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Estimating risk of tobacco-induced mortality
from readily available information

Richard Taylor

Abstract
Objectives — To estimate life expectancy
and absolute risk of death before age
75 years in smokers and never-smokers in
a population, and to estimate the number
of excess deaths and person-years of life
lost in 15-year-old smokers compared to
never-smokers in such a population.

Design - An actuarial analysis

smoking data for the mid to late 1980s.
Age-specific mortality rates in never-
smokers were estimated using the age-
specific population rates and the aetio-
logical fraction for tobacco smoking de-
termined by the indirect method. Rela-
tive risks for smokers versus never-
smokers were used to calculate age-
specific rates in various categories of
smoker.

Setting - New South Wales (NSW), Aus-
tralia. Mid 1980s to 1990.
Subjects — State population: 5.8 million
in 1990: 15-year-old male smokers: 8816
in 1990.

Main outcome wmeasures-The para-
meters calculated for smokers and never-
smokers were: life expectancy (at age 15
years); actuarial cumulative risk for all-
cause mortality for the age range 15-74
years; and excess deaths and person-
years of life lost by age 74 years due to
tobacco smoking in yearly cohorts of 15-
year-old boys in NSW.

Results -In males, conditional life ex-
pectancy for 15-year-olds was 77.2 years
in never-smokers, 73.1 years in ever-
smokers, and 71.6 years in heavy smokers
(defined as smokers of more than one
packet per day). The risk of premature
death (before age 75 years) in 15-year-old
boys was 359, in never-smokers (1 in 3),
509, in ever-smokers (1 in 2), and 56 % in
heavy smokers (1 in 1.8).

A one-year cohort of 15-year-old male
smokers (8816) can be expected to pro-
duce 1292 to 1841 excess deaths and 23485
to 33895 extra person-years of life lost to
age 74 years, for ever-smokers and heavy
smokers, respectively. Using data on
brand preference, 569 to 810 of these
excess deaths will occur in 15-year-olds
who presently smoke Winfield cigarettes
(for ever-smokers and heavy smokers,
respectively), with lesser numbers appor-
tioned to Peter Jackson, Benson and
Hedges, and Longbeach.

Conclusions — Plausible estimates can

using
cross-sectional all-cause mortality and

be made for absolute risk from tobacco
smoking using cross-sectional data on
mortality and smoking prevalence.
Number of future excess deaths and
person-years of life lost in current
smokers can also be estimated. Pro-
jections describe what will happen if the
current situation does not change.
(Tobacco Control 1993; 2: 18-23

Introduction

Tobacco smoking has long been regarded as an
important causative factor in a wide range of
diseases which contribute to premature mor-
tality, particularly lung cancer and coronary
heart disease. Tobacco smoking also leads to
greater morbidity (illness) in smokers com-
pared with non-smokers as a consequence of
the medical conditions to which it contributes.

Important statistical information on the
relation of tobacco smoking to particular
diseases and all-cause mortality has been
produced by cohort studies of British doc-
tors,"™* US Veterans,>® and the American
Cancer Society Volunteer study.” These
studies were reviewed in detail in the US
Surgeon General’s 1982 report on smoking
and health,® and in an extensive review on
avoidable cancer, including tobacco-induced,
performed by Doll and Peto.? Another longi-
tudinal study (Cancer Prevention Study II
(CPS-II)) in the US is continuing at present.'®

Calculations of tobacco-attributable deaths
from all causes and particular causes, potential
years of life lost (PYLL), number of incident
cancers, and hospital utilisation can be esti-
mated by application of the aetiological frac-
tion (AF). For example, calculations have been
made for Australia and Western Australia by
Holman et al.'*''?> The AF in these studies was
calculated by the indirect method using rela-
tive risks from an international meta-analysis
and local information on prevalence of smok-
ing.

There is also another way of displaying the
information on the disease burden from smok-
ing which helps to bring home the risk to the
individual smoker, by calculating the absolute
risks of death in various types of smokers, and
in never-smokers. Accumulation of risk over
several decades is a more informative way of
presenting this information.

Information from cohort studies of tobacco
smoking can provide data which enable cal-
culation of an individual absolute risk of
mortality or illness attributable to smoking.
Most cohort studies available® were conducted
over long periods of time (during which
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Estimating risk of tobacco-induced mortality

mortality from all causes and various causes

changed) and were completed more than two

decades ago. Furthermore, these cohorts have
not been random samples of the population,
and the most recent study (CPS-II) is also
affected by the ‘““healthy volunteer” effect.!®
While the relative risks of mortality or illness
between never-smokers and various kinds of
smokers are likely to be valid in similar
populations the absolute risks cannot be trans-
lated in the same way.

Mattson ez al.'* ovecame some of the above
problems by “forcing” the weighted average
of mortality rates from particular smoking-
related diseases, for various categories of
smokers, derived from the US veterans cohort
study conducted during the 1950s and 1960s,
onto the 1982 US mortality rates from these
diseases. The weights for proportions of vari-
ous kinds of smokers were derived from a
national US health interview survey in 1983.
There were problems with this methodology,
particularly in relation to lung cancer, and
various adjustments were made.

The overall approach to calculating risks for
populations employed by Mattson ez al.'* and
others is similar to the concept behind the
cross-sectional life table. That is, current age-
specific death rates (or incidence rates) are
used to construct synthesised cohort prob-
abilities of dying or developing disease which
would apply to an individual if he or she
moved successively through the age ranges
included in the calculations. Thus, parameters
generated from the analysis apply to the future
if current age-specific death and incidence
rates continue.

While there are several publications con-
cerning the risk of incidence and mortality for
various cancers (including tobacco-related
cancers) for whole populations,'®!® there have
been very few publications which have tried to
estimate the risk of mortality in smokers and
never-smokers.

The method proposed in this report for
estimating all-cause mortality and lung cancer
incidence and mortality in smokers and never-
smokers using the aetiological fraction is
similar to that suggested by Cornfield,? and
extended by Cutler and Loveland,* who used
relative risks, population incidence, and pro-
portions of cases and controls exposed to the
risk factor. Day?®? has also proposed a similar
procedure for calculation of the cumulative
risk in smokers using the cumulative risk in the
population, the relative risk, and population
prevalence of smoking. However, the form-
ulations of Cornfield,? Cutler and Loveland,?*
and that of Day,* are not widely known or
used, and neither approach explicitly employs
age-specific applications of relative risks and
smoking prevalence.

This paper employs calculations to estimate
absolute risks of premature death for male
smokers and never-smokers of New South
Wales (INSW), Australia, and uses these data
to estimate future deaths in 15-year-old
smokers and non-smokers. The purpose of the
analysis is to generate data which can be more
readily assimilated by the general public.

Methods

The empirical data on all-cause mortality for
NSW in 1987 were obtained from the NSW
Registrar of Births, Deaths and Marriages, via
the Australian Bureau of Statistics. Tabu-
lations by gender and 5-year age groups were
made from unit record data tapes. Population
denominators from censuses were obtained
from the Australian Bureau of Statistics.
Yearly estimated resident populations strati-
fied by gender and 5-year age group were
obtained.

Aectiological fractions (AF) for the Aus-
tralian population for tobacco-related mor-
tality (all-causes) were obtained from Holman
et al.'* The AFs used were for ever-smokers,
and were available by gender and age group for
all-cause mortality. The data on smoking
prevalence in the Australian population used
in these AF calculations were from Hill** and
apply to the year 1986. The relative risks for
tobacco smoking used in these AF calculations
for total mortality were derived from the large
British and US cohort studies previously
mentioned. Pooled relative risks were cal-
culated from these data.

The same relative risks can be used for
females as for males. As Holman et al.!! point
out, the data for women are scant and were
collected during a period in which cigarette
consumption and inhalation were far lower in
women than in men — a situation which may no
longer exist.

The AF was calculated by Holman ez al.!!
derived from the relative risk (RR) and the
proportion of the population exposed to the
risk factor (p) using the indirect method.!!-2*

_ p(RR—1)
T p(RR—1)+1

The algebraic expression for calculating AF
using the direct method is:

I I-1I

AF __ _due to exposure — P ne

I I

P P

where I is the incidence (or mortality) rate in
the whole population and I, is the incidence
(or mortality) rate in the non-exposed group.

Thus, I, =1, * (1—AF)

In other words, the age-specific mortality or
incidence rates for never-smokers can be
estimated by applying (1-AF) to the overall
population mortality or incidence rates.

Once age-specific rates for mortality and
incidence for never-smokers have been cal-
culated, relative risks derived from various
epidemiological studies can be applied to
obtain age-specific mortality or incidence rates
for various categories of smokers. The relative
risks for never-smokers versus various cate-
gories of smoker were obtained from the meta-
analysis by Holman et al.'! These data are
similar to summaries contained in the 1982 US
Surgeon General’s report.® As previously men-
tioned, the relative risks for males can be
applied to the female data.

In this analysis, the categories used are
never-smoker, ever-smoker, and heavy-
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Table 1 Estimates of life expectancies (yrs) and cumulative risk for mortality by smoking status for males in

NSW, Australia

Never-smokers

Ever-smokers  Difference Heavy smokers Difference

Al (@) O] &)a) © (e-(a)
Life expectancies (yrs)
Life expectancy at birth 72.9 76.2 72.1 4.1 70.6 5.6
Conditional life expectancy at age 73.9 77.2 73.1 4.1 71.6 5.6
15 yrs*
Cumulative (all-cause) mortality risk**
Age 15-T4 yrs
Cumulative mortality (%) 34.9 495 14.6 55.7 20.8
Cumulative risk (1 in x) 2.9 2.0 1.8

*The conditional life expectancy at age 15 yrs is the life expectancy at age 15 yrs plus 15 yrs.
** Cumulative mortality risk is adjusted for population decline due to all-cause mortality.

Table 2 Future excess mortality by age 74 years in 8816 NSW 15-year-old boys
who smoked in 1990

Future expected premature Premature  Excess premature
deaths deaths deaths in smokers
If they are never-smokers 3073 —

If they are ever-smokers 4365 1292

If they are heavy smokers (> 1 pkt/day) 4914 1841

For a decade of 15-year-old cohorts these figures can be multiplied by 10.
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smoker (more than one packet a day). A packet
of cigarettes consisted of 20 individual cigar-
ettes during the period the studies were carried
out.

Age-specific mortality or incidence rates can
be converted to cohort probabilities and sum-
marised to assist with understanding of the
data. The main summary measures used in this
analysis are life expectancy and cumulative
risk for all-cause mortality. Cross-sectional life
tables were calculated from age-specific death
rates using standard methods.*® The cumu-
lative risk was calculated from the cumulative
rate adjusted for population decline.?” The life
tables can also be used to calculate cumulative
risks between various ages using the sur-
vivorship function (1,). In these calculations
the two methods produced almost identical
estimates, and only one figure will be reported.

T
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Figure 1 Projected cumulative deaths in NSW male smokers aged 15 years in 1990
using cross-sectional mortality data

The cumulative risk for mortality, and the
life-table parameters, can be applied to popu-
lations in order to estimate number of cases of
premature mortality expected in the future, if
present mortality rates continue. Premature
mortality for males was defined as < 74 years
since this was the approximate average life
expectancy at age 15 years in Australia in the
late 1980s. The mid-decade age break was also
chosen for ease of calculation.

Numbers of boys aged 15 years who smoked
in 1990, from NSW survey data, have been
projected on the NSW population to obtain
estimated numbers of smokers aged 15 years in
NSW.2® There were estimated to be 8816 male
smokers aged 15 years in NSW in 1990.

The absolute number of deaths (age 15—
74 years) in this cohort projected into the
future was estimated from the cumulative risk
of mortality for never-smokers, ever-smokers,
and heavy smokers. Cumulative mortality
calculations produced the same result as sum-
ming the (life table) deaths in the intervals (d,)
for 15-74 years after setting 1,; at the number
of 15-year-old smokers.

The projected number of excess deaths in
15-year-olds due to smoking was calculated by
deducting the deaths in smokers from the
deaths had they been non-smokers for the age
range 15-74 years.

Numbers of future deaths due to smoking
from successive cohorts of 15-year-old NSW
boys were apportioned to various cigarette
brands in proportion to brand preference
obtained from survey data of 15-year-old
smokers.*¢

The person-years of life lost due to smoking
was obtained by deducting the person-years
lived (L) in the life table of never-smokers
from the person-years lived in the life table of
smokers, using 8816 males aged 15 years for
the 1.

Results
For NSW male never-smokers cumulative
mortality (risk) (for the age range 15-74 years)
was 35 9%, (1 in 3). This increased to 509, (1 in
2) for ever-smokers, and 569, (1 in 1.8) for
heavy smokers (table 1). Compared to never-
smokers there is an increase of 15 percentage
points in premature mortality (15-74 years) in
ever-smokers, and an increase of 21 percentage
points in heavy smokers.

Life expectancy at birth for NSW males was
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- € Table 3 Excess premature future deaths by age 74 years from a decade of successive
cohorts of 15-year-old NSW boys who smoke, by major brand of cigarette smoked at
* age 15 years.
- Total
excess
- a premature Excess premature deaths (%)
deaths in
smokers Peter Benson &
< & from 10 Winfield  Fackson  Hedges Longbeach
cohorts kers kers kers  smokers
(n = 88160) 44%) 5%) %) 1%)
P
If they are ever- 12920 5685 1938 1034 1421
) smokers
If they are heavy 18410 8100 2762 1473 2024
- smokers
= <
- 72.9 years and conditional life expectancy at
age 15 years was 73.9 years (table 1). For
- never-smokers, life expectancy at birth was
. £ estimated at 76.2 years and conditional life
expectancy at age 15 years was 77.2 years. For
> = ever-smokers life expectancy at birth decreased

21

to 72.1 years and conditional life expectancy at
age 15 years was reduced to 73.1 years; for
heavy smokers life expectancy at birth de-
creased to 70.6 years and conditional life
expectancy at age 15 years was 71.6 years.

Using actuarial cumulative mortality for
15-74 years in NSW males it is estimated that
the 8816 boys who constitute the 1990 cohort
of boys aged 15 years who smoke will generate
1292 excess deaths by age 74 years if classified
as ever-smokers, or 1841 excess deaths if
classified as heavy smokers (compared to
never-smokers) (see table 2).

The expected deaths and excess deaths in
smokers, by age interval of death from 1 year of
15-year-old NSW school children who smoke,
are plotted in figures 1 and 2. Almost 409,
of excess deaths (before age 75 years) occur
before age 60 years for ever-smokers or heavy
smokers.

By deduction of person-years lived in
cohorts of smokers from the cohort of never-
smokers, the excess person-years lost due to
smoking can be estimated (figure 3). The
person-years lost (between ages 15-74 years)
from 8816 boys aged 15 years would be 23485
if ever-smokers, and 33895 if heavy smokers.
The excess person-years of life lost in an entire
lifetime would be 41867 for an ever-smoker
cohort and 58936 for a heavy smoker cohort
(compared to never-smokers).

Using 1990 survey data on brand pre-
ference®® it is possible to apportion future
excess premature deaths among 15-year-old
smokers to the various cigarette brands they
smoked at age 15 years (table 3). From a
decade of cohorts of 15-year-old boys in NSW :
5690 to 8100 excess deaths will occur in
Winfield smokers; 1938 to 2762 excess deaths
in Peter Jackson smokers; 1034 to 1473 excess
premature deaths in Benson and Hedges
smokers; and 1421 to 2024 excess deaths in
LongBeach smokers.

Discussion

The estimation of future risks for mortality
and disease incidence in smokers and never-
smokers poses problems even in countries
where cohort studies of the health con-
sequences of smoking have been performed.
This is because most of these cohort studies
were performed more than 20 years ago, and
absolute risks cannot be directly applied to the
present in which mortality rates in adults are
considerably lower, due in large part to lower
coronary heart disease mortality — which is
partly smoking-related. Furthermore, pre-
vious and present cohorts used for these
studies have not been representative of the
general population, and absolute mortality
findings are not directly generalisable. Finally,
the use of relative risks for mortality and
disease incidence in smokers and never-
smokers derived from the older cohort studies
(as in this analysis) will yield conservative
estimates of the impact of smoking because
more recent cohort studies (eg, CPS-1I) show
higher relative risks, even among men.?” How-
ever, relative risks for mortality and disease
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incidence in smokers and non-smokers are
likely to be valid and applicable to similar
populations.

Current smoking data were used in the AF
calculations presented here. There are some
difficulties in employing this approach when
attributing current deaths to smoking because
current mortality is a function of the previous
smoking behaviour of successive cohorts. How-
ever, this use of current smoking prevalence
may be less of a problem for estimating future
deaths.

The estimates produced in this paper are
based on contemporary mortality data. The
use of life-table methods and cumulative risks
derived from cross-sectional data are useful for
quantification of what would happen to an
individual or group if they passed through the
age-specific rates used in the calculations.

The application of life expectancies and
cumulative risks to the future is made with the
caveat that this is what would be expected to
happen if contemporary age-specific rates
within smoking categories continued.

The results have been mostly presented as
individual or group risks (and life expec-
tancies) by smoking status for 15-year-olds
since there is current debate in many countries
concerning the acquisition of the smoking
habit and its health effects in this age group.
Cumulative risks by smoking status have been
calculated from age 15 years to the male life
expectancy for the total population. This
method was chosen to emphasise the mortality
burden prior to this age and to pre-empt
criticism that excess mortality in smokers is
predominantly a problem of old age (every-
body has to die of something).

The choice of 74 years for males as defining
the upper limit of premature death is con-
servative, since it corresponds to the approxi-
mate conditional life expectancy at age 15 years
for the whole population, including smokers.
It may also have been defensible to have
chosen conditional life expectancies at age
15 years in never-smokers to define premature
death. In this case, premature death would be
greater than or equal to 77 years in males.
Calculations using these figures would have
produced estimates showing a higher burden
of premature mortality due to smoking. (For
ease of calculations, mid- or end-decade ages
should be chosen since the available data are
usually supplied in five-year age brackets.)

The results obtained in this study can be
compared to the findings of actual cohort
studies of the relation of tobacco smoking to
all-cause and cause-specific mortality. The
purpose of these comparisons is to determine
the plausibility of the estimates. Comparisons
are made between the ratio of deaths in male
smokers versus never-smokers, and ratios of
mortality rates or probabilities of dying in
male smokers versus never-smokers. Using the
NSW estimates from this report, the ratio of
deaths in smokers to deaths in never-smokers
was 1.5. The average premature deaths in ever-
smokers and heavy smokers was used to derive
this figure. Actuarial cumulative mortality
from NSW calculations (males 15-74 years)

Taylor

was 0.50 for ever-smokers and 0.35 for never-
smokers, which is a ratio of 1.43.

Hammond and Horn’ followed 187783
white US males aged 50-69 years for approxi-
mately 3 years (mid-1952 to mid-1955). There
were 11870 deaths. The ratio of deaths in
smokers (7316) compared to expected numbers
had they been never-smokers (4651) was 1.57.
As a result of 20 years observation on male
British medical doctors, Doll and Peto® pro-
duced data which indicated a ratio of all-cause
mortality of 1.33 based on age-standardised
(all ages) death rates for smokers versus never-
smokers. Probabilities of death over 16 years
1954-1969 were calculated for 293958 US
veterans with life insurance aged 55-64 at
inception of follow-up by Rogot.® These
probabilities were 0.46 for cigarette smokers,
and 0.29 for never-smokers, which is a ratio of
1.59. It can be concluded that estimates
produced in this report do not vary greatly
from statistics from published cohort studies,
considering the different populations em-
ployed.

The study by Mattson et al.'* on risk of
death from tobacco smoking in the US popu-
lation in 1982 used cross-sectional data, al-
though the methods employed were different
in other respects from this report. Mattson et
al." reported probabilities of dying due to all
smoking-related diseases for 35-year-old men
before the age of 75 years as 119, for former
smokers, 17 %, for current smokers of less than
25 cigarettes per day, and 289, for current
smokers of 25 or more cigarettes per day. The
excess cumulative mortality using the NSW
definitions and calculations for males at age
35 years, of dying before age 75 years, was 15 9,
for ever-smokers and 21 9, for heavy smokers.
Taking into consideration the different cate-
gorisation of tobacco smoking and declining
coronary heart disease mortality during the
1980s, the NSW data are consistent with the
study by Mattson.*

The recent study by Peto er al.,'® which
estimated tobacco-attributable mortality (35—
69 years) for developed countries using the
excess lung cancer mortality rate (compared to
a large cohort study of never-smokers) as an
indicator, produced estimates for Australia
(around 1990) of 9 9, for males. Using tobacco-
attributable mortality for ages 35-69 years in
ever-smokers from this study, and the pro-
portion of these persons in the Australian
population around 1990 (males: 66 %,, females
44%,), it was estimated that comparable data
for tobacco-attributable mortality in the NSW
population would be 7.3 9, for males.

Using survey data on smoking in school
children by single years of age it is possible
to estimate total numbers of smokers at age
15 years by gender in NSW. Using survival
analysis from the cross-sectional life tables, or
the actuarial cumulative rate, it is possible to
determine the projected deaths of 15-year-old
smokers or never-smokers. The caveat is that
present cross-sectional mortality of smokers
and never-smokers continues into the future.
These projected deaths can be specified within
age groups and aggregated from age 15 years to
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the conditional life expectancy at age 15 years.
By subtracting the deaths in never-smokers
from the deaths in smokers, the excess deaths
due to tobacco can be estimated. Cumulative
excess deaths by age can be calculated since it
is important to demonstrate that excess deaths
occur from age 35 onwards, and are not entirely
clustered in the over-70s. In the NSW cal-
culations, around 40 9, of excess deaths before
age 75 years occurred before age 60 years.

This point is also borne out by comparison
of cumulative excess person-years of life lost
by age in smokers compared to never-smokers.
The excess person-years of life lost in various
categories of smokers can be estimated by
subtraction from person-years of life lost in
never-smokers.

If survey data are available on brand pre-
ference amongst 15-year-olds, this information
can be used to apportion deaths to the various
brands smoked at age 15 years. Brands smoked
by 15-year-olds are important because they are
closely associated with smoking initiation.
Brand switching may occur, although this is
not the aim of tobacco companies that attempt
to maintain and increase market share. Excess
deaths due to tobacco in market economies are
a consequence of smoking advertised brands of
cigarettes ; generic products are unavailable or
have a small market share.

In this paper only male rates are estimated
for the sake of brevity. Similar calculations
can be performed for females, although male
relative risks are usually employed. This
analysis has focussed on all-cause mortality.
Similar calculations can be performed using
cause-specific mortality and incidence of
smoking-related diseases. Estimates of cumu-
lative risk for particular disease incidence or
mortality in smokers and never-smokers can
be adjusted for competing risks of death from
other causes.

The analysis described in this paper pro-
duces statistics which are useful for health
promotion because they are meaningful for
ordinary people. Death rates in smokers and
never-smokers can be estimated from local
data on smoking prevalence and age-specific
mortality, and information on relative risk.
Data expressed as cumulative absolute risk,
life expectancy, or numbers of deaths are more
intuitively understandable than relative risk or
rates of incidence or mortality.
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