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leading risk factor for total disease burden
in Australia, causing almost 10% of disabil-
ity-adjusted life-years (DALYs) lost.2 Fur-
ther reductions in smoking are achievable.
For example, smoking prevalence had
dropped to 16.4% in California and 19% in
Massachusetts by 2002.3 Sustained mass-
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ABSTRACT

Objective:  To estimate the short-term benefits of a reduction in smoking on acute 
myocardial infarction (AMI) and stroke hospitalisations and costs.
Design and setting:  Epidemiological study which applied functions describing 
reductions over time in risk of AMI and stroke in people quitting smoking to 
hospitalisation rates and costs for Australia.

 outcome measures:  The numbers of AMI and stroke hospitalisations in 35–64-
olds and the associated costs that could have been avoided over a 7-year period 
 2001–02 if smoking prevalence had decreased by 1% in the first year (Scenario 1) or 

 per annum for 5 consecutive years (Scenario 2).
lts:  Under Scenario 1, almost 1000 hospitalisations for AMI and about 350 
italisations for stroke would have been avoided over 7 years, saving about $20.4 
n in health care costs. Under Scenario 2, over 3000 AMI hospitalisations and over 

1000 stroke hospitalisations would be avoided, and health care costs could be reduced 
by $61.6 million (2.75% of costs for AMI and stroke over the period).
Conclusions:  This study provides further support for the proposition that modest and 
achievable reductions in smoking rates can substantially improve health outcomes and 
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reduce health care costs, even in the short term.
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 king rates in Australia continued

fall in the past decade, from 27% of
stralians in 1989 to 23% in 2001.

This consolidated and extended the previ-
ous decade’s more dramatic reduction in
smoking prevalence, from 35% in 1980.1

Despite this progress, smoking is still the

media-led tobacco control campaigns con-
ducted in these states through the 1990s
have been credited with producing these
smoking rate reductions in a cost-effective
manner.4

Information on the health and economic
benefits of further reductions in smoking
rates has the potential to persuade Austral-
ian health policy-makers to increase their
investment in tobacco-control programs.
The purpose of this study was therefore to
estimate the short-term benefits of a reduc-
tion in smoking on acute myocardial inf-
arction (AMI) and stroke hospitalisations.
The specific goal was to estimate the num-
bers of AMI and stroke hospitalisations in
35–64 year-olds, and the associated health
care costs, that could have been avoided
over a 7-year period in Australia from the
2001–02 financial year, under two smok-
ing prevalence reduction scenarios.

Scenario 1 was a 1% absolute reduction
in 2001–02 (Year 1), and Scenario 2 was a
5% absolute reduction, achieved through
1% per annum reductions in five consecu-
tive years from 2001–2002. AMIs and
stroke were chosen because together they
are the leading cause of total disease bur-
den in Australia, accounting for nearly 18%
of DALYs lost.2 Ischaemic heart disease is
the leading cause of admission to hospital
associated with smoking, and 72% of

admissions attributable to tobacco are for
35–64-year-olds.5 The two scenarios are
potentially achievable. For example, smok-
ing prevalence dropped 1.7% in the initial
7-month phase of the 1997 Australian
National Tobacco Campaign, and falls com-
parable to Scenario 2 were seen in Massa-
chusetts in the 1990s during its sustained
tobacco-control campaign.4

METHODS

A similar study was conducted by Light-
wood and Glantz for the US population in
1990.6 Their model was applied to the
English population in 2000.7 We updated
and extended the method and applied it to
the Australian population. There were three
steps:
• Estimation of the fall over time in risk of
AMI and stroke after smoking cessation;
• Calculation of the mean hospitalisation
rates for never-smokers and ex-smokers (by
year since quitting), and the mean costs of
AMI and stroke; and

• Simulations to estimate the distributions
of the numbers of AMI and stroke hospitali-
sations avoided and the cost savings.

Relative risk functions
Lightwood and Glantz estimated functions
for the relative risk (RR) of AMI and stroke
for ex-smokers, from the time since quit-
ting.6 Data on RRs came from studies that
met pre-specified criteria. They had to be
case–control or population-based studies,
reporting RRs adjusted for age and pre-
existing cardiovascular and cerebrovascular
diseases (if patients with these diseases had
not been excluded from analysis). Studies
on heart attacks had to report the RR for
AMI specifically. At the time, five studies
met the criteria for AMI,8-12 and two for
stroke.13,14

A literature search for more recent studies
identified one study on AMI,15 but none on
stroke. The new AMI study (McElduff et
al15) was used instead of the AMI study by
Dobson et al,12 which had been included in
the Lightwood and Glantz analysis, as it
updated the Dobson et al analysis and
included over four times as many cases.

Functions were re-estimated for both
stroke (males and females combined) and
AMI (males and females separately) to
source the standard errors for the subse-
quent simulations. The non-linear platform
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in the statistics package, JMP version 5.1,
2003 (SAS Institute, Cary, NC, USA), was
used to fit appropriate functions to the
relative risk–time coordinates from the arti-
cles. The logarithms of the relative risks
were weighted according to their standard
errors, which were calculated from their
confidence intervals.

Non-linear models were fitted of the
risks of AMI and stroke for ex-smokers
relative to never-smokers as a function of
time (t months) since quitting. For stroke
the function had three parameters:

• RR0 = the RR of current smokers versus
never-smokers;
• RR� = the RR of long-term ex-smokers
versus never-smokers; and
• τ = a slope parameter that determines
how quickly the RR decreases with time
since quitting.

As sufficient data were available for AMI
to differentiate by sex, additional parameters
RR0F and RR�F were included in the model,
where F is an indicator variable for female.

The model for stroke was:
lnRR(t) = ln{[RR0 − RR�]e�t/τ + RR�} + ε
The model for AMI was:
ln R R ( t ) = l n { [ (R R 0 + R R 0F F ) −

(RR� + RR�F)]e� t/τ + (RR� + RR�F)} + ε
The model parameters and standard

errors are presented in Box 1, and the
relative risk functions for AMI and stroke
are graphed in Box 2. These functions show
that the excess risk of AMI and stroke
associated with smoking declines rapidly
after quitting, and that this decline is faster
for AMI than stroke. For long-time ex-
smokers, the risk of AMI reverts almost to
that of non-smokers, especially for men
(RR� = 1.101 for men and RR� + RR�F =
1.319 for women). The risk of stroke
remains slightly elevated (RR� = 1.438). The
differences between the model parameters
and those derived by Lightwood and Glantz
were slight.

Hospitalisation rates
The proportion of smokers (ps) and propor-
tion of ex-smokers (px) together with the
relative risks of current smokers (RR0) and
ex-smokers (RR�) were used to derive the
incidence of hospitalisation for never-smok-
ers (rn) from the observed incidence in the
population (r0; which includes current, ex-
and never-smokers) using the equation:

rn = r0/ [RR0ps + RR�px + (1 −ps −px)]
The incidence rate of hospitalisations for a

cohort that has quit smoking t years ago is:

r(t) = RR(t) � rn,
where RR(t) is the relative risk for some-

one quitting t years ago relative to a never-
smoker.

Hospitalisations avoided through 
quitting
The number of hospitalisations avoided
[hA(s)] in year s for people who quit smok-
ing t years ago is:

hA(s) = qNcsr(0) −Nqsr(t)
where q is the proportion of quitters in

the cohort, Ncs is the number of current
smokers remaining in the cohort in year s,
Nqs is the number of quitters remaining in in
year s, and r(t) is the rate of hospitalisation
for an individual who quit t years ago.

The above incidences and numbers of
hospitalisations avoided were calculated
using the Australian data in Box 3. The
proportions of smokers and ex-smokers
were obtained from the 2001 National Drug
Strategy Household Survey. Counts of hos-
pitalisations (separations) for AMI and
stroke in 2001–02 were obtained from the
Australian Institute of Health and Welfare
(AIHW) and had been sourced from the
National Hospital Morbidity Database
(<http://www.aihw.gov.au/hospitaldata/mor-
bidity.html>). Population data for 2001
from the Australian Bureau of Statistics were
used to calculate the hospitalisation inci-
dences, r0. The annual survival probabilities
(in smokers who had never had an event)
were estimated from the 1995–1997 Aus-
tralian life tables. Annual survival probabili-
ties after an AMI (unpublished Health
Department data supplied by Associate Pro-
fessor Michael Hobbs, School of Population
Health, University of Western Australia),
and stroke16 were estimated from Western
Australian data.

Cost savings
Cost savings were the number of hospitali-
sations avoided multiplied by the mean cost
associated with hospitalisation and subse-
quent health care.

The average costs of AMI for the 1st year
were estimated from AIHW data on the
costs of admissions and revascularisations
and the proportion of patients having revas-
cularisation procedures during acute admis-
sions (sourced from the National Hospital
Morbidity Database and the National Hospi-
tal Cost Data Collection), and Western Aus-
tralian data on the proportion of patients
having revascularisations within a year.17

Costs in the 2nd and 3rd years after an AMI
were assumed to be the same proportion of

1 Fall in risk of acute myocardial 
infarction (AMI) and stroke over 
time after smoking cessation

Parameter Estimate
Standard 

error

AMI

RR0 3.388 0.2147

RR� 1.101 0.0801

RR0F 0.637 0.3060

RR�F 0.218 0.1683

τ , months 17.078 3.9460

Stroke

RR0 2.804 0.1712

RR� 1.438 0.1850

τ , months 16.705 12.6257

RR0 = risk for current smokers v never-smokers.

RR�⎯ = risk for long-term ex-smokers v never- 
smokers. 
(Note that when RR = 1, the risk for ex-smokers is 
the same as the risk for never-smokers.)

RR0F = indicator variable to calculate the RR for 
females at time 0.

RR�F = indicator variable to calculate the RR for 
females who are long-term ex-smokers.
(Note that RRs for females are RR0 + RR0F and 
RR�+ RR�F).
τ , months = a slope parameter that represents the 
number of months it takes for the RR to decrease 
by a log factor.

2 Estimated decline in relative risk (RR) after quitting smoking 

Acute myocardial infarction Stroke
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1st year costs as reported by Lightwood and
Glantz.6

The average costs of stroke were esti-
mated from an Australian study by Dewey et
al.18 First year direct costs for a first-ever
stroke were adjusted to 2001 prices using
the health service index from the Consumer
Price Index. Eighty-seven per cent of these
costs were for hospitalisation or nursing-
home care. The average costs for 2nd and
subsequent years were estimated from the
lifetime cost estimate of Dewey et al,18

adjusting for indirect costs, 1st-year costs,
survival and prices.

Simulations
The numbers of hospitalisations and strokes
avoided were estimated for the cohort of
35–64-year-olds by simulation, using the
equations above and the program JMP 5.1
(SAS Institute).

The simulation randomly generated
10 000 observations for each of the random
variables. It then used these random obser-
vations to calculate the number of cases of
AMI and stroke for each year for 7 years for
the cohort of quitters and the number of
cases if the cohort had not quit smoking, for
both smoking prevalence-reduction scenar-
ios. The proportions of smokers and ex-
smokers to have AMI or stroke events and

the corresponding mortality rates were
treated as normally distributed random vari-
ables, to incorporate the uncertainty of these
estimates into the simulation. The AMI and
stroke risk reductions as a function of
number of years since quitting smoking
were also simulated randomly to incorpor-
ate the uncertainty in the parameter esti-
mates used in this function. The other
parameters, such as actual number of quit-
ters, and costs per event, were entered as
constants.

Cumulative numbers of hospitalisations
avoided and costs were calculated for each
year in the 7-year period. Cumulative cases
and costs were discounted to present value
(Year 1) at a rate of 5% per annum. The
Lightwood and Glantz methodology was
also extended to track the number of cases
and expenditures for the population of 35–
64-year-olds. Population growth or smoking-
rate trends were not incorporated. This sim-
plification would not affect the outcomes, if
it is assumed that the number of quitters is
proportional to any such trends.

For validation purposes, a simulation was
first run with the US data used by Light-
wood and Glantz. A very similar set of
results to that reported in Table 3 of Light-
wood and Glantz was obtained, with minor
differences due to the random error

expected in simulations, and the updated
RR function.6

RESULTS
Hospitalisations avoided and cost savings in
Australia for Scenarios 1 and 2 are shown in
Box 4. The results predict that a 1% drop in
smoking prevalence would avoid almost
1000 hospitalisations for AMI, and about
350 hospitalisations for stroke over the
ensuing 7 years. About $20.4 million in
health care costs could be saved — almost
1% of the costs for treating AMI and stroke
in 35–64-year-olds over that period.

Scenario 2 produces substantially greater
benefits. A 5% reduction in smoking preva-
lence over 5 years would avoid over 3000
AMI hospitalisations and over 1000 stroke
hospitalisations over a 7-year period, and
could save $61.6 million in health care costs
— 2.75% of costs for AMI and stroke over
the period.

DISCUSSION
This study provides further support for the
proposition that modest and achievable
reductions in smoking rates can substan-
tially improve health outcomes and reduce
health care costs. Furthermore, this study
demonstrates substantial health and eco-
nomic benefits in the short term (7 years), in
contrast to previous projections of economic
benefits from reduced use of pharmaceuti-
cals, which spanned the 40-year period of
the Commonwealth Government’s Intergen-
erational Report.19

This study used standard epidemiological
methods which had previously been applied
to the United States6 and English7 popula-
tions. The RR functions and hospitalisation-
rate data, which underpinned the results,
came from large data sets. For AMI, the
former was estimated from three case–con-
trol studies that included over 8000 cases
and over 11 000 controls,8,9,15 and two
cohort studies that included almost 700
cases and over 200 000 subjects.10,11 For
stroke, the RR function was derived from
two cohort studies that included over 600
cases and over 120 000 subjects.13,14 Hospi-
talisation rates were computed from a cen-
sus of separations, rather than a sample.

The benefits of smoking cessation were
clearly underestimated in this study, as the
only health outcomes considered were hos-
pitalisation for AMI or stroke. I did not
consider reductions in AMI and stroke mor-
tality, or improvements in health outcomes
and associated reductions in health care

3 Parameters for simulation, Australia, 2001–2002

Acute myocardial infarction
Stroke

(both sexes)Male Female

Proportion of smokers, pS (SE)* 0.2456 (0.00553) 0.2083 (0.00522) 0.2270 (0.00381)

Proportion of ex-smokers, px (SE)* 0.3597 (0.00617) 0.2838 (0.0058) 0.3219 (0.00425)

Observed hospitalisation incidence in 
the population, r0

0.0033979 0.0008552 0.0012191

35–64-year-old cohort size, N 3 570 449 3 625 913 7 196 362 

No. of smokers equivalent to 1% drop 
in prevalence†

35 704 36 259 71 964

Annual survival probability 0.99561 0.99749 0.99656

Annual survival probability after event

1st year 0.9676 0.9350 0.6400

2nd and following years 0.9903 0.98147 0.8900

Average cost of event 

1st year $9 657 $8 694 $18 259

2nd year $600 $513 $4 558

3rd year $396 $328 $4 558

4th year $4 558

5th year $4 558

6th year $4 558

* In 35–64-year-olds. 
† A 1% absolute reduction (ie, from a prevalence of 0.227 in males and females combined to 0.217).
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costs that would result from reduced inci-
dence of the many other smoking-related
diseases, such as lung cancer and chronic
obstructive pulmonary disease. In fact, this
study also underestimated the benefits of
reduced smoking on AMI and stroke hospi-
talisation rates and costs, for three reasons.
First, only admissions in 35–64-year-olds
were included, as most (72%) ischaemic
heart disease admissions attributable to
tobacco are in this age group. Second, the
cost estimates, particularly for AMI, did not
include all health care costs subsequent to a
hospitalisation. For example, the cost of
pharmaceuticals (such as lipid-lowering
therapy) post-AMI was not considered.
Finally, passive smoking was not consid-
ered. Two studies recently published in the
British Medical Journal support an association
between passive smoking and coronary
heart disease.20,21 In the first, hospital
admissions for AMI in a geographically iso-
lated community in the United States
decreased significantly during a 6-month
period in 2002 when smoking was banned
in public and workplaces.20 In the second
study, of over 2000 British men who were
non-smokers, the incidence of coronary
heart disease was about 50% higher in men
with cotinine levels in the second, third and
fourth quartiles than in men with lower
cotinine levels.21 Cotinine is a biomarker of
nicotine and, in non-smokers, provides a
quantitative measure of passive smoking.

The study did have some limitations. AMI
and stroke survival data were available only
for Western Australia,17 and, although the
validity of extrapolating these data to Aus-
tralian patients cannot be confirmed, there
is no reason to believe that outcomes would
differ substantially between states. AMI hos-
pitalisation costs were estimated from Aus-

tralian and Western Australian data, and
stroke hospitalisation costs were sourced
from a Melbourne study. Although, again,
the validity of extrapolating state-specific
data cannot be confirmed, there was < 5%
variation between states in the AMI cost data
sourced from the National Hospital Cost
Data Collection.

Over the past 10-year period, the Com-
monwealth Government has committed
an average of only $2.033 million per year
to public health programs aimed at
tobacco harm minimisation.4 During a 7-
month period when expenditure on the
National Tobacco Campaign exceeded this
average, smoking rates fell dramatically.
Commonwealth and state expenditures on
this campaign were about $9 million, and
smoking prevalence dropped by 1.7%.4

This analysis found that if smoking preva-
lence had fallen by only 1%, these expen-
ditures would have been more than offset
in less than 4 years by savings in hospital-
isations for AMI and stroke alone. Even if
further similar reductions in smoking
prevalence can only be achieved with
more intensive (and costly) campaigns,
the cost-effectiveness profile of such mass
media campaigns would be likely to be
favourable. For example, if it cost $13
million for a campaign that reduced
smoking prevalence by 1%, the cost
would be recovered through reduced hos-
pitalisations for AMI and stroke alone in 5
years (Box 4). Advances in controlling the
epidemic of coronary heart disease were
made in Australia in the 1990s, with
falling incidence and mortality.17 Even
modest further reductions in smoking
rates will make a major contribution to
further control of this epidemic.
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