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Estimating the costs of tobacco use

James Lightwood, David Collins, Helen Lapsley, and
Thomas E. Novotny'

Reliable estimates of the costs of tobacco use are valuable to policy-makers, particularly
in planning health service provision and other items of public expenditure. However,
such estimates are difficult to obtain because the methods used by different researchers
vary and, in some respects, are controversial. Four types of cost analyses are compared
here and the implications of different methods for results are explored. The literature
on the healthcare costs of smoking is more extensive than for other types of cost and
therefore forms the focus of this chapter. Estimates of the gross healthcare costs of
smoking (that is, all the expenditures associated with treating diseases attributable to
smoking) for high-income countries range between 0.10% and 1.1% of gross domestic
product (GDP).The higher estimates occur in countries where healthcare costs account
for a relatively large share of GDP. In low-income and middle-income countries, fewer
studies have been performed, and often with very limited data, but the existing studies
suggest that the gross costs of smoking can be as high as those in high-income countries.
Studies of the net healthcare costs of smoking—which compare the lifetime healthcare
costs of smokers and non-smokers and take account of the fact that smokers’ lives
are usually shorter than non-smokers’—reach more heterogeneous conclusions. This
is because of major variations in the methods and assumptions used. However, the
majority of these studies indicate that there are net costs from smoking. There is a
clear need for refinement of the methods for making cost estimates, particularly for
application in developing countries where the tobacco epidemic has yet to peak.

4.1 Introduction and overview

The health effects of tobacco use have been extensively documented (see Chapter 2).
The costs and benefits associated with tobacco use are less well documented, and the
methods used for cost estimates are complex and controversial. This chapter discusses
the types of cost analysis that have been applied to tobacco consumption and reviews
the existing cost estimates.

In developing countries, the relative burden of non-communicable disease is growing
because of increasing life expectancies brought about by improvements in the stan-
dard of living and public health (Murray and Lopez 1996b). Also, most developing
countries are at an earlier stage in the smoking epidemic than the high-income

' The authors gratefully acknowledge Helmut Geist and Rowena Jacobs for providing information on the
environmental effects of tobacco agriculture.
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countries, and the burden of tobacco-related disease is expected to treble between 1990
and 2020 (Murray and Lopez 1996a). As a result of both these trends, public health
needs in developing countries will be transformed over the next 25 years. The full
health consequences of smoking will not be felt until several decades after the increase
in smoking prevalence, while childhood mortality and infectious diseases will be
decreasing but will still be significant problems. However, because many of the conse-
quences of smoking are not yet realized, tobacco control may not be regarded as a
high priority by policy-makers. Careful analyses of the economic and financial impli-
cations of increasing tobacco use may prove valuable in planning for public health
needs in the near future.

The plan of the chapter is as follows. First, three commonly used types of cost
analysis will be described. The purpose, appropriate definitions of cost, and other issues
will be discussed for each type of analysis. Then the application of each type of cost
analysis to tobacco use will be discussed briefly. Next, existing cost estimates will be
reviewed, with an emphasis on the costs of healthcare, because the literature is most
extensive for this sector of the economy and because of its importance in public
finance. The final section contains conclusions and suggestions for government
program development, with an emphasis on important issues for developing countries.

4.2 Types of cost analysis

Confusion can arise in cost estimates because the definition of cost depends on the
question that is being considered. Cost estimates using one definition will differ from
those using another. Three types of analysis will be discussed and illustrated here:
economic cost-benefit analysis (ECBA), GDP-based social cost analysis (GSCA), and
expenditure-based cost analysis (EXBA). The approaches used in older studies may
not match the prototypes presented, given changing notions of cost over time and data
limitations that have forced authors to use approximations and compromises. These
definitions represent broad categories that can be used to classify existing cost analyses,
and for planning future research. See Leu and Schaub (1984), and Pekurinen (1992) for
more detailed discussions of analyses of the costs of tobacco use. Cook (1991) is also an
important discussion of the costs of substance abuse, although it is applied to alcohol.
The definition of cost employed and the type of analysis used is generally based on
the policy question to be answered. For tobacco policy, key issues include optimal
taxation and regulation, and the design and funding of public health campaigns (see
Table 4.1). Consistency in defining costs is particularly important in avoiding double
counting, aggregating costs over time, and identifying transfers of funds (as opposed
to costs). The perspective from which costs are defined is also important. The per-
spective, for example, could be that of a government bureau, the healthcare sector of
the economy, or all of society. Below, the different types of cost analysis are discussed.

4.2.1 Economic cost—benefit analysis (ECBA)

ECBA defines costs as opportunity costs. It is most often used when the policy
question concerns the effect of a policy on economic welfare from the whole society’s
perspective. The underlying assumption is that people are rational agents who always
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Table 4.1 Interpretation and use of cost estimates for tobacco policy

Type of estimate Interpretation of results Example of policy use
Aggregate costs Total costs of smoking compared  Indication of the size of the
with alternative situation of smoking problem.

zero smoking prevalence.

Disaggregated costs  Costs of smoking disaggregated Budgetary planning for individual

by various cost categories. government units.
Avoidable costs Potential economic benefits from  Determination of the appropriate
harm reduction strategies. level of resources or best

technique to be devoted to harm
reduction strategies.

Cost incidence The distribution of external costs ~ Design of policies to correct
among various community undesirable cross-subsidies.
groupings.

Cost impact The impact of smoking on Determination of how much the
government unit’s revenues tobacco industry should provide
and expenditures, or other to compensate for smoking-
group’s economic welfare. related costs incurred by the

public sector or specific groups.

Source: adapted from Table 4.1 in Collins and Lapsley (1998).

maximize their own individual welfare. In the case of tobacco,many economic costs arise
from externalities in consumption or production, or from private costs due to mistaken
decisions arising from imperfect information (see Chapter 7 for a detailed discussion).
ECBA considers both direct and indirect, and tangible and intangible costs of tobacco
use, unlike other definitions that only include monetary expenditures. However,in some
ways, the ECBA definition of costs is less inclusive than others. For example, assuming
utility-maximizing behavior implies that some of the medical care costs borne by the
smoker of treating tobacco-related disease should not be counted. Instead, only the
unexpected excess medical expenditures are included, since the tobacco user is assumed
to account for the expected excess expenditures when deciding whether to consume
more tobacco. This has practical significance because there is evidence that smokers do
under-estimate the mortality effects of smoking (Schoenbaum 1997).

It is particularly important to avoid double counting in ECBA analyses. To do so,
the analyst must identify transfer payments (which are not considered economic costs)
and carefully separate primary and secondary markets in evaluating tax policy or the
effects of changes in the life expectancy of tobacco users on medical and pension
expenditures. Anderson (1977), Zerbe and Dively (1994), and Dinwiddy and Teal
(1996) provide thorough guides to ECBA. There is no complete economic cost-benefit
estimate of the aggregate cost of smoking, though some estimates of the costs that
smokers impose on others (the external cost of smoking) follow the definition as
closely as current data permit.
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4.2.2 GDP-based social cost analysis (GSCA)

GSCA defines costs as the foregone flows of economic production, as defined by the
System of National Accounts (SNA), with gross domestic product (GDP) being
the most commonly used measure. The perspective for these analyses is usually that
of the whole society, but it may also be that of a specific sector within an economy
or government. The focus on foregone production creates differences between GDP-
based costs and economic costs. For example, the economic cost of premature death is
the welfare loss to the tobacco user from the unexpected increase in the annual excess
probability of death from tobacco use. GDP-based costs of premature death would be
based on the loss of production from the premature death of the tobacco user, whether
expected or not. GDP-based cost analysis does not include intangible costs, such as
non-market losses, pain and suffering from illness, other than what is reflected in
market transactions.

The Canadian Centre on Substance Abuse (CCSA) has produced guidelines for
adapting GDP-based costs analysis to social costs of drug use (Single et al. 1996a) based
on the pioneering work on the cost of illness by Cooper and Rice (1976). These guide-
lines modify standard SNA cost definitions in two ways. First, they focus on social costs,
or costs that are borne by others in society in addition to some of those borne by
tobacco users. Second, they identify a threshold level of drug use that is considered
addictive; use above this level is considered beyond the control of the user and, there-
fore, abusive. Expenditures resulting from abusive drug use are classified as costs. In
the case of tobacco, almost all use is considered abusive because of the extreme poten-
tial of tobacco for addiction. The social costs of abusive consumption include the
costs of morbidity and premature mortality, and the increased medical expenditures
incurred by victims of environmental tobacco smoke. The CCSA guidelines also
propose expanding traditional SNA-based accounts to include costs within the house-
hold and intangible costs that do not result in market transactions. These effects, such
as household production lost while caring for an ill smoker, may be particularly sig-
nificant in developing countries. Collins and Lapsley (1998) provide an informative dis-
cussion of this approach to estimating social costs.

4.2.3 Expenditure-based cost analysis (EXBA)

This defines costs as monetary expenditures (and revenues as benefits) that occur
because of tobacco use. Intangible costs are excluded, as is the economic value of lost
life. The perspective, or the definition, of the economic sector that incurs the expendi-
tures or receives the revenues, is very important in EXBA. Many economic organiza-
tions must consider the effect of changes in revenues and expenditures on their
budgets, from individual households to national health agencies. Keeping a consistent
perspective is very important to avoid double counting. Transfer payments from one
sector to another will be included as costs in EXBA, while transfers within a sector
are not counted as costs, and neither type of transfer is an economic cost.

4.2.4 Cost-effectiveness analysis (CEA)

Smoking is associated with particular outcomes such as excess death and disability; uti-
lization of healthcare; and costs, of the types described above. However, none of these
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types of analysis relates costs to particular outcomes or to changes in outcome; that is,
they are not estimates of the cost of doing something so as to produce different results.
That is the domain of cost-effectiveness analysis (CEA)—for example, the cost of
extending smokers’ lives through cessation programs. Gold et al. (1996) provide a com-
prehensive guide to CEA.

4.3 A taxonomy of costs for tobacco policy analysis

This section presents a taxonomy of costs relevant to tobacco policy. Table 4.2 provides
a simple classification of aggregate costs from cigarette smoking for each of the
approaches discussed in the previous section. The columns show the type of cost
analysis and the rows show the various cost categories. The discussion below will
compare and contrast the definition of costs used in each approach. In this section, all
costs are defined in terms of the net present value arising from each individual smoker,
so costs are defined as both current and expected discounted future costs. Issues
concerning the treatment of future costs are discussed below.

4.3.1 Consumption

Smokers receive net benefits from that portion of consumption that can be justified by
the smoker’s knowledge of the health consequences, and other ill effects, of smoking,
less out-of-pocket costs. In ECBA, this is usually measured by consumer surplus (see
Chapter 6). There is little or no consumption benefit in GSCA since nearly all smoking
is classified as abusive consumption (Collins and Lapsley 1991, 1996). In EXBA, the
benefits include tax revenues and any reductions in expenditures for social insurance
and medical expenditures that result from smoking.

Costs from consumption include those that fall on the smoker, arising mostly from
the addictive nature of tobacco consumption and imperfect information about its
consequences (see Chapter 6 for a discussion of these costs). Recently, some have
described these costs as a type of externality (e.g. Stiglitz 1994b; Viscusi 1995). ECBA
characterizes these costs as a welfare loss for smokers who are smoking more than
they would with full information and a clear understanding of addiction. EXBA
includes an analogous cost from government-funded programs for smoking cessation.
Standard GSCA would exclude this type of cost as being a private cost of the smoker,
rather than a social cost (Single et al. 1996a).

4.3.2 Health effects from smoking

These effects are overwhelmingly negative (see Chapter 2) and can be divided into direct
and indirect costs. In some analyses (particularly in EXBA), premature death from
adverse health effects may produce savings from reduced medical expenditures arising
from the premature death of smokers. These can be divided into direct and indirect costs.
For direct costs, three quantities must be measured in each of the three analyses. The
first quantity is the incidence or prevalence of each disease caused by smoking. This is
usually measured by the Smoking Attributable Fraction (SAF), which measures the
average proportion of the occurrence of disease attributable to smoking (see Xie et al.
1996, section 3.3, for a good discussion of attributable fractions). Accurate estimation of
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the SAF is complicated because it depends on the demographic structure, general
health, and smoking habits and history of the population, as well as on the characteris-
tics of smokers. The second quantity is the change in utilization of health and other social
services as a function of the amount of smoking-related disease. This is particularly
important for forecasting smoking-related costs in developing countries where current
utilization rates are typically lower than in developed countries, but growing. Measured
utilization depends on the health services that are included in the estimate. These ser-
vices are shown in Table 4.3, and are discussed in more detail in Collins and Lapsley
(1998). The third quantity is the expenditures resulting from increased utilization. In
countries with good expenditure surveys, these three quantities can be estimated at once.
Otherwise, they will have to be estimated separately and total costs modeled as a func-
tion of SAF, total utilization, and average cost per unit of utilization. Warner et al. (1999)
present a detailed discussion of technical issues involved in these estimates.

In ECBA, only resources expended because of unexpected smoking-related illness

Table 4.3 Health services used in estimating direct healthcare costs of smoking

Cost center Sources of data Comments

Usually highest share of direct costs.
In developing countries, families
provide significant direct
unreimbursed care.

Hospital services Medical records, hospital and
insurance fund bills, actual
costs in public sector

hospitals, DRG costs.

Physician/outpatient
services

Prescription drugs

Nursing home
services

Home healthcare

Allied healthcare
(rehabilitation,
respiratory therapy,
nutrition care, etc.)

Fee-for-service bills, out-of-
pocket expenses reported on
household surveys, etiologic
fraction of capitated costs.

Insurance payments, sales
data, out-of-pocket

expenditures, and formularies.

Insurance payments, long-
term care facility bills, actual
costs in public sector
facilities, and reported out-of-
pocket expenses.

Official home healthcare
provider bills, insurance
payments, and reported out-
of-pocket expenses.

Insurance payments, facility
bills, and reported out-of-
pocket payments.

Informal payments not accountable,
but are common in many countries.

Does not capture costs of over-the-
counter drugs.

Many informal facilities with no
diagnostic data; costs may include
family transfers.

Smokers in nursing homes tend to
have high co-morbidity.

Many informal facilities that do not
have diagnostic data, and may be
part of extended family transfers.
Most healthcare in developing
countries is in home.

Etiologic fractions are not
established in any country.
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and premature death are counted as costs (see Chapter 8, for a discussion of how well
informed smokers are about the risks of smoking). Economic value-of-life measures
are used for evaluating this cost. In some variations of GSCA, all costs are included
regardless of the smoker’s expectations, and the loss of life is valued as the loss of pro-
duction to society from premature death. In EXBA, costs are lost revenues from pre-
mature death, which are mostly lost tax payments and contributions to public health
insurance programs.

Indirect costs include those imposed on the household from smoking-related illness
or premature death. These costs cover a wide range, as shown in Table 4.4. A similar
list could be constructed for indirect costs imposed on private business, or other people
in society, that would include, for example, increased employee health insurance pre-
miums. In ECBA, one example is the extra insurance premiums paid by non-smokers
to cover expected smoking-related claims under policies that do not distinguish
smokers from non-smokers. As with other costs in ECBA, this concerns effects on
society that are unanticipated, or for which adjustment for the expected effects of
smoking is not possible. In GSCA, an example of these costs is the extra insurance pre-
miums paid by non-smokers, as well as the loss of production of family members who
must care for an ill smoker, even if the probability of smoking-related illness was
known by all. In EXBA, an example is the government expenditures caused by illness
and premature death from smoking, and those for family members who forego employ-
ment to care for an ill smoker. Estimation of indirect economic effects in developing
countries must consider the problem of incomplete insurance markets (Dinwiddy and
Teal 1996).

The remaining cost categories include more familiar externalities from smoking.
These are mostly from death and illness caused by exposure to environmental tobacco
smoke, and property damage and injuries caused by smoking-related fires.

4.3.3 Production

On the production side, there are minor benefits. In ECBA, the benefit is producer
surplus. In EXBA, the benefits might include producer tax revenues that are not passed
on to smokers, although these are likely to be negligible.

The cost categories under production include externalities concerning health and
environmental pollution. These costs can be particularly important for some develop-
ing countries. For example, tobacco workers may suffer nicotine poisoning known as
green tobacco sickness through handling uncured tobacco leaves (Hipke 1993; Ballard
et al. 1995).

There are three types of environmental cost associated with tobacco production. The
first is soil degradation, which occurs because of the high nutrient requirement of
tobacco. This high nutrient requirement can lead to pest infestation, and either ‘soil
mining’ or environmental pollution form heavy fertilizer use (Geist 1999a). The second
externality is deforestation from the intensive use of wood that is used in curing and
processing tobacco leaf (Geist 1998, 1999b, 2000). Third, tobacco production re-
quires large amounts of pesticides that may escape tobacco fields and cause ground
and water pollution, and sickness among workers (Erdmann and Pinheiro 1998). Each
definition of cost will lead to a different cost estimate. ECBA will define costs as
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welfare losses to individuals that occur because of the environmental externalities, or
from unexpected effects of working in tobacco production. GSCA will count social
costs, principally production losses due to production externalities. EXBA will count
governmental, or other organizational, money expenditures.

4.4 Review of cost estimates of tobacco use

This section presents a critical review of estimates of the costs of cigarette smoking
and other forms of tobacco use. First, several methodological issues which are used in
the detailed descriptions below are discussed. Second, the individual studies and their
results are reviewed. Additional reviews of estimates of the cost of smoking can be
found in Markandya and Pearce (1989), and Robson and Single (1995).

4.4.1 Methodological issues
Current, future, gross, and net costs

A number of studies attempt to estimate the cost of all past and current smoking;
these costs can occur in both the present and the future. Whether future expected
costs should be included in the estimate depends on the question that the estimate
is intended to answer. The most important element of future costs results from the
decreased life expectancy of smokers. In expenditure-based estimates, the shorter life
expectancies for smokers will produce cost savings through lower social insurance
payments, and increase costs through reduced tax revenues. In some cases the an-
swer to whether future costs should be included is clear: EXBA estimates to be used
for budget planning should include expected future costs. However, future costs
estimated for expenditure-based analyses should not be confused with economic
cost-benefit estimates of economic welfare. The estimation of expected future costs
differ under these two definitions. In ECBA, for example, many future costs and ben-
efits from changes in life expectancy due to smoking will be included in the price of
tobacco and other prices, to the extent that smokers and other agents in the economy
understand the effects of smoking on mortality. Estimating all the costs and savings of
changes in life expectancy separately and adding them to the estimate will result in
double counting.

The issue of aggregation over time must be addressed whenever future costs are
reported as a single summary statistic. Most estimates use the real net present value
of future costs, and are therefore adjusted using a real social discount rate. The appro-
priate real discount rate to use is controversial. It is possible to use a zero discount
rate, but if expenditure streams are aggregated over the infinite future, the sum of the
costs in each period can be infinite. In developed countries, a real discount rate of
between 2.5% and 5% is appropriate when changes in costs are widely dispersed
throughout society, when there is a reduction in costs, or when the price of capital is
not significantly affected by the proposed program change (Zerbe and Dively 1994).
Where a social program uses resources that increase the price or availability of capital
significantly, the real discount rate is more appropriately determined by the cost of
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borrowing funds for capital investment, and may be as high as 10%. Discount rates
used in various studies range from 2.5% to 10%, with, 3% being the most common.
The use of very low real discount rates may be interpreted as implying that all health-
care is consumption and none is investment, which may not be a good assumption, par-
ticularly in developing countries (see Dinwiddy and Teal (1996) and Stiglitz (1994a)
for a discussion of appropriate real discount rates).

A related issue concerns the computation of gross versus net costs. Gross costs are
defined as all of the costs of treating smoking-attributable diseases and all other costs
that can be attributed to smoking. They are usually an estimate of costs at any point
in time, and are not a comparison of the lifetime costs of smokers versus those of non-
smokers. Net costs, in contrast, tend to be assessed over lifetimes and are often
expressed as a comparison of the lifetime costs of smokers versus those of non-
smokers. Net costs take account of the fact that smokers tend to die younger than non-
smokers and that they therefore avoid some healthcare costs, and forego some pension
benefits, in old age. There are many approaches to calculating net costs. One approach
is to estimate the net present value of smoking costs until all those people alive today
who have ever smoked are dead, or until a non-smoking population is reached.
Another approach is to estimate the difference between costs with the current smoking
prevalence and costs in a stationary non-smoking population. A third approach deducts
from gross costs the costs of dead smokers who would be alive now if they had not
smoked in the past. A fourth deducts the future costs of smokers who died from
tobacco-related illness in the current year. Each approach has a different interpreta-
tion, which should be considered carefully when the net cost estimate is used for policy
analysis. Each approach requires strong assumptions about either the future or the
past, including assumptions about smoking prevalence, patterns of healthcare utiliza-
tion, relative costs, and life expectancies. Almost all studies assume that current con-
ditions can be extrapolated over the average life span.

Life-cycle versus cross-section estimates

Two approaches have commonly been used to estimate costs: the life-cycle approach
and the cross-section approach. Life-cycle studies can be considered incidence-
based approaches to calculating costs. This approach estimates costs for smokers
and non-smokers over their entire expected lifetimes. The estimated lifetime costs of
the existing population of smokers and non-smokers is compared with those for a
corresponding hypothetical non-smoking population. The life-cycle approach directly
estimates the effect of the shorter life-span of smokers and the resultant change in
costs. Summary estimates of current and future costs that aggregate cost flows
over time are calculated using net present value analysis (Hodgson 1992). Life-cycle
estimates can be used to estimate current costs by simply omitting expected future
costs and savings.

Cross-section studies are based on the methodology of Cooper and Rice (Cooper
and Rice 1976; Rice et al. 1986; Bartlett ef al. 1994; Max and Rice 1995). The cross-
section approach can be considered a prevalence-based approach: it estimates current
costs as a function of the effects of all current and past smoking (Rice et al. 1986).
Cross-section estimates are based on the costs incurred by currently living or recently
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deceased smokers without examining the effect of smoking on their life expectancies.
They do not, therefore, capture the effects of changes in life expectancy as a function
of smoking, and do not include this effect on future costs. However, cross-section
estimates can be adjusted to approximate the effects of changes in life expectancy
due to smoking status, and can serve as an approximation to net costs estimated with
the life-cycle approach.

The quantification of future costs in life-cycle estimates can pose difficult problems.
Changes in demographic structure will affect future costs, and forecasts of future
demographic changes require strong assumptions because patterns of morbidity and
mortality can change rapidly. It is possible, for example, that health will improve for
persons in any age group, including the old and very old. This is a particularly im-
portant issue for developing countries because the percentage of the population that
lives long enough to experience the chronic effects of smoking may increase rapidly
(Feachem et al. 1995). Also, the cost of services is usually concentrated just before
death. In developing countries, these costs may be less dependent on hospital care and
more dependent on less-quantifiable transfers from other family members. Finally,
aging populations may actually provide resources by providing care to younger ill
populations and through other transfers (Normand 1998), particularly in developing
countries. However, the very old may require significantly more support from the
younger generation in the non-market sector of the economy (James 1994). In at least
one study in a US health-maintenance organization (Scitovsky 1994), the oldest group
of patients received much less resource-intensive medical care than middle-aged or
younger patients, but they did receive more support from families, nursing homes, and
home healthcare services. Utilization rates may also change dramatically, especially in
developing countries. Similarly, it is difficult to estimate the demographic composition
of hypothetical non-smoking populations for use in computing net costs in cross-
section studies.

Reporting costs attributable to tobacco use

Careful attention must be paid to how costs are reported in various studies. Aggregate
costs have been reported in both cross-section studies (Rice et al. 1986) and life-cycle
studies (Leu and Schaub 1983). Hodgson (1992) reported the lifetime cost per person
for tobacco use in one life-cycle study. Lippiatt (1990) reported the net change in cost
per life-year gained from smoking cessation in a life-cycle study. The external cost per
pack of cigarettes is often calculated for estimates of the external burden of smoking
(see, for example, Manning et al. 1989). The cost per unit sold is a useful measure for
tax planning; however, it will be difficult to estimate in countries such as Bangladesh
and India where manufactured products sold in formal markets constitute a smaller
part of consumption (World Health Organization 1997). Measuring costs as a fraction
of GDP is a useful measure of aggregate costs, and this measure is used for compari-
son whenever possible in this review.

Cross-section studies that estimate only current gross costs usually report aggregate
costs. Since these estimates take the population and smoking prevalence as fixed, total
cost can be readily converted into the other measures. This is not true for net costs
because a non-smoking population will have more life-years than one with some
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smoking over the expected life spans, and the size of the smoking population will
usually differ from that of a non-smoking one. Therefore, the same total costs will imply
different costs per person, or per life-year, for a non-smoking population than for a
population in which some people smoke. This measurement issue is particularly impor-
tant for developing countries where rapid demographic change is expected (for further
discussion see Thompson and Forbes (1985).

Statistical issues in measuring costs attributable to tobacco use

There are two important statistical issues involved in the measurement of tobacco-
related expenditures for cost analysis that need further discussion. These are the rela-
tive risks, for smokers versus non-smokers, of using healthcare services, and the
possibility of confounding from other health-related characteristics of smokers that
would not change if they did not smoke.

Relative risk of using healthcare services from smoking

The smoking-attributable fraction (SAF) is used to calculate the proportion of costs
attributable to a given risk factor. Two components are necessary for its estimation:
the relative risk of the outcome due to exposure to the risk factor, and the prevalence
of the risk factor. The relative risk of healthcare utilization for smokers versus
non-smokers has been estimated using two different methods. The first is called the
synthetic method, since the estimates are built from assumptions about the relative
risk and costs of smoking for individual diseases. This method selects those diseases
that are known or strongly suspected to be caused by smoking and uses estimates of
the relative risk of each disease and smoking prevalence to estimate a disease-specific
SAF.

In high-income countries, separate disease-specific SAFs for many health care ser-
vices have been estimated from survey and observational data (Rice et al. 1986; Miller
et al. 1998a, 1998b). When the necessary SAF data are not available, researchers have
used mortality-based or a combination of morbidity and mortality-based SAFs (Collins
and Lapsley 1991). Mortality-based etiologic fractions may under-estimate the true
fraction because many diseases caused by tobacco (such as chronic obstructive pul-
monary disease) do not cause death until after a prolonged period of morbidity. This
morbidity will cause a higher relative rate of utilization than that reflected in a mor-
tality ratio. Alternatively, they may over-estimate it if smoking-related deaths occur
after less expensive courses of treatment than non-smoking related deaths. Thus, SAFs
may vary considerably across studies.

Assuming accurate disease-specific SAFs, the synthetic method produces conserva-
tive estimates of the disease burden of smoking, since it includes only conditions known
to be caused by smoking. Consequently, it may significantly under-estimate smoking-
related costs. The number of conditions known to be caused by smoking has increased
over time (US Department of Health and Human Services (USDHHS) 1989). For
example, male infertility and impotence have recently been linked to smoking. Co-
morbidities (diseases where smoking is one of several contributing factors) are diffi-
cult to include using the synthetic approach, and adjustments to account for them may
produce either over-estimates or under-estimates (Xie et al. 1996).
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The second approach is the analytic method. This uses statistical estimates of all
resources used by smokers versus non-smokers. In this approach, etiologic fractions
are estimated from regression analyses employing data on healthcare utilization and
expenditures, risk behavior, socio-demographic status, and health outcomes. The ana-
lytic method captures all differences in healthcare costs for smokers and non-smokers,
including those from conditions and diseases that are not currently known to be caused
by smoking. This approach also provides better adjustments for population character-
istics, other risk behaviors, access to medical care, and co-morbidities. A disadvantage
of this approach is that it may over-estimate the reduction in healthcare costs if
smokers stop smoking. This is because it may be difficult to determine how much of
the difference in utilization is due to smoking itself, as opposed to other unmeasured
behaviors and characteristics of smokers that will not change, even if these people did
not smoke. This issue is discussed further below. A disadvantage of this approach for
developing countries is that the necessary data are unlikely to be available. For
example, the National Medical Expenditure Survey II (NMES II), used in recent analy-
ses in the United States, was very expensive to develop. However, methodological
issues raised in studies in the high-income countries that use the analytic approach
will be useful for planning and implementing future surveys in developing countries
(Mackay and Crofton 1996).

Confounding from other behaviors and characteristics of smokers

Smokers differ from non-smokers in several ways that are not causally related to
smoking and that may remain unchanged even if smokers become non-smokers.
Smokers and non-smokers have different levels of education and income, and differ-
ent rates of insurance coverage, alcohol use, physical activity, and other risk behaviors
(Hodgson 1992). If smokers did not smoke but continued to engage in other risk behav-
iors, then their health expenditures would continue to be higher than those of non-
smokers. Ignoring these differences between smokers and non-smokers could lead to
an over-estimate of the costs of smoking. In order to handle this problem, investiga-
tors have modeled the so-called ‘non-smoking smoker’ type: that is, a person who does
not smoke but has the other characteristics typical of smokers.

There have been two approaches to modeling the non-smoking smoker type. The
first approach is relatively ad hoc, allocating a fixed proportion of the excess risk of
disease to smoking itself, and the remainder to the other characteristics of smokers
(Leu and Schaub 1983; Hodgson 1992). This approach has been criticized as being arbi-
trary (Rice et al. 1986; Hodgson 1992). The second approach is to adjust the data sta-
tistically for these differences. Statistical adjustment can be used with the synthetic
method when estimating SAFs for particular diseases, or with the analytic method
when estimating relative healthcare use and expenditures for all diseases. This
approach is used when people’s use of healthcare is estimated from surveys that record
individual characteristics. Manning et al. (1989), for example, used this approach to
control for drinking and other risky behaviors. That is, they estimated the non-smoking
smoker types’ levels of healthcare use by considering non-smokers with drinking pat-
terns and other characteristics similar to those of smokers. This approach has the
advantage of being less arbitrary than an ad hoc adjustment. However, it also assumes
that these other factors will remain constant if smokers quit smoking. Such an assump-
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tion may be valid where education and income level are concerned, but may be less
acceptable for behaviors that are affected by smoking. For example, smokers may take
less exercise because of a taste for a sedentary life that is correlated with, but not
caused by, smoking, but this may also be a result of the harmful respiratory effects of
smoking.

4.4.2 Review of cost estimates

This section reviews cost estimates of smoking. A variety of approaches were used in
these studies. Except where noted, the definitions of cost correspond most closely to
expenditure-based costs from the perspective of the healthcare sector. The studies on
healthcare costs are organized into groups that are reviewed in the following order:
gross costs, net costs, and estimates of the external burden of healthcare costs on non-
smokers. Estimates of social costs and the total social external burden of smoking are
reviewed last; these estimates depend heavily on the economic organization and insti-
tutions of individual countries, so this part of the review will be selective and brief.

Estimates of gross cost

Many studies have estimated gross costs; only a few will be summarized here.! When-
ever possible, estimates for the same region and period have been selected to increase
the reliability of independent estimates and the effect of different methodologies. The
studies for the United States are summarized in Table 4.5, while Table 4.6 presents
the results for other high-income countries, and in Table 4.7 the results for develop-
ing countries. The US Centers for Disease Control and Prevention has distributed
several versions of a computer program (SAMMEC: Smoking-Attributable Mortality,
Morbidity, and Economic Costs) for use in cross-section estimates of smoking costs
(Shultz 1985; Shultz er al. 1991). Many estimates for single regions or states in the
United States using this software have appeared in the public health literature (Robson
and Single 1995), and they are too numerous to review here. The SAMMEC method-
ology is based on the attributable-risk methodology developed for the United States
(Cooper and Rice 1976; Hodgson and Meiners 1982; and Rice et al. 1986). Therefore
it is appropriate only for use in economies with relatively well-developed healthcare
systems and relatively mature smoking epidemics.

The United States

Luce and Schweitzer (1978) were among the first to estimate current gross costs for
the United States. They used a synthetic cross-section approach with disease specific
SAFs for malignant neoplasms, circulatory and respiratory diseases, and injuries from
fires. These SAFs were applied to the average cost of each of these illnesses. No adjust-
ment was made for smoking related characteristics. Their estimated direct costs of
smoking for 1976 were US$8.2 billion, or 0.46% of GDP. This early study provides the
basic methodology used by many synthetic studies based on aggregate data. A strength

! One influential cost estimate from the US Office of Technology Assessment (Merdman et al. 1993), and
a subsequent controversial and poorly documented revision, is not discussed here because of space limita-
tions (for a detailed discussion of these estimates see: Warner et al. 1999).
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Table 4.5 Estimates of gross healthcare costs, United States

Study Year of  Services Diseases Tobacco % of Method: Method:
estimate included® included® attributable GDP analytic  cross-section
medical care Vs. vs. life-cycle
costs (US$ synthetic
billion)
Luce and 1976 FHLMOP CMRF 82 0.46  Synthetic Cross-section
Schweitzer
(1978)
Rice et al. 1984 FHLMOP CMR 233 0.62  Synthetic Cross-section
(1986)
Bartlett ez al. 1993 FHLMP CMR* 500 0.79  Synthetic Cross-section
(1994)
Miller et al. 1993 FHLMOP ¢ 72.7 1.15 Both Cross-section
(1998b)
Miller et al. 1993 FHLMOP ! 53.4 0.84  Analytic Cross-section
(1999)

*Services are: F, other professional medical fees; H, hospital; L, long-term care; M, medicine; O, outpatient visits; P, physi-
cian fees.

"Diseases are: C, cardiovascular and circulatory diseases; M, malignant neoplasms; R, non-malignant respiratory disease; F,
health costs from fires.

¢ All costs included in Cooper and Rice (1976).

YEmphysema only included in non-malignant respiratory illness (R).

¢Diseases included in Bartlett (1994), plus all diseases associated with poor health states due to smoking.

T All diseases reported in survey.

of their estimate was the use of cost-of-illness estimates from Cooper and Rice (1976),
which covered many health services. The study’s principal weakness is the use of
relatively informal judgmental estimates for SAFs developed by an expert consensus
panel.

Similarly, Rice et al. (1986) estimated gross costs for 1984 using a synthetic cross-
section approach. This study reports aggregate costs to the healthcare system for three
broad disease categories: cardiovascular disease, respiratory disease, and malignant
neoplasms. The SAFs were estimated using the US National Health Interview Survey
(USNHIS). Both current and former smokers were defined as smokers. These SAFs
were applied to average national expenditures for various services. This study included
arelatively complete list of healthcare services: hospital services, services from a physi-
cian or other professionals, nursing-home care, home healthcare, and medications. Due
to a lack of data, SAFs for hospital care were applied to several other healthcare ser-
vices. No adjustment was made for the non-smoking smoker type. They estimated that
US$23.3 billion in healthcare costs, or 0.62% of GDP, were attributable to smoking in
1984.The use of SAFs estimated from survey data on utililization, rather than the more
subjective estimates used by Luce and Schweitzer (1978) was a significant advance. The
principal shortcoming of the study was that no adjustments were attempted for the
non-smoker smoking type.

Bartlett et al. (1994) estimated gross costs for 1993 using more detailed survey data
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on health expenditures and characteristics of smokers versus non-smokers. SAFs were
estimated for cardiovascular and cerebrovascular disease, cancer, and emphysema. The
SAFs were estimated in three stages: the first stage estimated the effect of smoking on
the presence of a smoking-related disease; the second estimated the probability of ex-
penditure in each disease type; and the third estimated conditional smoking-related
expenditures. Data on expenditures were taken from the 1987 NMES-II. NMES-II
included all medical expenditures reported by the respondents along with extensive
demographic, socioeconomic and behavioral information. NMES-II also included a
survey of medical service providers reporting healthcare expenditures that respon-
dents might not be able to report, thereby increasing the accuracy of the expenditure
estimates. The study also addressed the issue of the non-smoking smoker, as well as
other possible sources of bias, by extensive statistical adjustment after categorizing
respondents into four categories: current smokers, those who never smoked, and two
categories of ex-smokers. Health services considered included: hospital services,
ambulatory care, physician services, prescription medications, and home healthcare.
They estimated total costs for 1987 and extrapolated them to 1993 using expenditure
data from the Health Care Financing Agency (HCFA). Their estimated cost attribut-
able to smoking in 1993 was US$50 billion, or 0.79% of GDP. This study contained the
most sophisticated adjustments for other characteristics that might differ among
smokers and non-smokers and that might influence expenditures, and used the most
complete survey data on individual health expenditures available. However, it limited
the analysis to only a few smoking-related disease categories, and omitted other con-
ditions known to be related to smoking (e.g. chronic bronchitis, low birthweight from
maternal smoking, and ulcers). Also, SAFs for hospitals had to be used for long-term
care costs given the lack of appropriate data on SAFs for long-term care.

Leonard Miller et al. (1998a, 1998b) developed and used a more complicated
methodology. Their approach combined the synthetic and analytic methods to estimate
SAFs. In the synthetic portion of the estimate, expenditures associated with known
smoking-related disease categories were estimated in the same way to those of Bartlett
et al. (1994). These estimates were adjusted based on data on demographic and socio-
economic characteristics, and risk attitudes. In addition, all other health expenditures
associated with smoking were estimated, controlling for health status and health in-
surance status. This was intended to cover health effects associated with smoking that
are not included in the major disease categories known to be caused by smoking. The
analytic portion of the estimate was obtained in two steps: first, the probability of any
expenditure was estimated; second, conditional health expenditures were estimated.
Data from the 1987 NMES-II, the Behavioral Risk Factor Surveillance System
(BRFSS) and the Current Population Survey (CPS) were used. The problem of the
non-smoking smoker type was addressed by statistical adjustment in the synthetic
portion of the estimate. Healthcare expenditures were estimated by applying state-
specific SAFs to state healthcare expenditures supplied by HCFA. Leonard Miller et
al. estimated the gross costs of smoking for the United States in 1993 to be US$72.7
billion or 1.15% of GDP.

This estimate was considerably higher than earlier estimates (although the 95% con-
fidence interval for their estimates included some of the earlier estimates). One reason
for this may be the use of both the synthetic and analytic approach to estimating SAFs.
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The analytic portion of the estimate is supposed to account for health status. However,
to the extent that self-reported health status is related to smoking, there may be some
double counting of expenditures. In addition, since the study used the same expendi-
ture data as Bartlett et al. (1994), the problems associated with estimating long-term
care costs remain.

Vincent Miller et al. (1999) provides the most recent estimate of gross costs for the
United States. These researchers used an analytic approach and estimated costs directly
from the 1987 NMES-II. SAFs were calculated from expenditures predicted for the
current population and a hypothetical non-smoking population. State-specific SAFs
were calculated and applied to 1993 expenditure data to estimate state costs, then
summed for the national total. The estimation approach employed is simpler than of
Leonard Miller et al. (1998b). Two equations are estimated for each of four expendi-
ture categories: ambulatory care, hospital care, prescription medications, and other
expenses. One equation predicts the probability of a positive expenditure in each cost
category; the second estimates the size of the expenditure, conditional on a positive
expenditure. Expenditures attributable to smoking are adjusted for smokers’ other
characteristics that may influence health expenditures. These include demographic,
socio-economic, and life-style characteristics, as well as health insurance status. Their
estimate of costs for 1993 was US$53.4 billion, or 0.84% of GDP.

The estimate by Vincent Miller et al. (1999). was much lower than that of Leonard
Miller et al. (1998b), even though the two studies used similar data and methods. Part
of the difference results from the simpler statistical specification of the more recent
study that they describe as a set of reduced-form equations in which all explanatory
variables are exogenous. However, the authors neither justify the chosen reduced-form
specifications, nor do they perform any exogeneity tests. Examination of the regres-
sion specification reveals some variables that may well not be exogenous. For example,
both self-reported taste for risk, as well as specific risk behaviors, such as seat-belt use
were included in the specification, which cannot occur in a true reduced form.
Also, self-reported physical activity is used as an explanatory variable; however, the
level of physical activity is probably affected by smoking as well as being an indicator
of smokers’ tastes. Failing to account for endogeneity can easily result in biased
estimates.

High-income countries other than the United States

Australia Collins and Lapsley (1991, 1996) provide cross-section estimates using the
synthetic approach, closely following a GDP-based definition of social costs. Both gross
and net costs are estimated; the gross cost estimates are discussed here, and net costs
are discussed below. SAFs for current and ex-smokers are estimated from meta-
analyses of the relative risks for smoking-related conditions (although some of the
SAFs used in the 1991 study were based on relative risks of mortality). No adjustment
is made for the non-smoking smoker type. Medical care included hospital care, the ser-
vices of physicians and other professionals, medications, nursing homes, home and com-
munity health services, and allied healthcare services. The costs of healthcare were esti-
mated from the average costs of professional encounters or institutional bed-days.
Their original (1991) gross cost estimate for 1988 was Aust$759.5 million, or 0.24% of
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GDP. Their revised (1996) estimate for 1988 increased to Aust$910.9 million, or 0.29%
of GDP. The estimate in the 1996 report for 1992 was Aust$1.6 billion, or 0.41% of that
year’s GDP. They attributed the increase in costs to an increase in the number of
diseases that are known to be caused by smoking, increases in SAFs, and the use of
disease-specific averages for hospital costs. A strength of these synthetic estimates is
the use of a comprehensive list of smoking related diseases.

Canada Collishaw and Myers (1984) estimated gross costs for 1979 using the ana-
lytic method. The costs of hospitalization and physicians’ services were estimated with
SAFs for utilization calculated from the Canada Health Survey. These SAFs were
applied to total days of hospital care and physician visits and the average cost per
hospital separation or visit. No adjustments were made for the non-smoking smoker
type. They concluded that smoking increased healthcare costs in Canada by Can$1.12
billion in 1979, or 0.4% of GDP.

Choi and Nethercott (1988) and Choi and Pak (1996) adapted the approach of
Collishaw and Myers to Ontario Province, Canada for 1979 and 1988, respectively,
using local estimates of the costs of using hospitals’ and physicians’ services. Estimated
costs for 1979 and 1988 were 0.25% and 0.30% of Ontario’s GDP, much lower than
the national estimates of Collishaw and Myers.

Raynauld and Vidal (1992) conducted a synthetic study that included ischemic heart
disease, cancer and chronic obstructive pulmonary disease. SAFs were calculated
using data from the United States. Hospitalization costs are included. Other health-
care services are included but these are not clearly specified and apparently do not
include long-term care for the elderly. These other costs are estimated by extrapolat-
ing costs for Saskatchewan to all of Canada and applying the SAFs to that estimate.
No adjustments are made for the non-smoking smoker type. The estimate of gross
costs for 1986 is Can$ 615 million, or 0.12% of Canadian GDP. This low estimate
may be due to the restricted number of diseases included. However, it is difficult to
evaluate the estimate because of the incomplete specification of the medical services
included.

Xie et al. (1996, also reported in Xie et al. 1999) provide a more recent estimate for
Ontario, based on the CCSA guidelines and using the synthetic approach. They used
relative risks for smoking-related disease taken from the literature, and used separate
SAFs for morbidity and mortality. Separate age-specific and gender-specific SAFs were
calculated for current and former smokers and those who had never smoked, using
relative risks from the literature, and prevalence rates for Ontario. An unusual feature
of the estimates is an attempt to include the costs of co-morbidity due to tobacco. All
major health services were included in the estimate. Total utilization levels were from
Ontario health reports, or estimated from Canadian data. The cost data were average
costs per episode of care, or average per capita costs. The SAFs were applied to total
levels of utilization, and costs were estimated from average cost data. No adjustments
were made for the non-smoking smoker type. Xie et al. estimated that the gross costs
for 1992 were Can$1.1 billion or 0.38% of Ontario GDP. Two strengths of this study
are the careful use of relative risks for morbidity in estimating the SAFs, and the com-
prehensive list of diseases used.

The same team of authors also produced an estimate for all of Canada (Single et al.
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1996b) that also very closely follows the CCSA guidelines for cost estimates. The
results are quite close to the estimates of Xie ef al. (1996): the gross medical costs for
Canada were Can$2 676 million in 1992, or 0.39% of that year’s GDP.

Kaiserman (1997) estimated both gross and net costs for 1986 using the approach
of Rice et al. (1986). The gross cost estimates are reported here. Costs were estimated
using the analytic method by comparing smokers’ and non-smokers’ use of health ser-
vices. Relative risks for hospital admissions, outpatient visits, and prescription drugs
were calculated from Canadian national survey data. SAFs were calculated from these
relative risks and Canadian smoking prevalence. Average hospital costs were estimated
from published reports from Canadian survey data. The Canadian Medical Associa-
tion estimated average outpatient costs, and the average prescription cost was esti-
mated from Ontario data. No adjustment was made for the non-smoking smoker type.
Kaiserman estimated that direct medical costs in 1991 were Can$3.8 billion, or 0.56%
of GDP, much higher than the other Canadian estimates. The differences result, in part,
from Kaiserman’s exclusion of observations that implied lower costs for smokers,
which likely biased the estimates upward.

Finland Pekurinen (1992) conducted a cross-section study for Finland that reported
both gross and net costs. The gross costs are discussed here. Hospital care, prescription
medicine, outpatient visits, and physician services are included in the analysis. The study
used both analytic and synthetic approaches. Hospitalization costs were estimated
using the synthetic method; the diseases included were smoking-related cancers, car-
diovascular disease, and respiratory disease (bronchitis and chronic obstructive pul-
monary disease). Low and high estimates of SAFs were chosen from previous studies,
and generally limited to those diseases with long-established evidence of a causal asso-
ciation with smoking. Average daily hospital costs and total utilization were estimated
from Finnish survey data. The costs of visits to physicians and outpatient care were
estimated using the analytic method from Finnish survey data that included informa-
tion on smoking status, combined with average costs per visit estimated from separate
data sources. Prescription medicine costs were estimated using Finnish survey data
using the same methods as for physician costs. There was no adjustment for the
non-smoking smoker type. Pekurinen’s estimated gross costs for 1987 ranged from
FIM524 to FIM594 million, or between 0.14% and 0.15% of GDP, respectively.

Pekurinen (1999) recently updated these estimates, using more recent relative risk
estimates for smoking-related disease and new national data. The estimated costs for
1995 were FIM924 million, or 0.17% of GDP. The estimated total cost thus remained
approximately the same as a percentage of GDP. However, the apparent similarity of
the earlier and later estimates hid several significant changes that had taken place in
Finland over the period: decreased smoking prevalence, increased hospital utilization
and increased average costs.

New Zealand Gray et al. (1988) used a synthetic approach to estimating gross costs
from cardiovascular and cerebrovascular disease, smoking related cancers, chronic
obstructive pulmonary disease, low birthweight, and fire injuries. The only healthcare
service included was hospitalization for acute care. Age- and gender-specific SAFs for
hospitalization were calculated from relative risks for mortality attributable to
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smoking, using prevalence data from the New Zealand census. Costs were estimated
by applying the SAFs to total utilization and average cost per hospital day from
national survey data. No adjustment was made for the non-smoking smoker type.
Direct hospital costs were estimated to be NZ$61 million for 1984, or 0.16% of GDP.
This early study provides conservative estimates because it is limited to hospital costs
and includes only the major smoking-related diseases.

Phillips et al. (1992) used a synthetic approach to update and refine the estimates of
Gray et al. (1988). They included the same diseases but also took account of outpatient
visits, professional services and prescription drugs, as well as hospitalization for acute
care. Their SAFs for hospitalization were taken from previous studies for Australia and
New Zealand. Their SAF for prescription drugs were estimated from a random sample
within a private practice, while that for outpatient care was based on data from a
regional survey. Average costs of hospitalization were disease-specific estimates taken
from hospital cost-reporting systems. The costs of an average outpatient visit and pre-
scription drugs were calculated from published fee schedules. No adjustment was made
for the non-smoking smoker type. Their estimated direct medical costs of smoking for
1989 were NZ$185.4 million, or 0.29% of GDP.

United Kingdom Maynard et al. (1987) estimated the 1985-86 budgetary cost of
smoking for the National Health Service (NHS) in the United Kingdom. This study
used the synthetic method applied to cardiovascular, malignant and benign respiratory
disease, other cancers, and gastrointestinal disease. The SAFs were taken from studies
by the Royal College of Physicians, and cost data for hospitalization, outpatient ser-
vices, and visits to general practitioners were obtained from the NHS. No adjustment
was made for the non-smoking smoker type. The researchers estimated that smoking
cost between £290 million and £497 million in 1985-86, or between 0.08% and 0.13%
of GDP. Their estimate is surprisingly low, given that the prevalence of smoking in the
United Kingdom is comparable to that in other developed countries, even after con-
sidering the relatively low rate of national health expenditure in the United Kingdom
as a percentage of GDP. Few details are provided, however, making it difficult to assess
the quality of the estimates.

Middle-income and low-income countries

South Africa Yach (1982) estimated gross costs using the synthetic approach, and
included costs from ischemic heart disease, cancer, and bronchitis. SAFs specific to
South Africa’s different racial and ethnic groups were calculated from relative risk
statistics in the literature. Estimates of smoking prevalence in South Africa were
also made separately for each racial and ethnic group. Of healthcare services, only
hospital costs were included, and these were estimated from the average length of stay
and average cost per day in South African hospitals. There was no adjustment for the
non-smoking smoker type. The total estimated smoking-attributable costs were 17.6
million Rand, or 0.03% of GDP. This is a very early study based on limited data; hence,
it is likely to have under-estimated smoking-related costs.

Mclntyre and Taylor (1989) provide a synthetic estimate for South Africa that
includes the costs of circulatory and benign respiratory diseases, chronic obstructive
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pulmonary disease, and cancer. The SAFs for hospitalizations and outpatient visits
were assumed to be equal to the SAF for mortality. The cost of a hospital day and an
outpatient visit were estimated from costs in the Cape Province. The researchers’ esti-
mated gross costs for 1985 were 128.5 million Rand, or 0.10% of GDP. Although this
figure is higher than that of Yach (1982) it is also based on very limited data and is
likely to have under-estimated gross costs.

Puerto Rico Dietz et al. (1991) estimated costs for 1983 using the synthetic approach.
The diseases considered were cancer, diseases of the circulatory, respiratory and diges-
tive organs, tuberculosis, and pediatric and infant conditions. SAFs were calculated
from US mortality data and Puerto Rican rates of smoking. Healthcare utilization rates
were taken from US data. Average cost data were from the HCFA and the Puerto
Rican Department of Health. There was no adjustment for the non-smoking smoker
type. The health services considered were the same as in Rice ef al. (1986). The esti-
mated cost for 1983 was US$ 55.9 million, or 0.43% of GDP. This study is one of the
most complete for a developing country, but the use of US data for relative risk and
healthcare utilization is an important limitation.

India Rath and Chaudry (1995) estimated the cost of treatment for the first three
years of care for cancers that have a high SAF. These include cancers of the oral cavity,
larynx, pharynx, and lungs. The data are from a sequential sample of 342 patients in a
New Delhi cancer center who were followed until death or 3 years from their initial
hospital visit. All expenditures for diagnosis, hospital treatment, and physician con-
sultation were recorded. Estimates for India were derived from the costs per patient
in the sample, from the total number of the sample members’ hospital admissions for
the cancers, and the SAF of the cancers. The total estimated cost of cancer care due
to tobacco use for these cancers in India was 833 million Rupees, or 0.02% of GDP.

People’s Republic of China Jin et al. (1995) estimated the gross costs of smoking
using the synthetic method. They included smoking-related cancers, coronary heart
disease, stroke, hypertension, respiratory diseases, and ulcers. SAFs were calculated
from age-specific and gender-specific smoking rates and relative risks for death and
morbidity from previous research in China. Estimates of the level of healthcare use
were made for each disease, using a 1985-86 survey on health services that included
both urban and rural areas. Costs for outpatient visits and hospitalization were taken
from national data on fees, categorized by disease and type of institution. No adjust-
ment was made for the non-smoking smoker type. Estimated costs were 6.94 billion
Yuan in 1989, or 0.43% of GDP. Rural areas accounted for 62% and urban areas 38%
of the total. Men accounted for most of the costs because of the higher prevalence and
longer history of smoking in men (see Chapter 2).

The breakdown of direct costs by each disease is interesting. Respiratory illness
(other than cancer) accounted for 58.8% of the total direct cost. Circulatory disease
accounted for 14.5% and all cancers accounted for only 6.1%. The relatively high pro-
portion of costs due to non-malignant respiratory illness may be related to the joint
effects of smoking and air pollution (both indoor and outdoor) in China. This study is
one of the most complete for developing countries. Its greatest strength is the use of
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data from national surveys and health censuses to estimate SAFs, utilization rates
and costs.

Venezuela The Pan American Sanitary Bureau (1998), part of the Pan-American
Health Organization, provided a recent estimate of costs for 1967-97 and part of 1998
using the synthetic method. The conditions included are smoking-related cancers, car-
diovascular disease, other benign respiratory disease, and childhood diseases resulting
from active and passive smoking. The services included are: hospital inpatient care,
medications, and selected outpatient treatments (such as radiation therapy and cardiac
rehabilitation). The non-smoking smoker type is not discussed. The estimated costs for
basic services in 1997 are 129 billion Bolivares, or 0.30% of GDP. Other hospital-based
expenditures for tests, prescriptions, intensive care, and other services are not broken
down by year. The total costs for all hospital services for 1967-97 implies a ratio of
1.55 of these other cost categories for every Bolivare spent in basic service costs.
Applying this ratio produces a total hospital cost of 200 billion Bolivares, or 0.47% of
GDP in 1997.

Estimates of net costs

We turn now to a review of the existing estimates of net costs, which, as we have seen,
take account of the impact of smokers’ tendency to die earlier than non-smokers. These
are summarized in Table 4.8. Several are quite controversial, because they include cost
savings resulting from premature tobacco-related death. Several techniques have been
used to calculate net costs, making comparison between studies difficult. This review
reports the cost estimates contained in the studies, along with, where possible, estimates
that could be calculated without using additional assumptions not stated in the study.
For cross-section studies, the net estimates reported in the study will be given. The results
of life-cycle studies that report the costs of stationary populations depend heavily on
current smoking prevalence. Therefore, the ratio of the lifetime costs of a smoker versus
a non-smoker will be reported whenever available. Otherwise the net present value of
the costs of the current cohort of smokers will be reported. Adjusted cross- section
studies will be discussed first, followed by a review of the life-cycle studies.

Cross-section estimates

Australia Collins and Lapsley (1991, 1996) estimated net costs for 1988 by estimat-
ing the healthcare costs of people who would have been alive in 1988 had they not
smoked. They note that these calculations are speculative because there are no rela-
tive risk estimates for tobacco-related mortality for older individuals. In their 1991
study, they used SAFs from Holman and Armstrong (1990). The resulting net costs for
1988 were Aust$610 million or 0.19 of GDP, about four-fifths of gross costs. The method
employed in their 1996 study was the same, except that it used revised SAF estimates
from English et al. (1995). The resulting estimate of net cost for 1988 is Aust$484
million, just over half of their gross costs estimate. The estimate for 1992 is Aust$833
million, or 0.21% of GDP for that year. The increase in estimated smoking-related
mortality rates accounts for the difference in their estimates.
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Canada Forbes and Thompson (1983) also estimated net costs using a cross-section
approach. Cost is expressed as the difference in per capita healthcare costs in the
current population and per capita costs in a hypothetical stationary population with
no smoking. This approach has been criticized as difficult to interpret (Leu and Schaub
1985; Pekurinen 1992). Both the synthetic and analytic approaches have been used to
estimate levels of use of healthcare services that result from smoking. The synthetic
approach is used, and the researchers include some effects of parents’ smoking on chil-
dren, including some children’s diseases, medical care for newborns, and complications
of pregnancy. Relative risks for various smoking-related conditions of newborns and
children are taken from the literature and used to calculate SAFs. These SAFs are
applied to disease-specific average hospital costs per diagnosis. For adults, the SAF for
hospitalization was calculated from the relative risk for hospitalization due to smoking,
and the latter was assumed to be equal to the relative risks of smoking-related death
in the United States. The long-term care costs of the elderly were estimated by cal-
culating the relative proportion of elderly institutionalized smokers to the elderly
proportion of the population in general, and then attributing the costs pro rata accord-
ingly. The services included are hospitalization and long-term care for adults, and physi-
cians’ visits for children. Forbes and Thompson estimated that smoking increased the
1980 per capita medical care costs of Canadian men by 16%, and of women by 10%.
This implies a net cost of Can$1.16 billion, or 0.37% of GDP. The fact that less than
30% of Canadians smoke, together with the reported average costs for the current and
the hypothetical population, implies that the ratio of lifetime costs for smokers versus
non-smokers is rather high: 1.25 for men and 1.15 for women.

Kaiserman (1997) estimated net costs from gross cross-section estimates by calcu-
lating the net present value of future savings from people who had died from smoking
during the year, using a 4% discount rate. The SAFs for mortality were taken from a
US study. The net cost for Canada is 2.3 Can$ billion, or 0.34% of GDP. Kaiserman’s
net cost estimate is 60% of that for gross costs. A major drawback is that this approach
does not seem to account for the shorter life expectancies of smokers who survived
the year.

Finland Pekurinen (1992) estimated the net present value of savings from smoking-
related deaths in 1987. As in the case of Kaiserman, this does not represent a complete
analysis of net costs, and in fact Pekurinen only reports gross costs in his final results.
The number of deaths from smoking was calculated using SAFs derived from the
literature for selected diseases and applied to Finnish cause-of-death statistics. Net
present value was calculated using a 4% discount rate. The estimated discounted future
healthcare cost savings from smoking-related deaths in 1987 is between FIM430
million and FIM 610 million. Subtracting this from the gross costs results in somewhere
between a net savings of FIM16 million and a net cost of FIM93 million (less than
0.024% of GDP).

Life-cycle approach

Switzerland Leu and Schaub (1983) provide an early and well-known life-cycle cost
estimate using the synthetic method. Their study used two approaches to estimating
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net costs. The first was a comparison between the total healthcare costs that would
have been incurred for the male Swiss population in 1976, if no one who had been
born after 1876 had ever smoked, with actual male healthcare costs for the same year.
The second analyzed the lifetime costs of a smoker versus those of a person who had
never smoked. Both of these approaches used the life-cycle approach to net costs.
The SAFs were calculated from the relative risks of smoking-related mortality for
various specific diseases, and were applied to the utilization rates of hospital services
and physicians’ services for Swiss males. The issue of the non-smoking smoker is
addressed by assuming that 65% of smokers’ additional use of healthcare is due to
smoking. Only hospital costs and physicians’ fees were included in the estimate. Net
cost was estimated using two methods: the expected value of the life-cycle costs of
a smoker versus a non-smoking smoker type; and simulation of a hypothetical
non-smoking population. Excess mortality due to smoking was estimated using US
mortality ratios stratified by age and amount smoked per day. The researchers con-
cluded that lifetime healthcare costs are between 6% and 7% higher for non-smokers
than for smokers, and that past smoking did not increase costs in 1976.

Leu and Schaub’s results were controversial. The researchers have been criticized
for using mortality data to estimate the SAFs, for their use of fixed, multiplicative,
factors to adjust SAFs, and for the inclusion of only two major healthcare services. An
additional criticism of their methods is as follows. Leu and Schaub relied on only a few
smoking-related diseases to calculate the excess costs of living smokers, but used all-
cause differences in mortality rates for smokers versus non-smokers. The result is that
they under-estimate the lifetime costs of smoking. There are two reasons for this. First,
some costs of smoking-related disease among living smokers will be missed, but will
implicitly be counted as cost savings when smokers die early. Second, conditions that
are considered associated with, but not caused by, smoking will be omitted from the
costs of living smokers, but will be counted as costs savings after smokers die. The impli-
cation of this is that the mortality data used for life-cycle estimates must undergo the
same statistical adjustments as the data for healthcare utilization and costs. Finally, the
estimated health care expenditure patterns in Switzerland were very different than
those in the United States, so critics have questioned the extent to which the results
can be generalized to elsewhere (Hodgson 1992).

Leu and Schaub (1985) addressed most of these issues in further research. Details
were not provided, but the revised estimates are based on a multi-equation econo-
metric model for healthcare expenditures developed by Leu and Doppmann (1984)
using data from the first comprehensive Swiss healthcare survey. Visits to physicians
and hospitalization remained the only services included in this study, which uses the
analytic approach. The lifetime costs of 35-year-old males are calculated by smoking
status using discount rates from 0 to 10%. The ratio of lifetime costs of 35-year-old
male smokers to non-smoking smoker types was 0.91 to 0.97 (for discount rates of 0
to 10%, respectively). The cost ratios of smokers to non-smokers ranged from 0.83 to
0.94. The non-smoking smokers had higher lifetime costs than non-smokers. These
estimates answered most of the previous criticisms. However, only two major health
services were still included, and it is unclear whether comparable statistical adjust-
ments were done for estimated health utilization and mortality rates by smoking
status.
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United States Lippiatt (1990) conducted a life-cycle study that estimated the change
in the net present value of healthcare costs for the US population aged between 25
and 79 years as a function of changes in cigarette consumption. Effects of both changes
in smoking prevalence and in the average amount smoked were modeled. The syn-
thetic approach was used to calculate excess use of healthcare services for three disease
categories: lung cancer, coronary heart disease, and chronic obstructive pulmonary
disease. There was no adjustment for the non-smoking smoker type. Healthcare costs
included were: hospital costs, physicians’ fees, and insurance fees. Changes in life-span
from smoking were estimated with the life-table approach, using data from Oster
et al. (1984a, 1984b). Average medical costs were estimated from several sources,
including Leu and Schaub (1983). Lippiatt’s estimates indicated that the net present
value of increased healthcare costs of longer-lived ex-smokers was greater than the
cost savings from reduced smoking and smoking cessation. A decrease in cigarette sales
of 1% would increase the net present value of healthcare costs by between approxi-
mately US$191 million and $ 405 million (with discount rates of 5% and 3%, respec-
tively). These estimates implied a healthcare cost of smoking cessation of between $280
and $132 per life-year gained. These estimates implied a net present value of medical
care savings of between $22.3 and $49.5 billion from smoking in 1986. A strength of
Lippiatt’s approach is the detailed modeling of the effects of smoking based on Oster
et al. (1984a, 1984b), particularly the estimation of the change in life expectancy of
ex-smokers. The important weaknesses of the study are the very limited number of
diseases included, and the use of Leu and Schaub’s (1983) estimates of average medical
costs.

Manning et al. (1989, 1991) reported a life-cycle study that estimated the net present
value of the external healthcare burden in terms of cost per pack of cigarettes sold,
as well as aggregate net healthcare costs. Their studies used the analytic approach to
estimate excess utilization by smokers using data from the RAND Health Insurance
Experiment (HIE) and the US NHIS. Statistical adjustment was used to model the
cost savings for the non-smoking smoker type using socio-demographic, life-style
and clinical information. A unique feature of this approach is the researchers’ adjust-
ment for two other major risk behaviors for ill health in the United States: heavy
alcohol consumption and physical inactivity. The life-table method was used to model
changes in population age structure from changes in smoking prevalence. Excess mor-
tality risk was estimated from a 1984 health risk appraisal program developed by the
Centers for Disease Control and Prevention. This allowed the same types of adjust-
ments to be made for mortality rates as for healthcare use, another unique feature of
this study. Data on the utilization and cost of healthcare came from the RAND HIE,
and included all costs except those for maternity care, infant care, and dental care.
Utilization rates for the elderly (who were omitted from the HIE) were obtained from
the NHIS. Manning et al’s estimates were used for an analysis of the tax rate needed
to cover the net annual social costs of cigarette smoking. Therefore the costs are
expressed in cents per pack. They estimated that aggregate net healthcare costs, includ-
ing the costs of infant morbidity from maternal smoking, were 32 cents per pack in
1986, at a discount rate of 5%, implying total costs of US$9.2 billion, or 0.22% of GDP.
The main strength of these estimates was the consistent analysis of smoking-related
mortality and morbidity. The inclusion of measures of alcohol intake and physical
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activity may or may not be a strength in the base-case estimate. As noted in the dis-
cussion on Vincent Miller et al. (1999), there are unresolved issues in adjustment for
these potentially endogenous variables. Manning et al. (1989, 1991) were aware of this
problem and performed a sensitivity analysis for smoking-related characteristics in
their estimates of external burden, which is discussed below.

Hodgson (1992) estimated the expected lifetime medical expenditures of smokers
(defined as current and former smokers) versus those who had never smoked, and the
total net present value of costs for the current cohort of smokers. Relative risks of
healthcare utilization were estimated using the analytic approach. A unique aspect of
Hodgson’s approach was the separate estimation of costs for survivors and decedents.
Hodgson described this as important because only survivors are represented in most
healthcare utilization surveys, a factor that may introduce a bias in the estimates. Hos-
pitalization and use of physicians’ and outpatient services for survivors were based on
data from the NHIS. Hospital utilization for decedents was estimated using the US
National Medical Care Utilization and Expenditure Survey (NMCUES). Age-specific
and sex-specific average hospital costs were estimated using NMCUES. Long-term
care utilization by the elderly was estimated using the National Nursing Home Survey,
and several other health and demographic surveys. There is no adjustment for the non-
smoking smoker in the main analysis. The effects of smoking on mortality are modeled
using the life-table approach, using data from the American Cancer Society’s Cancer
Prevention Study II. The results of this study are that the excess health care costs
of smokers outweigh the increased cost of medical care over the longer lives of
non-smokers.

Hodgson estimated that the smoking population over 25 years of age increased
the net present value of lifetime health expenditures by US$473 to 501 million (with
discount rates of 3% and 5%, respectively). Hodgson used Manning et al.’s (1989)
estimate that adjustment for the non-smoking smoker would reduce excess costs by
about 13%, producing a lower bound estimate of between $412 million and $436
million. At a 3% discount rate, he estimated that the ratio of lifetime costs of smokers
to non-smokers was 1.32 for men and 1.24 for women. Hodgson did not provide an
estimate of gross costs, but an approximation of annual gross costs can be derived
from some of the estimates in the paper. For the period of the study, gross costs were
approximately $40 billion per year from 1985 to 1989 (see Warner et al. 1999), or
between 0.7% and 1.0% of GDP (0.6-0.9% with the adjustment for the non-smoking
smoker). This tends towards the higher end of the range of gross cost estimates for the
United States, especially since the estimates omit some of the total US healthcare
expenditure because of the omission of other services (such as dentistry) and medi-
cines. The main drawback of the study is the use of a fixed adjustment factor for the
non-smoking smoker type.

Netherlands Barendregt et al. (1997) estimated costs over time from 1988 onwards
for the Dutch population compared to a hypothetical population of non-smokers, using
the synthetic approach. The diseases included were heart disease, stroke, smoking-
related cancer, and COPD. The life-table method was used to model the Dutch popu-
lation in the absence of smoking. Details of the population modeling were not
reported, but adjustments for the non-smoking smoker type appear to have been made
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in both. This study did not estimate a net present value of future costs, but rather
reports the length of time it takes for the cost savings from smoking cessation to be
just balanced by the increased costs from the longer life expectancies of non-smokers,
using discount rates of 0-10%. With no discounting, savings are balanced by costs for
males in 26 years, and after 50 years the healthcare costs are about 7% higher. The
results for women are similar, with costs ultimately 4% higher. Using discount rates of
3% and 5% produces similar results. These results imply that smoking reduces net
healthcare costs with a discount rate of up to 5%. At 10%, the break-even point
becomes very large, and smoking begins to increase net costs. The ratio of undiscounted
costs of smokers to non-smokers is 0.87 for men and 0.85 for women. The small number
of tobacco-related diseases included in this study, however, may result in a substantial
under-estimate of costs.

Estimates of external burden

Estimates of the external burden of cigarette smoking (shown in Table 4.9) do not
address the total cost of smoking, but rather the costs borne by the non-smoking
population. These estimates attempt to follow the economic cost-benefit approach as
much as possible. Under the usual economic definition, costs incurred to anyone within
the same household are not considered external costs, possibly leading to an under-
estimate of the external burden under other definitions of cost. In this review, costs
incurred within the household are also reported whenever available. The results
reported below do not include the effect of tobacco tax revenues.

Canada

Stoddart et al. (1986) presents a cross-section estimate of gross costs for Ontario,
Canada in 1978. Their study used the synthetic approach to estimate excess healthcare
utilization. The diseases considered were lung cancer, coronary heart disease, bron-
chitis, and emphysema. A sensitivity analysis also considered non-respiratory smoking-
related cancers (cancers of the oral cavity, esophagus, larynx, pharynx, bladder, and
pancreas); stroke; aortic aneurysm; pneumonia and influenza; pulmonary tuberculosis;
digestive ulcers; and pulmonary disease. There was no adjustment for the non-smoking
smoker type. The conclusion of the study is that smoking imposes an external burden
of between Can$39.1 and $81.1 million. A sensitivity analysis that increased the costs
of hospital care per day, included more healthcare services, and increased the SAFs of
disease to the highest plausible values resulted in an estimate of Can$145.0 million.
These estimates imply external gross costs of between 0.04% and 0.16% of
GDP. The main weakness of the base case of this study is its very conservative
selection of diseases.

Raynauld and Vidal (1992) calculate an estimate of external burden for Canada in
1986 from their gross cost estimate discussed above. The external burden is calculated
by estimating the current and future medical care costs, and savings due to premature
death from smoking between 1986 and 2071, using 3% for the discount rate. The
estimated external burden is Can$153 million or 0.03% of Canadian GDP. Their
method may be inconsistent because they appear to assume that current smoking does
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not cause any increase in the use of long-term care among the living, yet they include
reduced use of long-term care due to premature death in the savings.

Finland

Pekurinen (1992) reported the gross external burden of smoking from the cross-section
estimates for 1987 reported above. The estimated external costs (after adjustments for
cross-subsidization in healthcare) are between FIM255 million and FIM294 million, or
0.07-0.08% of GDP.

United States

Manning et al. (1989, 1991) reported net external costs from the life-cycle estimates
discussed above. The external costs are calculated in the same way as aggregate net
costs. These researchers’ base-case cost, discounted at 5%, was US$6.6 billion, or 0.15%
of GDP. A sensitivity analysis that varied discount rates and included the different
assumptions for non-smoking characteristics of smokers, among other things, produced
a range of between US$3.5 and $8.1 billion, or 0.08-0.19% of GDP.

Viscusi (1995) performed a life-cycle study of the excess smoking-attributable social
burden per pack of cigarettes. His base case consisted of updated estimates based on
Manning et al. (1989, 1991). The new analysis consists of two adjustments. One is for
changes in the tar levels of cigarettes over time, on the theory that tar levels have
dropped dramatically and that cigarettes should therefore have less severe health
effects than indicated by SAFs that were estimated for a population that smoked
higher-tar cigarettes. The second adjustment was the use of lags in health effects to
account for the fact that the effects of cumulative exposure to smoke represented in
estimated SAFs often take place decades after consumption. Viscusi estimated the cost,
in cents per pack, in order to calculate the tax needed to cover annual net costs from
smoking. His base-case estimate of external costs ranged between US$1.9 and $9.2
billion, or 0.03-0.15% of GDP. With the tar adjustment, costs are from $2.8 to $10.4
billion. With the tar adjustment and lagged health effects, the costs range from $1.9 to
$8.5 billion, or 0.03-0.13% of GDP. Viscusi’s estimates are largely the same as those
of Manning et al. except that the lower-bound external cost is smaller.

Viscusi’s adjustments to the standard analysis, however, are controversial. The
problem with his adjustment for lower tar levels is that nicotine and tar levels dropped
together, and there is substantial new evidence that smokers compensate for lower
nicotine levels by smoking cigarettes more intensely. Therefore any tar adjustment may
be inappropriate (Parish et al. 1995). The use of lags is also disputable in the case of
some smoking-related diseases such as heart attack and stroke, which are likely to be
the result of current as well as past smoking.

Review of existing studies on the social costs of smoking

Several of the studies discussed here also report estimates of the total social costs of
smoking: that is, all the indirect costs of morbidity and premature mortality, as well as
direct medical costs. The review will be selective and brief because the definition of social
cost can vary greatly. The reader should consult the original studies for more detailed
discussions. There are several analyses of the costs of tobacco use on old-age pensions
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and medical plans, which will not be reviewed here since the results depend on the details
of the specific programs (Wright 1986; Shoven et al. 1987; Herdman et al. 1993).

Cross-section estimates of gross social costs in Canada and the United States follow
a conceptual framework that is broadly similar to that of the ‘cost of illness’ concept
as described by Hodgson and Meiners (1982). This preceded the GDP-based social
definition of cost. Luce and Schweitzer (1978), for example, estimated the total social
cost of annual consumption for the United States to be 1.6% of GDP, while Rice
et al. (1986) estimated it to be 1.4%. The Canadian social cost estimates range from
1.3% of Ontario GDP (Choi and Pak 1996; Xie et al. 1996) to 2.2% for all Canada
(Kaiserman 1997). The lowest estimates are from Pekurinen (1992, 1999) for Finland,
where costs were 1.2-1.3% of GDP in 1987, but fell to 0.8% in 1995. Pekurinen attrib-
uted this decline to a large drop in smoking prevalence during the intervening years.
This seems to place a very large emphasis on current (as opposed to past) smoking in
the cost estimate, but it is a direct result of using SAFs calculated using current smoking
prevalence to estimate costs. The only comprehensive estimate based on local data for
a developing country is Jin et al.’s (1995) estimate of 1.7% of GDP for China. The esti-
mates of net social cost by Collins and Lapsley (1991, 1996) for Australia, range
between 2.1% and 3.4% of GDP. These estimates follow the CCSA definitions closely
and are not directly comparable with the estimates for Canada and the United States.
They are more comprehensive than other estimates in that they attempt to estimate
the social cost of unwanted nicotine addiction.

Estimates of external burden are lower. Pekurinen’s (1992, 1999) estimates of gross
external costs for Finland ranged from 0.3% to 0.5% of GDP. The net cost estimates
of Manning et al. (1989, 1991) ranged from a saving of 0.6% to a cost of 0.2% of GDP,
with a base-case estimate of a cost of 0.1%. Savings occur in the base case when the
discount rate is less than 3.5%. If internal costs that occur within the family, such as
the effects of parental smoking on children’s health, were included, the break-even dis-
count rate would be higher. If the costs of morbidity and mortality to others within the
family are included, but the mortality costs to the smoker are excluded, the base-case
estimate rises from 0.1% of GDP to 0.3%. Viscusi (1995) includes a sensitivity analy-
sis on the effect of including costs of mortality from environmental tobacco smoke
(ETS) on non-family members, which results in a wide range of estimates: from a saving
of 0.11% of GDP to a cost of 0.36% of GDP. Viscusi considers the upper-bound esti-
mates of the costs due to environmental tobacco smoke to be extremely unlikely,
and concludes that the median estimate of approximately no net external costs is a
realistic upper bound.

Some estimates indicate that any external social costs of smoking are recovered from
tax revenue from tobacco users. This question, however, is beyond the scope of this
chapter. The estimates of net extenal burden on non-smokers that include the effects
of taxes paid by smokers are not discussed here. See the individual studies for these
estimates. It is very difficult to compare studies across different countries since the
results depend heavily on the characteristics of the individual tax systems and social
insurance programs, and studies do not analyse tax incidence consistently. Also, the
results for high-income countries assume a tobacco tax system which can be adminis-
tered with high compliance; this may not be characteristic of developing countries
where formal tobacco markets are still relatively small.
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4.5 Conclusion

Estimates of the gross healthcare costs of smoking for high-income countries range
from around 0.10-1.1% of GDP, with relatively higher estimates in countries where
healthcare costs account for a greater share of GDP. The relatively small number of
studies from developing countries suggests that the gross cost of smoking can be as
high in these countries as in developed countries. However, these studies are of uneven
quality and are often based on very limited data, making it impossible to draw overall
conclusions at this time.

As far as studies of the net costs of smoking are concerned, it is difficult to reach
conclusions for any group of countries. This is because of differences in the method-
ologies used. The majority of the cross-section studies indicate that the net costs of
smoking are positive, with only the low estimates for Finland implying healthcare cost
savings from smoking. The life-cycle cost studies show little agreement and are very
sensitive to the details of the study. We consider that the most methodologically sound
of these studies are Hodgson (1992) and Manning et al. (1991). The main strength of
Hodgson’s study is the separate estimation of survivors’ and decedents’ costs. The main
strength of the study by Manning et al. is the careful modeling of, and sensitivity analy-
sis for, the non-smoking smoker type, both for disease incidence and mortality. Both
Hodgson and Manning (for the base cose) conclude that there are net costs from
smoking. The results of the studies of the external costs of smoking indicate that there
are external burdens for gross and net healthcare costs due to tobacco use.

The estimates of both gross and net total social costs are fairly high because of the
large costs of deaths caused by smoking, and they indicate that productive assets
(i.e. smokers’ lives) equal to 1% or more of GDP are lost each year due to smoking.
In contrast, the estimates of the external burden of social costs have a very wide range,
and there is no clear consensus. As with net cost estimates, these estimates are sensi-
tive to the assumptions used. Overall, however, the cost estimates agree that smoking
increases the current medical and social costs of living individuals. There is less con-
sistency concerning how much these costs are reduced by savings from the shorter life-
spans of smokers.

There are several methodological considerations that are important for developing
countries. The first is that the definition of costs used in the study will have an impor-
tant influence on the result. The first task in any estimation of the costs associated with
tobacco use is to carefully state the policy question that the estimate is intended to
answer, so that the most appropriate definition of costs and perspective can be chosen.

Second is the issue of gross versus net costs. The estimates of gross costs are much
more consistent than the estimates of net and external costs, and should therefore be
reported separately with a carefully documented sensitivity analysis of all estimates.
This permits policy-makers to evaluate the tradeoffs between the almost certain short-
run costs of smoking and the more uncertain longer-run effects that occur with longer
life expectancies in a population with less smoking.

Third is the calculation of net costs. There are several methods for estimating net
costs, which range from estimates of the future net present value of costs from current
smokers, to the comparison of healthcare costs in populations with and without
smoking. These different approaches have different interpretations, though some may
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turn out to be equivalent in special cases. Interpretations of the concept of net cost
used in some estimates for high-income countries are shown in Table 4.10. The choice
of the type of net cost analysis should be carefully justified and its connection to the
policy question being answered should be explained. If the life-cycle approach is
chosen then the very large uncertainties involved in forecasting healthcare utilization

Table 4.10 Net health cost interpretations from research studies in developed

countries

Author Country

Conclusion

Leu and Schaub (1983) Switzerland

Leu and Schaub (1985) Switzerland

Manning et al. (1991) United States

Pekurinen (1992) Finland

Hodgson (1992) United States

Collins and Lapsley (1996)  Australia

Barendregt et al. (1997) Netherlands

Male smokers’ lifetime healthcare
expenditures are slightly lower than if they had
never smoked. In 1976, aggregate male medical
care expenditure was the same as it would
have been if nobody born after 1876 had ever
smoked

The ratio of lifetime medical care costs of male
Swiss smokers to comparable non-smokers is
between 0.91 and 0.97, for discount rates

of 0 to 10%.

Each pack of cigarettes consumed increases
the net present value of current and future
health costs by about 30 cents, discounted
at 5%.

The total cost of health expenditures in 1987
attributed to smoking was in the range
FIMS524-594 million. The net present value
of health care expenditure avoided due to
deaths attributed to smoking in that year
was in the range FIM431-610 million.

The current population of smokers will
increase the cost of health care by about 500
USS$ billion (discounted at 3%) spread out
over their remaining lifetimes.

In 1992 the healthcare benefits resulting from
past and current premature deaths of
smokers accounted for about 48% of the
gross healthcare costs attributable to
smoking (Aust$1600 million).

The ratio of undiscounted medical costs of
smokers to non-smokers is 0.87 for men and
0.85 for women. The discounted lifetime
medical cost of smokers is less than non-
smokers until the discount rate is about 10%.




Estimating the costs of tobacco use 99

and costs should be kept in mind when designing the sensitivity analysis. This is a par-
ticularly important consideration for developing countries.

The fourth issue concerns the use of the synthetic and analytic approaches. The ana-
lytic approach depends on availability of national survey data, and is difficult even in
countries with extensive survey databases, such as the United States and Canada. For
countries with limited survey data, the synthetic approach may be most practical.
However, the diseases selected should be the result of careful epidemiological analy-
sis in order to identify all conditions that are causally related to tobacco use. The esti-
mates should be identified as lower bounds, since this review suggests that including
only the most obvious tobacco-related diseases produces a downward bias in the
estimated costs. The services included also have an important effect on costs, and this
issue should also be considered in evaluating whether the estimate is a lower bound.
The treatment of healthcare services is especially important for developing countries
where many healthcare services are likely to move from the household to the formal
market sector within the lifetimes of current smokers.

Adjusting for the non-smoking characteristics of smokers (that is, accounting for
the non-smoking smoker type) is a difficult and still-unresolved issue that requires
careful analysis of smoking patterns and their interaction with other behaviors and
life-style. Kato et al. (1989) and Thornton et al. (1994) report that ex-smokers do change
important non-smoking behaviors, such as diet, as time since smoking cessation
increases. Therefore, some non-smoking characteristics of current smokers are not
completely exogenous. This issue needs further research because it has had a signifi-
cant impact on existing cost estimates.

While this review recommends that the synthetic approach be taken in countries
with limited resources for national health surveys, the goal should be to use all avail-
able information regarding healthcare utilization and smoking status. The strengths
and weaknesses of existing cost estimates should be critically examined in order to
improve future efforts. In countries where surveys are being developed, there is an
opportunity for researchers to contribute to their design in order to collect the infor-
mation needed for better estimates at a reasonable cost. New developments in the
epidemiology of tobacco-related disease will suggest modifications. For example, the
duration of smoking and the age at which smoking was started may be important deter-
minants of the development of lung cancer (Peto 1986; Wiencke et al. 1999). Therefore,
information on individuals’ history of smoking and changes in their risk behaviors as
a function of smoking status may be as important as estimates of current prevalence,
and modification of future surveys to collect this information should be seriously
considered.
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