Chapter 11

SMOKING AND ORAL TOBACCO USE

Majip EzzaTti AND AraN D. LoprEz

SUMMARY

Smoking has been causally associated with increased mortality from
several diseases. This chapter provides global and regional estimates of
premature mortality and disease burden in 2000 caused by tobacco use,
including an analysis of uncertainty. It also describes a method for esti-
mating the future burden of disease that could be avoided through
smoking cessation or prevention.

Comparable data, especially age-specific data, on the prevalence of
smoking are often unavailable or inaccurate. More importantly, current
prevalence of smoking is a poor proxy for cumulative hazards of
smoking, which depend on factors such as age at which smoking began,
duration of smoking, the number of cigarettes smoked per day, cigarette
characteristics such as tar and nicotine content or filter type, and
smoking behaviour such as degree of inhalation. We used the smoking
impact ratio (SIR) as a marker for accumulated smoking risk. SIR uses
lung cancer mortality in excess of never-smokers as a biological marker
for accumulated hazards of smoking. Lung cancer mortality data were
from the Global Burden of Disease (GBD) mortality database. Never-
smoker lung cancer mortality rates were estimated based on the house-
hold use of coal in unvented stoves for each subregion.' Age-sex-specific
SIR was divided into three categories: zero, medium (0 < SIR <0.5), and
high (0.5 < SIR < 1.0).

Estimates of mortality and disease burden due to smoking were made
for lung cancer, upper aerodigestive cancer, all other cancers, chronic
obstructive pulmonary disease (COPD), other respiratory diseases, car-
diovascular diseases and selected other medical causes. All diseases for
which no plausible physio-biological causal mechanism is currently
known were excluded from the analysis of the category “other medical
causes”, as were the impacts of maternal smoking during pregnancy. No
estimates were made for non-medical causes (injuries). Estimates were
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limited to ages 30 years and above. The American Cancer Society Cancer
Prevention Study, Phase II (CPS-II), with follow-up for the years
1982-88, was the reference population and provided data on exposure-
disease relationships. For China, the exposure-disease relationship was
estimated from the retrospective proportional mortality analysis of Liu
et al. (1998). Relative risks were corrected for confounding and extrap-
olation to other regions using conservative correction factors for groups
of diseases. For non-fatal outcomes, we assumed that the same attribut-
able fraction as mortality applied to all cancers and COPD (i.e. smoking
changes mortality by changing incidence) and used only one half of this
value for other health outcomes (i.e. assumed smoking changes mortal-
ity by changing incidence and severity/case fatality).

Estimates of reduction in risk after smoking cessation were obtained
from the re-analysis of CPS-II, with follow-up for the years 1982-98, for
lung cancer, COPD and cardiovascular diseases. To obtain the estimates
of exposure under a “business-as-usual” scenario, we assigned male and
female populations of countries to one of the ten main or transitional
stages of a descriptive model of the smoking epidemic based on avail-
able prevalence data. This model was used to divide per capita tobacco
consumption data into age-sex-specific estimates. Historical consump-
tion and mortality trends were used to project lung cancer mortality and
SIR under the business-as-usual scenario.

Quantitative analysis of uncertainty was conducted for five input
parameters: population lung cancer mortality, never-smoker lung cancer
mortality, reference population smoker and never-smoker lung cancer
mortality, relative risks and relative risk correction factors. Uncertainty
in population lung cancer was based on a critical review of the quality
of country mortality reporting. Uncertainty in never-smoker mortality
rates was based on the likely presence of other risk factors for lung
cancer, and uncertainty in reference population lung cancer mortality and
in relative risk estimates was estimated from the statistical uncertainty
in CPS-IT data and data from the Chinese retrospective proportional
mortality analysis of Liu et al. (1998). Uncertainty in the correction
factor was based on the potential and measured confounding of smok-
ing hazard estimates due to other risk factors. Three other sources of
uncertainty were discussed qualitatively: uncertainty associated with the
use of SIR as the exposure variable, uncertainty associated with expo-
sure to environmental tobacco smoke (ETS), and uncertainty in the esti-
mates of non-fatal conditions.

In the year 2000, there were an estimated 4.83 (95% CI 3.94-5.93)
million deaths in the world attributable to smoking. Of these, 2.41 (95%
CI 1.80-3.15) million deaths were in developing countries and 2.43
(95% CI 2.13-2.78) million deaths in industrialized countries. There
were 3.84 million global smoking-attributable deaths among men
(2.02 million in developing countries and 1.81 million in industrialized
countries) and 1.00 million among women (0.38 million in developing
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countries and 0.61 million in industrialized countries). The leading
causes of death due to smoking were cardiovascular diseases with 1.69
million deaths, COPD with 0.97 million deaths and lung cancer with
0.85 million deaths. In addition to those cases shared with smokers, there
were an estimated 60000 deaths from oral tobacco use in SEAR-D.
Smoking and oral tobacco use accounted for 4.1% of healthy life years
lost in the world in 2000. Given the demographic and epidemiological
transitions and current smoking patterns in the developing world, the
health loss from smoking will grow even larger unless effective inter-
ventions and policies that reduce smoking among males and prevent
increases among females in developing countries are implemented.

1. INTRODUCTION

Tobacco is cultivated in many regions of the world and can be legally
purchased in all countries. The dried leaf of the plant nicotiana tabacum
is used for smoking, chewing or as snuff. Smoking has been causally
associated with substantially increased risk of premature mortality from
lung cancer as well as other medical causes (Doll et al. 1994; Liu et al.
1998; U.S. Department of Health and Human Services 1989; Zaridze
and Peto 1986). As a result, in populations where smoking has been
common for many decades, tobacco use accounts for a considerable pro-
portion of premature mortality, as illustrated by estimates of smoking-
attributable deaths in industrialized countries (Peto et al. 1992).

There have been large increases in smoking in developing countries,
especially among males, over the last part of the twentieth century
(Corrao et al. 2000; WHO 1997). The first estimates of the health con-
sequences of smoking in China and India have also shown substantially
increased risk of mortality and disease among smokers (Dikshit and
Kanhere 2000; Gupta and Mehta 2000; Liu et al. 1998; Niu et al. 1998;
Gajalakshmi et al. 2003). This chapter provides estimates of premature
mortality and morbidity caused by smoking in all regions of the world,
with complete description of methods and data sources, including quan-
titative estimates of uncertainty. It also describes a method for estimat-
ing the future burden of disease due to smoking that could be avoided
through cessation or prevention.

It is well-known that the accumulated hazards of smoking depend on
factors such as the age at which smoking began, the number of cigarettes
smoked per day, cigarette characteristics such as tar and nicotine content
or filter type, and smoking behaviour such as degree of inhalation
(Fletcher and Peto 1977; Liu et al. 1998; Peto 1986). Current prevalence
of smoking alone is therefore an insufficient indicator of accumulated
risk from smoking. Although such pattern variables have been studied
in a few industrialized countries (Nicolaides-Bouman et al. 1993), few
data are available elsewhere. This lack of knowledge about important
parameters of smoking patterns and history, coupled with the fact that
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smoking is currently increasing in many developing countries, motivates
using an exposure variable that better describes accumulated risk in pop-
ulations with varying smoking histories.

Peto et al. (1992) used data on absolute lung cancer mortality to
obtain the proportions of mortality from lung cancer as well as various
other diseases attributable to smoking. We extended this method for indi-
rect estimation of excess mortality due to smoking to all regions of the
world and also included analysis of morbidity and uncertainty. The large
retrospective proportional mortality analysis in China (Liu et al. 1998)
and newer studies from India provided a means for calibrating and ver-
ifying the method for developing countries using direct estimates from
the world’s largest countries.

1.1 EVIDENCE FOR CAUSALITY

Smoking has been one of the most extensively studied human health
risks, with detailed epidemiological research dating back to the 1930s
(Doll and Hill 1950; Levin et al. 1950; Mills and Porter 1950; Muller
1939; Schairer and Schoniger 1943; Schrek et al. 1950; Wassink 1948;
Wynder and Graham 1950) (see Table 1 in Doll 1986 for a summary of
early studies). The sample size and details of data and methods have
grown in subsequent studies in a number of countries, leading to a
growing list of more than 60 000 publications on the hazards of smoking
(Lopez 1999). The evidence for the causal relationship between smoking
and all-cause and cause-specific mortality, as well as the mechanisms of
disease causation have been extensively reviewed (Doll 1986, 1998b;
U.S. Department of Health and Human Services 1989). Added to these
are a number of recent studies, especially from developing countries such
as China and India (Doll et al. 1994; Gajalakshmi et al. 2003; Gupta
and Mehta 2000; Lam et al. 2001; Liu et al. 1998; Niu et al. 1998). We
provide a brief summary of this evidence.

Randomized controlled trials of smoking and health, with random-
ization of exposure to cigarette smoking, would be impossible for ethical
and logistical reasons. Therefore, research on the health impacts of
smoking has been based on observational epidemiology and statistical
adjustment. The first evidence for the causal relationship between
smoking and mortality was from case—control studies. After the initial
evidence from case—control studies, numerous prospective cohort studies
were initiated to establish the relationship between smoking and mortal-
ity. These included studies in the United Kingdom of Great Britain and
Northern Ireland (Male British Doctors) (Doll and Peto 1976; Doll et al.
1994), the United States of America (Males in 25 States, Males in 9 States,
U.S. Veterans, California Occupations, the American Cancer Society
Cancer Prevention Study Phases I and II) (Dunn et al. 1960; Garfinkel
1985; Hammond 1966; Hammond and Horn 1958; Kahn 1966; Peto
et al. 1992; Thun et al. 1997a, 1997b), Japan (Hirayama 1977), Canada
(Canadian Veterans) (Best et al. 1961), Sweden (Cederlof et al. 1975),
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and more recently India (Gupta and Mehta 2000) and a number of other
countries. Evidence for the relationship between smoking and total mor-
tality or cause-specific mortality has been consistent among the studies.
The causes of mortality from smoking include lung cancer and cancer of
various other sites, cardiovascular diseases, COPD and other respiratory
diseases, gastric ulcer and a number of other causes.

In addition to establishing the basic causal relationship between
smoking and mortality, the results from all these studies exhibit the fea-
tures and criteria that have been considered important in establishing
causality:

1. consistently large risks relative to life-long non-smokers—more than
a 20-fold increase in risk for some diseases;

2. existence of a dose-response relationship that shows increasing risk
with increasing number of cigarettes smoked and duration of smoking
(Doll 1986; Peto 1986; Thun et al. 1997b; U.S. Department of Health
and Human Services 1989);

3. consistency of mortality (in particular for lung cancer) with smoking
characteristics and cigarette type (such as tar and nicotine yield) across
sexes and populations (Doll 1986);

4. risk reduction with smoking cessation, and a decreasing risk gradient
with increasing time since smoking cessation (Doll 1986; U.S. Depart-
ment of Health and Human Services 1989); and

5. biological plausibility. Cigarette smoke contains a number of known
human carcinogens and other toxics (Hecht 2003). The toxic (in par-
ticular carcinogenic) properties of cigarette smoke have also been
established in studies with laboratory animals (U.S. Department of
Health and Human Services 1989). More recently, the pathophy-
siological mechanisms for some non-cancer effects such as COPD
and cardiovascular diseases have also been studied and established
(see U.S. Department of Health and Human Services 1989 for a
summary).

2. METHODS AND DATA

2.1 EXPOSURE VARIABLE

LUNG CANCER MORTALITY AS AN INDICATOR OF ACCUMULATED
SMOKING HAZARD

Peto et al. (1992) observed that the level of lung cancer mortality com-
pared with never-smokers is an indicator of the accumulated hazard of
smoking and the “maturity” of the smoking epidemic in a population.
The relationship between cumulative smoking and lung cancer from
various populations confirm this relationship (Peto 1986; Yamaguchi
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et al. 2000). Based on this observation, the smoking impact ratio (SIR)
is defined as population lung cancer mortality in excess of never-smokers,
relative to excess lung cancer mortality for a known reference group of
smokers. Formally, the ratio in Equation 1 measures the absolute excess
lung cancer mortality due to smoking in the study population, relative
to the absolute excess lung cancer mortality in life-long smokers of the
reference population.

SIR:% (1)
Stc = Nic

Cic: (age-sex-specific) lung cancer mortality rate in the study population
(e.g. country of analysis)

Nic: (age—sex-specific) lung cancer mortality rate of never-smokers in the
same population

Sic and Nic: (age-sex-specific) lung cancer mortality rates for smokers
and never-smokers in a reference population

Liu et al. (1998) found that in China, the relative risk of mortality
from lung cancer as a result of smoking is approximately constant in dif-
ferent cities and villages whose non-smoker lung cancer mortality rates
varied by a factor of 10 (see Figure 4 in Liu et al. 1998). A constant rel-
ative risk means that smoking results in a larger absolute excess mor-
tality (i.e. the numerator of Equation 1) where never-smoker lung cancer
mortality is higher (and smaller absolute excess mortality where never-
smoker lung cancer mortality is lower). Therefore, to be converted to an
indictor of the maturity of the smoking epidemic, the numerator and
denominator of Equation 1 need to be normalized with the respective
never-smoker lung cancer mortality rates. We defined the background-
adjusted SIR by the following relationship:

CLC _NLC % NLC
Nic

SIR = (2)

Sic-Nic

where C;c, N;¢, Sic, and N are defined as above.

Following Peto et al. (1992), we used the CPS-II study population
(described below) as the reference population. This is because, among
the numerous studies of smoking and cause-specific mortality (U.S.
Department of Health and Human Services 1989), CPS-II is one of the
very few with follow-up conducted when the smoking epidemic was
at its highest levels, especially for men. Therefore, the vast majority of
(male) CPS-IT current-smokers had been lifelong cigarette smokers.
Further, the estimates of increased risk of mortality among smokers were
available for both men and women and in smaller age groups than in
other studies of smoking and mortality, such as the Male British Doctors
cohort (Doll et al. 1994).
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It is straightforward to show that SIR equals the proportion of refer-
ence-population (i.e. CPS-II) smokers in a mix of smokers and never-
smokers, which has the same lung cancer mortality rate as the study
population (Peto et al. 1992).> This provides a convenient interpretation
of SIR: using excess lung cancer mortality over never-smokers, SIR cap-
tures the accumulated hazards of smoking by converting the smokers in
the study population into equivalents of smokers in the reference popu-
lation where hazards for other diseases have been measured (Peto et al.
1992).

SIR values were calculated for individual countries and then averaged
(population-weighted) across the 14 reporting subregions by age group
and sex. The age groups used in the analysis were 0-4, 5-14, 15-29,
30-44, 45-59, 60-69, 70-79, and >80, which are the reporting age
groups used in the GBD study. No deaths before the age of 30 years were
attributed to smoking. Peto et al. (1992) used 35 as the lowest age for
considering the impacts of smoking. Because of the GBD age grouping,
we also included the 30-34 age group. The number of deaths attributed
to smoking among people between 30 and 34 years of age is likely to be
very small.

SIR values larger than 1.0 were set to 1.0. This occurred in the case
of males in the 30-44 age group in 17 European countries and one
Western Pacific island, and in the 45-59 age group in three countries in
eastern Europe. Relatively low lung cancer mortality in younger ages can
lead to unstable SIR values. This is particularly the case if the never-
smoker rates are estimated with error, which is more likely in younger
ages when lung cancer is relatively rare. Further, although a SIR larger
than 1.0 may seem to imply that a population which consists of some
smokers and some never-smokers had higher lung cancer mortality than
CPS-II life-long smokers, factors such as the type and number of ciga-
rettes or the age at which smoking began can result in such a pattern,
especially where prevalence of smoking is high. The age of smoking ini-
tiation is particularly important for SIR values in earlier ages such as
those affected in this analysis. For example, historical lung cancer mor-
tality data show SIR larger than 1.0 among British males aged <60 years
in some years between 1950 and 1970 and American males between
1968 and 1976. We nonetheless set the SIR for these groups to 1.0 to
avoid any potential overestimation of risk.

EXPOSURE CATEGORIES

SIR is a measure of exposure in the population, vs the individual. In fact,
since SIR is based on the lung cancer mortality rate, it cannot be defined
at the level of an individual. It is nonetheless possible to divide a popu-
lation into subgroups with different SIRs subject to the constraint that
the overall population SIR should remain unchanged.

Suppose that a population with a specific SIR is divided into three
subgroups with SIR;, SIR, and SIR;. Then
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SIR = (11SIR1 +d281R2 +d3SIR3 (3)
and
ay+a, +a; =1.0 (4)

where ai, a,, and a; are the fractions of the population in the three sub-
groups. The above system of equations is under-determined for any divi-
sion of more than two subgroups. If one considers never-smokers as one
of the subgroups (subgroup 1) then, by definition of the smoking impact
ratio, SIR; = 0 and

SIR= azsIRz +d3SIR3 (5)
If p denotes the fraction of the population who have been smokers at

some stage of their lives: a; =1 — p and a,+ a; = p.
After some manipulation, it can be shown that

_ SIR- pSIR
® = GIR, - SIR, (6a)
and
. _ SIR=pSIR,
T SIR, - SIR, (6b)

But prevalence data (p) are often unavailable or inaccurate, because
of both differences in the definition of “ever-smoker” (someone who has
smoked at least one cigarette in their life) and data collection complex-
ity. In this work, the additional requirement for age-specific information
makes the existing prevalence data—which are often defined for youth
and adults only—even less useful. Therefore, in dividing the population
into subgroups, the calculation of the fraction of the population in each
subgroup is subject to the constraint that the overall SIR remains
unchanged.

The specific categories that were used correspond to SIR; = 0,
0 < SIR; £ 0.5, and 0.5 < SIR; < 1.0. For the last two categories, the
midpoints (0.25 and 0.75) were used in estimating the fraction of pop-
ulation in the two categories (a, and a3), once again subject to the con-
straint that the overall SIR be equal to the original population SIR. The
analysis was conducted to divide each age-sex-subregion SIR value into
three categories.

THEORETICAL-MINIMUM-RISK EXPOSURE DISTRIBUTION

Because the harmful effects of smoking outweigh the potential health
benefits for a small number of diseases (such as parkinsonism) by many
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orders of magnitude (Doll 1986, 1998a), the dose-response relationships
for smoking and overall mortality and burden of disease are monotoni-
cally increasing. Therefore, the minimum risk from smoking would occur
in a population in which no one had ever smoked. Further, although such
a population may not be achievable in practice, there are no physical
limits to reduction of smoking. Therefore, the theoretical minimum
exposure distribution was chosen as a population with a SIR of zero.

POPULATION AND LUNG CANCER MORTALITY STATISTICS

The age-sex-specific population estimates for the 191 WHO Member
States were from the United Nations Population Division, and mortality
statistics from WHO’s GBD database. GBD mortality statistics are
divided by country, sex, age (five-year age groups up to 85 and then >85),
and more than 150 causes of death. The sources of mortality data include
vital registration and sample registration, population laboratories, and
epidemiological studies. Details of mortality data and cause-of-death
analysis methods are described elsewhere (Mathers et al. 2002) and are
summarized below where relevant.

The reliability of the SIR is determined by the reliability of lung cancer
mortality estimates. In countries with good vital registration and medical
certification of deaths (approximately 75 countries), lung cancer mor-
tality is diagnosed with a high degree of accuracy. For example, micro-
scopic confirmation of diagnosis against the cause reported on death
certificates has suggested a 95% or higher confirmation rate in these set-
tings (Percy and Muir 1989; Percy et al. 1990). In approximately another
50 countries, vital registration of mortality is incomplete and medical
certification of the cause much less reliable. Standard demographic tech-
niques (Bennett and Horiuchi 1984; Hill 1981; Preston et al. 2000) are
used in the GBD project to correct all-cause death rates by age for these
populations, and lung cancer rates are adjusted accordingly. Finally, for
countries without vital registration, overall age-specific death rates were
first determined using model life-tables (Lopez et al. 2002). Total cancer
death rates are then estimated based on regional information about pro-
portionate cancer mortality. Within this death rate, the distribution by
site is based on regional incidence patterns from cancer registries report-
ing to the International Agency for Research on Cancer, IARC (Parkin
et al. 1992, 1997). This indirect procedure is likely to entail consider-
able uncertainty, as we describe below.

2.2 RISK FACTOR—DISEASE RELATIONSHIPS

AMERICAN CANCER SOCIETY CANCER PREVENTION STUDY
(ACS CPS-II)

The American Cancer Society’s Cancer Prevention Study, phase II (CPS-
II) is a prospective study of smoking and death in more than one million
Americans aged >30 years when they completed a questionnaire in 1982,
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with the latest follow-up in 1998. A complete description of the study
is provided elsewhere and summarized below (Garfinkel 1985; Peto et
al. 1992; Thun et al. 1995, 1997a, 1997b, 2000). In 1992, when the first
six-year (1982-1988) results were obtained, mortality follow-up was vir-
tually complete for the first two years, and about 98-99% complete for
the next four. Because some conditions that cause death in the first two
years may have affected smoking habits at entry (e.g. those diagnosed
with lung cancer may have stopped smoking because of their disease
or related symptoms), analysis was restricted to years 3-6 inclusive
(1984-1988) (Peto et al. 1992). The analysis related deaths (subdivided
by cause, sex and five-year age groups at the time of death) to person-
years (with accounting for incompleteness) for those who in 1982 had
never smoked regularly, and for those who were then current cigarette
smokers (Peto et al. 1992). Most of the CPS-II current-smokers were life-
long cigarette smokers with a mean consumption of about 20 cigarettes
per day. Relative risks for cause-specific mortality among smokers in the
CPS-II population are provided in Table 11.1.

RETROSPECTIVE PROPORTIONAL MORTALITY STUDY IN CHINA

In a retrospective study of one million deaths in 24 urban centres and
74 rural areas of China, Liu et al. (1998) used proportional mortality
analysis to obtain relative risks for three groups of diseases (neoplastic,
respiratory and cardiovascular diseases). As explained in Liu et al.
(1998), proportional mortality analysis cannot estimate excess mortality
for these causes of death in the reference group. Therefore, in this study
(Liu et al. 1998) the attributable fraction for causes other than the above
three groups was considered to be zero. At the same time, since a few
of the deaths in the reference group were also due to smoking, this
method would underestimate (as zero) the proportion of mortality due
to the causes in the reference group. The relative risks and attributable
fractions of cause-specific mortality from Liu et al. (1998) are summa-
rized in Table 11.2.

DISEASE OUTCOMES AND HAZARD SIZE

Lung cancer mortality attributable to smoking was obtained as the dif-
ference between population lung cancer mortality and that of never-
smokers (i.e. the numerator of Equation 1). For all other diseases, the
relative risks from CPS-II (Table 11.1) were used. To obtain mortality
from other causes, a “mixture” of CPS-II smokers and non-smokers was
taken to give a SIR equal to that of the study population (as described
above, the proportion of smokers in this mixture equals the SIR of the
study population). This mixture was then used together with the cause-
specific relative risks from CPS-II (Table 11.1) to estimate population
attributable fractions (PAF) in the study population for different
diseases.
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Table 11.1  Selected relative risks for cause-specific mortality for years
3-6 inclusive of ACS CPS-Il prospective study of one million
American adults

Cause (ICD-9 code) Male Female
Lung cancer (162)* 24.22 12.50
Upper aerodigestive cancer (mouth, oropharynx or oesophagus) 7.87 6.95

(140-150 and 161)

Other cancer (rest of 140-209) 1.69 1.20
Chronic obstructive pulmonary disease (490—492, 496) 13.82 14.21
Other respiratory diseases (460—466, 480—487, 381-382)°

35-59 3.05 2.69
60-64 231 2.68
65-69 2.09 2.52
70-74 2.00 2.00
275 1.54 1.44

Infectious and parasitic diseases (001-139, 320-323, 614-616 with the
exception of those above), maternal and perinatal conditions (630-676,
760-779), neuro-psychiatric conditions (290-319, 324-359), cirrhosis
of the liver (571), congenital anomalies (740-759), and non-medical

causes (injuries) (EB00-999)¢ NA NA
Other medical causes (rest of 000-799)

35-59 3.05 2.69
60-64 231 2.68
65-69 2.09 2.52
70-74 2.00 2.00
>75 1.54 1.44

NA Not applicable.

a

For lung cancer, the population attributable fraction was obtained by direct subtraction of
population lung cancer mortality from that of non-smokers.

This category also includes tuberculosis (010-018, 137) for which there are separate estimates of
relative risk in China.

Peto et al. (1992) included medical (non-injury) causes of death in this category with the category
“other medical causes”. We assumed that none of the deaths in this category were attributable to
smoking because of lack of established causal pathways.

Source: Peto et al. (1992).

The use of relative risk models in estimating tobacco-attributable
mortality has been criticized in the past (Lee 1996). While both
additive and multiplicative risk models have been used in epidemiology
(Moolgavkar and Venzon 1987), the use of a relative risk approach for
common risk factors for common diseases is standard in epidemiologi-
cal literature based on its ability to capture the “risk magnification” role
of most risk factors. In the particular case of smoking, Liu et al. (1998)
found that in China, the relative risks for mortality from lung cancer and
other major diseases are approximately constant in different cities and
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Table 11.2  Selected relative risks and attributable fractions of mortality
from the retrospective mortality analysis of one million
deaths in China

Ages 35-69 years Ages 270 years

Weighted % deaths Weighted % deaths
mean relative  attributable mean relative  attributable

Cause (ICD-9 code) risks (SE) to smoking risks (SE) to smoking
Male
Malignant neoplasm (140-208) 1.51 (0.02) 24.4 1.39 (0.03) 18.7
Lung cancer (162) 2.72 (0.05) 523 2.47 (0.07) 46.6
Oesophageal cancer (150) 1.61 (0.04) 27.9 — 18.2
Stomach cancer (151) 1.35 (0.03) 18.1 — 9.1
Liver cancer (155) 1.40 (0.03) 20.2 — 14.7
Mouth, pharynx, larynx, pancreas 1.51 (0.05) 24.6 — 19.1
or bladder (140-9, 161, 157, 188)
Other malignant neoplasm 1.24 (0.03) 13.1 — —
Respiratory 1.31 (0.02) 17.2 1.54 (0.02) 24.6
Chronic obstructive pulmonary 1.43 (0.03) 22.6 1.63 (0.03) 27.4
disease (ICD 490492, 496,
416-417)
Respiratory tuberculosis 1.20 (0.04) 1.3 — 24.5
O11,012,018)
Other respiratory (rest of 460-519) 1.07 (0.05) 4.2 — —
Cardiovascular (390415, 418-459) 1.15 (0.02) 8.5 1.06 (0.02) 34
Stroke (430—439) 1.17 (0.02) 10.0 — 4.2
Ischaemic heart disease (410—414) 1.28 (0.03) 14.7 — 2.8
Other cardiovascular diseases 0.94 (0.03) NA — —

(all cardiovascular except 430—439,
410-414, 416-417)

Other causes (reference group) 1.00 NA 1.00 NA
Female
Malignant Neoplasm (140-208) 1.37 (0.04) 4.0 1.37 (0.03) 4.7
Lung cancer (162) 2.64 (0.08) 19.4 2.50 (0.09) 20.1
Oesophageal cancer (150) 1.34 (0.08) 2.8 — 43
Stomach cancer (151) 1.17 (0.06) 1.7 — 23
Liver cancer (155) 1.22 (0.06) 2.4 — 42
Mouth, pharynx, larynx, pancreas, 1.53 (0.09) 6.4 — 9.1
or bladder (140-9, 161, 157, 188)
Other malignant neoplasm 1.04 (0.04) 0.5 — —
Respiratory 1.61 (0.05) 7.5 1.59 (0.03) 74
Chronic obstructive pulmonary 1.72 (0.05) 9.3 1.70 (0.03) 8.6
disease (ICD 490492, 496,
416-417)
Respiratory tuberculosis 1.29 (0.08) 2.8 — 6.7
011,012, 018)
Other respiratory (rest of 460-519) 1.14 (0.09) 1.5 — —

continued



Majip EzzaTi AND ArLaN D. LoPEZ 895

Table 11.2  Selected relative risks and attributable fractions of mortality
from the retrospective mortality analysis of one million
deaths in China (continued)

Ages 35-69 years Ages 270 years

Weighted % deaths Weighted % deaths
mean relative attributable mean relative  attributable

Cause (ICD-9 code) risks (SE) to smoking  risks (SE) to smoking

Cardiovascular (390415, 418-459) 1.01 (0.03) 0.2 1.02 (0.02) 0.2
Stroke (430-439) 0.97 (0.03) NA — —
Ischaemic heart disease (410-414) 1.30 (0.05) 4.1 — 2.0
Other cardiovascular diseases 0.94 (0.05) NA — —

(all cardiovascular except 439439,
410414, 416-417)

Other causes (reference group) 1.00 NA 1.00 NA

—_ Values not reported in Liu et al. (1998).
NA Not applicable.
Source: Liu et al. (1998), Tables | and 5.

villages where background (non-smoker) mortality rates for the same
disease varied significantly. This finding also has been confirmed in
studies which stratified on serum cholesterol for cardiovascular diseases
(Jee et al. 1999).

The exception to the use of CPS-II relative risks was tobacco-
attributable mortality in China, for which direct estimates of the
fraction of cause-specific mortality due to smoking from 1990 were avail-
able. For China, attributable fractions for diseases other than lung cancer
were obtained using relative risks from Liu et al. (1998). Since smoking
has been increasing in China over the past few decades, we used SIR esti-
mates to capture the impact of this trend. The relative risks for each
smoker from Liu et al. (1998) were converted to relative risks for
each unit of SIR (i.e. equivalent to life-long CPS-II smoker) by back-
calculation in 1990 and used with 2000 SIR estimates. The upper aerodi-
gestive cancer category was constructed from oesophageal cancer and
cancers of five minor sites (mouth, pharynx, larynx, pancreas and
bladder) by using weights based on the number of deaths in each disease
category. Relative risks per unit of SIR for China (which correspond to
the same level of accumulated smoking hazard as Table 11.1 for CPS-II
life-long smokers), are provided in Table 11.3.

Although smokers are found to have increased mortality due to causes
other than those in Table 11.1, none of the deaths from non-medical
causes (injuries) and the following medical causes (for which there are
no known pathways of causality) were attributed to smoking: infectious
and parasitic diseases (with the exception of those in the category “other
respiratory disease” for which there were estimates of hazard), maternal



896 Comparative Quantification of Health Risks

Table 11.3  Relative risks for each unit of SIR* for China obtained by
back-calculation from 1990 estimates of attributable
mortality from Table 11.2

Male Female®
Cause 35-69 years 270 years 35-69 years 270 years
Lung cancer 20.97 35.76 14.19 15.06
Upper aerodigestive cancer 7.71 9.90 2.78 3.89
Other cancer 4.39 5.12 1.56 2.30
Chronic obstructive pulmonary disease 6.32 16.03 6.62 6.26
Tuberculosis 3.32 7.32 2.58 249
Other respiratory diseases 1.80 3.14 1.83 1.79
Cardiovascular diseases 2.69 2.40 I.11 I.11
Other causes (reference category)* 1.00 1.00 1.00 1.00

a

Equivalent to a CPS-II life-long smoker in Table I1.1.

® Relative risks for females are likely to be unstable due to low prevalence of female smoking in China.

¢ Since the proportional mortality method used by Liu et al. (1998) does not allow obtaining attributable

mortality for causes in the reference group, the relative risks were estimated as one. At the same time,
since some deaths in this category are also due to smoking the relative risks from CPS-Il were used for
these causes.

and perinatal conditions (see below for discussion), neuro-psychiatric
conditions, cirrhosis of the liver and congenital anomalies.

There is increasing evidence of an association between smoking and
tuberculosis (Dhillon et al. 2000; Gajalakshmi et al. 2003; Lam et al.
2001; Liu et al. 1998). The role of air pollutants in increased risk of infec-
tious pulmonary disease has also been suspected to be through weaken-
ing of lung function and defence mechanisms (Thomas and Zelikoff
1999). At the same time tuberculosis is a highly communicable disease
whose transmission dynamics are affected by a number of factors.
Further, progress from infection to disease and mortality is highly depen-
dent on control and treatment mechanisms. Because of this crucial role
of cofactors in tuberculosis incidence and mortality, and their concen-
tration in specific sectors of society, we did not extrapolate relative risks
for this disease from one setting to another. We considered tuberculosis
as a separate cause of mortality due to smoking only in China where pub-
lished direct estimates on the relationship were available. We grouped
tuberculosis with the category “other respiratory diseases”, which have
a lower relative risk, in all other countries. Not including tuberculosis as
a separate cause of death for the rest of the world is a conservative
assumption. This is particularly true in the case of India where recent evi-
dence indicates risks larger than those in China (Dhillon et al. 2000;
Gajalakshmi et al. 2003).

Many deaths from burns and other injuries due to fires are also attrib-
utable to smoking. For example, pooled studies from Australia, the
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United Kingdom and the United States show an attributable fraction of
0.23 for fire-related injuries due to smoking (English et al. 1995). The
number of fire-related deaths and injuries are highly dependent on local
circumstances including population density, housing, the availability of
emergency services, etc. A relative risk approach would, therefore, be
unsuitable for their analysis, which is better conducted using injury reg-
istries. Given the large burden of injuries due to fires, excluding non-
medical causes undoubtedly results in an underestimation of the health
impacts of tobacco.

There has also been growing evidence of the impact of maternal
smoking on maternal and child health. Specific outcomes include still
births and neonatal deaths, perinatal mortality, low birth weight,
primary and secondary infertility, ectopic pregnancy and spontaneous
abortion and a number of other child and maternal conditions (U.S.
Department of Health and Human Services 1989, 2001). Despite the evi-
dence for the relationship, there has been little quantification of the
impact of maternal exposure on child disease and mortality, especially
in settings with high background levels of child and maternal mortality.
Further, these estimates would require estimating what fraction of female
smokers continues to smoke during pregnancy. Not including quantita-
tive estimates of the health hazards for maternal and child health also
underestimates the burden of disease due to smoking.

Before using the relative risks from CPS-II, we reduced the excess risk
attributed to smoking using constant correction factors as described
below. As explained by Peto et al. (1992), a constant correction factor,
although arbitrary, avoids overestimating mortality due to confounding
in the ACS CPS-II relative risk estimates (which were adjusted for age
and sex only) as well as extrapolation of relative risk values from this
population to other populations, where exposure to other risk factors
that could modify the effects of smoking in a non-multiplicative way may
be different. The issue of the confounding of the CPS-II risk estimates
used by Peto et al. (1992) and the arbitrary nature of the correction
factor were used to challenge the indirect estimates of mortality due to
this risk factor (Lee 1996; Sterling et al. 1993).

In studies other than CPS-II, the overall impact of confounding due
to diet on the estimates of excess risk of mortality from smoking has
been found to be considerably less than half of the excess risk for car-
diovascular diseases (such as those studies reviewed as a part of the meta-
analysis of ETS and ischaemic heart disease [[HD] by Law et al. 1997
or in analysis of multiple cardiovascular disease risk factors in Japan
Hirayama 1990). Alcohol consumption and smoking are correlated in
many populations, including in the United States where the ACS CPS-II,
which was used to obtain relative risks, was conducted. Alcohol may
affect cardiovascular disease (in particular IHD) in both beneficial and
harmful ways depending on the patterns of consumption (Britton and
McKee 2000; Puddey et al. 1999; chapter 12 in this book). Alcohol
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was associated with a reduction in cardiovascular disease mortality risk
in CPS-II (Thun et al. 1997c¢). But the overall death rates were lowest
among men and women reporting about one drink daily and increased
with heavier drinking, particularly among adults aged <60 years with
lower risk of cardiovascular disease (Thun et al. 1997¢). It may also have
been the case that CPS-II smokers had more harmful drinking patterns,
which would confound the relative risk estimates for cardiovascular
disease. At the same time, given that the beneficial impacts of alcohol
in this cohort persisted even at higher consumption levels, any possible
confounding effect on estimates of smoking hazard size is likely to be
considerably less than one half of the excess risk. In the Nurses’ Health
Study, Kawachi et al. (1997) found that the relative risk for cardiovas-
cular diseases as a result of smoking after adjustment for multiple covari-
ates (3.74) was larger than the unadjusted relative risk (3.47); the change
was not statistically significant. The reduction in cardiovascular disease
excess risk due to adjustment for age, community, history of hyperten-
sion and diabetes, consumption of alcohol, systolic blood pressure, and
frequency of walking in a study of the relationship between smoking
and mortality in three United States communities was 20% for men
(2.0 to 1.8). Adjustment resulted in an increase in female relative risk
(from 1.7 to 1.8) (LaCroix et al. 1991); neither change was statistically
significant.

Among cancers, upper aerodigestive cancers are the diseases for which
confounding due to alcohol consumption may be most important. There
is evidence from studies in different parts of the world on the interac-
tion (excess over multiplicative) between alcohol and tobacco for various
upper aerodigestive cancers (Flanders and Rothman 1982; Kinjo et al.
1998). As described by Flanders and Rothman (1982), this interactive
effect as well as the correlation between exposure to these two risk
factors, would imply larger risks from smoking than would be the case
in the absence of interaction and correlation. Therefore, reduction of risk
by one half is likely to not only account for potential confounding but
also result in conservative estimates.

In response to the criticism about the lack of empirical evidence for
confounding correction, CPS-II data were re-analysed together with
adjustment for potential confounders (Malarcher et al. 2000; Thun et al.
2000). Malarcher et al. (2000) found that adjusting for multiple covari-
ates (age, education, alcohol use, hypertension status and diabetes
status) only marginally changed the fraction of mortality attributable to
smoking in the United States, as shown in Table 11.4. As seen in the
table, except for cerebrovascular disease (CVD) among men, adjustment
for confounding had no or little effect, or even resulted in a slight
increase, on the smoking-attributable mortality.

In a more detailed re-analysis of CPS-II data, Thun et al. (2000) adjusted
for age, race, education, marital status, occupation (“blue collar” worker)
and total weekly consumption of citrus fruits and vegetables in estimat-
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Table 11.4  Effect of adjustment for confounding on the fraction of
cause-specific mortality attributable to smoking
Male Female
Age-adjusted Fully-adjusted Age-adjusted Fully-adjusted

Lung cancer

091 (0.89-0.92)

0.89 (0.87-0.91)

0.71 (0.68-0.74)

0.77 (0.71-0.80)

COPD 0.85 (0.82-0.88) 0.88 (0.83-0.92) 0.70 (0.65-0.74) 0.68 (0.61-0.76)
IHD 0.23 (0.20-0.26) 0.24 (0.21-0.27) 0.08 (0.06-0.10) 0.10 (0.06-0.13)
CVD 0.16 (0.09-0.22) 0.10 (0.02-0.19) 0.10 (0.07-0.12) 0.09 (0.05-0.12)
Source: Malarcher et al. (2000).

ing the relative risk of mortality due to a range of neoplasms, cardiovas-
cular diseases and respiratory diseases. In addition, the analysis for
cardiovascular diseases adjusted for current aspirin use or alcohol
consumption, body mass index (BMI), physical activity at work or leisure
and weekly consumption of fatty foods. For lung cancer and COPD,
the analysis also adjusted for occupational exposure to asbestos. Similar
to the analysis of Malarcher et al. (2000), with the exception of stroke
among men, whose relative risk declined from 2.9 (95% CI 2.3-3.7) to
2.4 (95% CI 1.8-3.0) for the 35-64-year age group and from 1.8 (95%
CI1.6-2.2)t0 1.5 (95% CI 1.2-1.8) for those aged >64 years, excess risks
increased, stayed unchanged or decreased by small amounts. As in the
case of Malarcher et al. (2000), the largest decrease was in the case of
stroke for males (17% decrease in excess risk for the 35-64-year age group
and 38% for those aged 265 years). Overall, Thun et al. (2000) concluded
that adjustment for confounding reduced their estimates of mortality
attributable to smoking in the United States by approximately 1%.

Finally, the Chinese retrospective study provides some evidence that
background disease rates do not change the proportion of mortality
attributable to smoking (Figures 4 and 5 in Liu et al. 1998). In extrap-
olating hazard size from industrialized to developing countries, one
would have to deal with availability of health services (such as medical
care for cardiovascular disease patients) if extrapolation were based on
absolute risk (i.e. number of deaths) because the number of fatal cases
would vary based on available treatment. If extrapolation is made based
on risk of mortality for smokers relative to non-smokers, however, avail-
ability of health services would not bias the estimates if smokers and
non-smokers have similar access to these services.

Based on this evidence of the robustness of CPS-II relative risk esti-
mates to adjustment for confounding and extrapolation across settings
with different background mortality rates, we modified the choice of cor-
rection factor from that used by Peto et al. (1992). We used a correction
factor of 30%, approximately equal to the largest reduction in excess
risk due to confounding seen in the re-analysis of CPS-II data, to reduce
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the excess risk for all cause-specific relative risks (see also discussion of
uncertainty). This choice continues to be conservative to account for any
potential residual confounding or any other potential sources of overes-
timation arising from extrapolation across regions. For the category,
“other medical causes”, where the extent of confounding is still not
known, we continued to attribute only one half of the excess mortality
estimated by CPS-II.

The excess risk for China was reduced by 5%. Confounding due to
other risk factors is likely to have been negligible in China because of
the more homogenous level of exposure to other risk factors (e.g. diet,
alcohol, and indoor air pollution from coal) in the population compared
to the CPS-II population (R. Peto, personal communication, 2001). The
proportional mortality method used by Liu et al. (1998) also is not
affected by confounding due to any risk factor that increases mortality
in the study and reference disease categories (such as effects of alcohol
on cancer and liver cirrhosis). Finally, since the relative risks are used for
China only, effect modification due to other risk factors is not a concern.
The 5% reduction of excess risk was used to account for the potential
small level of residual confounding.

ASSESSMENT OF MORBIDITY

Virtually all causes of mortality (diseases) that are affected by smoking
are chronic diseases due to long-term exposure. Therefore, a reasonable
assumption would be that smoking increases mortality by increasing
disease incidence, rather than modifying case fatality among those who
would already be affected by the disease. Since the non-fatal component
of disability-adjusted life years (DALYSs) (i.e. years lived with disability
or YLD) is based on incidence, this assumption would imply that the rel-
ative risks for mortality and incidence are equal. Among the causes of
mortality considered, the most obvious exception to this assumption may
be asthma and respiratory infections, where smoking may affect inci-
dence, case fatality or both. For these diseases we assumed that one half
of the morbidity obtained from the above approach is due to smoking.
To provide conservative estimates, we also considered that for those dis-
eases where medical interventions may reduce case fatality (such as some
cardiovascular diseases) and those for which smokers have a smaller
excess risk compared to non-smokers (such as the “other medical con-
ditions” category), the increased risk of mortality may be partially due
to increased case fatality. Therefore, for these diseases also, we assumed
that one half of the above attributable fraction was due to smoking. In
summary, the attributable fraction of morbidity due to smoking was
assumed to be the same as mortality for all cancers and COPD, and one
half of the latter for all other causes.
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2.3 CHOICE OF NEVER-SMOKER LUNG CANCER MORTALITY IN THE
STUDY POPULATION

In Equation 2, C;¢ is from the GBD mortality database and Sj¢ and
N#c directly from CPS-II. The only parameter to be estimated indirectly
is Ny, since direct estimates of never-smoker lung cancer mortality are
known for very few countries. Figure 11.1 shows non-smoker lung
cancer mortality for the United States (from CPS-II) and China (from Liu
et al. 1998). The detailed data in Liu et al. (1998) further allow divid-
ing the Chinese rates into urban and rural areas, and the latter into
coastal and inland rural.

As seen in Figure 11.1, age-specific non-smoker lung cancer mortal-
ity is considerably higher in China than in the United States for both
males and females. In China itself, there are also marked differences
between different parts of the country with urban areas having the
highest non-smoker lung cancer mortality rates and inland rural areas
the lowest (also seen in Figure 4 in Liu et al. 1998). The difference
between the non-smoker lung cancer mortality rates for the United States
and China, and between urban and rural regions of China is explained
by the Chinese patterns of household energy use over the past few
decades. Coal is a common household fuel in China, often burned in
stoves and buildings without adequate ventilation (Du et al. 1996; Liu
et al. 1998; Smith et al. 1993; Wang et al. 1996). Exposure to coal smoke
and cooking fumes has been associated with increased lung cancer inci-
dence in China (Du et al. 1996; He et al. 1991; Wang et al. 1996). In
inland rural regions of China, where incomes are the lowest, biomass
(including crop residues and wood) has been the dominant household
fuel compared with coastal villages and cities where coal has been more
commonly used.

The relationship between biomass fuels and lung cancer has been
absent or considerably smaller than that between coal and lung cancer
(Bruce et al. 2000; Ko et al. 1997; Smith and Liu 1993; Sobue 1990) as
seen also in chapter 18. Although urban air pollution has been linked to
increased lung cancer mortality in some studies, the size of the risk is
considerably smaller than the effects of smoking or direct exposure to
coal smoke (Doll 1978; Jedrychowski et al. 1990; Nyberg et al. 2000;
Pope et al. 2002; Vena 1982). Further, the impact of ambient air pollu-
tion on lung cancer has been found to be smaller among non-smokers
than among smokers, with one study finding increased risk of lung
cancer as a result of urban air pollution among smokers only
(Jedrychowski et al. 1990; Vena 1982). For example, exposure to high
levels of urban air pollution, even in regions where coal was used exten-
sively, was found to increase the risk of mortality from lung cancer by
approximately 14% among non-smokers (vs 40% among smokers)
(Jedrychowski et al. 1990). Coupled with the fact that only small frac-
tions of national populations live in the most polluted urban areas,
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Figure 11.1 Non-smoker mortality from lung cancer in different
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overall population lung cancer mortality is not expected to be greatly
affected by urban air pollution. For example, the lung cancer mortality
rate among non-smoking American women remained constant at
approximately 12 per 100000 between 1960 and 1986 despite changes
in exposure to urban air pollution (U.S. Department of Health and
Human Services 1989).

Based on the pattern of background lung cancer mortality rates, and
the underlying risk factors for increased lung cancer mortality in China
and its various regions, background (never-smoker) lung cancer rates for
the different subregions were based on the estimated use of coal for
domestic energy in unvented stores as provided in chapter 18. We used
Chinese non-smoker rates for China, a weighted average of Chinese and
CPS-II non-smoker for SEAR-D where coal is also used for household
fuel (with weights for Chinese rates equal to the prevalence of coal use),
and CPS-II non-smoker rates for the remaining countries of the world
where domestic coal use in unvented stoves is negligible. The remaining
risk factors with potential effects on lung cancer mortality (ambient air
pollution, occupational hazards, indoor air pollution from radon or
biomass smoke, etc.) affect all populations in varying degrees. The net
impacts of these other risk factors are considered as sources of uncer-
tainty in extrapolating never-smoker lung cancer mortality from one
setting to another.

2.4 RISK REVERSIBILITY

Estimating the burden of disease that might be avoidable as a result of
exposure removal requires knowledge of risk reversibility (the decline in
risk after exposure is removed) for those who are current smokers.* For
those who never begin to smoke, of course, the entire disease burden as
a result of smoking is avoided. The benefits of smoking cessation for
reduction of mortality risk have been reported in a number of studies
(Best et al. 1961; Doll and Hill 1956; Doll and Peto 1976; Doll et al.
1994; Dunn et al. 1960; Hammond 1966; Kahn 1966; U.S. Department
of Health and Human Services 1990c). Many studies have also consid-
ered the reduction in risk with time since cessation. Most of these studies
have focused on the reduction in the risk of lung cancer and cardiovas-
cular causes since cessation. Although the estimates of risk reduction
time have varied among different studies, possibly due to different
smoking histories and other differences (such as age at which cessation
occurred) among the study populations, the benefits of cessation have
been consistently demonstrated.

To capture the history and accumulated hazards of smoking, we con-
tinued to use smoking impact ratio (SIR) as the exposure variable in
considering risk reversibility. We first estimated risk reversibility for lung
cancer to obtain estimates of reduction in SIR values after cessation. For
diseases other than lung cancer, we estimated the reduction in disease
risk per unit of SIR—our exposure variable—using the studies on risk
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reversibility. Together with the SIR estimates after cessation, these pro-
vided estimates of avoidable mortality for causes other than lung cancer,
which also took into consideration the full history of smoking before
cessation.

LUNG CANCER

The reduction in lung cancer risk with smoking cessation has been
demonstrated in a number of studies (Alderson et al. 1985; Higgins et
al. 1988; Kahn 1966; Lubin et al. 1984; Pathak et al. 1986; Peto and
Doll 1984; Peto et al. 2000; Sobue et al. 1991; U.S. Department of
Health and Human Services 1990a). Peto et al. (2000) provided an
analysis of risk reduction for those who would have been life-long
smokers but stopped smoking at various ages using two case—control
studies for lung cancer, and national lung cancer mortality statistics in
1950 and 1990 (see Figure 3 in Peto et al. 2000). Table 11.5 shows the
reduction in risk, relative to those who continue to smoke, as a function
of time since cessation. The results are presented for all ages to increase
statistical stability (S. Darby, personal communication, 2001). The large
difference between male and female estimates of reversibility in this study
is because female estimates were based on relatively few cases of ex-
smokers with lung cancer (S. Darby, personal communication, 2001).
Also, because the smoking epidemic for females lagged the male epidemic
in the United Kingdom, as elsewhere, the comparison of 1950 and 1990
lung cancer mortality rates was likely to have included few females who
had stopped smoking after the peak of the epidemic.

These estimates of decline in risk are consistent with those from a
number of prospective cohort studies (summarized in Table 3 in U.S.
Department of Health and Human Services 1990a) including Male
British Doctors, United States Veterans, and American Cancer Society
CPS-I and CPS-II. When all subjects are considered, these prospective

Table 11.5 Decline in the risk of lung cancer mortality with time since
smoking cessation

Smoking status Male Female

Current smoker 1.00 1.00

Years since cessation among former smokers

0-9 0.66 0.69
10-19 0.42 0.21
20-29 0.18 0.05
=30 0.08 —

— Value not reported.

Source: Peto et al. (2000).
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studies show a consistent increase in relative risk in the first five years
from the date of cessation (U.S. Department of Health and Human Ser-
vices 1990a). This can be attributed to selection bias, as those who die
in the first few years after cessation are likely to have stopped smoking
because they had been diagnosed with a disease. This is confirmed in the
separate analysis of those with and without history of chronic disease in
CPS-II. In this analysis, those without a history of chronic disease have
a consistent declining trend in lung cancer mortality risk compared to
all respondents (Figure 11.2). To estimate lung cancer risk reversibility
with cessation, we used a re-analysis of CPS-II data (1998 follow-up)
excluding those subjects with a history of chronic disease (lung cancer,
COPD, cardiovascular diseases) (Figure 11.2).

Despite some remaining differences, the male and female reversibility
estimates in Figure 11.2 are much more similar than those in Table 11.5.
With better estimates of reversibility among females, we took sex-
specific estimates of reversibility to be consistent with the sex-specific
smoker and non-smoker lung cancer mortality rates used in the defini-
tion of SIR. For the last two cessation periods (30-34 and >35 years)

Figure 11.2 Relative risk of lung cancer among former smokers
(compared with lifelong non-smokers) with time since
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female estimates show a slight increase in risk compared to the 25-29
year cessation period. This anomaly, which is not statistically significant,
is probably due to a small number of events in these groups, itself caused
by the more recent maturity of the female smoking epidemic in the
United States compared to men. Too few women would have stopped
smoking so long ago to have had more than 35 years of cessation and a
large number of lung cancer events. For these two cessation periods, we
simply assumed that the declining trend observed between the 20-24 and
25-29 year periods would continue.

Avoidable lung cancer mortality can be estimated from the difference
between lung cancer risk as it would have been without cessation and
the risk that results from cessation. If, as above, we denote smoker and
non-smoker lung cancer mortality rates in the reference cohort as Si¢
and N{, and lung cancer mortality rates for those who stopped smoking
x years ago as Sic,, then for this cohort of former smokers S7c, — Nic
is the mortality attributable to past smoking, and Sfc — Sic. is the
mortality avoidable because they stopped smoking x years ago. If
RR and RR, are the relative risks for life-long smokers without and with
cessation respectively, then Sfc = RR X Nj¢ and Sic. = RR, x Nic.
Attributable and avoidable mortality x years after cessation is then
NicX (RR, - 1) and N7cx (RR — RR,). Of course, for those who never
begin to smoke, Sic, = Nic and no mortality is attributed to this risk
factor and Stc, — Nic (i.e. the whole excess mortality due to smoking)
is avoidable. In Table 11.5, for example, for males who stop smoking,
34%, 58% and 82% of lung cancer mortality would be avoided within
10, 20 and 30 years from cessation, respectively, compared to what
would have happened had they continued to smoke. The remaining 66 %,
42% and 18% of mortality in these time periods is still attributable to
their past smoking, despite cessation.

So far, by using CPS-II estimates of risk reversibility, we have implic-
itly addressed risk reversibility among those who have smoked since
youth and stop smoking at a given age (because ACS smokers were life-
long smokers, including at cessation time). We argued earlier, however,
that such information is rare and unreliable, and that the only measure
of accumulated history of smoking is the SIR. We also showed earlier
that for each population, SIR is the equivalent prevalence of life-long
smokers. Therefore, to obtain estimates of avoidable burden in each
cohort, a fraction of whom have smoked for some period, the estimates
of attributable and avoidable mortality x years after cessation are given
by SIR x (Sic. — Nic) = SIR X Nic X (RR, — 1) and SIR X (Sic — Sica)
= SIR x Njc x (RR — RR,) respectively where, SIR is measured at
the time of cessation (say in 2000 for estimates of avoidable burden
as a result of cessation in 2000). We emphasize that this estimation,
like all other uses of SIR, is based on the assumption that the equiva-
lence of SIR with life-long smokers holds in estimating the benefits of
cessation.
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Finally, to apply this information to populations with different back-
ground (non-smoker) mortality rates, we used the results of Liu et al.
(1998) who found that in China the relative risk for mortality from lung
cancer was approximately constant in different cities where the non-
smoker lung cancer mortality varies by a factor of 10. Therefore for
populations whose background mortality is N;, the attributable burden
due to past smoking x years after cessation is given by SIR X Nj¢ X
(RR, — 1) and the avoidable burden as a result of cessation by SIR x N, ¢
X (RR = RR,).

SIR AFTER CESSATION

To estimate the decline in risk for other diseases, while accounting for
the pre-cessation history of smoking, we needed to also estimate the
value of SIR after cessation. Once again noting that SIR is the equiva-
lent of life-long smokers in the population, the lung cancer mortality rate
in the population as a whole, C; ¢, can be re-written as:

Crc =SIRXRR x N, +(1-SIR) X N, ¢

If the same number of life-long smokers continue to smoke, SIR will
remain more or less constant for the cohort and in each time period their
new SIR will be given by the same relationship, with RR referring to the
age-specific relative risk. On the other hand, if the smokers stop smoking,
after x years their relative risk will decrease to RR, a value less than RR
at any time after cessation (Table 11.5). In this case, the new (post-
cessation) lung cancer mortality rate, C;c,, is given by:

Crcx =SIRXRR, XNic+(1-SIR)x N;¢c

Replacing this value for C,c, in Equation 2 to obtain the post-
cessation smoking impact ratio, SIR,, gives:

SIRXRR, X Nic+1—=SIR)x N;c — N;¢ XN?C

SIR, = - -
SZC - NZC NLC

with some algebraic simplification and noting that S7¢, = RR X Nig,

RR, X N;c—Nic XNzc

SIR, = SIR - -
RRxSjc—Njc Nic

or

RR. -1
SIR, = SIR x>0 —2
“RR-1
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In other words, smoking cessation after x years results in scaling down
the population SIR values relative to what they would be if smoking con-
tinued, with the scaling factor equal to the ratio of excess lung cancer
risk after cessation to excess lung cancer risk if cessation did not occur.*

DISEASES OTHER THAN LUNG CANCER

The decline of relative risk for cardiovascular diseases as a function of
time since cessation has been estimated in a number of studies, resulting
in a range of estimates for the rate of decline (Cook et al. 1986; Dobson
et al. 1991; Kawachi et al. 1997; LaCroix et al. 1991; Rogot and Murray
1980; Rosenberg et al. 1985, 1990; U.S. Department of Health and
Human Services 1990c). Kawachi et al. (1997) also considered the
decline in the risk of other causes of mortality, including all cancers and
external causes.

To convert the estimates of relative risk reduction from the time of
cessation for diseases other than lung cancer to the estimates of relative
risk per unit of SIR we used the following notation: Let RR and RR’ be
the age-specific risks of lung cancer and disease A respectively for life-
long smokers in the absence of cessation; RR, and RR; the age-specific
relative risks at some specific time, x, after cessation; and RR§; and
RR§x . the relative risks of disease A per unit of SIR without and with
cessation respectively. In all cases, RR§;z = RR” since in the absence of ces-
sation, the relative risks for life-long smokers (from CPS-II for example)
would apply. It is RR§r . that we are interested in, which, with the decline
in SIR as outlined above, is now the risk of disease A “per unit of former
life-long smoker”. Four scenarios are possible.

1. If the rate of decline in relative risk for cause A is the same as the rate
of decline in relative risk for lung cancer, then the relative risk per
unit of SIR would stay constant at the pre-cessation level (except for
age effects). This is because, in this case, all the benefits of cessation
for both disease A and lung cancer (which move together) would
be captured in the decline of SIR (to SIR,). Therefore, in this case
RR_’g[R’x = RR,.

2. If there had been no decline in lung cancer risk (i.e. RR, = RR
and SIR, = SIR) but there was a decline in the risk of disease A (i.e.
RR’. < RR’), then the relative risk per unit of SIR would decline at the
same rate as the decline in relative risk for disease A after cessation.
This is because, in this case, none of the benefits of cessation would
be captured by decline in SIR, and therefore they need to be included
in the estimates of relative risk per unit of SIR. In this case
RR;IR,x = RR;-

3. If disease A is an acute condition, such as an injury or death (or pos-
sibly an acute respiratory infection) due to smoking-caused fires then
cessation would result in complete removal of the risk for A, and
RR_’g[R’x = 1.
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4. If cessation results in lowering of the risk for both lung cancer and
disease A, but at different rates, then the relative risk of disease A per
unit of SIR after cessation, is given by the following relationship:

RR; -1 RR-1
RR’ -1  RR, -1

RR§rx =1+ (RR; —1)x

R, -1 J RR-1 he relati
T RR. 1 captures the relative
drop in excess risk for disease A (first term) compared to lung cancer
(second term). If the risk of disease A declines faster than lung cancer,
then the relative risk per unit of SIR will decline to capture the addi-
tional benefits of cessation for disease A, compared to lung cancer. On
the other hand, if the risk of disease A declines more slowly than lung
cancer, then the relative risk per unit of SIR will rise to capture the
reduced benefits of cessation for disease A, compared to lung cancer.’ Sce-
narios 1-3 above are special cases of this general relationship.

The estimates of RR and RR, (for lung cancer) can be obtained from
Figure 11.2 for different times since cessation. To estimate RR” and RR;,
for COPD and cardiovascular diseases, we used CPS-II data. In the analy-
sis of risk reversibility for cardiovascular diseases for the first six-year
follow up (1988), the estimates for those who had quit for less than one
year showed inconsistent patterns (Table 11.6) even though subjects with
cancer, heart disease and stroke were excluded at baseline (U.S. Depart-
ment of Health and Human Services 1990b). This has been attributed
to both high incidence of smoking resumption and the possible inclusion
of subjects who stopped smoking as a result of symptoms from undiag-
nosed illness (U.S. Department of Health and Human Services 1990b).

The product of the terms

Table 11.6  Decline in the risk of cardiovascular disease mortality with
time since smoking cessation

RR (Male) RR (Female)

Smoking status <20 cig/day >20 cig/lday <20 cigl/day >20 cig/day
Current smoker 1.93 2.02 1.76 227
Years since cessation among former smokers

<l 1.43 2.56 2.13 1.41
1-2 1.61 1.57 0.87 I.16
3-5 1.49 1.41 1.31 0.96
6-10 1.28 1.63 0.74 1.88
I1-15 0.99 I.16 1.2 1.37
216 0.88 1.09 1.17 1.12

Source: U.S. Department of Health and Human Services (1990b).
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The rate of decline in relative risk and the unstable behaviour in the early
years since cessation were nonetheless consistent with other studies (see
Table 2 in U.S. Department of Health and Human Services 1990b and
the estimates [Kawachi et al. 1997] from the Nurses’ Health Study).

Re-analysis of ACS CPS-II data (1998 follow up) with more stringent
exclusion of subjects with a history of chronic disease (lung cancer,
COPD, vascular diseases) shows a more consistent pattern of risk
reversibility, especially if the first cessation period is considered as 2
years, which reduces the likelihood of high smoking resumption rates.
Figure 11.3 shows the estimates of relative risk for COPD and cardio-
vascular disease with time since cessation for males and females using
this re-analysis. To apply risk reversibility with cessation to the CPS-II
and Chinese baseline relative risk estimates in Tables 11.1 and 11.3, we
estimated the relative decline in relative risks after x years of cessation
(i.e. the ratio of relative risk x years after cessation to current smokers
in Figure 11.3) and applied this to CPS-II or Chinese relative risks (i.e.
RR’) to obtain RR;.

For cardiovascular disease among men, former smokers with long ces-
sation periods have lower risk than never-smokers (statistically not sig-
nificant). This pattern, however, is implausible and is likely to be due to
unobserved confounders that have affected the behaviour of former
smokers (e.g. the same factor may have motivated cessation and change
in diet or physical activity) and hence, lowered their risk. To account for
this, we re-adjusted the values for the 25-29 and 30-34-year cessation
periods based on the trends between the 20-24 and >35 periods. For
females, the estimates for cessation beyond 10 years were re-adjusted
based on the male trends to asymptotically reach 1 for the longest ces-
sation periods. The re-adjusted values are shown as dotted lines in Figure
11.3.

Given the potentially similar biological mechanisms of carcinogene-
sis, we assumed that all other cancers had the same rate of decline in rel-
ative risk as lung cancer. This is also seen in estimates of relative risk
since smoking cessation for cancers including and excluding lung cancer
analysed by Kawachi et al. (1997). Therefore, as described in scenario 1
above, the relative risk per unit of SIR remains constant for these dis-
eases and the benefits of cessation in terms of avoidable mortality are
fully captured by the decline in SIR. For all other disease categories, we
used scenario 4 to estimate the risk per unit of SIR after cessation. We
assumed that these diseases, for which reversibility data were not avail-
able, followed the same time pattern of decline as cardiovascular dis-
eases, which decline more rapidly than lung cancer.

2.5 ANALYSIS OF UNCERTAINTY

In one taxonomy, uncertainty in quantitative risk assessment can be
divided into parameter uncertainty and model uncertainty (Finkel 1990;
National Research Council 1994). Parameter uncertainty includes the
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Figure 11.3 Relative risk of chronic obstructive pulmonary disease
(COPD) and cardiovascular diseases among former smokers
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uncertainty quantifiable using random-variable methods such as that in
a risk factor distribution, the magnitude of the risk factor—disease rela-
tionship, and burden of disease estimates. Model uncertainty is defined
as uncertainty due to gaps in scientific theory (Finkel 1990; National
Research Council 1994). In other words, model uncertainty occurs in
those aspects of the analysis which are not currently quantifiable using
a random-variable statistical methodology. In risk assessment, model
uncertainty, broadly defined, also includes cases where exposure distri-
butions or exposure-response relationships for populations are not
known and are extrapolated from others. The uncertainty reported here
is the 95% range of the combined distribution. In the following sections
we describe the sources of uncertainty and the approach for quantifying
parameter uncertainty.

PARAMETER UNCERTAINTY

Uncertainty for each of the variables and parameters in the analysis was
estimated separately. These include population lung cancer mortality and
never-smoker lung cancer mortality for each subregion, lung cancer mor-
tality for smokers and never-smokers in the reference population, and
relative risks. The first four parameters are those needed for the estima-
tion of SIR which, when combined with the relative risk of mortality,
gives the fraction of cause-specific mortality due to smoking. Estimates
of uncertainty for individual parameters were combined in a simulation
using Latin hypercube sampling to obtain overall uncertainty for SIR
and relative risk values, and eventually the fraction of mortality or mor-
bidity due to smoking. The parameter-specific uncertainty estimates were
obtained as follows:

1. Population lung cancer mortality: The GBD estimates of mortality
do not currently include complete analysis of uncertainty. To obtain
uncertainty estimates for population lung cancer mortality, we assigned
each country into one of four uncertainty categories based on the quality
of available mortality data, as we described earlier. Lung cancer mortal-
ity information for the four country categories were assigned uncertainty
ranges equal to 10%, 20%, 40% and 80% of the best-estimate, with a
triangular distribution. Since for countries with good vital registration,
95% or higher confirmation rates of the cause reported on death cer-
tificates have been found (Percy et al. 1990; Percy and Muir 1989), 10%
is more than double the observed uncertainty and a conservative esti-
mate of true uncertainty. Eighty per cent uncertainty for the least certain
countries, i.e. those with no established mortality reporting, implies that
we have allowed nearly all of lung cancer mortality to be due to mis-
classification. Given that zero lung cancer mortality is implausible, higher
levels of uncertainty could occur only on the upper side of these esti-
mates, making this a conservative assumption for lung cancer mortality
and SIR. Countries with less complete and/or less reliable data were
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Table 11.7  Uncertainty (as % of best-estimate) assigned to reported or
estimated country level lung cancer mortality

Uncertainty Country*

10% AMR-A — all; AMR-B — Chile, Costa Rica, Dominica, Uruguay; EMR-B —
Bahrain; EUR-A — all except Croatia; EUR-B — Poland, Slovakia; EUR-C —
Estonia, Hungary, Latvia, Lithuania, Russian Federation; WPR-A — all except
Brunei Darussalam

20% AMR-B — Argentina, Bahamas, Barbados, Colombia, Mexico, Panama, Saint
Kitts and Nevis, Saint Lucia, Saint Vincent and Grenadines, Trinidad and
Tobago, Venezuela; EMR-B — Kuwait; EUR-A — Croatia; EUR-B — Armenia,
Bosnia and Herzegovina, Bulgaria, Romania, The former Yugoslav Republic of
Macedonia, Serbia and Montenegro; EUR-C — Belarus, Republic of Moldova,
Ukraine; WPR-A — Brunei Darussalam; WPR-B — China

40% AFR-D — Mauritius; AFR-E — South Africa; AMR-B — Antigua and Barbuda,
Belize, Brazil, Grenada, Jamaica, Suriname; EMR-D — Egypt; EUR-B — Albania,
Georgia, Kyrgyzstan, Tajikistan, Uzbekistan; EUR-C — Kazakhstan; SEAR-B —
Thailand; WPR-B — Fiji, Malaysia, Marshall Islands, Republic of Korea

80% AFR-D - all except Mauritius; AFR-E — all except South Africa; AMR-B —
Dominican Republic, El Salvador, Guyana, Honduras, Paraguay; AMR-D — all;
EMR-B — all except Bahrain and Kuwait; EMR-D — all except Egypt; SEAR-B —
Indonesia, Sri Lanka; SEAR-D — all; WPR-B — all except China, Fiji, Malaysia,
Marshall Islands, Republic of Korea

a

By subregion.

assumed to have 20% or 40% uncertainty around the best-estimate of
lung cancer mortality. Table 11.7 shows the countries assigned to each
uncertainty category.

2. Never-smoker lung cancer mortality: For China, estimates of the
uncertainty for never-smoker lung cancer mortality rates from the pro-
portional mortality study were used (Liu et al. 1998). For all other coun-
tries, where non-smoker lung cancer mortality rates were assumed to be
those of CPS-II, we assumed an uncertainty of 15% around CPS-II esti-
mates plus the statistical uncertainty of the CPS-II estimates themselves.
Fifteen per cent is approximately equivalent to the whole (non-smoker)
population being exposed to the highest levels of air pollution, such as
that in the centre of the industrial city of Cracow, Poland, which
resulted in a 14% increase in lung cancer mortality over the period
1980-1985 (Jedrychowski et al. 1990) or the whole (never-smoker) pop-
ulation being exposed to more than 10 pug/m? of PM, 5 (particulates below
2.5 microns in diameter) (Pope et al. 2002). Because the net difference
between accumulated exposure to additional lung cancer risk factors
(radon, urban air pollution, biomass smoke) in any two countries is less
than the whole population, 15% is a relatively large uncertainty range
for never-smoker lung cancer mortality.
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3. Reference population smoker and never-smoker lung cancer mortal-
ity: We used statistical uncertainty of the CPS-II population since the ref-
erence population is constant in all regions of the world and the excess
mortality of the reference population of smokers is simply a normaliz-
ing factor.

4. Relative risk: Uncertainties in relative risks were obtained directly
from the CPS-II and Chinese mortality studies as well as the decline in
risk due to cessation.

5. Confounding and extrapolation of relative risk and correction factor:
To avoid overestimation of risk as a result of confounding in CPS-II rel-
ative risks, as well as from the extrapolation of relative risk to other
regions, we have reduced the relative risk values by 30% to 50% for
various diseases. To account for uncertainty in the level of the correc-
tion factor, we assumed that the 30% correction factor could vary
between 10% and 50% with a triangular distribution. The lower end of
this range corresponds to the typical amount of reduction in excess risk
seen after adjustment for covariates in the re-analysis of CPS-II data
(Thun et al. 2000) and seen in other studies such as the magnitude of
confounding due to diet found by Law et al. (1997). The upper end is
the conservative correction used by Peto et al. (1992) before the level of
confounding was known and larger than those in the CPS-II re-analysis
(Thun et al. 2000). The 50% correction factor used for the “other
medical causes” group was assumed to be highly uncertain and in the
range of 10% to 90% with a triangular distribution. We also assumed
that the 5% correction factor for estimates of relative risk for China were
in the range of 0-10% with a triangular distribution.

MODEL UNCERTAINTY

Although lung cancer mortality provides a biological marker for accu-
mulated exposure to the hazards of smoking in general, the question
remains whether it equally represents the accumulated hazards for each
of the diseases considered in this analysis. Two factors may reduce the
accuracy of excess lung cancer and SIR as markers of accumulated
hazard:

1. If the cigarette smoke characteristics that cause lung cancer are not
fully correlated with those that cause the other hazard: While the car-
cinogens in cigarette smoke are the cause of cancer, the concentration or
size distribution of respirable particles or other pollutants may be a better
indicator of some of the other health effects. The validity of the SIR
method compared to direct estimates in the United States was estimated
by Peto et al. (1992). Comparisons with other (largely direct) methods
for other countries also show consistent results (Bronnum-Hansen and
Juel 2000; Valkonen and van Poppel 1997).
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2. If the time-to-hazard (or hazard accumulation function as described
in chapter 1) is different for lung cancer and other diseases caused by
smoking: Lung cancer is caused by exposure and hazard accumulated
over an extended period of time spent smoking. This property may be
shared by some other outcomes of smoking, such as other cancers and
COPD. Some of the other health effects of smoking, such as acute respi-
ratory diseases, may occur after immediate exposure, and others, such
as cardiovascular disease, are determined by a period of exposure that
may be somewhat shorter than that of lung cancer. With these differ-
ences, when smoking is on the rise, an indicator based on excess lung
cancer—which generally occurs later—would underestimate the impacts
of those diseases that occur earlier. On the other hand some time after
smoking begins to decline, an indicator based on excess lung cancer
would overestimate the impacts of those diseases, where risk declines
faster with cessation than lung cancer.® Since smoking has been increas-
ing in most regions of the world over the past two or three decades, the
net effect of this would be an underestimation of current global mortal-
ity due to cardiovascular and some other diseases in our analysis.

In addition to the uncertainty in the use of SIR as exposure variable,
the following other sources of uncertainty have not been quantified:

3. The impact of environmental tobacco smoke on SIR estimates: The
carcinogenic effects of cancer agents are likely to apply at low levels
without a threshold (Peto 1978). Therefore exposure to environmental
tobacco smoke (ETS) is a likely cause of lung cancer. This relationship,
as well as the impact of ETS on cardiovascular disease, has also been
established in epidemiological studies (Australia National Health and
Medical Research Council 1997; Environmental Protection Agency
1992; Hackshaw et al. 1997; Law et al. 1997; UK Department of Health
Scientific Committee on Tobacco and Health 1998). Although we did
not conduct a separate analysis of the burden of disease due to ETS,
because of its relationship to lung cancer, ETS exposure affects SIR
estimates.

Of the four variables in the SIR relationship (C.¢, Ni¢, Sic, and Ni¢
in Equation 2), the effects of ETS are smallest on life-long smokers (S7¢)
who are almost completely affected by direct smoking. The lung cancer
mortality of the population as a whole (C.¢) is also affected more by
direct smoking but nonetheless captures the effects of both direct and
indirect exposure to tobacco smoke. The effects of ETS are largest on
never-smokers (N; ¢ and Nf¢) who would otherwise not be exposed to
tobacco smoke. Therefore, both N and N are larger in the presence
of ETS than they would be in its absence. Since C;¢ is almost always
smaller than S}, increasing non-smoker lung cancer rates will result in
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a larger relative reduction (through subtraction) in the numerator of
Equation 1 compared to the denominator, and therefore an underesti-
mation of SIR values.

4. Estimates of non-fatal health outcomes: To obtain relative risks for
non-fatal effects of these diseases, we have assumed that smoking
increases mortality by increasing disease incidence (rather than modify-
ing case fatality) for cancers and COPD. We have assumed a potential
change in either the incidence or the severity/case fatality for all other
causes. Given that most of the diseases affected by smoking are chronic
diseases as a result of chronic exposure, this is a conservative assump-
tion and requires further investigation using epidemiological studies on
the relationship between smoking and disease incidence.

5. Future exposure and risk reversibility: Estimates of avoidable burden
are possibly the most uncertain component of a risk assessment exercise
because of the number of assumptions that, by definition, are needed for
estimates of future burden. These include estimates of the “business-
as-usual” trends of smoking and lung cancer and estimates of risk
reversibility (reduction in relative risk) for those current smokers who
stop smoking.

The future estimates of lung cancer mortality and SIR (see below) are
based on a number of assumptions. These include the descriptive model
of the tobacco epidemic and its parameters, the estimates of total tobacco
consumption, and the statistical model used for estimating lung cancer
based on consumption. As we discussed under risk reversibility, the esti-
mates of decline in the relative risk for lung cancer, and more impor-
tantly for other diseases, after smoking cessation are derived from a
limited number of studies and extrapolated to people of different ages,
sexes and smoking histories. At the same time it may be possible that
the benefits of cessation are more dependent on the specific history of
smoking such as duration of smoking and age at cessation, than the
current accumulated risk (which is captured by SIR) as also seen in the
comparison between male and female reductions in lung cancer risk in
Table 11.5. In this case, the use of SIR as the indicator of pre-cessation
history would create an additional source of uncertainty. At the same
time, after a few decades, the potential health benefits of smoking reduc-
tion occur among those who would be prevented from smoking alto-
gether. In this case, the longer-term estimates of avoidable burden would
be less dependent on the specifics of risk reversibility and depend only
on the estimates of risk among life-long smokers, which are known with
much greater certainty.
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2.6 ADDITIONAL ORAL CANCER MORTALITY DUE TO ORAL
TOBACCO USE

Oral tobacco use, in the form of chewing of betel-quid with tobacco, is
common in many parts of south Asia, and in particular in the Indian
sub-continent (Bhonsle et al. 1992). Although oral tobacco use has been
associated with increased risk of all-cause mortality (Gupta and Mehta
2000), we focus here on the risk of oral cancer which is the most-widely
known and studied outcome of this risk behaviour (Gupta et al. 1982;
International Agency for Research on Cancer (IARC) 1984; U.S. Depart-
ment of Health and Human Services 1986), and a leading form of cancer
mortality in the region (Parkin et al. 1997). Smoking in India is much
more common among men than women whereas the prevalence of
tobacco chewing is of comparable magnitude, although still higher
among men (Corrao et al. 2000; Gupta 1996; WHO 1997). Given the
correlation between smoking and oral tobacco use, many cases of oral
cancer are likely to be affected by both habits. To report the total burden
of disease due to both forms of tobacco use, we made estimates of only
those cases of oral cancer that are caused by tobacco chewing in addi-
tion to smoking. The estimates were applied to SEAR-D only. Oral
tobacco use is common throughout the region, whose mortality estimates
are nonetheless dominated by those from India.

We obtained estimates of the fraction of total chewers who do not
smoke (p.) and the fraction of total smokers who do not chew (p,) using
a survey of tobacco habits in various ethnic and religious groups in India
(Gupta 1996). The estimates of oral cancer for smokers who do not chew
(ps) are included in those from the application of the SIR method. Those
who both smoke and chew (p,. as a fraction of total smokers), have a
higher risk than smokers-only, by a factor RR jewingrsmokingismokings DECAUSE
of their additional chewing habit. We used RR(ipuingrsmoking)ismoking tO
increase the CPS-II relative risk estimates for the upper-aerodigestive
cancer category for this group,”and applied these increased risk estimates
to oral cancer mortality. The difference between these new estimates of
oral cancer (using increased relative risk) and those using the CPS-II risk
estimate, are the additional deaths due to oral tobacco use over and
above those accounted for by smoking, among those who both chew and
smoke. Finally, for those who chew only (p.), we used the correspond-
ing relative risk, RR hewing and not smoking)s t0 Obtain estimates of oral cancer
mortality, which are independent from those obtained using the SIR
method. For this group, we directly used the estimated prevalence of
chewing. Although oral cancer as a result of tobacco chewing is also
dependent on accumulated exposure, the relative risk estimates from
recent literature are directly applicable because they were used in the
same time period and region where epidemiological studies took place.

For males, we used the estimate that 20% of all smokers also chew
(WHO 1997), which is close to the largest overlap of any ethnic or reli-
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gious group found in a study of socio-demographic characteristics of
tobacco users (Gupta 1996). Assuming a 40% prevalence of smoking
and a 65% prevalence of total tobacco use, this implies that 32% of
adult males smoke only, 8% of adult males both smoke and chew, and
another 25% chew only, consistent with other estimates (WHO 1997).
For females, we used a 33% prevalence of total tobacco use and a 3%
prevalence of smoking (Corrao et al. 2000; WHO 1997). We also
assumed that all female smokers also chew tobacco (Gupta 1996), hence
30% of adult females are chewers-only.

A review of studies prior to 1982 that estimated the relative risk of
oral cancer due to tobacco chewing is provided by Gupta et al. (1982).
We did not use these estimates since the definitions of cancer sites or
control for covariates were not consistent with more recent studies. All
these studies nonetheless show statistically significant increased risk of
oral cancer due to tobacco chewing. A number of recent studies have
estimated the relative risks for oral cancer (or one of its sub-types) based
on stratification by smoking and tobacco chewing, all finding a signifi-
cant increase in the risk of oral cancer among chewers regardless of their
smoking habits (Balaram et al. 2002; Dikshit and Kanhere 2000; Rao et
al. 1994; Sankaranarayanan et al. 1989a, 1989b, 1990). A description
of recent studies and their estimates of relative risk (or odds ratio) of
oral cancer due to chewing tobacco among smokers and non-smokers
is provided in Table 11.8. Those studies that provided separate analysis
according to the frequency of chewing also consistently show an increas-
ing dose-response relationship. Note that in some of the studies, those
who both chew and smoke tobacco had lower risk than those who used
oral tobacco only. This may be because smokers chewed less tobacco
than those whose only habit was tobacco chewing. We used a relative
risk of 3.64 for chewing only and 1.7 for those who both chew and
smoke relative to smokers. These values, which are lower than almost
all other studies, are from non-drinkers in the study of Rao et al. (1994)
to avoid confounding due to alcohol consumption, an important risk
factor for oral cancer.

3. RESULTS

3.1 ExPOSURE (SIR) ESTIMATES

Figure 11.4 shows SIR estimates for females and males in developing
and industrialized countries. We have also shown in the figure legend the
best estimate of adult smoking prevalence for each subregion. As dis-
cussed above, prevalence estimates are uncertain and based on data from
a limited number of countries. At the same time, as discussed by Jha
et al. (2002), despite uncertainties in country-level and age-specific esti-
mates, they provide a reasonable indication of current smoking status
among adults in each subregion. The subregion WPR-B includes China.
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Figure 11.4 Estimates of smoking impact ratio (SIR) by age, sex and
subregion

(a) Developing countries (male) |
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Figure 11.4 Estimates of smoking impact ratio (SIR) by age, sex and
subregion (continued)

(c) Developing countries (female) |

0.20
— o AFR-D (3%)
* s AFR-E (8%)
5 AMR-B (23%)
0.15 | AMR-D (15%)
.. --EMR-B (6%)
-k --EMR-D (7%)
.
@ 010
0.05 |
TA-.
o—ltoo. o
0.00 . : . -
30 45 60 75 920

Age (years)

(d) Developing countries (female) Il

0.20
—o— SEAR-B (2%)
—~—SEAR-D (9%)
0.15 | —— WPR-B excluding China (7%)
China (4%)
o
o 0.10 4
0.05 -
/ﬁ///é\ﬂ
0.00 . . i

30 45 60 75 90
Age (years)

continued



Majip Ezzati AND ALAN D. LoPEZ 923
Figure 11.4 Estimates of smoking impact ratio (SIR) by age, sex and
subregion (continued)
(e) Industrialized countries (male)
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Note:  The vertical axis scales are different in the different panels of the figure to increase resolution.
The figures in parentheses next to the legend indicate estimates of the subregional prevalence.

Source: Ezzati and Lopez (2003).
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Hence the aggregate estimates for this subregion are dominated by the
Chinese data. This division allows the characteristics of the other coun-
tries in the subregion to also be considered, in particular given the role
of higher background lung cancer mortality in China. Table 11.9 pro-
vides the SIR distribution, divided as defined earlier.

A number of important features of the global smoking epidemic can
be seen in the different panels of Figure 11.4:

1. The largest accumulated risk of smoking for males aged <70 years in
the countries of eastern Europe and the former Soviet Union (EUR-B and
EUR-C). For older males (aged 270 years), North America and western
European countries have the largest accumulated risk. These two results
are consistent with the very high current and recent prevalence of
smoking among eastern European men which has been sustained for
several decades, and the longer history of smoking among North Amer-
ican and western European men.

The accumulated hazards of smoking among men were lowest in
AMR-D, AFR-D and AFR-E. In these subregions, the rise in smoking
has been a recent phenomenon. The results for China (WPR-B) are par-
ticularly important and instructive. The background-adjusted SIR values
for China were still fairly low, despite high lung cancer mortality in this
country. At the time of the Liu et al. (1998) study (in 1990) the relative
risk of lung cancer for a Chinese smoker was less than 3.0 because of
the more recent start of the epidemic in this country. Over the next few
decades, increasing accumulated exposure to smoking may well result in
rising lung cancer mortality in China to levels comparable to popula-
tions with life-long smokers (such as those in North America and western
Europe where the relative risks for lung cancer are approximately 20).
Together with the finding of Liu et al. (1998) that smoking acts to
“amplify” the high background rates of lung cancer, this increase in
accumulated hazard will result in enormous lung cancer (and other) mor-
tality in China.

Examining prevalence and SIR patterns simultaneously also empha-
sizes the importance of considering accumulated risks. For example, the
current prevalence of smoking among adult men in AMR-A was equal
to AFR-D and lower than all other subregions in the developing world.
At the same time, the SIR values for AMR-A males were larger than
those of most developing subregions because of the histories of smoking.
In AMR-A, smoking has been declining and current prevalence would
underestimate the current impacts of smoking. In developing countries,
on the other hand, smoking has been rising in recent decades with current
prevalence being comparable to AMR-A, but the accumulated hazards
were still lower.

2. For women, AMR-A had the single highest accumulated risk from
smoking. Although women in many countries in western Europe
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(EUR-A) have smoked for a long time (in particular in the United
Kingdom), smoking is a more recent phenomenon in the southern parts
of the continent, and therefore the overall SIR is still lower than in AMR-
A. SIR values for women were consistently low in developing countries
except for younger and middle-aged women in AMR-B (Latin America
and the Caribbean) and young adult women in EMR-B. Once again,
comparing SIR values for females in AMR-A, whose current prevalence
of smoking is 22% (reflecting recent declines in female smoking in North
America), with those for males in many subregions of the developing
world, who have higher current prevalence but lower SIR, illustrates the
inadequacy of current prevalence as a marker for smoking risk.*®

3. Age patterns of SIR estimates for the different subregions also provide
information about the state of the smoking epidemic. For each age-sex
group, SIR is excess lung cancer, relative to the same age—sex group of
American smokers in the 1980s. Among men in industrialized countries,
the SIR values were relatively constant across ages in AMR-A, but
decline with age in other industrialized regions, with EUR-A being closest
to the constant pattern. These inter-subregional and intra-subregional
age patterns imply that, when compared to the same age group of Amer-
ican smokers in the 1980s, age patterns of smoking have been relatively
constant in North America whereas smoking has been more concentrated
among younger and middle-age men in Europe and the Western Pacific,
especially in the former Soviet Union (EUR-C). In the developing coun-
tries of Latin America and the Caribbean, the Eastern Mediterranean,
and sub-Saharan Africa, smoking also seems to have had fairly constant
effects across ages, when each is compared to the same age group of
American smokers in the 1980s. In Asia, on the other hand, smoking
had a greater impact on younger and middle-aged male cohorts than at
older ages when compared to the same age group of American smokers
in the 1980s.

Overall, the age patterns of SIR were less variant among women in
both developing and industrialized countries compared to men. In AMR-
B, EMR-B, EMR-D, and the EUR subregions there is more smoking
among younger and middle-age women than at older ages, when each is
compared to the same age group of female American smokers in the
1980s. In Asia, female smoking seems to peak among the middle-aged
cohorts, which may reflect social factors that would prevent smoking
among many young women. In North America, the distribution was
more towards older age groups when compared to the same age group
of female American smokers in the 1980s.

3.2 MORTALITY AND DISEASE BURDEN DUE TO SMOKING

Tables 11.10 and 11.11 provide the estimated number of smoking-attrib-
utable deaths and DALY for males and females in developing and indus-
trialized countries. Table 11.12 divides the estimates of global mortality
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due to smoking into broad causes and age groups. Although the results
were estimated for the eight age groups described in Table 11.9 (assumed
to be zero for the first three age groups <30 years), they are reported in
two age groups (30-69 and >70 years) to be comparable with previous
estimates of mortality due to smoking, such as those in Peto et al. (1992).
The distribution of mortality and DALYs by broad disease groups is
given in Figures 11.5 and 11.6.

The 4.83 (95% CI 3.94-5.93) million deaths due to smoking
accounted for 12% of total global adult (aged >30 years) mortality.” The
shares of adult male and female total mortality due to smoking were
18% and 5%, respectively. Of these deaths, 2.69 million were among
those aged 30-69 years, resulting in a larger number of life years lost to
premature mortality, and 2.14 million among those aged >69 years. As
seen in a comparison of Tables 11.10 and 11.11, although developing
and industrialized countries accounted for virtually equal numbers of
global mortality, the burden of disease associated with this risk factor

Table 11.10 Mortality (in millions) due to smoking in developing and
industrialized countries, 2000

Male Female Total
Developing® 2.02 (1.56-2.50)° 0.38 (0.25-0.65)° 2.41 (1.80-3.15)¢
Industrialized® 1.81 (1.62-2.02)° 0.61 (0.52-0.75)° 2.43 (2.13-2.78)°
Total 3.84 (3.17-4.53)° 1.00 (0.76—1.40)° 4.83 (3.94-5.93)°

Developing countries include those in AFR, AMR-B, AMR-D, EMR, SEAR and WPR-B subregions.
b Industrialized countries include those in AMR-A, EUR and WPR-A.

c

Numbers in parentheses are 95% confidence intervals.

Table I1.11 Loss of healthy life years (in thousands of DALYs) due to
tobacco-caused mortality and morbidity in developing and
industrialized countries, 2000

Male Female Total
Developing® 28015 (4.4%)° 4962 (0.8%)° 32977 (2.7%)°
Industrialized® 20162 (17%)° 5942 (6.2%)° 26 104 (12%)°
Total 48177 (6.3%)¢ 10904 (1.6%)° 59081 (4.1%)°

* Developing countries include those in AFR, AMR-B, AMR-D, EMR, SEAR and WPR-B subregions.
® Industrialized countries include those in AMR-A, EUR and WPR-A.

c

Figures in parentheses indicate the proportion of overall disease burden in each category attributable to
smoking.
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Figure 11.5 Distribution of mortality due to smoking by cause and

development group, 2000
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Figure 11.5 Distribution of mortality due to smoking by cause and
development group, 2000 (continued)

(c) World
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Note:  See Table I 1.1 for details on causes of death.

was much higher in the former. As discussed below, this is because in
general smoking-caused mortality in developing countries occurs at
earlier ages than in industrialized nations accounting for a larger loss of
life from premature mortality. Further, a comparison of Figures 11.5 and
11.6 indicates that the relative share of cancers in terms of the total
burden of disease is lower than their comparative role in mortality
because of the shorter morbidity associated with cancers compared to
the other categories.

Lung cancer was the disease with the highest fraction attributable to
smoking. Seventy-one per cent of all lung cancers or 0.85 million deaths
(79% or 0.69 million deaths among men and 48% or 0.16 million deaths
among women) were attributable to smoking. However, cardiovascular
diseases were the largest cause of death due to smoking in terms of
number of deaths. One million six hundred and ninety thousand car-
diovascular disease deaths (1.37 million among men and 0.32 million
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Figure 11.6 Distribution of DALYs due to smoking by cause and
development group, 2000
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Figure 11.6 Distribution of DALYs due to smoking by cause and
development group, 2000 (continued)

(c) World
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Note: See Table | 1.1 for details on causes of death.

among women) were due to smoking, accounting for 35% of all
smoking-attributable deaths (35% among men and 37% among
women). Overall, 11% of all cardiovascular deaths in the world were
attributable to smoking (17% among men and 4% among women). Only
when all cancers are considered together did they approach cardiovas-
cular diseases as the largest cause of death due to smoking. One million
four hundred and seventy thousand neoplasm deaths (22% of all cancer
deaths; 1.24 million or 33% of all adult male cancer deaths and 0.23
million or 8% of all adult female cancer deaths) were due to smoking,
accounting for 30% of all smoking-attributable deaths (32% among men
and 23% among women).

3.3 MORTALITY IN INDUSTRIALIZED COUNTRIES

Table 11.13 provides the details of mortality due to smoking in indus-
trialized countries by age, sex and causes of death. In the year 2000,



934 Comparative Quantification of Health Risks

smoking caused an estimated 2.43 (95% CI 2.13-2.78) million deaths
in industrialized countries for people aged >30 years, accounting for
19% of adult mortality. One million eight hundred and ten thousand
(95% CI 1.62-2.02) deaths were among men (28 % of total mortality of
adult males) and 0.61 (95% CI 0.52-0.75) million among women (10%
of total mortality of adult females). The magnitude of the years of life
lost due to premature mortality becomes more obvious when we note
that 1.19 million, or approximately one half, of these deaths were among
those aged 30-69 years.

In industrialized countries, smoking-caused deaths accounted for
33% of total mortality among males between the ages of 30 and 69
years (1.00 million deaths), 24% of total mortality among males
aged >70 years (0.81 million deaths), 12% of total mortality among
females between the ages of 30 and 69 years (0.19 million deaths), and
9% of total mortality among females aged >70 years (0.42 million
deaths).

The fraction of smoking-attributable mortality among men was
highest in the EUR-C and AMR-A subregions, causing 0.55 million and
0.35 million smoking-attributable male deaths, respectively. These were
32% and 28% of all adult male deaths (36% and 24% of all deaths for
30-69 and 270 age groups in EUR-C; 31% and 26% of all deaths
for 30-69 and >70 age groups in AMR-A reflecting the fact that the
two subregions are at different stages of the tobacco epidemic).
Among women the highest fraction of smoking-attributable mortality
was in AMR-A where 0.29 million deaths (22% of all mortality) (27%
and 20% of all deaths for the 30-69- and >70-year age groups, respec-
tively), were caused by smoking. The lowest fraction of smoking-attrib-
utable mortality among men in the industrialized world was in WPR-A
(22% of all deaths; 18% and 24% of all deaths for 30-69- and >70-
year age groups, respectively) and among women in EUR-C (4% of all
deaths; 6% and 4% of all deaths for 30-69- and >70-year age groups,
respectively) and EUR-B (6% of all deaths; 10% and 5% of all deaths
for the 30-69- and >70-age groups, respectively).

For both males and females in all subregions and age groups, lung
cancer was the cause of death with the largest fraction attributable to
smoking, ranging from a low of 45% among females aged 230 years in
EUR-C to a high of 91-94% among males aged 230 years in AMR-A,
EUR-A, EUR-B and EUR-C. Overall 92% of all lung cancer deaths
among adult (=30 years) males (0.40 million lung cancer deaths) and
71% of all lung cancer deaths among adult (230 years) females (0.12
million lung cancer deaths) in industrialized countries were caused by
smoking.

Despite the predominance of smoking as a cause, lung cancer
accounted for only 22% (0.40 million) of smoking-attributable deaths
among men and 19% (0.12 million) among women in industrialized
countries. In fact, in terms of the fraction of all causes of death due
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to smoking, cardiovascular diseases led the grouping used in Table
11.1 and accounted for 42% and 44% of deaths caused by smoking
among men and women, respectively (0.75 million male deaths and
0.27 million female deaths from cardiovascular diseases due to smoking).
When all cancers are considered together, however, the numbers
approached cardiovascular diseases for men. Neoplasm deaths ac-
counted for 37% and 26% of all smoking caused deaths among men
and women, respectively, in industrialized countries (0.66 million male
deaths and 0.16 million female deaths from all cancers due to smoking
accounting for 43% and 13% of all cancers among men and women,
respectively).

3.4 MORTALITY IN DEVELOPING COUNTRIES

Table 11.14 provides the details of mortality due to smoking in devel-
oping countries by age, sex and cause of death in 2000. The number
of deaths attributable to smoking among people aged >29 years in
developing countries in 2000 was 2.41 (95% CI 1.80-3.15) million
accounting for 9% of total adult mortality in these countries. Of the
smoking-attributable deaths, 2.02 (95% CI 1.56-2.50) million were
among men (14% of total adult male mortality) and 0.38 (95% CI
0.25-0.65) million among women (3% of total adult female mortality).
About twice as many—1.5 million deaths—deaths were among those
between 30 and 69 years compared with 0.91 million among those aged
>69 years.

In developing countries also, lung cancer was the disease with the
highest fraction due to smoking. Fifty-five per cent of all lung cancers or
0.33 million deaths (67% or 0.29 million deaths among men and 25%
or 39000 deaths among women) were attributable to smoking. But lung
cancer accounted for only 14% of all smoking-attributable mortality
(14% among men and 10% among women) vs 21% in industrialized
countries. As in the industrialized countries, cardiovascular diseases were
the largest cause of death due to smoking, followed very closely by
COPD. Six hundred and seventy thousand cardiovascular deaths (0.57
million among men and 97000 among women) were due to smoking,
accounting for 28% of all smoking-attributable deaths (28 % among men
and 25% among women). Six hundred and fifty thousand COPD deaths
(0.50 million among men and 0.16 million among women) were due to
smoking accounting for 27% of all smoking-attributable deaths (25%
among men and 41% among women). This high contribution from
COPD is consistent with direct observations of Liu et al. (1998) in China,
where the high background (non-smoker) rates of COPD mortality due
to other risk factors result in an even larger mortality due to smoking
from this cause. Further, the lower contribution of cardiovascular
diseases to smoking-caused mortality compared to the 42% in industri-
alized countries is likely to be due to lower overall cardiovascular disease
mortality in these populations. Future changes in dietary risk factors and
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increased exposure to other cardiovascular disease risks in developing
countries, even with similar attributable fractions, would result in a rise
in tobacco-caused mortality in these subregions. As for the global total
and in industrialized countries, when all cancers are considered together,
they approach cardiovascular diseases and COPD as the largest cause of
death due to smoking. Six hundred and fifty thousand neoplasm deaths
(16% of all cancer deaths; 0.58 million or 26% of all adult male cancer
deaths and 69000 or 4% of all adult female cancer deaths) were due to
smoking, accounting for 27% of all smoking-attributable deaths (29%
among men and 18% among women).

In general, there was larger variation in mortality due to smoking
among different subregions of developing countries than industrialized
countries, because of the variability in the stages of the smoking
epidemic. In the sections below, we discuss the estimates for different
areas of developing countries, including comparisons with direct esti-
mates where available.

CHINA

Liu et al. (1998) estimated that smoking caused 0.6 million deaths in
China in 1990 and expected this number to rise to 0.8 million in 2000
if the fraction of mortality due to smoking remained unchanged. Since
smoking had been rising rapidly in China since the 1970s, the fraction
of deaths due to smoking was expected to rise, resulting in more deaths
than the 0.8 million estimate. The 2000 estimates were based on a
projected total adult (=35 years) mortality of 9 million in China in
2000."°

In fact, total adult mortality in China in 2000 from the GBD mortal-
ity database was 7.5 million deaths, reflecting recent health gains in
China. Applying the 1990 cause-specific mortality and total mortality
attributable fractions from Liu et al. (1998) to the 2000 mortality esti-
mates in China would result in approximately 0.6 million smoking-
attributable deaths, with 0.51 million male deaths and 0.09 million
female deaths. Actual mortality is expected to be higher, in particular
among men, because of the rising trend of smoking (Corrao et al. 2000;
WHO 1997). Further, since the proportional mortality analysis of Liu et
al. (1998) cannot estimate mortality from those causes in the reference
group, smoking-attributable mortality is underestimated (to zero) for
these causes, to the extent that smoking caused some deaths from these
diseases.

As described above in the section on methods, in estimating
smoking-attributable mortality in China, we converted the 1990 relative
risks for smoking estimated in Liu et al. (1998) to relative risks per unit
of SIR. We then estimated the SIR for in China in 2000 to capture the
impacts of the more recent increase in smoking. Mortality was then
estimated by applying the relative risk estimates from 1990 (with some
correction for potential confounding) to 2000 SIR estimates. The
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exception is for diseases in the category “other medical causes” in Table
11.1, for which proportional mortality analysis does not estimate rela-
tive risks. For these causes, we used the relative risks of CPS-II from
Table 11.1.

Using this method for China we estimated that smoking caused 0.59
million deaths, 0.49 million of which are among men (13% of total adult
male mortality) and the remaining 0.10 million among women (3% of
total adult female mortality). In China, deaths caused by smoking
accounted for 11% of total mortality among males between the ages of
30 and 69 years (0.22 million deaths), 15% of total mortality among
males aged >69 years (0.27 million deaths), 2% of total mortality among
females between the ages of 35 and 69 years (32000 deaths), and 3%
of total mortality among females aged >69 years (66 000 deaths).

The relatively small fraction of mortality among women due to
smoking remained constant between 1990 and 2000, reflecting the
stable, low prevalence of smoking among Chinese women. The fraction
of mortality among men dropped for the 35-69-year age group from
13% to 11%, and increased from 12% to 15% for the >70-year age
group. The increase among the older men is due to demographic shifts
in smoking patterns. Tobacco consumption in China increased between
1970 and 1990 and then stabilized (Corrao et al. 2000; WHO 1997).
Therefore, while many of the younger smokers in 1990 and in 2000 had
started smoking around the same age, those in older age groups in 2000
are likely to have smoked for a longer time than those of similar age in
1990. This slight increase in the fraction of mortality attributable to
smoking among the older age cohorts with the maturity of the smoking
epidemic is consistent with historical trends in age-specific attributable
fractions in Canada, the United Kingdom and the United States. The
decline among the younger age groups was partially due to the 5% cor-
rection factor applied to the hazards for this country.

Lung cancer accounted for 20% and 18% of smoking-attributable
mortality among men and women, respectively, in China, resulting in
98000 male deaths and 17000 female deaths. The fractions of smoking-
attributable mortality from all cancers were 44% (215000 deaths) for
males and 29% (28000 deaths) for females. This suggests that the con-
tribution of smoking to mortality from cancers other than lung cancer
is larger in China than in industrialized countries (Lopez 1998). In China,
COPD also accounted for a large fraction of smoking-attributable mor-
tality with 33% (163000 deaths) and 61% (60000 deaths) of smoking-
caused mortality among men and women respectively.

INDIA AND SEAR-D"

Seven hundred and fifty thousand deaths among adult men and
110000 among adult women were attributable to smoking in SEAR-D
accounting for 18% and 3% of total mortality, respectively. Six hundred
and thirty thousand of these deaths occured before the age of 70 (13%
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of total mortality) and the remaining 230000 among those aged >70
years (8% of total mortality).

Adult male lung cancer mortality, 82% of which (84000 deaths) in
this subregion is caused by smoking, accounted for 11% of smoking-
attributable male mortality, the lowest fraction among males in any
subregion. The 6000 lung cancer deaths among females attributed to
smoking (26% of all female lung cancer deaths) was likewise the small-
est fraction (6%) of smoking-attributable deaths compared with other
subregions. When all cancers are considered together, smoking caused
0.18 million neoplasm deaths in SEAR-D in 2000 (160000 among men
and 14000 among women). Cardiovascular diseases, with 0.28 million
deaths (240000 or 16% of all cardiovascular deaths among men and
34000 or 2% of all cardiovascular deaths among women), were the
cause of death with the highest number due to smoking and accounted
for 33% of all smoking-attributable deaths (33% among men and 31%
among women), reflecting the large contribution of this cause to adult
male mortality in this subregion.

No direct nationally representative study of mortality due to smoking
was available from India or other countries in SEAR-D at the time of
writing. Estimates from specific regions within India as well as indirect
national estimates, however, are available and can be used for compar-
ison with our results. Gupta and Mehta (2000) estimated that the rela-
tive risk for mortality from all causes in a mixed cohort of male smokers
and non-smokers aged >34 years in India relative to non-users of tobacco
is approximately 1.63. Assuming, as in the case of CPS-II relative risks,
that 30% of the excess risk is due to confounding (because of covariates
such as chewing tobacco, diet, etc.) this relative risk and a smoking
prevalence of 40-50% imply that 15-18% of all male mortality is due
to smoking, a result consistent with our estimate of 18% of male
mortality attributable to tobacco. Applying the relative risk of 2.1
obtained by Gajalakshmi et al. (2003) with the same correction factor
will result in an even higher attributable fraction (23-28%) than ours.
The estimates of total mortality in this chapter are lower than those
by Gupta (1989) who attributes at least 19% of adult male mortality
and 4% of adult female mortality to tobacco use, as well as those in
a recent case—control study that finds an unadjusted attributable
fraction of approximately 20% for all adult deaths among Indian men
(Gajalakshmi et al. 2003).

ADDITIONAL ORAL CANCER MORTALITY DUE TO ORAL TOBACCO USE

Using the methods described above, we estimated that there were
60000 additional cases of oral cancer due to oral tobacco use (tobacco
chewing) in SEAR-D, accounting for an additional 50% of oral cancers
in the subregion. Of these, 39000 were among men (48% of male oral
cancer deaths) and 22000 among women (54% of female oral cancer
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deaths). We emphasize that these estimates are those cases of oral cancer
that are caused by tobacco chewing in addition to smoking. Since many
cases of oral cancer are likely to be affected by both habits, the overall
effects of tobacco chewing are larger. Important sources of uncertainty
in the estimates are the prevalence of oral tobacco use and relative risk
estimates as well as the extent of overlap between tobacco smoking and
chewing, especially for men.

OTHER DEVELOPING COUNTRIES

The fraction of total adult mortality due to smoking ranged from a low
of 2-4% in AFR-D, AMR-D and AFR-E to a high of 11% in SEAR-B
and 18% in WPR-B (excluding China). For males the lowest fraction of
total mortality due to smoking was in AMR-D (3%), AFR-D (5%) and
AFR-E (6%), reflecting the more recent smoking epidemic in these sub-
regions. Given that the current prevalence of smoking among adult men
is approximately 25-30% in AFR-D and 35-45% in AFR-E, this finding
emphasizes the fact that current prevalence is a poor marker of accu-
mulated smoking risks (see also Figure 11.4).

The highest fractions of adult male mortality due to smoking were in
WPR-B (excluding china) (26%), SEAR-B (19%), EMR-B (15%) and
AMR-B (15%). For females, the fraction of total mortality due to
smoking in 2000 was equal to or below 2% in AFR-D, AFR-E, AMR-
D, EMR-D and SEAR-B. The highest fractions of female mortality were
in AMR-B (6%) and WPR-B (excluding China) (8%), reflecting more
recent increases in female smoking in these subregions, especially with
increasing urbanization and economic development.

4, DiscussioN

We applied the indirect method of Peto et al. (1992), which uses absolute
lung cancer mortality in a population as a marker for accumulated
hazards of smoking, to estimate the mortality and disease burden due to
smoking in different subregions of the world. We chose the parameters
of the model, such as relative risks and non-smoker lung cancer mortal-
ity, based on direct estimates or by extrapolation from other subregions
based on best available evidence, explicitly stating the assumptions and
reasons for each choice.

Using this method, we estimated that in 2000, approximately 4.83
(95% CI 3.94-5.93) million deaths worldwide were due to smoking,
accounting for 12% of global adult mortality. Of these deaths, 2.41
(95% CI 1.80-3.15) million were in developing countries, marking a
transition to an era in which smoking killed as many people in devel-
oping countries as in industrialized nations. In fact, even in the earlier
stages of the tobacco epidemic, more men died from smoking in devel-
oping countries than in the industrialized nations (2.02 million vs 1.81
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million). In addition to those cases shared with smokers, there were an
estimated 60000 deaths from oral tobacco use in SEAR-D. Premature
mortality and morbidity caused by smoking accounted for an estimated
4.1% of the global burden of disease.

As we discussed under sources of uncertainty, using lung cancer—
which has a longer lag than cardiovascular diseases—as the marker for
accumulated smoking hazard, would result in an overestimation of
hazard where there has been sharp drops in smoking and underestima-
tion of hazard where there has been large increases in smoking. The
former is most likely to apply to North America and among males in
some countries in western Europe where smoking has declined (partially
or fully offset by a continued choice of conservative relative risk esti-
mates). On the other hand, the underestimation scenario would be
applicable to most developing countries where smoking has been on the
rise in the past few decades.

Total male mortality in terms of numbers of deaths was considerably
higher than female mortality—3.0 fold in industrialized nations and 5.3
fold in developing countries. The decline of the male-to-female mortal-
ity ratio from 3.6 to 3.0 in industrialized countries between 1990 and
2000, however, reflects the recent relative increases in female smoking in
these countries. 2.69 million deaths, more than one-half of the all global
deaths due to smoking, were in the 30-69-year age group.

Due to differences in methodology and presentation, the estimates
reported here are not fully comparable with those for previous years.
The existing estimates of consumption, prevalence and mortality,
however, generally indicate that mortality due to smoking (in terms of
the fraction of cause-specific or all-cause mortality) has been relatively
stable in industrialized countries over the past ten years. Some countries
in the established market economies category have seen a small decline
in male mortality while in most of these countries female mortality has
increased, reflecting differential time trends in male and female smoking.
Industrialized countries also have seen a small decline in the fraction of
mortality in the 30-69-year age group and an increase in the >70-year
group, confirming that in these countries as a whole, the smoking epi-
demic may be shifting with the effects increasingly being felt among the
older age groups. There were, nonetheless, subregional differences, and
the share of mortality at ages 30—-69-years is in fact rising among females
in some subregions including AMR-A and EUR-A.

Mortality and disease burden attributable to smoking, including its
share of total mortality and sex or age patterns, varied importantly
among different geographical regions of developing countries. This inter-
regional variation, which is larger than that observed in industrialized
countries, occurs because the nature and maturity of the smoking epi-
demic is highly affected by the varying economic and cultural determi-
nants of smoking in these populations. A few general statements can
nonetheless be made about the health effects of smoking in developing
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countries. First, current hazards of smoking in these populations are
highly concentrated among men. Given that the prevalence of smoking
among women is still low in developing countries (with the exception of
Latin America and the Caribbean and some countries in Asia), the
current level of male mortality should provide an indicator of the large
health losses that may well occur if female smoking increases over the
next few decades. Second, relative to industrialized countries, develop-
ing countries have a higher proportion of smoking-attributable mortal-
ity in the 30-69 age group than in the 270 group (62% in developing
countries vs 49% in industrialized countries). Coupled with the
1990-2000 trends in mortality for the two age groups in China, this sug-
gests that as people (mostly men) who began smoking over the past three
decades in developing countries become older, mortality due to smoking
will continue to rise as a share of cause-specific mortality; and almost
inevitably as a share of total mortality.

Smoking prevalence in some developing countries appears to have sta-
bilized, albeit at very high levels. In others, it is still rising. Given the
gradually shifting disease patterns and because most of the growth in
global population is expected to take place in the developing world, the
health effects of smoking, already one of the most important global
health hazards, will continue to rise unless effective interventions and
policies that curb and reduce smoking among males and prevent
increases among females in these countries are implemented.

S. PROJECTED FUTURE EXPOSURE

Many diseases caused by smoking, in particular various malignant
neoplasms and COPD, occur after long delays. This motivated using SIR
as the exposure variable for estimating the accumulated hazards of
smoking. Disease burden due to smoking in the next few decades will
depend on both past and future smoking patterns. There is therefore
a need to link estimates of accumulated current exposure, which are in
the form of SIR estimates, with future exposure, which is often in the
form of projections of prevalence of smoking or tobacco consumption
(whether under the business-as-usual scenario or some counterfactual).
Further, the combination of past and projected future exposure must be
presented in the form of a single exposure variable which accounts for
hazard accumulation. We used the following steps to estimate future
smoking prevalence and tobacco consumption and convert these to esti-
mates of lung cancer mortality and SIR.

1. We estimated past and current age-sex-specific smoking prevalence
under the business-as-usual scenario based on a descriptive model of the
smoking epidemic (Lopez et al. 1994), calibrated to regional character-
istics of the epidemic for different subregions. The tobacco epidemic was
divided into five stages (early, rising, peak or maturity, declining and late)
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as well as five transitional stages as seen in Figure 11.7. Historical evi-
dence from multiple industrialized countries consistently shows that the
youngest and oldest age groups at any stage of the epidemic have lower
smoking prevalence (Gajalakshmi et al. 2000; Nicolaides-Bouman et al.
1993), the former probably because of economic and social constraints
and the latter because of a higher mortality rate among smokers. The
prevalence distribution is also based on the observation that in the rising
stages of the epidemic, younger adults begin to smoke more than the
older adults but as the epidemic matures the age-pattern becomes more
stable (Gajalakshmi et al. 2000). Finally, as observed in historical data
we assumed that the prevalence of female smoking is lower than that of
males at every stage of the epidemic.

In calibrating the level of the prevalence curves for different regions,
we used the available comparative data on current and historical
smoking prevalence (Corrao et al. 2000; Gajalakshmi et al. 2000; WHO
1997). Recent data on smoking prevalence show that the male epidemic
has peaked at lower levels in Latin America and the Caribbean as well
as in sub-Saharan Africa compared to North America, Europe and Asia,
possibly because of the economic crises in these regions in the last two
decades of the 20th century. Although for most regions female smoking
is still in the early stages of the epidemic, we assumed that the peak of
the epidemic would be lower in developing countries than what was
observed in industrialized countries in the past. This assumption was
because in those developing countries where female smoking has been
on the rise, prevalence is lower than levels previously observed at similar
stages in industrialized countries.

In each country, males and females were assigned to one stage of
the epidemic in 2000 (Table 11.15) based on the best available data
on smoking patterns in recent years (Corrao et al. 2000; WHO
1997).

2. We divided country-level per capita consumption data into age—sex-
specific per capita consumption of smoking based on the above estimates
of prevalence. The Tobacco Free Initiative (TFI) of WHO provides time-
series estimates of tobacco consumption based on production, export,
and import data from the Food and Agriculture Organization of the
United Nations (FAO). The consumption numbers are reported as equiv-
alent cigarettes per adult (aged >15 years) for each country. We used the
above estimates of prevalence to divide the past and current country-
level per capita consumption numbers (corrected for smuggling and
other sources of error whenever possible) into age—sex-specific per capita
consumption.

In addition to differences in prevalence, male smokers smoke more
cigarettes per day than female smokers (Gajalakshmi et al. 2000;
Nicolaides-Bouman et al. 1993). Differences between age groups also
exist (Gajalakshmi et al. 2000; Nicolaides-Bouman et al. 1993). The
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Figure 11.7 Descriptive model for the main stages of the tobacco

epidemic based on the parameter values in industrialized

countries
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The vertical axis scales are different for males and females to increase resolution. The number next
to each curve indicates the epidemic stage. An additional transitional stage is also assumed between
each pair. With appropriate policies, one can assume declining prevalence even beyond stage 5. We
assumed that the business-as-usual scenario would not include this achievement, which is
considered as a part of our counterfactuals.
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Table I1.15

(a)

Comparative Quantification of Health Risks

Status of the tobacco epidemic in 2000 among (a) males and
(b) females

Epidemic stage* Country®

0.5-1 NA

1.5-2 AFR-D — all except Algeria, Mauritius, Seychelles; AFR-E — all except
South Africa; EMR-B — Iran (Islamic Republic of); EMR-D — Afghanistan, Djibouti,
Somalia, Sudan; EUR-B — Azerbaijan, Tajikistan, Turkmenistan, Uzbekistan

2.5-3 AFR-D — Algeria, Mauritius, Seychelles; AFR-E — South Africa; AMR-A — Cuba;
AMR-B — all except Argentina, Brazil, Chile; AMR-D — all; EMR-B — all except
Iran (Islamic Republic of); EMR-D — Egypt, Iraq, Morocco, Pakistan, Yemen;
EUR-A — Croatia, Czech Republic, Greece, Portugal, Slovenia; EUR-B — all
except Azerbaijan, Tajikistan, Turkmenistan, Uzbekistan; EUR-C — all; SEAR-B —
all; SEAR-D - all; WPR-A — Brunei Darussalam, Japan; WPR-B — all

3.5-4 AMR-B — Argentina, Brazil, Chile; EUR-A — Andorra, Austria, Denmark, France,
Germany, Ireland, Israel, Italy, Luxembourg, Malta, Monaco, San Marino, Spain,
Switzerland

4.5-5 AMR-A — Canada, USA; EUR-A — Belgium, Finland, Iceland, Netherlands,
Norway, Sweden, United Kingdom; WPR-A — Australia, New Zealand, Singapore

(b)

Epidemic stage®

Country®

0.5-1

AFR-D — all except Seychelles; AFR-E — all except South Africa; AMR-B —
Antigua and Barbuda, Bahamas, Barbados, Belize, Dominica, Grenada, Guyana,
Paraguay, Saint Kitts and Nevis, Saint Lucia, Saint Vincent and Grenadines,
Suriname; EMR-B — all except Cyprus, Jordan, Lebanon, Syrian Arab Republic;
EMR-D — all except Morocco; Albania, Azerbaijan, Tajikistan, Turkmenistan,
Uzbekistan; SEAR-B — Indonesia, Sri Lanka; SEAR-D — all except Myanmar,
Nepal; WPR-A — Singapore; WPR-B — Cambodia, China, Malaysia, Mongolia,
Republic of Korea, Viet Nam

AFR-D — Seychelles; AFR-E — South Africa; AMR-B — Colombia, Costa Rica,
Dominican Republic, El Salvador, Honduras, Jamaica, Mexico, Panama, Trinidad
and Tobago, Uruguay, Venezuela; AMR-D — all; EMR-B — Cyprus, Jordan,
Lebanon, Syrian Arab Republic; Morocco; EUR-A — Croatia, Czech Republic,
Greece, Israel, Malta, Portugal, San Marina, Slovenia; EUR-B — all except Albania,
Azerbaijan, Tajikistan, Turkmenistan, Uzbekistan; EUR-C — all; SEAR-B —
Thailand; SEAR-D — Myanmar, Nepal; WPR-A — Brunei Darussalam, Japan;
WPR-B — Cook Islands, Fiji, Kiribati, Lao People’s Democratic Republic,
Marshall Islands, Micronesia (Federated States of), Nauru, Niue, Palau,
Philippines, Samoa, Solomon Islands, Tonga, Tuvalu, Vanuatu

AMR-A — Cuba; AMR-B — Argentina, Brazil, Chile; EUR-A — Andorra, Austria,
Denmark, Finland, France, Germany, Ireland, Italy, Luxembourg, Monaco, Spain,
Switzerland; WPR-B — Papua New Guinea

3.54

AMR-A — Canada, USA; EUR-A — Belgium, Iceland, Netherlands, Norway,
United Kingdom; WPR-A — Australia, New Zealand

4.5-5

EUR-A — Sweden

NA  Not applicable.

a

b By subregion.

The stages of the epidemic refer to those in Figure 11.7.
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Table 11.16 Ratios of number of cigarettes smoked per day for various
demographic groups from historical data in industrialized

countries
Ratios of number of cigarettes smoked

Age group (years) Male Female
15-19 1.00 1.00
20-29 1.22 1.15
30-39 1.42 1.24
4049 1.37 1.34
50-59 1.26 1.21
60-69 I.15 1.04
70-79 I.15 1.04
>80 I.15 1.04

Male 1.0

Female 1/1.25 (stages 4 and 5);* 1/1.5 (stage 3);

1/1.75 (stages | and 2)

* The stages of the epidemic refer to those in Figure 11.7.

ratios for the number of cigarettes smoked per day between different age
groups and men and women have been estimated for industrialized coun-
tries (Gajalakshmi et al. 2000) and are presented in Table 11.16. We
assumed a lower female-to-male ratio in the earlier stages of the female
epidemic.

We emphasize that because the prevalence estimates from the descrip-
tive model are used to divide existing total per capita consumption into
age—sex-specific estimates, it is only the various male-female and age
ratios that affect the estimates, rather than the absolute values. There-
fore, the age-sex-specific consumption estimates are not sensitive to the
level of the prevalence curve or assumptions about the stage of the epi-
demic, provided that male-to-female and age ratios are close to actual
values (i.e. under- or over-estimating male and female prevalence by the
same factor would not affect the consumption estimates).

3. We projected age—sex-specific lung cancer mortality based on con-
sumption projections and a statistical model of the relationship between
lung cancer mortality and lagged consumption (Girosi and King 2002).
Finally, the projections of lung cancer mortality were converted to the
projections of SIR using the definition of SIR above.
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NOTES
1 See preface for an explanation of this term.

2 If the fraction of smokers in the mixture is x, then the lung cancer mortality
for the mixture is xS7¢ + (1 — x)N7j¢. Since the SIR of the mixture has to
equal that of the population, excess lung cancer mortality in the mixture has
to be equal to that of the study population. Therefore xS7¢ + (1 — x)N7¢ —

M which is equal to

fc —Nic

SIR when the study and reference populations have the same non-smoker

lung cancer rates. When non-smoker lung cancer rates are not the same in

the study and reference populations, the same result can be obtained with
algebraic manipulation of Equation 2, accounting for differences in never-

smoker rates.

Nic = Cic — Ny Solving this equation gives x =

3 The discussion in this section is based on age-specific risk estimates. In other
words, a decline in risk as a result of cessation does not necessarily imply
that risk stops rising in absolute terms. Rather, it implies that at all ages after
cessation, relative risk is less than it would be if smoking continued.

4 These estimates also assume no new smokers in the cohort.
5 No disease with this latter characteristic is known.

6 Note that this applies only to current exposure and not to future exposure
(avoidable risk) since the difference in decline time is accounted for in esti-
mating risk reversibility, as described earlier.

7 Note that the estimates of oral cancer for smokers are based on SIR as the
exposure variable to capture the accumulated hazards of smoking and not
on prevalence. Therefore the fraction of smokers who also chew (p,. =1 - p,)
was applied to SIR estimates rather than direct prevalence. Estimating
chewing-caused oral cancer by increasing the relative risk for this condition
in the SIR framework implicitly assumes that the accumulated hazards of the
two habits are similar. If oral tobacco use has a longer history in the region,
this would result in an underestimation of accumulated hazards.

8 Given that SIR values are estimated relative to reference populations of
the same sex and age, female and male estimates are not directly com-
parable. At the same time, the large differences are illustrative of the relative
magnitudes.
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9 All fractions are based on mortality in the respective age groups 30-69, >70,
and 230 years.

10 Mortality estimates for China were combined with the remaining countries
in WPR-B to obtain subregional estimates.

11 Eighty-three per cent of the population of SEAR-D lives in India. Therefore
the estimates for the subregion are dominated by, and comparable in terms
of fractions with, those from India.
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