inactivity is also associated
with increased risk of cardiovascular disease [10],
ischemic stroke [11], non-insulin-dependent (type 2) diabetes [12], colon cancer [13], osteoporosis [14], hip fracture following falls [15] and depression [16]. Nearly 7% of
Australia’s health burden has been attributed to physical
inactivity, with the greatest contributors being ischemic
heart disease (51%), type 2 diabetes (20%) and stroke
(14%) [2]. Therefore, encouraging increased physical
activity levels is important. A range of interventions are
effective for reducing inactivity, including those that provide professional guidance and on-going support [17],
targeted information, behavioral and social interventions
(e.g. community based social support programs), and
environmental and policy interventions [18,19].
Few authors have quantified the economic costs of physical inactivity and the value of increasing participation in
physical activity to levels that produce health benefits. In
studies from Canada, Switzerland, the United Kingdom
(UK) and United States (US), annual direct healthcare
costs attributable to physical inactivity ranged from 1.5%
to 3% of total direct health costs [20]. Regular physical
activity can improve musculoskeletal and cardiovascular
health and enhance mental well being, which in a population improves general health and productivity. Governments can benefit through future savings in avoidable
health care expenditure, increased income taxation and
fewer welfare payments. Businesses benefit from reduced
absenteeism and lower recruitment and training costs
associated with replacing staff, and individuals benefit
from more income and increased quality of life.
The aim of this study was to quantify the health and
economic benefits that could be achieved following a
feasible reduction (as opposed to a complete elimination) of physical inactivity in the Australian adult population. This study was part of a larger study funded by
the Victorian health promotion foundation (VicHealth)
whereby the benefits of feasible reductions in the prevalence of alcohol, physical inactivity, high body mass
index, tobacco smoking, inadequate consumption of
fruit and vegetables, and intimate partner violence were
estimated [21].

Methods
To estimate the health and economic benefits to society,
the impact of an absolute reduction in the prevalence of
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physical inactivity levels for the 2008 Australian population was measured as reduced incident cases of preventable physical inactivity-related diseases, deaths and
disability adjusted life years (DALYs). Relevant diseases
affected included cardiovascular disease, cancers, fractures and depression.
The initial step was to agree on a feasible target reduction in the prevalence of physical inactivity. The feasible
reduction targets selected for physical inactivity in Australia were based on expert consensus via discussions
with the study-specific Advisory Committee and consultation with health promotion experts coupled with a
review of the broader intervention-based literature. The
evidence from the literature indicated that health benefits
should accrue when the prevalence of physical inactivity
is reduced by 5% to 10%. In the systematic review of
Kahn et al. [18], there were 5 studies that used community-wide intervention campaigns and reported change in
the percentage of people being active. The median net
increase was 4.2%, with one study reporting an increase
of 9.4%. In 2000, the US set the objective of increasing
the percentage of people doing at least 30 minutes of
moderate physical activity regularly from 15% to 30%
over 10 years [22]. Individually targeted interventions
have yielded greater increases in activity, with differences
in the region of 20-30 percentage points between intervention and control groups in the proportion of people
walking for at least 20 minutes per day at least 3 times
per week [23,24]. Stephenson et al [25] nominated 5%
and 10% point shifts in prevalence as part of their sensitivity analyses of the benefits of increased physical activity in an Australian cost-of-illness study. Similarly,
Katzmarcyk et al aimed for a reduction of 10% in inactivity levels in Canada [26]. Another option we considered
was to make a comparison with another country using
the concept of an ‘Arcadian ideal’ [27]. However, this
approach was judged less robust since: a) we could not
identify a country that was demographically and culturally comparable to Australia and where the prevalence
of physical inactivity was lower; and b) the variations in
the definition of ‘physical inactivity’ meant we could not
be certain that such a comparison was valid. In Australia,
the recommended level of physical activity is defined as 3
sessions of at least 20 minutes vigorous exercise or 5 sessions of at least 30 minutes moderate exercise per week
[2]. Thus a 10% reduction in physical inactivity was
selected as an ideal feasible target, and a progressive target of 5% were both modeled.
The comparator groups analyzed were the exposed
Australian population of inactive people (defined as
sedentary or low activity category that did not meet
recommended activity levels), and the non-exposed
active population (defined as moderate to high activity
that met or exceeded recommended activity levels).
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The net difference in mortality, incident morbidity and
consequent health sector costs and the impact on paid
and unpaid production and leisure between the current
prevalence of physical inactivity and the two target prevalence levels for the 2008 Australian adult population
was then estimated with population-based simulation
models developed in Excel (Microsoft Corporation,
2003). Cost data from other years were adjusted to 2008
by applying health price inflators [28]. A 3% discount
rate for lifetime benefits was applied [29], and varied in
sensitivity analyses using 0%, 5% and 7% (data not
reported but available from the authors).
Simulation models and data analyses

The Workforce Production Gains model developed by
Magnus et al [30] was adapted in the current study to
estimate the production gains/losses and taxation effects
in the Australian economy if a target reduction in physical inactivity prevalence were achieved. The model
includes simulation of a theoretical cohort of Australians
(ages 15-65 years) during their working years until retirement age. In this model the working lifetime income
earned and taxation paid is calculated taking into account
known participation rates and absenteeism rates by age
and sex of the exposed and the non-exposed sub populations. The production gains or losses arise from changes
in income earned and taxation paid that result from the
reduction in deaths and incident cases of disease and disability, associated with the reduction in prevalence of
physical inactivity in the adult population. Two methodological techniques were used to value the production
gains or losses. The Friction Cost Approach (FCA)
assumes individuals who die or leave the work force due
to disability (for example, following a stroke) will be
replaced after a specified period resulting in shorter term
production losses to society. As a sensitivity analysis, the
second technique adopted to value production gains or
losses was the Human Capital Approach (HCA) which
counts all future income up to age 65, as lost from an
individual who leaves the workforce due to death or disability. There remains debate in the economic literature
about which method is preferable [31,32] since they give
such divergent results. For the purposes of the current
study, the FCA had a stronger logical connection to the
actual likely cost impact on industry and was considered
to provide a more realistic economic estimate. Three
months was used as the friction period [31,33] and was
varied to 6 months in sensitivity analyses.
The Household Production and Leisure Time model
was developed to estimate the net difference in the economic value of hours of lost leisure and household production associated with diseases attributable to physical
inactivity. The model incorporated surveyed time allocations of both working and non-working adults by gender
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and age. Household production was defined as the hours
spent performing non-paid household duties such as
cooking, shopping, cleaning, child care and maintenance.
These were valued at ‘replacement cost’, whereby the
duties unable to be performed due to illness were purchased commercially. Unit prices for household production were based on the average 2008 wage rates for
domestic services and child care. Leisure time comprised
social and community interaction, together with recreation and leisure activities only. Leisure time was valued
using the ‘opportunity cost method’, applying one third
of the average 2008 weekly earnings for men and
women [34]. The National Health Survey (NHS) provided self-reported days out of role for the exposed
(inactive) and non-exposed (active) Australian populations. It was assumed on these days that the household
duties and leisure time normally performed, would not
be performed, involving an economic loss of leisure
time and the need to replace the household activities
commercially. Following the reduction in the prevalence
of physically inactive persons in the Australian population there was a change in the number of days of household and leisure activities lost to ill health. The net
difference in the value of the days of household production and leisure time between the current prevalence
and targeted physically inactive and active prevalence
was counted as the economic gain.
Health sector cost estimation

To estimate changes in health sector costs, the attributable
portion of total health sector costs to diseases associated
with physical inactivity were estimated using Population
Attributable Fractions (PAF) [2]. A PAF is the proportion
by which the incidence of a disease in a population could
be reduced if the risk factor or exposure was to reach a
‘theoretical minimum’ - the lowest possible level of risk in
a population [2]. Calculation of a PAF is informed by epidemiologic studies where relative risk estimates for disease
have been reliably determined for people exposed and not
exposed to single risk factors. In the current study, PAFs
for diseases attributable to physical inactivity were taken
for males and females by age group from the 2003 Australian Burden of Disease study [2]. The modeling of lifetime
health expenditure costs from these data was not
attempted. Rather, a conservative approach was taken,
where only the annual health sector costs of treating incident cases of disease attributable to physical inactivity
were assumed to approximate the health sector cost savings of a reduction in the prevalence of physical inactivity
for our reference (2008) population.
Data sources

The most up-to-date Australian data sources were used.
The current estimates for the prevalence of physical
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(Palisade Corporation, 2005). Input variables were modeled as known distributions rather than single values
where uncertainty existed (e.g. each surveyed parameter
and life-years remaining). Uncertainty in wages, participation rates and absenteeism were captured in the
reported survey standard errors [7,38,39]. Monte Carlo
sampling with minimum 4,000 simulations were used to
estimate a mean and 95% uncertainty interval for the
outcome parameters.
Comprehensive details on our methods are provided
in the full technical report [21] available at http://www.
vichealth.vic.gov.au/~/media/ResourceCentre/PublicationsandResources/Knowledge/Research%20Report_FINAL_July09.ashx and are also reported in the
publication on tobacco smoking and the combined analysis of the six risk factors [40,41].

inactivity (overall 70%) by age and gender were obtained
from the 2004/5 NHS [7] confidentialized dataset with
the approval of the Australian Statistician, Australian
Bureau of Statistics (ABS) [7,35]. Respondents self
reported how much exercise they had undertaken in the
two weeks prior to the survey and categorized their
exercise according to intensity.
Demographic data, employment status, and healthrelated actions of physically inactive and active adults
were also obtained from the 2004/5 NHS dataset (Table
1). PAFs, health status estimates including incident
cases of physical inactivity-related disease, deaths and
DALYs were obtained using the 2003 Australian Burden
of Disease data files [2] that were made available for this
study. The 2000-01 Disease Costs and Impact Study
Excel files [36], which adopted the Burden of Disease
classification system, were used to estimate the change
in health sector costs from diseases associated with physical inactivity. Household production and leisure time
were derived from the 2006 ABS Time Use Survey as
described earlier [37]. Current average wages were
sourced from the ABS and published government pay
scale summaries [38,39].

Results
Table 1 presents the demographic data and days of
reduced activity for physically active and physically inactive persons by age, gender and workforce status. Physically inactive females participated less in the workforce
than physically active females. Among the physically
inactive females in the workforce, more took days off
work compared with physically active females. In addition, the physically inactive females not in the workforce
had more days of reduced activity when compared to

Uncertainty analyses

Multivariable probabilistic uncertainty analyses were
undertaken using @RISK software version 4.5 for Excel

Table 1 Demographics and days of reduced activity due to ill health by age, gender and work force status for the
2008 adult Australian population
Male

Female

Physically inactive

Physically active

Physically inactive

Physically active

4,332,994
(4,229,842 - 4,436,146)

2,322,617
(2,220,059 - 2,425,175)

4,798,508
(4,704,081 - 4,892,935)

1,864,120
(1,769,404 - 1,958,836)

775,817
(746,962 - 804,671)

342,985
(313,395 - 372,575)

1,059,103
(1,028,507 - 1,089,698)

260,571
(230,005 - 291,136)

44.9
(44.6 - 45.3)

40.6
(40.1 - 41.2)

45.3
(45.0 - 45.6)

42.5
(41.6 - 43.3)

% (95% CI)

75%
(73% - 76%)

75%
(73% - 77%)

57%
(56% - 58%)

65%
(63% - 67%)

Mean days off work (95% CI)

0.32
(0.26 - 0.38)

0.26
(0.18 - 0.34)

0.31
(0.26 - 0.35)

0.23
(0.16 - 0.29)

% (95% CI)

26%
(24% - 27%)

25%
(23% - 27%)

43%
(42% - 44%)

35%
(33% - 37%)

Mean days of reduced activity: 15-64 y (95% CI)

1.93
(1.60 - 2.26)

0.88
(0.54 - 1.21)

1.45
(1.26 - 1.65)

0.84
(0.62 - 1.05)

15.2%
(14.6% - 15.8%)

12.9%
(11.8% - 14.0%)

18.1%
(17.5% - 18.7%)

12.3%
(10.8% - 13.8%)

1.56
(1.25 - 1.87)

0.43
(0.22 - 0.65)

1.75
(1.53 - 1.96)

0.73
(0.50 - 0.96)

Age summary
Age 15-64 y
N (95% CI)
Age 65+ y
N (95% CI)
Mean age (15+ years) (95% CI)
In Labour Force (15+ years)*

Not in Labour Force

Aged 65+ years
% (95% CI)
Mean days of reduced activity (95% CI)

Source: National Health Survey 2004-05 (ABS, 2006); CI: Confidence Interval; N: Number. Mean days measured over a two week period. *includes unemployed
seeking work and 65+ years

Cadilhac et al. International Journal of Behavioral Nutrition and Physical Activity 2011, 8:99
http://www.ijbnpa.org/content/8/1/99

physically active females not in the workforce. Physically
inactive males, who were not in the workforce, had
more days of reduced activity compared to physically
active males.
If the prevalence of physical inactivity in the adult
Australian population was reduced by 10%, the estimated 45,000 annual new cases of physical inactivityrelated disease could be reduced by 6,000 (13%); the
13,000 annual deaths attributed to physical inactivity
could be reduced by 2,000 deaths (15%); and the
174,000 DALYs lost from physical activity could be
reduced by about 25,000 (14%) (Table 2). Half of these
benefits would be achieved if the progressive target (5%
reduction) in the prevalence of physical inactivity was
met.
The estimated benefits from reduced physical inactivity resulted in potential opportunity cost savings of
AUD96 million to the health sector (0.19% of total
annual health sector costs and 14% of attributable
annual health sector costs to this risk factor), AUD12
million in workforce production (FCA), AUD71 million
in home based production and AUD79 million in leisure
based production (Table 3). This represents approximately 14% of the total production cost losses attributable to this risk factor (AUD1,135 million). The largest
component of these total potential opportunity cost savings would occur in household production and leisure,
followed by the health sector and workforce (Figure 1).
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AUD in 2008 can be converted to US dollars, using the
purchasing power parity of AUD1.48 [42].

Discussion
The primary finding of this study is that a feasible
reduction in prevalence of physical inactivity can lead to
total potential opportunity cost savings of AUD258 million, with 37% of the savings arising in the health sector.
The largest savings would benefit individuals, followed
by the health sector, business and government. These
savings would be much larger if all physical inactivity
was eliminated (AUD672 million in health sector,
AUD1,135 million [FCA] in production and leisure), but
our aim was to estimate savings that were realistic and
relevant to the setting of future public health campaigns
and disease prevention strategies.
A novel and important aspect of the present study was
the inclusion of benefits for workforce, household production and leisure time associated with reduced physical inactivity. The choice of appropriate methods for
quantifying and valuing household production and leisure time continue to be debated [43]. Nevertheless,
capturing household and leisure activities is increasingly
regarded by health promotion agencies as essential to
appropriate population-level economic modeling.
Indeed, this element was identified as the largest component of the total opportunity cost savings to be made
through increased physical activity. This occurs because

Table 2 Health status and production effects from reducing the prevalence of physical inactivity
Feasible reduction targeta

Benefit

95% Confidence Interval
Mean (’000s)

Lower Limit (’000s)

Upper Limit (’000s)

DALYs

25

n/a

n/a

Incidence of disease
Mortality

6
2

n/a
n/a

n/a
n/a

Leisure (days)

316

300

331

Absenteeism (days)

114

n/a

n/a

Days out of home based production role (days)

180

155

206

Early retirement (persons)

0.02

n/a

n/a

Lifetime

Progressive target reduction
DALYs
Incidence of disease

12
3

n/a
n/a

n/a
n/a

Mortality

1

n/a

n/a

Leisure (days)

158

150

166

Absenteeism (days)

57

n/a

n/a

Days out of home based production role (days)

90

77

103

0.01

n/a

n/a

Lifetime

Early retirement (persons)
a

10% net reduction in prevalence. Disability Adjusted Life Years (DALYs), incidence of disease and mortality calculated for all age groups. Leisure and home
based production calculated for persons aged 15+ years. Absenteeism and early retirement calculated for persons aged 15-64 years. All estimates uncorrected for
joint effects.
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Table 3 Economic outcomes from reducing the
prevalence of physical inactivity
Feasible reduction targeta

Economic outcomes

95% Confidence Interval
Mean
(AUD
million)

Lower Limit Upper Limit
(AUD
(AUD
million)
million)

Health sector costs

96

n/a

Production Costs FCA

12

7

n/a
18

Recruitment and training
costs

5

n/a

n/a

Taxation effects FCAb
Leisure based production

2
79

1
60

4
103

Home based production

71

61

82

Total production FCAc

162

136

192

138

114

161

Sensitivity analysis
Production Costs HCA
Taxation effects HCAb

12

10

15

Total production HCAc

288

253

326

Progressive target reduction
Health sector costs

48

n/a

Production Costs FCA

6

3

n/a
9

Recruitment and training
costs

2

n/a

n/a

Taxation effects FCAb

1

0.26

2

Leisure based production

40

30

51

Home based production

36

30

41

Total production FCAc

81

68

96

Sensitivity analysis
Production Costs HCA

69

58

81

Taxation effects HCAb

6

5

8

Total production HCAc

145

127

164

a
These are not estimates of immediately realizable cash savings bTaxation is
treated as a transfer payment and should not be added to production effects.
c
Total production is the sum of workforce production costs, household- and
leisure-based production. All estimates uncorrected for joint effects of the
presence of multiple risk factors in individuals. HCA: Human Capital Approach;
FCA Friction Cost Approach (preferred conservative estimate). Health sector,
leisure and home based production based on persons 15+ years. Production,
recruitment and training and taxation effects based on persons 15-64 years.

the avoidable diseases associated with physical inactivity
are largely diseases occurring in older age groups. Older
individuals no longer in the workforce have potentially
the most to gain from increasing their levels of physical
activity, including quality of life. This is particularly relevant in ageing populations (most of the developed
nations) where rises in future health sector costs are driven by the increased demand of an ageing population. In
addition, inclusion of these estimates is also important to
not underestimate the health and economic impacts of
increasing physical activity in a community since there is
a gender bias to workforce participation and obvious differences among females who are and are not in the workforce, and who are physically active and inactive.

Figure 1 Proportion of opportunity cost savings from
reductions in physical inactivity by economic category. FCA:
Friction cost approach

It is difficult to compare these estimates of potential
savings with earlier literature. The only previous Australian study to identify health sector costs associated with
physical inactivity estimated them at AUD377 million
[25]. The largest costs arose from preventing coronary
heart disease (AUD161 million) and stroke (AUD101
million). In contrast, the current study was used to estimated the annual health sector cost attributable to incident cases of physical inactivity at AUD672 million
(representing 1.3% of total annual health sector costs).
While the results are not directly comparable given fundamental methodological differences, both studies provide a valuable contribution to the literature regarding
the potential economic benefits of reducing physical
inactivity in Australia.
Other strengths of this work were the conservative
approach taken and the use of best available data. It was
assumed that only incident cases of disease attributable
to physical inactivity for the 2008 population would be
reduced. Thus, future reductions in disease risk among
those already ill (e.g. benefits gained from reducing inactivity in people with existing cardiovascular disease)
were not incorporated in these analyses. Furthermore,
the impact on health sector costs for reduced mortality
is not easily modeled, since death-related costs occur
during a lifetime, rather than at the point of death. The
more conservative FCA estimates of workforce production gains over the HCA were preferred by the investigators of this present study, and represented less than
10% of the HCA estimates.
The reliance on self-reported cross-sectional data is a
limitation, since such data are less reliable than objective
measurement data, because people can exaggerate, fail
to remember, or misunderstand questions. The direction
of reporting bias is not always clear. In addition, other
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concurrent risk factors and socioeconomic status, not
controlled for in this analysis, could be a source of overestimation. It is also possible that people increase their
level of activity following the onset of an illness (e.g. diabetes, cardiovascular disease). Assuming causality in the
absence of rigorous longitudinal data means that the
results must be regarded as broadly indicative of what
might be achieved. A further limitation is that forecasted
gains will occur over time. A quantitative assessment of
when opportunity cost savings and health status benefits
would be achieved was not undertaken. This approach
is rare because of the subsequent additional levels of
uncertainty, making estimates less reliable. However,
there is some evidence that the time lag between
increased physical activity and observed benefits is relatively short. Blair demonstrated that increasing activity
reduced all cause mortality within two years, which was
half the time required to observe benefits from smoking
cessation [4].
The selection of targets for risk factor prevalence
reduction is an important policy decision. It is possible
that a 10% reduction in physical inactivity prevalence is
an overly ambitious goal in the current Australian climate of increasing levels of obesity, with modern technology eliminating the need for many physical pursuits.
However, this bold target could be justified as feasible
given the high prevalence of inactivity.
Lastly, opportunity cost savings need to be carefully
interpreted. These savings will only be achieved by the
adoption of effective interventions that will invariably have
implementation and time costs attached to them. Including intervention costs and effects was beyond the scope of
this study and it was assumed that acceptable effective
interventions exist to achieve the target reductions in physical inactivity. Opportunity cost savings are not estimates
of immediately realizable financial savings; they are estimates of resources consumed in current practice that
could be made available for other purposes, such as investing in public health programs. Future, well-designed epidemiological and clinical research studies are needed to
provide better evidence to underpin decision analytic
modeling for health promotion, and for prioritizing specific interventions to achieve reductions in inactivity.
Investment in disease prevention and health promotion in Australia is dwarfed by avoidable spending on
disease treatment. The findings of this project contribute important new knowledge about the major impact
of physical inactivity on the productivity of individuals
in both the paid and unpaid sectors, as well as health
sector expenditure. The findings from this study reinforce the argument that greater investment in risk factor
reduction strategies is required and economically justified, particularly in ageing populations.
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