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Message from Tommy G. Thompson
Secretary of Health and Human Services

Forty years have passed since the first landmark Surgeon General’s report on smok-
ing and health. Yet, smoking remains the leading preventable cause of death in this coun-
try. It continues to cost our society too many lives, too many dollars, and too many tears.

This new Surgeon General’s report illustrates the harmful impact of smoking on nearly
every organ in the body. Its statistics and conclusions underscore the necessity of remain-
ing vigilant in our smoking prevention efforts. We’ve made significant progress in our
fight against smoking, but we still have much more work to do. Some of the important
findings in this report include:

= Smoking causes cancers in parts of the body (including the kidney, cervix, and bone
marrow) that have not been previously linked to smoking in this series of reports.

= Smoking diminishes health generally. Adverse health effects begin before birth and
continue across the life span. Smoking also causes cataracts and contributes to the
development of osteoporosis, thus increasing the risk for fracture in the elderly.

< During 1995-1999, smoking caused approximately 440,000 premature deaths in the
United States annually, leading to 13.2 years of potential life lost for male smokers,
and 14.5 years lost for female smokers.

= Changes in cigarettes that reduce machine yields of tar and nicotine have not had any
clear benefits for public health.

The scientific evidence contained in this new report provides an even stronger rea-
son for action at all levels of society. Measures to prevent smoking initiation need to be
strong and enforced, especially among adolescents and young adults. We need to deny
our youth access to cigarette purchases and prevent advertising from being directed at
them. We need to motivate the millions of addicted smokers to quit and facilitate access to
cessation programs and therapies that have evidence of effectiveness.

In recent years, the Department of Health and Human Services (HHS) has commit-
ted itself to developing creative and innovative preventative approaches. This year, the
Department will establish a new toll-free telephone number that will serve as a single
access point to the national network of quitlines. This number will give all smokers in this
country access to support and to the latest information to help them quit. We’re also devel-
oping strategies to help pregnant smokers quit through a coalition with more than 50 na-
tional, state, and local organizations. The Centers for Medicare & Medicaid Services has
funded a demonstration project to examine the best ways to help Medicare beneficiaries
quit smoking. A media campaign resource center, sponsored by the Centers for Disease
Control and Prevention (CDC), shares high-quality advertising materials on smoking ces-
sation and prevention with states and other partners. In addition, CDC is moving to be-
come a smoke-free campus by the end of the year, and | am exploring making HHS the
first smoke-free department in the federal government. These are a few examples of the
work this Department does every day to discourage youth from smoking and to support
smokers who want to quit.

This report is the 28th Surgeon General’s report to outline the negative health effects
of smoking. Each report since 1964 has added proof that smoking causes disease. | trust
this report will be another effective tool in educating Americans about this lethal addic-
tion. | appreciate the efforts of Surgeon General Richard Carmona and the CDC in prepar-
ing this timely report, and | am particularly grateful to the many scientists and researchers
from around the world who contributed to its development.
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Foreword

This new report of the Surgeon General on the health effects of smoking provides
a startling picture of the damage to health caused by tobacco use. Smoking injures
almost all bodily organs, and tragically this injury often leads to incurable disease and
death. The comprehensive review process that is the foundation of this series of reports
has found new causal associations of smoking with disease, reemphasizing the need for
continued monitoring of scientific evidence on the health effects of smoking. This report
also addresses changes in the cigarette and whether these changes present increased risks
to smokers.

With this latest report, the format has been updated. The core of previous reports has
always been the evaluation of the evidence, with general summaries of the evidence
relevant to a particular disease or an adverse effect presented in various tables. These
tables have been the basis for assessing the scope and consistency of the evidence and for
assessing the presence of critical indicators of causality, including the findings of a dose-
response relationship and a decline in risk following cessation. The printed format of these
tables is supplemented with a new and dynamic database that includes the results of key
studies in a format accessible through the World Wide Web, enabling readers to access
additional tables and figures. The Office on Smoking and Health at the Centers for Disease
Control and Prevention will maintain the database, selectively adding new critical studies
as they are published. The scope of the literature is so broad that not all studies can be
entered, but this new format offers a useful complement to the Smoking and Health Data-
base that is already maintained by the Office on Smoking and Health and is readily avail-
able at http:/Z/www.cdc.gov/tobacco.

I am grateful to the leadership from the Office on Smoking and Health in preparing
this report and to the Surgeon General for his guidance. These reports would not be pos-
sible without the contributions of many scientists from throughout the world who wrote
and reviewed this volume. These reports remain a cornerstone of our nation’s strategy to
combat the ongoing epidemic of tobacco-related disease and death.

Julie Louise Gerberding, M.D., M.P.H.

Director

Centers for Disease Control and Prevention

and

Administrator

Agency for Toxic Substances and Disease Registry



Preface

from the Surgeon General,
U.S. Department of Health and Human Services

Forty years have passed since Surgeon General Luther Terry released the landmark
1964 report of the Surgeon General’s Advisory Committee on Smoking and Health.
Dr. Terry had asked the committee to evaluate all available scientific evidence to deter-
mine whether smoking caused lung cancer and other diseases. The approach adopted by
this committee has become a model for the many Surgeon General’s reports that have
followed: identify all relevant scientific data, evaluate and summarize the evidence, and
apply the criteria for causal inferences to determine whether the weight of the evidence
supports a definitive conclusion.

In 1964, the Surgeon General’s committee concluded that cigarette smoking causes
chronic bronchitis and cancers of the lung and larynx. Using these established, now stan-
dard, causal criteria, other reports of the Surgeon General have linked active smoking to
many other diseases and conditions. Secondhand smoke has also been found to adversely
impact health, a conclusion first reached in the 1986 Surgeon General’s report.

This report returns to the topic of that first Surgeon General’s report, the health
consequences of active smoking. It has been many years since active smoking and health
has been the sole topic of a Surgeon General’s report, and this report provides a compre-
hensive overview only touched on in recent reports. During the last four decades, the
scientific evidence on smoking and disease has expanded substantially, linking active smok-
ing with an ever-growing list of diseases. In fact, some long-term studies of smokers are
now providing a picture of how the risks of smoking play out across a lifetime. Even for
diseases that we have long known were caused by smoking, such as lung cancer, there are
new questions related to unexplained changes in the characteristics of the diseases. There
are also questions about how changes in the cigarettes smoked in the United States and
other countries have affected risks to smokers.

This report looks not only at active smoking but also examines the issue of causal
criteria, laying out in terms agreed upon by national and international scientific bodies
what evidence is required in order to declare that a disease or condition is causally related
to smoking. Conclusions from previous reports have been updated using new uniform
standards of both causality and language, and, in addition, there are a number of new
causal conclusions for cancer, cataract, and general health status. Cataract, a common
problem in older Americans, is now known to be causally related to active smoking. This
report also concludes that at all ages, smokers are generally less healthy than nonsmokers.

This report provides a tragic picture of the consequential effects of active smoking
across a lifetime. Active smoking affects reproduction and the hearts and lungs of ado-
lescents and young adults. Even by early middle age, it causes death from cancer and
cardiovascular diseases, shortening the life expectancy of smokers. With increasing age,
the frequency of smoking-caused diseases rises.

I am encouraged by the declining smoking rates in the United States in recent
decades. However, every day nearly 5,000 people under 18 years of age try their first ciga-
rette, and in 2001, an estimated 46.2 million American adults smoked. These numbers
represent an enormous emotional and financial burden for their families and for our
health care system. This report documents the path leading to disease and death that
these smokers inevitably face if they continue to smoke.



Over the years the harmful effects of smoking have been well documented.
Although great progress has been made, a challenging struggle remains. This report will
hasten the day when many of the findings herein are no longer true and we will be able to
view smoking as a scourge of the past. We all need to strengthen our efforts to prevent
young people from ever starting to smoke, and to encourage smokers of all ages to quit.

Richard Carmona, M.D., M.P.H., F. A.C.S.
Surgeon General
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Introduction

The Health Consequences of Smoking

This report of the Surgeon General on the health
effects of smoking returns to the topic of active smok-
ing and disease, the focus of the first Surgeon General’s
report published in 1964 (U.S. Department of Health,
Education, and Welfare [USDHEW] 1964). The first
report established a model of comprehensive evidence
evaluation for the 27 reports that have followed: for
those on the adverse health effects of smoking, the
evidence has been evaluated using guidelines for as-
sessing causality of smoking with disease. Using this
model, every report on health has found that smoking
causes many diseases and other adverse effects. Re-
peatedly, the reports have concluded that smoking is
the single greatest cause of avoidable morbidity and
mortality in the United States.

Of the Surgeon General’s reports published since
1964, only a few have comprehensively documented
and updated the evidence on active smoking and dis-
ease. The 1979 report (USDHEW 1979) provided a
broad array of information, and the 1990 report on
smoking cessation (U.S. Department of Health and
Human Services [USDHHS] 1990) also investigated
major diseases caused by smoking. Other volumes
published during the 1980s focused on specific groups
of diseases caused by smoking (USDHHS 1982, 1983,
1984), and the 2001 report was devoted to women and
smoking (USDHHS 2001). Because there has not been
a recent systematic review of the full sweep of the
evidence, the topic of active smoking and health was
considered an appropriate focus for this latest report.
Researchers have continued to identify new adverse
effects of active smoking in their ongoing efforts to
investigate the health effects of smoking. Lengthy
follow-ups are now available for thousands of partici-
pants in long-term cohort (follow-up) studies (National
Cancer Institute [NCI] 1997).

This report also updates the methodology for
evaluating evidence that the 1964 report initiated.
Although that model has proved to be effective, this
report establishes a uniformity of language concern-
ing causality of associations so as to bring greater speci-
ficity to the findings of the report. The following
section of this chapter describes the approach and its
rationale. Beginning with this report, conclusions
concerning causality of association will be placed into
one of four categories with regard to strength of the
evidence: (1) sufficient to infer a causal relationship,
(2) suggestive but not sufficient to infer a causal
relationship, (3) inadequate to infer the presence or

absence of a causal relationship, or (4) suggestive of
no causal relationship.

This approach separates the classification of the
evidence concerning causality from the implications
of that determination. In particular, the magnitude of
the effect in the population, the attributable risk, is
considered under “implications” of the causal deter-
mination. For example, there might be sufficient evi-
dence to classify smoking as a cause of two diseases
but the number of attributable cases would depend
on the frequency of the disease in the population and
the effects of other causal factors.

This report covers active smoking only. Passive
smoking was the focus of the 1986 Surgeon General’s
report and subsequent reports by other entities
(USDHHS 1986; U.S. Environmental Protection Agen-
cy [EPA] 1992; California EPA 1997; International Agen-
cy for Research on Cancer [IARC] 2002). The health
effects of pipes and cigars, also not within the scope of
this report, are covered in another report (NCI 1998).

In preparing this report, the literature review
approach was necessarily selective. For conditions for
which a causal conclusion had been previously
reached, there was no attempt to cover all relevant lit-
erature, but rather to review the conclusions from pre-
vious Surgeon General’s reports and focus on impor-
tant new studies for that topic. The enormous scope
of the evidence precludes such detailed reviews. For
conditions for which a causal conclusion had not been
previously reached, a comprehensive search strategy
was developed. Search strategies included reviewing
previous Surgeon General’s reports on smoking, pub-
lications originating from the largest observational
studies, and reference lists from important publica-
tions; consulting with content experts; and conduct-
ing focused literature searches on specific topics. For
this report, studies through 2000 were reviewed.

In addition, conclusions from prior reports con-
cerning smoking as a cause of a particular disease have
been updated and are presented in this new format
based on the evidence evaluated in this report (Table
1.1). Remarkably, this report identifies a substantial
number of diseases found to be caused by smoking
that were not previously causally associated with
smoking: cancers of the stomach, uterine cervix,
pancreas, and kidney; acute myeloid leukemia; pneu-
monia; abdominal aortic aneurysm; cataract; and
periodontitis. The report also concludes that smoking
generally diminishes the health of smokers.

Introduction and Approach to Causal Inference 3



Surgeon General’s Report

Table 1.1 Diseases and other adverse health effects for which smoking is identified as a cause in the
current Surgeon General’s report
Disease Highest level conclusion from previous Conclusion from the 2004 Surgeon
Surgeon General’s reports (year) General’s report
Cancer

Bladder cancer

Cervical cancer

Esophageal cancer

Kidney cancer

Laryngeal cancer

Leukemia

Lung cancer

Oral cancer

“Smoking is a cause of bladder cancer;
cessation reduces risk by about 50 percent
after only a few years, in comparison with
continued smoking.” (1990, p. 10)

“Smoking has been consistently associated
with an increased risk for cervical cancer.”
(2001, p. 224)

“Cigarette smoking is a major cause of
esophageal cancer in the United States.”
(1982, p. 7)

“Cigarette smoking is a contributory factor
in the development of kidney cancer in the
United States. The term ‘contributory
factor’ by no means excludes the possibil-
ity of a causal role for smoking in cancers
of this site.” (1982, p. 7)

“Cigarette smoking is causally associated
with cancer of the lung, larynx, oral cavity,
and esophagus in women as well as in
men. ...” (1980, p. 126)

“Leukemia has recently been implicated
as a smoking-related disease. . .but this
observation has not been consistent.”
(1990, p. 176)

“Additional epidemiological, pathological,
and experimental data not only confirm the
conclusion of the Surgeon General’s 1964
Report regarding lung cancer in men but
strengthen the causal relationship of
smoking to lung cancer in women.”

(1967, p. 36)

“Cigarette smoking is a major cause of
cancers of the oral cavity in the United
States.” (1982, p. 6)

“The evidence is sufficient to infer a
causal relationship between smoking
and. . .bladder cancer.”

“The evidence is sufficient to infer a
causal relationship between smoking
and cervical cancer.”

“The evidence is sufficient to infer a
causal relationship between smoking
and cancers of the esophagus.”

“The evidence is sufficient to infer a
causal relationship between smoking
and renal cell, [and] renal pelvis. . .
cancers.”

“The evidence is sufficient to infer a
causal relationship between smoking
and cancer of the larynx.”

“The evidence is sufficient to infer a
causal relationship between smoking
and acute myeloid leukemia.”

“The evidence is sufficient to infer a
causal relationship between smoking
and lung cancer.”

“The evidence is sufficient to infer a
causal relationship between smoking
and cancers of the oral cavity and
pharynx.”

4 Chapter 1



Table 1.1

Continued

The Health Consequences of Smoking

Disease

Highest level conclusion from previous
Surgeon General’s reports (year)

Conclusion from the 2004 Surgeon
General’s report

Pancreatic cancer

Stomach cancer

Cardiovascular
diseases

Abdominal aortic
aneurysm

Atherosclerosis

Cerebrovascular
disease

Coronary heart
disease

Respiratory
diseases

Chronic obstruc-

tive pulmonary
disease

Pneumonia

“Smoking cessation reduces the risk of
pancreatic cancer, compared with contin-
ued smoking, although this reduction in

risk may only be measurable after 10 years

of abstinence.” (1990, p. 10)

“Data on smoking and cancer of the
stomach. . .are unclear.” (2001, p. 231)

“Death from rupture of an atherosclerotic
abdominal aneurysm is more common in
cigarette smokers than in nonsmokers.”
(1983, p. 195)

“Cigarette smoking is the most powerful
risk factor predisposing to atherosclerotic
peripheral vascular disease.” (1983, p. 8)

“Cigarette smoking is a major cause of
cerebrovascular disease (stroke), the
third leading cause of death in the United
States.” (1989, p. 12)

“In summary, for the purposes of preven-
tive medicine, it can be concluded that
smoking is causally related to coronary
heart disease for both men and women

in the United States.” (1979, p. 1-15)

“Cigarette smoking is the most important
of the causes of chronic bronchitis in the
United States, and increases the risk

of dying from chronic bronchitis.”

(1964, p. 302)

“Smoking cessation reduces rates of
respiratory symptoms such as cough,
sputum production, and wheezing, and
respiratory infections such as bronchitis

and pneumonia, compared with continued

smoking.” (1990, p. 11)

“The evidence is sufficient to infer a
causal relationship between smoking
and pancreatic cancer.”

“The evidence is sufficient to infer a
causal relationship between smoking
and gastric cancers.”

“The evidence is sufficient to infer
a causal relationship between
smoking and abdominal aortic
aneurysm.”

“The evidence is sufficient to infer a
causal relationship between smoking
and subclinical atherosclerosis.”

“The evidence is sufficient to infer a
causal relationship between smoking
and stroke.”

“The evidence is sufficient to infer a
causal relationship between smoking
and coronary heart disease.”

“The evidence is sufficient to infer a
causal relationship between active
smoking and chronic obstructive
pulmonary disease morbidity and
mortality.”

“The evidence is sufficient to infer a
causal relationship between smoking
and acute respiratory illnesses, includ-
ing pneumonia, in persons without
underlying smoking-related chronic
obstructive lung disease.”

Introduction and Approach to Causal Inference 5



Surgeon General’s Report

Table 1.1 Continued

Disease

Highest level conclusion from previous
Surgeon General’s reports (year)

Conclusion from the 2004 Surgeon
General’s report

Respiratory effects
in utero

Respiratory effects
in childhood and
adolescence

Respiratory effects
in adulthood

“In utero exposure to maternal smoking is
associated with reduced lung function
among infants. ...” (2001, p. 14)

“Cigarette smoking during childhood and
adolescence produces significant health
problems among young people, including
cough and phlegm production, an
increased number and severity of
respiratory illnesses, decreased physical
fitness, an unfavorable lipid profile, and
potential retardation in the rate of lung
growth and the level of maximum lung
function.” (1994, p. 41)

“Cigarette smoking accelerates the
age-related decline in lung function that
occurs among never smokers. With
sustained abstinence from smoking, the
rate of decline in pulmonary function
among former smokers returns to that
of never smokers.” (1990, p. 11)

“The evidence is sufficient to infer

a causal relationship between maternal
smoking during pregnancy and

a reduction of lung function in infants.”

“The evidence is sufficient to infer

a causal relationship between active
smoking and impaired lung growth
during childhood and adolescence.”

“The evidence is sufficient to infer
a causal relationship between active
smoking and the early onset of lung
function decline during late adoles-
cence and early adulthood. “

“The evidence is sufficient to infer

a causal relationship between active
smoking and respiratory symptoms
in children and adolescents, including
coughing, phlegm, wheezing, and
dyspnea.”

“The evidence is sufficient to infer

a causal relationship between active
smoking and asthma-related symptoms
(i.e., wheezing) in childhood and
adolescence.”

“The evidence is sufficient to infer

a causal relationship between active
smoking in adulthood and a premature
onset of and an accelerated age-related
decline in lung function.”

“The evidence is sufficient to infer a
causal relationship between sustained
cessation from smoking and a return
of the rate of decline in pulmonary
function to that of persons who had
never smoked.”
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Table 1.1 Continued

The Health Consequences of Smoking

Disease

Highest level conclusion from previous
Surgeon General’s reports (year)

Conclusion from the 2004 Surgeon
General’s report

Other respiratory
effects

Reproductive
effects

Fetal death
and stillbirths

Fertility

Low birth weight

Pregnancy
complications

“Smoking cessation reduces rates of
respiratory symptoms such as cough,
sputum production, and wheezing,
and respiratory infections such as
bronchitis and pneumonia, compared
with continued smoking.” (1990, p. 11)

“The risk for perinatal mortality—both
stillbirth and neonatal deaths—and the
risk for sudden infant death syndrome
(SIDS) are increased among the offspring
of women who smoke during preg-
nancy.” (2001, p. 307)

“Women who smoke have increased
risks for conception delay and for both
primary and secondary infertility.”
(2001, p. 307)

“Infants born to women who smoke
during pregnancy have a lower
average birth weight. . .than. . .infants
born to women who do not smoke.”
(2001, p. 307)

“Smoking during pregnancy is associated
with increased risks for preterm prema-
ture rupture of membranes, abruptio
placentae, and placenta previa, and with
a modest increase in risk for preterm
delivery.” (2001, p. 307)

“The evidence is sufficient to infer
a causal relationship between active
smoking and all major respiratory
symptoms among adults, including
coughing, phlegm, wheezing, and
dyspnea.”

“The evidence is sufficient to infer
a causal relationship between active
smoking and poor asthma control.”

“The evidence is sufficient to infer

a causal relationship between sudden
infant death syndrome and maternal
smoking during and after pregnancy.”

“The evidence is sufficient to infer
a causal relationship between smoking
and reduced fertility in women.”

“The evidence is sufficient to infer

a causal relationship between maternal
active smoking and fetal growth restric-
tion and low birth weight.”

“The evidence is sufficient to infer

a casual relationship between maternal
active smoking and premature rupture
of the membranes, placenta previa, and
placental abruption.”

“The evidence is sufficient to infer

a causal relationship between maternal
active smoking and preterm delivery
and shortened gestation.”

Introduction and Approach to Causal Inference 7



Surgeon General’s Report

Table1.1 Continued
Disease Highest level conclusion from previous Conclusion from the 2004 Surgeon
Surgeon General’s reports (year) General’s report
Other effects
Cataract “Women who smoke have an increased “The evidence is sufficient to infer

Diminished health
status/morbidity

Hip fractures

Low bone density

Peptic ulcer
disease

risk for cataract.” (2001, p. 331)

“Relationships between smoking and
cough or phlegm are strong and consistent;
they have been amply documented and are
judged to be causal. . ..” (1984, p. 47)

“Consideration of evidence from many
different studies has led to the conclusion
that cigarette smoking is the overwhelm-
ingly most important cause of cough,
sputum, chronic bronchitis, and mucus
hypersecretion.” (1984, p. 48)

“Women who currently smoke have an
increased risk for hip fracture compared
with women who do not smoke.”

(2001, p. 321)

“Postmenopausal women who currently
smoke have lower bone density than do
women who do not smoke.” (2001, p. 321)

“The relationship between cigarette
smoking and death rates from peptic
ulcer, especially gastric ulcer, is confirmed.
In addition, morbidity data suggest a
similar relationship exists with the preva-
lence of reported disease from this cause.”
(1967, p. 40)

a causal relationship between smoking
and nuclear cataract.”

“The evidence is sufficient to infer

a causal relationship between smoking
and diminished health status that may
be manifest as increased absenteeism
from work and increased use of
medical care services.”

“The evidence is sufficient to infer

a causal relationship between smoking
and increased risks for adverse surgical
outcomes related to wound healing
and respiratory complications.”

“The evidence is sufficient to infer
a causal relationship between smoking
and hip fractures.”

“In postmenopausal women, the
evidence is sufficient to infer a causal
relationship between smoking and low
bone density.”

“The evidence is sufficient to infer

a causal relationship between smoking
and peptic ulcer disease in persons
who are Helicobacter pylori positive.”

Sources: U.S. Department of Health, Education, and Welfare 1964, 1967, 1979; U.S. Department of Health and Human
Services 1980, 1982, 1983, 1984, 1989, 1990, 1994, 2001.
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Despite the many prior reports on the topic and
the high level of public knowledge in the United States
of the adverse effects of smoking in general, tobacco
use remains the leading preventable cause of disease
and death in the United States, causing approximately
440,000 deaths each year and costing approximately
$157 billion in annual health-related economic losses
(see Chapter 7, “The Disease Impact of Cigarette
Smoking and Benefits of Reducing Smoking”). Nation-
ally, smoking results in more than 5.6 million years of
potential life lost each year. Although the rates of smok-
ing continue to decline, an estimated 46.2 million
adults in the United States still smoked cigarettes in
2001 (Centers for Disease Control and Prevention
[CDC] 2003). In 2000, 70 percent of those who smoked
wanted to quit (CDC 2002a). An increasingly disturb-
ing picture of widespread organ damage in active
smokers is emerging, likely reflecting the systemic
distribution of tobacco smoke components and their
high level of toxicity. Thus, active smokers are at higher
risk for cataract, cancer of the cervix, pneumonia, and
reduced health status generally.

This new information should be an impetus for
even more vigorous programs to reduce and prevent
smoking. Smokers need to be aware that smoking car-
ries far greater risks than the most widely known haz-
ards. Health care providers should also use the new
evidence to counsel their patients. For example, oph-
thalmologists may want to warn patients about the
increased risk of cataract in smokers, and geriatricians
should counsel their patients who smoke, even the
oldest, to quit. This report shows that smokers who
quit can lower their risk for smoking-caused diseases
and improve their health status generally. Those who
never start can avoid the predictable burden of dis-
ease and lost life expectancy that results from a life-
time of smoking.

Preparation of the Report

This report of the Surgeon General was prepared
by the Office on Smoking and Health, National Cen-
ter for Chronic Disease Prevention and Health Promo-
tion, CDC, USDHHS. Initial chapters were written by
19 experts who were selected because of their exper-
tise and familiarity with the topics covered in this
report. Their various contributions were summarized
into six major chapters that were then reviewed by
more than 60 peer reviewers. The entire manuscript
was then sent to more than 20 scientists and experts,
who reviewed it for its scientific integrity. After each
review cycle was completed, the drafts were revised
by the editors on the basis of the experts’ comments.
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Subsequently, the report was reviewed by various in-
stitutes and agencies within USDHHS.

Publication lags, even short ones, prevent an up-
to-the-minute inclusion of all recently published ar-
ticles and data. Therefore, by the time the public reads
this report, there may be additional published studies
or data. To provide published information as current
as possible, this report includes an appendix of more
recent studies that represent major additions to the
literature.

This report is also accompanied by a companion
database of key evidence that is accessible through the
Internet (see http://www.cdc.gov/tobacco). The data-
base includes a uniform description of the studies and
results on the risks of smoking that were presented in
a format compatible with abstraction into standard-
ized tables. Readers of the report may access these data
for additional analyses, tables, or figures. The Office
on Smoking and Health at CDC intends to maintain
this database and will periodically update its contents
as new reports are published.

Organization of the Report

This report covers major groups of the many dis-
eases associated with smoking: cancers, cardiovascu-
lar diseases, respiratory diseases, reproductive effects,
and other adverse health consequences. This chapter
(Chapter 1) includes a discussion of the concept of cau-
sation and introduces new concepts of causality that
are used throughout this report. Chapter 2 discusses
each of the main sites of cancer and their relationship
to smoking. Cardiovascular diseases, including ath-
erosclerosis, coronary heart disease, stroke, and ab-
dominal aortic aneurysm are the focus of Chapter 3,
which begins with an extensive review of newer find-
ings on the mechanisms by which smoking causes this
group of very common diseases. Chapter 4 includes
both acute respiratory diseases associated with smok-
ing and the chronic respiratory diseases long known
to be caused by smoking, including accelerated loss of
lung function with aging. The full scope of adverse
reproductive effects caused by smoking in both men
and women is covered in Chapter 5. Chapter 6 dis-
cusses other specific effects of smoking on the eyes,
the bones, and oral health, along with evidence on
more general adverse effects related to health status
overall. Chapter 7 updates prior estimates of the bur-
den of diseases caused by smoking. Finally, Chapter 8
discusses “A Vision for the Future” outlining broad
strategies and courses of action for tobacco control in
the future.

Introduction and Approach to Causal Inference 9
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Smoking: Issues in Statistical and Causal Inference

The U.S. Surgeon General’s reports on the health
effects of smoking have long had a central role in the
translation of scientific evidence into policies for to-
bacco control. A critical and essential aspect of this role
has been the judgment that smoking is a cause of spe-
cific diseases or health conditions. The statement that
an exposure “causes” a disease in humans represents
a serious claim, but one that carries with it the possi-
bility of prevention. Causal determinations may also
carry substantial economic implications for society and
for those who might be held responsible for the expo-
sure or for achieving its prevention. The qualitative
judgment that an exposure causes a particular disease
signifies that in the absence of exposure some fraction
of cases or deaths would not occur or would occur at a
later age (USDHEW 1964; Rothman and Greenland
1998). Given these implications, the grounds for mak-
ing the causal designation must be well founded and
clear.

The need for guidelines for causal determination
was recoghized by the committee that authored the
first Surgeon General’s report, and by the scientists
whose work served as the foundation for that report
(Cornfield et al. 1959). The difficulty of attempting to
both adjudicate causal relationships and choose the
language to describe them was apparent then
(USDHEW 1964). In a section titled “Criteria for Judg-
ment” in the 1964 report, the committee wrote that af-
ter “vigorous discussions,” they could neither precisely
define nor replace the word “cause,” a reflection of
the same problem that philosophers have confronted
over the centuries. The main approach is summarized
below:

When a relationship or an association between
smoking. . .and some condition in the host was
noted, the significance of the association was
assessed.

The characterization of the assessment called
for a specific term. . . .The word cause is the one
in general usage in connection with matters
considered in this study, and it is capable of
conveying the notion of a significant, effectual
relationship between an agent and an associ-
ated disorder or disease in the host.

10 Chapter 1

No member was so naive as to insist upon
mono-etiology in pathological processes or in
vital phenomena. All were thoroughly
aware. . . that the end results are the net effect
of many actions and counteractions.

Granted that these complexities were recog-
nized, it is to be noted clearly that the
Committee’s considered decision to use the
words “a cause,” or “a major cause,” or “a sig-
nificant cause,” or “a causal association” in
certain conclusions about smoking and health
affirms their conviction (USDHEW 1964,

p. 21).

The key descriptors in the above passage include
“effectual,” “significant,” and “major.” Reading these
phrases now, it is unclear whether the committee in-
tended to describe the underlying causal relationship
itself, the size of an estimated effect, the degree of sta-
tistical evidence for that estimated effect, the strength
of the causal claim, or some combination of these ele-
ments of the evidence. The report further described
the criteria for determining a causal relationship. These
criteria, which were just emerging into public health,
have since become widely accepted and used in epi-
demiology and public health: that any alleged asso-
ciation should demonstrate consistency, strength,
specificity, temporality, and coherence. This report has
served as a lasting model for the comprehensive evalu-
ation of scientific evidence.

However, at that time strict terminology was not
in place for describing the status of the evidence. Thus,
in the 1964 and subsequent Surgeon General’s reports,
as well as in other reports, the language used to char-
acterize conclusions about relationships between
smoking and disease varied. Table 1.2 contains ex-
amples of these variations used in every Surgeon
General’s report published between 1964 and 1990. For
example, for atherosclerosis outcomes there is the fol-
lowing sequence of terms: “likely risk factor”
(USDHEW 1971, p. 9), “major risk factor” (USDHEW
1973, p. 23), “strong associations” (USDHEW 1974, p.
19), “major risk factor” (USDHEW 1979, p. 1-14),
“major, independent risk factor” (USDHHS 1980,
p. 7), “the most powerful risk factor” (USDHHS 1983,
p. 8), and finally, “a cause of and the most powerful
risk factor” (USDHHS 1989, p. 63). For pancreatic
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Table 1.2 Variations in terminology from previous Surgeon General’s reports concerning smoking
as a cause of the listed diseases*

Surgeon General’s
Disease and statement report

Atherosclerosis/peripheral vascular disease

“Autopsy studies suggest that cigarette smoking is associated with a significant 1969
increase in atherosclerosis of the aorta and coronary arteries.” (p. 4)

“Data from a number of retrospective studies have indicated that cigarette smoking is 1971
a likely risk factor in the development of peripheral vascular disease. Cigarette
smoking also appears to be a factor in the aggravation of peripheral vascular disease.”

(p-9)

“Data from several epidemiological and experimental studies suggest that cigarette 1973
smoking is a major risk factor in the development of peripheral vascular disease.”

(p. 23)

“Epidemiologic data reveal strong associations between cigarette smoking and 1974

development of peripheral vascular disease.” (p. 19)

“Smoking cigarettes is a major risk factor for arteriosclerotic peripheral vascular 1979
disease and is strongly associated with increased morbidity from arteriosclerotic

peripheral vascular disease and with death from arteriosclerotic aneurysm of the

aorta.” (p. 1-14)

“Cigarette smoking is a major, independent risk factor for the development of 1980
arteriosclerotic peripheral vascular disease in women.” (p. 7)

“Cigarette smoking is the most powerful risk factor predisposing to atherosclerotic 1983
peripheral vascular disease.” (p. 8)

“. .. cigarette smoking is a cause of and the most powerful risk factor for atheroscle- 1989
rotic peripheral vascular disease.” (p. 63)

Bladder cancer

“Epidemiological studies have demonstrated a significant association between 1972
cigarette smoking and cancer of the urinary bladder in both men and women. These

studies demonstrate that the risk of developing bladder cancer increases with inhala-

tion and the number of cigarettes smoked.” (p. 75)

“Epidemiological studies have demonstrated a significant association between 1979
cigarette smoking and bladder cancer in both men and women.” (p. 1-17)

“Cigarette smoking acts independently and synergistically with other factors, 1979
such as occupational exposures, to increase the risk of developing cancer of
the urinary bladder.” (p. 1-17)

*Words in boldface are for emphasis only here and do not indicate emphasis in the original reports.
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Table1.2 Continued

Disease and statement

Surgeon General’s
report

“A dose-response relationship has been demonstrated between cigarette smoking and
cancer of the lung, larynx, oral cavity, and urinary bladder in women.” (p. 127)

“Smoking is a cause of bladder cancer; cessation reduces risk by about 50 percent after
only a few years, in comparison with continued smoking.” (p. 178)

Cerebrovascular disease

“Additional evidence strengthens the association between cigarette smoking and
cerebrovascular disease, and suggests that some of the pathogenetic [sic] consider-
ations pertinent to coronary heart disease may also apply to cerebrovascular disease.”

(p- 28)

“Because of the increasing convergence of epidemiological and physiological findings
relating cigarette smoking to coronary heart disease, it is concluded that cigarette
smoking can contribute to the development of cardiovascular disease and particularly
to death from coronary heart disease.” (p. 3)

“Women cigarette smokers experience an increased risk for subarachnoid
hemorrhage....” (p.7)

“Cigarette smoking is a major cause of cerebrovascular disease (stroke), the third
leading cause of death in the United States.” (p. 12)

Chronic obstructive pulmonary disease’ (COPD)

“Cigarette smoking is the most important of the causes of chronic bronchitis in the
United States, and increases the risk of dying from chronic bronchitis.” (p. 302)

“Cigarette smoking is the most important of the causes of chronic non-neoplastic
bronchopulmonary diseases in the United States. It greatly increases the risk of
dying not only from both chronic bronchitis but also from pulmonary emphysema.”

(p.31)

“Epidemiological and laboratory evidence supports [sic] the view that cigarette
smoking can contribute to the development of pulmonary emphysema in man.” (p. 5)

“Cigarette smoking is the most important cause of chronic obstructive bronchopulmo-
nary disease in the United States. Cigarette smoking increases the risk of dying from
pulmonary emphysema and chronic bronchitis.” (p. 9)

“Recent autopsy studies confirm that pulmonary emphysema is much more frequent
and severe in cigarette smokers than nonsmokers.” (p. 55)

1980

1990

1967

1968

1980

1989

1964

1967

1969

1971

1973

'Chronic obstructive pulmonary disease has been known by several terms over the years, including chronic bronchitis,

emphysema, chronic obstructive lung disease, and chronic obstructive bronchopulmonary disease.
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Table1.2 Continued

Disease and statement

Surgeon General’s

report

Coronary heart disease

“It is also more prudent to assume that the established association between cigarette
smoking and coronary disease has causative meaning than to suspend judgment until
no uncertainty remains.” (p. 327)

“Additional evidence not only confirms the fact that cigarette smokers have increased
death rates from coronary heart disease, but also suggests how these deaths may be
caused by cigarette smoking. There is an increasing convergence of many types of
evidence concerning cigarette smoking and coronary heart disease which strongly
suggests that cigarette smoking can cause death from coronary heart disease.” (p. 27)

“Because of the increasing convergence of epidemiological and physiological findings
relating cigarette smoking to coronary heart disease it is concluded that cigarette
smoking can contribute to the development of cardiovascular disease and particularly
to death from coronary heart disease.” (p. 3)

“In summary, for the purposes of preventive medicine, it can be concluded that
smoking is causally related to coronary heart disease for both men and women in the
United States.” (p. 1-15)

Esophageal cancer

“Epidemiological studies have demonstrated that cigarette smoking is associated with
the development of cancer of the esophagus.” (p. 12)

“Cigarette smoking is a causal factor in the development of cancer of the esophagus,
and the risk increases with the amount smoked.” (p. 1-17)

“Cigarette smoking is causally associated with cancer of the lung, larynx, oral cavity,
and esophagus in women as well as in men. . ..” (p. 126)

“Cigarette smoking is a major cause of esophageal cancer in the United States.” (p. 7)
Kidney cancer

“Cigarette smoking is a contributory factor in the development of kidney cancer in
the United States. The term ‘contributory factor’ by no means excludes the possibility
of a causal role for smoking in cancers of this site.” (p. 7)

Laryngeal cancer

“Evaluation of the evidence leads to the judgment that cigarette smoking is a signifi-
cant factor in the causation of laryngeal cancer in the male.” (p. 37)

“Cigarette smoking is causally associated with cancer of the lung, larynx, oral cavity,
and esophagus in women as well as in men. . ..” (p. 126)

1964

1967

1968

1979

1971

1979

1980

1982

1982

1964

1980
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Table1.2 Continued

Surgeon General’s

Disease and statement report
Lung cancer
“Cigarette smoking is causally related to lung cancer in men; the magnitude of the 1964
effect of cigarette smoking far outweighs all other factors. The data for women,
though less extensive, point in the same direction.” (p. 196)
“Additional epidemiological, pathological, and experimental data not only confirm 1967
the conclusion of the Surgeon General’s 1964 Report regarding lung cancer in men but
strengthen the causal relationship of smoking to lung cancer in women.” (p. 36)
“Cigarette smoking is causally related to lung cancer in women. ...” (p.4) 1968
“Cigarette smoking is causally associated with cancer of the lung. . .in women as well 1980
asinmen....” (p.126)
Oral cancer
“Smoking is a significant factor. . .in the development of cancer of the oral cavity.” 1968
(p. 4)
“Recent epidemiologic data strongly indicate that cigarette smoking plays an inde- 1974
pendent role in the development of oral cancer.” (p. 59)
“Epidemiological studies indicate that smoking is a significant causal factor in the 1979
development of oral cancer.” (p. 1-17)
“Cigarette smoking is causally associated with cancer of the. . .oral cavity. . .in women 1980
aswell asinmen....” (p.126)
“Cigarette smoking is a major cause of cancers of the oral cavity in the United States.” 1982
(p. 6)
Pancreatic cancer
“Epidemiological evidence demonstrates a significant association between cigarette 1972
smoking and cancer of the pancreas.” (p. 75)
“Recent epidemiologic data confirm the association between smoking and pancreatic 1974
cancer.” (p.59)
“Cigarette smoking is related to cancer of the pancreas, and several epidemiological 1979
studies have demonstrated a dose-response relationship.” (p. 1-17)
“Cigarette smoking is a contributory factor in the development of pancreatic cancer in 1982

the United States. The term ‘contributory factor’ by no means excludes the possibility
of a causal role for smoking in cancers of this site.” (p. 7)
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Table1.2 Continued

Disease and statement

Surgeon General’s

report

Peptic ulcer disease

“Epidemiological studies indicate an association between cigarette smoking and
peptic ulcer which is greater for gastric than for duodenal ulcer.” (p. 340)

“The relationship between cigarette smoking and death rates from peptic ulcer,
especially gastric ulcer, is confirmed. In addition, morbidity data suggest a similar
relationship exists with the prevalence of reported disease from this cause.” (p. 40)

“The finding of a significant dose-related excess mortality from gastric ulcers among
both male and female Japanese cigarette smokers, in a large prospective study, and in
the context of the genetic and cultural differences between the Japanese and previ-
ously investigated Western populations, confirms and extends the association
between cigarette smoking and gastric ulcer mortality.” (p. 162)

“Epidemiological studies have found that cigarette smoking is significantly associ-
ated with the incidence of peptic ulcer disease and increases the risk of dying from
peptic ulcer disease.” (p. 1-23)

“Female smokers show a prevalence of peptic ulcer higher than that of nonsmokers
by approximately two-fold.” (p. 12)

“The 1979 Report stated that the relationship between cigarette smoking and peptic
ulcer is significant enough to suggest a causal relationship.” (p. 76)

“The 1979 Report stated that the evidence of an association between cigarette smoking
and peptic ulcer was strong enough to suggest a causal relationship.” (p. 429)

Diminished health status/respiratory morbidity

“Cough, sputum production, or the two combined are consistently more frequent
among cigarette smokers than among non-smokers.” (p. 302)

“Even relatively young cigarette smokers frequently have demonstrable respiratory
symptoms and reduction [sic] in ventilatory function.” (p. 31)

“Cigarette smokers have higher rates of disability than nonsmokers, whether mea-
sured by days lost from work among the employed population, by days spentill in
bed, or by the most general measure—days of ‘restricted activity’ due to illness or

injury.” (p. 24)

“Cigarette smokers show an increased prevalence of respiratory symptoms, including
cough, sputum production, and breathlessness, when compared with nonsmokers.”

(pp. 9-10)

1964

1967

1973

1979

1980

1989

1990

1964

1967

1967

1971
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Table1.2 Continued

Disease and statement

Surgeon General’s
report

“Respiratory infections are more prevalent and severe among cigarette smokers,
particularly heavy smokers, than among nonsmokers.” (p. 10)

“Investigations of high school students have demonstrated that abnormal pulmonary
function and pulmonary symptoms are more common in smokers than nonsmokers.”

(p. 48)

“Cigarette smokers have also been shown to have a significantly longer duration of
respiratory symptoms following mild viral illness than nonsmokers.” (p. 78)

“In addition to an increased risk of COPD, cigarette smokers are more frequently
subject to and require longer convalescence from other respiratory infections than
nonsmokers. Also, if they require surgery, they are more likely to develop postopera-
tive respiratory complications.” (p. 61)

“The age-adjusted incidence of acute conditions (e.g., influenza) for males who had
ever smoked was 14 percent higher, and for females 21 percent higher, than for those
who had never smoked cigarettes.” (p. 1-12)

“A wide variety of alterations in the immune system have been observed due to
cigarette smoking.” (p. 1-18)

“Cessation of smoking definitely improves pulmonary function and decreases the
prevalence of respiratory symptoms.” (p. 1-18)

“Cigarette smokers have an increased frequency of respiratory symptoms, and at
least two of them, cough and sputum production, are dose-related.” (p. 1-18)

“The relationship between smoking and an increased prevalence of respiratory
symptoms in the adult has been well established in studies of hospital and clinic
patients, working groups, total communities, and representative samples of the
community.” (p. 6-20)

“In summary, many recent studies demonstrate a higher frequency of respiratory
symptoms in women who smoke as compared to women who do not smoke. This is
true in surveys including children, adolescents, young adults, working age, and
elderly women. The effect of cigarette smoking is related in terms of both the number
of cigarettes and years smoked.” (p. 156)

“Relationships between smoking and cough or phlegm are strong and consistent;
they have been amply documented and are judged to be causal.” (p. 47)

“Consideration of evidence from many different studies has led to the conclusion that
cigarette smoking is the overwhelmingly most important cause of cough, sputum,
chronic bronchitis, and mucus hypersecretion.” (p. 48)

1971

1972

1975

1975

1979

1979

1979

1979

1979

1980

1984

1984
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Table 1.2  Continued
Surgeon General’s
Disease and statement report
“Smoking cessation reduces rates of respiratory symptoms such as cough, sputum 1990
production, and wheezing, and respiratory infections such as bronchitis and pneumo-
nia, compared with continued smoking.” (p. 349)
“Former smokers have better health status than current smokers as measured in 1990

a variety of ways, including days of illness, number of health complaints, and self-

reported health status.” (p. 92)

Sources: U.S. Department of Health, Education, and Welfare 1964, 1967, 1968, 1969, 1971, 1972, 1973, 1974, 1975, 1979;
U.S. Department of Health and Human Services 1980, 1982, 1983, 1984, 1989, 1990.

cancer the sequence proceeds in a similar manner:
“significant association” (USDHEW 1972, p. 75), “data
confirm the association” (USDHEW 1974, p. 59), “a
dose-response relationship” (USDHEW 1979, p. 1-17),
and in 1982 “a contributory factor” that “by no means
excludes the possibility of a causal role. . .” (USDHHS
1982, p. 7). For some other outcomes, statements on
causality were more qualified, such as “for the pur-
poses of preventive medicine, it can be concluded that
smoking is causally related to coronary heart dis-
ease...” (USDHEW 1979, p. 1-15).

One would not expect that conclusive language
in these earlier reports would be identical, as each com-
mittee analyzed successively larger bodies of evidence,
often with different cumulative support for causal
claims. But without standardized terminology, authors
contributing to the reports sometimes introduced their
own phrasing to convey the extent of the evidence and
attendant uncertainty. The intent of this chapter is to
establish a more structured framework for reporting
conclusions for this report and for those that follow.

Twenty-seven Surgeon General’s reports on the
health effects of smoking and related issues have been
published since 1964. They contain the full range of
information available on smoking and health for the
purpose of evaluating the evidence. This evidence has
come from studies of the composition of tobacco
smoke, toxicologic investigation of smoke and of par-
ticular smoke components in experimental systems,
and observational or epidemiologic studies of asso-
ciations of smoking with diseases or other adverse
health consequences. The observational evidence has
also extended to mortality statistics, cancer incidence
data, and disease prevalence figures, all of which cap-
ture the occurrence of diseases possibly caused by
smoking. Changes in disease patterns across the

twentieth century were a substantial impetus for hy-
potheses proposing that smoking causes disease. The
epidemiologic evidence, now abundant for many dis-
eases caused by smoking, has been given substantial
weight in identifying smoking as a cause of disease.
The observational data have been complemented
by experimental data from the laboratory, which
support the plausibility of causation and give an ever-
deepening understanding of the mechanisms by which
tobacco smoking causes disease.

Since the earliest reports of the Surgeon General,
evidence has become available on the benefits of smok-
ing cessation, primarily from observations of smokers
who have stopped and from observations of patterns
of disease occurrence over time.

Across these 27 reports the strength of evidence
has mounted, new conclusions have been added, and
older conclusions have been strengthened and ex-
panded. Since the 1964 report, there has never been
any reason to reverse earlier conclusions of causality.

This chapter returns to the topic of causality, in-
cluding causal inference and terminology for charac-
terizing the strength of evidence for causality. This
topic has not been addressed comprehensively since
the 1964 report. In view of the continued importance
and public health relevance of causal conclusions,
updating the 1964 report was considered necessary.

Terminology of Conclusions
and Causal Claims

The first step in introducing this revised approach
is to outline the language that will be used for sum-
mary conclusions regarding causality, which follows
hierarchical language used by Institute of Medicine
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committees (Institute of Medicine 1999) to couch causal
conclusions, and by IARC to classify carcinogenic sub-
stances (IARC 1986). These entities use a four-level
hierarchy for classifying the strength of causal infer-
ences based on available evidence as follows:

A.Evidence is sufficient to infer a causal relation-
ship.

B. Evidence is suggestive but not sufficient to in-
fer a causal relationship.

C. Evidence is inadequate to infer the presence or
absence of a causal relationship (which encom-
passes evidence that is sparse, of poor quality, or
conflicting).

D.Evidence is suggestive of no causal relationship.

For this report, the summary conclusions regard-
ing causality are expressed in this four-level classifi-
cation. Use of these classifications should not constrain
the process of causal inference, but rather bring
consistency across chapters and reports, and greater
clarity as to what the final conclusions are actually
saying. As shown in Table 1.1, without a uniform clas-
sification the precise nature of the final judgment may
not always be obvious, particularly when the judgment
is that the evidence falls below the “sufficient” cat-
egory. Experience has shown that the “suggestive”
category is often an uncomfortable one for scientists,
since scientific culture is such that any evidence that
falls short of causal proof is typically deemed inad-
equate to make a causal determination. However, it is
very useful to distinguish between evidence that is
truly inadequate versus that which just falls short of
sufficiency.

There is no category beyond “suggestive of no
causal relationship” as it is extraordinarily difficult to
prove the complete absence of a causal association. At
best, “negative” evidence is suggestive, either strongly
or weakly. In instances where this category is used,
the strength of evidence for no relationship will be in-
dicated in the body of the text.

In this new framework, conclusions regarding
causality will be followed by a section on implications.
This section will separate the issue of causal inference
from recommendations for research, policies, or other
actions that might arise from the causal conclusions.
This section will assume a public health perspective,
focusing on the population consequences of using or
not using tobacco and also a scientific perspective,
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proposing further research directions. The proportion
of cases in the population as a result of exposure (the
population attributable risk), along with the total
prevalence and seriousness of a disease, are more
relevant for deciding on actions than the relative risk
estimates typically used for etiologic determinations.
In past reports, the failure to sharply separate issues
of inference from policy issues resulted in inferential
statements that were sometimes qualified with terms
for action. For example, based on the evidence avail-
able in 1964, the first Surgeon General’s report on
smoking and health contained the following statement
about the relationship between cardiovascular diseases
and smoking:

It is established that male cigarette smokers
have a higher death rate from coronary artery
disease than non-smoking males. Although
the causative role of cigarette smoking in
deaths from coronary disease is not proven,
the Committee considers it more prudent from
the public health viewpoint to assume that the
established association has causative meaning,
than to suspend judgment until no uncertainty
remains (USDHEW 1964, p. 32).

Using this framework, this conclusion would
now be expressed differently, probably placing it in
the “suggestive” category and making it clear that al-
though it falls short of proving causation, this evidence
still makes causation more likely than not. The origi-
nal statement makes it clear that the 1964 committee
judged that the evidence fell short of proving causal-
ity but was sufficient to justify public health action. In
this report, the rationale and recommendations for
action will be placed in the implications section, sepa-
rate from the causal conclusions. This separation of
inferential from action-related statements clarifies the
degree to which policy recommendations are driven
by the strength of the evidence and by the public health
consequences acting to reduce exposure. In addition,
this separation appropriately reflects the differences
between the processes and goals of causal inference
and decision making.

Implications of a Causal Conclusion

The judgment that smoking causes a particular
disease has immediate implications for prevention of
the disease. Having reached a causal conclusion, one
of the immediate and appropriate next steps is to



estimate the burden of disease that might be avoided
through prevention and cessation of smoking. This
estimation is made with the population attributable
risk, a measure first proposed by Levin (1953) to cal-
culate the proportion of lung cancer caused by smok-
ing. Levin’s attributable risk is central to the estimates
made by the Smoking-Attributable Mortality, Morbid-
ity, and Economic Costs (SAMMEC) application de-
veloped by CDC (2002b).

The burden of avoidable disease in a population
depends on the strength of smoking as a factor caus-
ing the disease and the prevalence of smoking in the
population of interest. The attributable risk could vary
across populations that have different patterns of
smoking or in the same population over time as smok-
ing changes. The attributable risk may also be influ-
enced by the population’s exposures to other causes
of this disease of interest and by whether those other
causes modify the effect of smoking.

Because the attributable risk is population depen-
dent, the report separates the causal conclusion from
this quantitative assessment of its implications. This
assessment is placed in the separate section, “Implica-
tions,” immediately following the statement of con-
clusions.

There are also implications of not reaching a
causal conclusion. The attributable risk can still be cal-
culated to estimate how much disease is potentially
avoidable, given a causal determination. Additionally,
the evidence review may indicate needed areas of re-
search to address remaining gaps and uncertainties
that have precluded a causal designation.

Judgment in Causal Inference

A causal conclusion conveys the inference that
changing a given factor will actually reduce a
population’s burden of disease, either by reducing the
overall number of cases or by making disease occur
later than it would have (Robins and Greenland 1989).
Without the mantle of “causal,” the identification of a
“risk factor” does not necessarily carry with it the cer-
tainty of disease prevention or delayed onset follow-
ing exposure reduction or removal. As noted in the
1964 Surgeon General’s report, the characteristics of
evidence that merit calling an association causal in-
volve extra-statistical judgments. Because the claim is
so central to disease prevention, it is important to re-
view some of the complexities inherent in this concept
and the epidemiologic criteria that have been proposed
to decide whether the causal designation should be
made.
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In this report, the definition of cause is based on
the notions of a “counterfactual” state, a concept with
origins at least as far back as the English philosopher
David Hume (1711-1776) (Steinberg 1993). In the twen-
tieth century, this concept was further developed and
applied by statisticians, philosophers, and epidemiolo-
gists (Bunge 1959; Lewis 1973; Rubin 1974; Robins 1986,
1987; Greenland 1990; Splawa-Neyman 1990; Green-
land et al. 1999; Pearl 2000; Parascandola and Weed
2001). A counterfactual definition holds that something
is a cause of a given outcome if, when the same per-
son is observed with and without a purported cause
and without changing any other characteristic, a dif-
ferent outcome would be observed. For example, the
counterfactual state for a smoker is the same individual
never having smoked. The word “counterfactual”
comes from the fact that no person can actually be
observed under exactly the same conditions twice. For
example, it is not possible to actually observe the same
human being under identical conditions (including
being the same age) except for smoking status. The
situation that cannot be observed is called the
counterfactual state; literally, counter to the observed
facts. The unobservability of the counterfactual state
is what makes causal relationships based on observa-
tional data subject to uncertainty and questioning.

Properly designed studies provide a scientific
basis for inferring what the outcome of the counter-
factual state would be, and permit related uncertainty
to be properly quantified. In a laboratory, scientists are
able to predict, fairly confidently, the outcome in this
counterfactual state by repeating an experimental pro-
cedure with every important factor tightly controlled,
varying only the factor of interest. But in observational
studies of humans, scientists must try to infer what
the outcome would be in a counterfactual state by
studying another group of persons who, at least on
average, are substantively different in only one rel-
evant variable, the exposure under study. The outcome
of this second group is used to represent what would
have occurred in the original group if it had been
observed with a different exposure, as in its counter-
factual state (Greenland 1990). In the case of smoking
and disease, this comparison is between disease risk
in smokers and nonsmokers. Because experiments
cannot be ethically done that randomize people to
smoke or not to smoke, most evidence on smoking and
disease is observational.

In the absence of a randomized assignment of
exposure, two groups may differ on average in more
factors than just the variable of interest. If these other
factors affect outcome, then their effects can combine
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with the causal effect of the factor of interest, biasing
the measured effect of that factor. These ancillary
causes are called confounders. An example of a con-
founding factor might be a characteristic associated
both with taking a medication and cardiovascular risk,
which appears to be the current situation with hor-
mone replacement therapy (HRT) in women. The
observational studies showed a clearer cardiovascu-
lar benefit from HRT than did a large randomized trial,
suggesting that there may be some cardioprotective
characteristics or behaviors of women who voluntar-
ily take HRT that are at least partly responsible for the
apparent benefit of HRT in the observational studies
(Hulley et al. 1998; Blumenthal et al. 2000). In fact, the
results of the Women’s Health Initiative Trial of HRT
showed increased risk for cardiovascular disease inci-
dence in women randomized to HRT (Pradhan et al.
2002). Confounding by cardioprotective characteris-
tics associated with taking HRT may have obscured
this unanticipated consequence of HRT in the obser-
vational studies.

If confounders are recognized and their effects
measured, these effects can often be statistically mini-
mized or removed by the analysis of a study. How-
ever, if a confounder is poorly measured, or its effects
poorly characterized, then its effects cannot be con-
trolled for in the analysis phase of a study, resulting in
a causal effect that is distorted or confounded by the
unwanted factor. The most extreme version of this
phenomenon occurs with unmeasured confounding,
causal factors that are not measured at all and whose
effects are therefore not controllable, which can result
in biased estimates and underestimates of uncertainty,
because standard analyses implicitly assume an ab-
sence of confounding from all unmeasured factors.

One solution to this problem of unmeasured or
poorly controlled confounding is to randomize the
factor of interest between different groups of people.
This solution is obviously not applicable to harmful
agents or behaviors such as smoking cigarettes (al-
though randomization to cessation is possible because
a benefit is anticipated), but understanding the role of
randomization can deepen insights into the interpre-
tation of nonrandomized designs used to study smok-
ing effects. Randomization makes a proposed causal
factor independent of potentially confounding factors,
and provides a known probability distribution for the
potential outcomes in each group under a given
mathematic hypothesis (i.e., null) (Greenland 1990). It
does not mean that inference from an individual ran-
domized study is free of unmeasured confounding (it
is free of unmeasured confounding only on average),
but it does mean that measures of uncertainty about
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causal estimates from randomized studies have an
experimental foundation. In the absence of random-
ization, uncertainty about causal effects depends in
part on the confidence that all substantive confound-
ing has been eliminated or controlled either by the
study design or by the analysis. Such confidence is
ultimately based on scientific judgment.

One way to reduce the uncertainty that occurs
with both randomized and observational designs is to
repeat the studies. Similar results in a series of ran-
domized studies make it increasingly unlikely that
unmeasured confounding is accounting for the find-
ings, since the process of randomization makes the
mathematic probability of such confounding progres-
sively smaller as the total sample size or number of
studies increases. In observational studies, however,
increasing the number of studies may reduce the ran-
dom component of uncertainty, but not necessarily the
systematic component attributable to confounding.
Without randomization, there is no mathematic basis
to assume that imbalance in unknown confounders
will decrease with an increase in the number of stud-
ies. For example, many observational studies of HRT
use in women have shown a strong cardioprotective
effect. If unmeasured cardioprotective characteristics
are consistently more common among women who use
HRT, then having multiple studies will not necessar-
ily reduce the effect of unmeasured confounding. How-
ever, if observational studies are repeated in different
settings, with different subjects, different eligibility cri-
teria, and/or different exposure opportunities (e.g.,
therapeutic HRT use after hysterectomy), each of
which might eliminate another source of confound-
ing from consideration, then confidence that unmea-
sured confounders are not producing the findings is
increased. How many studies need to be done, how
diverse they need to be, and how relevant they are to
the question at hand are matters of scientific judgment.

Confidence that unmeasured confounding is not
producing the observed results is further increased by
understanding the biologic process by which the ex-
posure might affect the outcome. This understanding
allows better identification and measurement of rel-
evant confounders, making it more unlikely that what
is unmeasured is of concern. It can also serve as the
basis for a judgment that the observed difference could
be produced only by an implausible degree of con-
founder imbalance between exposed and unexposed
groups. Thus, causal conclusions from observational
studies typically require more and stronger biologic
evidence to support plausibility and the absence of
confounding than is required for causal inferences
based on randomized studies.



Making causal inferences from observational
data can be a challenging task, requiring expert judg-
ment as to the likely sources and magnitude of con-
founding, together with judgments about how well the
existing constellation of study designs, results, and
analyses addresses this potential threat to inferential
validity. To aid this judgment, criteria for the determi-
nation of a cause have been proposed by many phi-
losophers and scientists over the centuries. The most
widely cited criteria in epidemiology and public health
more generally were set forth by Sir Austin Bradford
Hill in 1965 (Weed 2000). Five of the nine criteria he
listed were also put forward in the 1964 Surgeon
General’s report as the criteria for causal judgment:
consistency, strength, specificity, temporality, and co-
herence of an observed association. Hill also listed bio-
logic gradient (dose-response), plausibility, experiment
(or natural experiment), and analogy. Many of these
criteria have been cited in earlier epidemiologic writ-
ings (Lilienfeld 1959; Yerushalmy and Palmer 1959;
Sartwell 1960), and Susser has extensively refined them
by exploring their justification, merits, and interpre-
tations (Susser 1973, 1977, Kaufman and Poole 2000).

Hill (1965) clearly stated that these criteria were
not intended to serve as a checklist:

Here are then nine different viewpoints from
all of which we should study association be-
fore we cry causation. What | do not believe. . .
is that we can usefully lay down some hard-
and-fast rules of evidence that must be obeyed
before we accept cause and effect. None of my
nine viewpoints can bring indisputable evi-
dence for or against the cause-and-effect hy-
pothesis and none can be required as a sine
qua non. What they can do, with greater or less
strength, is to help us to make up our minds
on the fundamental question—is there any
other way of explaining the facts before us, is
there any other answer equally, or more, likely
than cause and effect? (Hill 1965, p. 299)

All of these criteria were meant to be applied to
an already established statistical association; if no as-
sociation has been observed, then these criteria are not
relevant. Hill explained how, if a given criterion were
satisfied, it strengthened a causal claim. Each of these
nine criteria served one of two purposes: either as evi-
dence against competing noncausal explanations or as
evidence supporting causal ones. Noncausal explana-
tions for associations include chance; residual or
unmeasured confounding; model misspecification;
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selection bias; errors in measurement of exposure, con-
founders, or outcome; and issues regarding missing
data (which can also include missing studies, e.g.,
publication bias). The criteria are briefly discussed
below.

Consistency

This criterion refers to the persistent finding of
an association between exposure and outcome in mul-
tiple studies of adequate power, and in different per-
sons, places, circumstances, and times. Consistency can
serve two purposes. The first purpose, which was dis-
cussed previously, is to make unmeasured confound-
ing an unlikely alternative explanation for an observed
association. Such confounding would have to persist
across diverse populations, exposure opportunities,
and measurement methods. The confounding is still
possible if the exposure (in this case smoking) were
very strongly tied to an alternative cause, as was
claimed in the form of the “constitutional hypothesis”
put forward in the early days of the smoking-disease
debate (USDHEW 1964). This hypothesis held that
there was a constitutional (i.e., genetic) factor that
made people more likely to both smoke and develop
cancer. So consistency serves mainly to rule out the
hypothesis that the association is produced by an an-
cillary factor thatdiffers across studies, but not one fac-
tor that is common to all or most of them (Rothman
and Greenland 1998).

The second purpose of the consistency criterion
is to make the hypothesis of a chance effect unlikely
by increasing the statistical strength of a finding
through the accumulation of a larger body of data. It
does not include the qualitative strength of such stud-
ies, which Susser subsumes under his subsidiary con-
cept of “survivability,” relating to the rigor and sever-
ity of tests of association (Susser 1991).

Strength of Association

This criterion includes two dimensions of
strength: the magnitude of the association and its sta-
tistical strength. An association strong in both aspects
makes the alternative explanations of chance and con-
founding unlikely. The larger the measured effect, the
less likely that an unmeasured or poorly controlled
confounder could account for it completely. Associa-
tions that have a small magnitude or a weak statistical
strength are more likely to reflect chance, modest bias,
or unmeasured weak confounding. However, the mag-
nitude of association is reflective of underlying bio-
logic processes and should be consistent with under-
standing the role of smoking in these processes.

Introduction and Approach to Causal Inference 21



Surgeon General’s Report

Specificity

Specificity has been interpreted to mean both a
single (or few) effect(s) of one cause, or no more than
one possible cause for one effect. In addition to spe-
cific infectious diseases that are caused by specific
infectious agents, some other examples include asbes-
tos exposure and mesothelioma and thalidomide
exposure during gestation and the resulting unusual
constellation of birth defects. This criterion is rarely
used as it was originally proposed, having been de-
rived primarily from the Koch Postulates for infectious
causes of disease (Evans 1993). When specificity ex-
ists, it can strengthen a causal claim, but its absence
does not weaken it (Sartwell 1960). For example, most
cancers are known to have multifactorial etiologies,
many cancer-causing agents can cause several types
of cancer, and these agents can also have noncancer-
ous effects. Similarly, there are multiple causes of car-
diovascular disease.

In considering specificity in relation to the
smoking-lung cancer association, the 1964 Surgeon
General’s report (USDHEW 1964) provides a rich dis-
cussion of this criterion. The committee recognized the
linkage between this criterion and strength of associa-
tion and offered a symmetric formulation of specific-
ity in the relationship between exposure and disease;
that is, a particular exposure always results in a par-
ticular disease and the disease always results from the
exposure. The committee acknowledged that smoking
does not always result in lung cancer and that lung
cancer has other causes. The report notes the extremely
high relative risk for lung cancer in smokers and the
high attributable risk, and concludes that the associa-
tion between smoking and lung cancer has “a high
degree of specificity.”

Temporality

Temporality refers to the occurrence of a cause
before its purported effect. Temporality is the sine qua
non of causality, as a cause clearly cannot occur after
its purported effect. Failure to establish temporal se-
guence seriously weakens a causal claim, but estab-
lishing temporal precedence is by itself not very strong
evidence in favor of causality.

Coherence, Plausibility, and Analogy

Although the original definitions of these crite-
ria were subtly different, in practice they have been
treated essentially as one idea: that a proposed causal
relationship not violate known scientific princi-
ples, and that it be consistent with experimentally
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demonstrated biologic mechanisms and other relevant
data, such as ecologic patterns of disease (Rothman
and Greenland 1998). In addition, if biologic under-
standing can be used to set aside explanations other
than a causal association, it offers further support for
causality. Together, these criteria can serve both to sup-
port a causal claim (by supporting the proposed
mechanism) or refute it (by showing that the proposed
mechanism is unlikely).

Biologic understanding, of course, is always
evolving as scientific advances make possible an ever
deeper exploration of disease pathogenesis. For ex-
ample, in 1964 the Surgeon General’s committee found
a causal association of smoking with lung cancer to be
biologically plausible. Nearly 40 years later, this asso-
ciation remains biologically plausible, but that deter-
mination rests not only on the earlier evidence but on
more recent findings that address the genetic and
molecular basis of carcinogenesis.

Biologic Gradient (Dose-Response)

The finding of an increment in effect with an in-
crease in the strength of the possible cause provides
strong support in favor of a causal hypothesis. This is
not just because such an observation is predicted by
many cause-effect models and biologic processes, but
more importantly, because it makes most noncausal
explanations very unlikely. One would have to posit
that some unmeasured factor was changing in the same
manner as the exposure of interest if that factor, rather
than the factor of interest, is to explain the gradient.
Except for confounders that are very closely related to
a causal factor, it is very difficult for such a pattern to
be created by virtually any of the noncausal explana-
tions for an association listed earlier. The finding of a
dose-response relationship has long been a mainstay
of causal arguments in smoking investigations; virtu-
ally all health outcomes causally linked to smoking
have shown an increase in risk and/or severity with
an increase in the lifetime smoking history, generally
number of cigarettes smoked per day, duration of
smoking, or a cumulative measure of consumption.
This criterion is not based on any specific shape of the
dose-response relationship.

Experiment

This criterion refers to situations where natural
conditions might plausibly be thought to imitate con-
ditions of a randomized experiment, producing a
“natural experiment” whose results might have the
force of a true experiment. An experiment is typically



a situation in which a scientist controls who is exposed
in a way that does not depend on any of the subject’s
characteristics. Sometimes nature produces similar
exposure patterns. The reduction in risk after smok-
ing cessation serves as one such situation that approxi-
mates an experiment; an alternative noncausal expla-
nation would have to posit that an unmeasured causal
factor of that health outcome was more frequent among
those who did not stop smoking than among those who
did. The causal interpretation is further strengthened
if risk continues to decline in former smokers with in-
creasing length of time since quitting. Similar to the
dose-response criteria, observations of risk reduction
after quitting smoking have the dual effects of mak-
ing most noncausal explanations unlikely, and sup-
porting the biologic model that underlies the causal
claim.

Applying the Causal Criteria

The more that an association fulfills the previ-
ous criteria, the more difficult it is to offer a more com-
pelling alternative explanation. Which of these crite-
ria may be more important, and whether some can be
unfulfilled and still justify the causal claim, is a judg-
mental issue. Temporality, however, cannot be violated.
When there is a still incompletely understood patho-
genic mechanism, the causal claim might still be justi-
fied by very strong, direct empirical evidence of higher
rates in smokers (i.e., strong, consistent associations).
Less strong associations (e.g., relative risks between 1
and 2) in only a few studies, without adequate under-
standing of potential confounders or with weak de-
signs, might result in a suspicion of causal linkage.

The process of applying the criteria extends be-
yond simply lining the evidence up against each crite-
rion. Rather, the criteria are used to integrate multiple
lines of evidence, coming from chemical and toxico-
logic characterizations of tobacco smoke and its
components, epidemiologic approaches, and clinical
investigations. Those applying the criteria weigh the
totality of the evidence in a decision-making pro-
cess that synthesizes and, of necessity, involves a
multidisciplinary judgment.

The 1964 Surgeon General’s report still stands as
one of the finest examples of the power of applying
these criteria systematically and comprehensively.
Starting with the criterion for consistency, the commit-
tee noted that all 29 retrospective (i.e., case-control)
and 7 prospective (i.e., cohort) studies at the time
reported strong smoking-lung cancer relationships.
They further noted that all of the studies comparing
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smokers with nonsmokers showed very high relative
risks for lung cancer (ranging from approximately 5
to 20). Dose-response effects were also observed in
almost every study that provided the necessary data.
The temporal sequence was reported to be not abso-
lutely certain, but seemed to be very unlikely in the
lung cancer-smoking direction, as cancer typically
appears many years or decades after the onset of smok-
ing. With regard to coherence of the association with
known facts, the studies noted the ecologic increase in
lung cancer rates with increased smoking in the popu-
lation; the gender differential in lung cancer, which at
the time was consistent with more smoking by men;
an urban-rural difference, which air pollution could
not completely explain; socioeconomic differentials in
lung cancer for which smoking seemed to be the stron-
gest explanation; and the localization of cancer within
the respiratory tract in relation to the type of smoking.
The studies also cited the known reduction in risk
among former smokers, with greater risk reductions
correlated with more time spent not smoking. These
observations, in combination with histopathologic
evidence, basic biologic observations, and an in-depth
discussion of each competing nonsmoking-related ex-
planation (e.g., occupation, constitutional hypothesis,
infections, and environmental factors such as pollu-
tion), produced a case for causation that was essen-
tially irrefutable.

Statistical Testing and Causal Inference

Hill made a point of commenting on the value,
or lack thereof, of statistical testing in the determina-
tion of cause: “No formal tests of significance can an-
swer those [causal] questions. Such tests can, and
should, remind us of the effects the play of chance can
create, and they will instruct us in the likely magni-
tude of those effects. Beyond that, they contribute noth-
ing to the ‘proof’ of our hypothesis” (Hill 1965, p. 299).

Hill’s warning was in some ways prescient, as
the reliance on statistically significant testing as a sub-
stitute for judgment in causal inference remains today
(Savitz et al. 1994; Holman et al. 2001; Poole 2001). To
understand the basis for this warning, it is critical to
recognize the difference between inductive inferences
about the truth of underlying hypotheses, and deduc-
tive statistical calculations that are relevant to those
inferences but that are not inductive statements them-
selves. The latter include p values, confidence inter-
vals, and hypothesis tests (Greenland 1998; Goodman
1999). The dominant approach to statistical inference
today, which employs those statistical measures,
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obscures this important distinction between deductive
and inductive inferences (Royall 1997), and has pro-
duced the mistaken view that inferences flow directly
and inevitably from data. There is no mathematic
formula that can transform data into a probabilistic
statement about the truth of an association without
introducing some formal quantification of external
knowledge, such as in Bayesian approaches to infer-
ence (Goodman 1993; Howson and Urbach 1993).
Significance testing and the complementary estima-
tion of confidence intervals remain useful for charac-
terizing the role of chance in producing the associa-
tion in hand.

There are many kinds of statements that appear
to be, but are not, formal inferences about a hypoth-
esis. For example, consider the statement “the fre-
guency of cirrhosis in smokers is statistically signifi-
cantly greater than the frequency in nonsmokers.” This
statement is based on a deductive mathematic calcu-
lation that assumes the truth of the null hypothesis
of no association. It is not a knowledge claim of an
inductive statement about the likely truth of the
cirrhosis-smoking relationship, although it may serve
as a foundation for that claim. An inductive inference
would be a statement based on this and other evidence,
that smokers are likely to have a higher risk of cirrho-
sis than nonsmokers. Determining whether or not this
elevated risk was causally related to smoking would
represent a causal judgment.

In this report, language is used to make as clear
as possible what kind of statement is being made, and
to avoid certain kinds of ambiguities that are wide-
spread in the scientific literature. Certain words im-
ply causal conclusions by suggesting an active effect
of smoking on disease (Petitti 1991). For example, the
statement that smoking “is associated” with disease
could mean that disease frequency is higher in smok-
ers, that it is statistically significantly higher, or that
an inferential conclusion about the association has been
reached. Depending on the context, words like “effect”
or “contributor” can fall into that category, as do state-
ments like smoking “increases risk.” Such language
often appears to be a causal conclusion, albeit without
consideration of all of the causally relevant evidence.

Another type of claim is that smoking is a “risk
factor” for disease, or that the observed association is
“real” or “true.” This claim represents an inference, a
conclusion that the risk of disease differs in at least
an actuarial sense, at different levels; that is, more
events overall and at younger ages can be expected in
smokers. Such a statistical finding does not yet have
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the status of a causal claim. In addition, this phrasing
does not make it clear whether the factor has predic-
tive value over and above all other known risk
and causal factors, which would be indicated by the
words “independent risk factor” or “independent
contributor.”

Statements like these will be avoided, or at least
gualified, to make clear whether they are statements
about the data, about statistical significance, or are
actual statistical or causal inferences. All causal claims
in this report will be clearly identified using the word
“cause,” and classified according to the previously
outlined criteria.

Conclusions

Inferences, whether about causality or statistical
associations, are always uncertain to a degree. The goal
of this report, as in all previous ones, is to explain and
communicate scientific judgments as to whether ob-
served associations between smoking and disease are
likely to be causal, based on the totality of scientific
evidence. This report will employ an ordinal scale and
standardized language to express the strength of the
evidence bearing on causality. This approach will help
not only to clarify what the assessment is, but will make
it possible for subsequent groups to measure progress
or calibrate standards by comparing their summary
judgments with those expressed here. This structure
also encourages the articulation of the sources of
uncertainty in the evidence, which hopefully will
stimulate necessary research.

In addition, causal conclusions are separated
from public health recommendations. This decoupling
is necessary, as decision making in the face of uncer-
tainty involves different issues than those that pertain
to the uncertainty itself, and past reports have some-
times combined the two perspectives.

Just as this series of reports has documented
progress in understanding the connections between
smoking and disease, this report represents progress
in how that understanding is assessed and communi-
cated. A debt is owed to the many scientists who have
both performed and synthesized smoking-related re-
search in the past. The framework used in this report
should assist researchers, the readers, and those who
must perform this task in the future to accurately rep-
resent what is and what is not known about the im-
pact of smoking on human health.



Major Conclusions
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Forty years after the first Surgeon General’s
report in 1964, the list of diseases and other adverse
effects caused by smoking continues to expand. Epi-
demiologic studies are providing a comprehensive
assessment of the risks faced by smokers who continue
to smoke across their life spans. Laboratory research
now reveals how smoking causes disease at the mo-
lecular and cellular levels. Fortunately for former
smokers, studies show that the substantial risks of
smoking can be reduced by successfully quitting at any
age. The evidence reviewed in this and prior reports
of the Surgeon General leads to the following major
conclusions:

1. Smoking harms nearly every organ of the body,

causing many diseases and reducing the health of
smokers in general.
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2. Quitting smoking has immediate as well as long-
term benefits, reducing risks for diseases caused
by smoking and improving health in general.

3. Smoking cigarettes with lower machine-measured
yields of tar and nicotine provides no clear ben-
efit to health.

4. The list of diseases caused by smoking has been
expanded to include abdominal aortic aneurysm,
acute myeloid leukemia, cataract, cervical cancer,
kidney cancer, pancreatic cancer, pneumonia, pe-
riodontitis, and stomach cancer.

Chapter 2. Cancer
Lung Cancer

1. The evidence is sufficient to infer a causal relation-
ship between smoking and lung cancer.

2. Smoking causes genetic changes in cells of the lung
that ultimately lead to the development of lung
cancer.

3. Although characteristics of cigarettes have
changed during the last 50 years and yields of tar
and nicotine have declined substantially, as as-
sessed by the Federal Trade Commission’s test
protocol, the risk of lung cancer in smokers has
not declined.

4. Adenocarcinoma has now become the most com-
mon type of lung cancer in smokers. The basis for
this shift is unclear but may reflect changes in the
carcinogens in cigarette smoke.

5. Even after many years of not smoking, the risk of
lung cancer in former smokers remains higher than
in persons who have never smoked.

6. Lung cancer incidence and mortality rates in men
are now declining, reflecting past patterns of ciga-
rette use, while rates in women are still rising.

Laryngeal Cancer

7. The evidence is sufficient to infer a causal relation-
ship between smoking and cancer of the larynx.

8. Together, smoking and alcohol cause most cases
of laryngeal cancer in the United States.
Oral Cavity and Pharyngeal Cancers

9. The evidence is sufficient to infer a causal relation-
ship between smoking and cancers of the oral cav-
ity and pharynx.
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Esophageal Cancer

10. The evidence is sufficient to infer a causal rela-
tionship between smoking and cancers of the
esophagus.

11. The evidence is sufficient to infer a causal relation-
ship between smoking and both squamous cell
carcinoma and adenocarcinoma of the esophagus.

Pancreatic Cancer

12. The evidence is sufficient to infer a causal relation-
ship between smoking and pancreatic cancer.

Bladder and Kidney Cancers

13. The evidence is sufficient to infer a causal relation-
ship between smoking and renal cell, renal pelvis,
and bladder cancers.

Cervical Cancer

14. The evidence is sufficient to infer a causal relation-
ship between smoking and cervical cancer.

Ovarian Cancer

15. The evidence is inadequate to infer the presence
or absence of a causal relationship between smok-
ing and ovarian cancer.

Endometrial Cancer

16. The evidence is sufficient to infer that current
smoking reduces the risk of endometrial cancer in
postmenopausal women.

Stomach Cancer

17. The evidence is sufficient to infer a causal relation-
ship between smoking and gastric cancers.

18. The evidence is suggestive but not sufficient to
infer a causal relationship between smoking and
noncardia gastric cancers, in particular by modi-
fying the persistence and/or the pathogenicity of
Helicobacter pylori infections.

Colorectal Cancer

19. The evidence is suggestive but not sufficient to
infer a causal relationship between smoking and
colorectal adenomatous polyps and colorectal
cancer.
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Prostate Cancer

20. The evidence is suggestive of no causal relation-
ship between smoking and risk for prostate
cancer.

21. The evidence for mortality, although not consis-
tent across all studies, suggests a higher mortality
rate from prostate cancer in smokers than in non-
smokers.

Acute Leukemia

22. The evidence is sufficient to infer a causal rela-
tionship between smoking and acute myeloid
leukemia.

23. The risk for acute myeloid leukemia increases with
the number of cigarettes smoked and with dura-
tion of smoking.

Liver Cancer

24. The evidence is suggestive but not sufficient to
infer a causal relationship between smoking and
liver cancer.

Adult Brain Cancer

25. The evidence is suggestive of no causal relation-
ship between smoking cigarettes and brain cancer
in men and women.

Breast Cancer

26. The evidence is suggestive of no causal relation-
ship between active smoking and breast cancer.

27. Subgroups of women cannot yet be reliably iden-
tified who are at an increased risk of breast cancer
because of smoking, compared with the general
population of women.

28. Whether women who are at a very high risk of
breast cancer because of mutations in BRCAL or
BRCAZ2 genes can lower their risks by smoking has
not been established.

Chapter 3. Cardiovascular Diseases
Smoking and Subclinical Atherosclerosis

1. The evidence is sufficient to infer a causal rela-
tionship between smoking and subclinical
atherosclerosis.



Smoking and Coronary Heart Disease

2. The evidence is sufficient to infer a causal relation-
ship between smoking and coronary heart disease.

3. The evidence suggests only a weak relationship
between the type of cigarette smoked and coro-
nary heart disease risk.

Smoking and Cerebrovascular Disease

4. The evidence is sufficient to infer a causal relation-
ship between smoking and stroke.

Smoking and Abdominal Aortic Aneurysm

5. The evidence is sufficient to infer a causal relation-
ship between smoking and abdominal aortic
aneurysm.

Chapter 4. Respiratory Diseases
Acute Respiratory IlInesses

1. The evidence is sufficient to infer a causal relation-
ship between smoking and acute respiratory ill-
nesses, including pneumonia, in persons without
underlying smoking-related chronic obstructive
lung disease.

2. The evidence is suggestive but not sufficient to
infer a causal relationship between smoking and
acute respiratory infections among persons
with preexisting chronic obstructive pulmonary
disease.

3. In persons with asthma, the evidence is inadequate
to infer the presence or absence of a causal rela-
tionship between smoking and acute asthma
exacerbation.

Chronic Respiratory Diseases

4. The evidence is sufficient to infer a causal relation-
ship between maternal smoking during pregnancy
and a reduction of lung function in infants.

5. The evidence is suggestive but not sufficient to
infer a causal relationship between maternal smok-
ing during pregnancy and an increase in the fre-
quency of lower respiratory tract illnesses during
infancy.

10.

11.

12.

13.

14.

15.

The Health Consequences of Smoking

The evidence is suggestive but not sufficient to
infer a causal relationship between maternal smok-
ing during pregnancy and an increased risk for im-
paired lung function in childhood and adulthood.

Active smoking causes injurious biologic processes
(i.e., oxidant stress, inflammation, and a protease-
antiprotease imbalance) that result in airway and
alveolar injury. This injury, if sustained, ultimately
leads to the development of chronic obstructive
pulmonary disease.

The evidence is sufficient to infer a causal relation-
ship between active smoking and impaired lung
growth during childhood and adolescence.

The evidence is sufficient to infer a causal relation-
ship between active smoking and the early onset
of lung function decline during late adolescence
and early adulthood.

The evidence is sufficient to infer a causal relation-
ship between active smoking in adulthood and a
premature onset of and an accelerated age-related
decline in lung function.

The evidence is sufficient to infer a causal relation-
ship between sustained cessation from smoking
and a return of the rate of decline in pulmonary
function to that of persons who had never smoked.

The evidence is sufficient to infer a causal relation-
ship between active smoking and respiratory
symptoms in children and adolescents, including
coughing, phlegm, wheezing, and dyspnea.

The evidence is sufficient to infer a causal relation-
ship between active smoking and asthma-related
symptoms (i.e., wheezing) in childhood and
adolescence.

The evidence is inadequate to infer the presence
or absence of a causal relationship between active
smoking and physician-diagnosed asthma in
childhood and adolescence.

The evidence is suggestive but not sufficient to
infer a causal relationship between active smok-
ing and a poorer prognosis for children and ado-
lescents with asthma.
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16.

17.

18.

19.

20.

21.

22.

23.

24,

The evidence is sufficient to infer a causal rela-
tionship between active smoking and all major
respiratory symptoms among adults, including
coughing, phlegm, wheezing, and dyspnea.

The evidence is inadequate to infer the presence
or absence of a causal relationship between active
smoking and asthma in adults.

The evidence is suggestive but not sufficient to
infer a causal relationship between active smok-
ing and increased nonspecific bronchial hyper-
responsiveness.

The evidence is sufficient to infer a causal relation-
ship between active smoking and poor asthma
control.

The evidence is sufficient to infer a causal relation-
ship between active smoking and chronic obstruc-
tive pulmonary disease morbidity and mortality.

The evidence is suggestive but not sufficient to
infer a causal relationship between lower machine-
measured cigarette tar and a lower risk for cough
and mucus hypersecretion.

The evidence is inadequate to infer the presence
or absence of a causal relationship between a lower
cigarette tar content and reductions in forced ex-
piratory volume in one second decline rates.

The evidence is inadequate to infer the presence
or absence of a causal relationship between a lower
cigarette tar content and reductions in chronic ob-
structive pulmonary disease-related mortality.

The evidence is inadequate to infer the presence
or absence of a causal relationship between active
smoking and idiopathic pulmonary fibrosis.

Chapter 5. Reproductive Effects

Fertility

1.

28

The evidence is inadequate to infer the presence
or absence of a causal relationship between active
smoking and sperm quality.

Chapter 1

2.

The evidence is sufficient to infer a causal relation-
ship between smoking and reduced fertility in
women.

Pregnancy and Pregnancy Outcomes

3.

The evidence is suggestive but not sufficient to
infer a causal relationship between maternal ac-
tive smoking and ectopic pregnancy.

The evidence is suggestive but not sufficient to
infer a causal relationship between maternal ac-
tive smoking and spontaneous abortion.

The evidence is sufficient to infer a causal rela-
tionship between maternal active smoking and
premature rupture of the membranes, placenta
previa, and placental abruption.

The evidence is sufficient to infer a causal rela-
tionship between maternal active smoking and a
reduced risk for preeclampsia.

The evidence is sufficient to infer a causal relation-
ship between maternal active smoking and
preterm delivery and shortened gestation.

The evidence is sufficient to infer a causal relation-
ship between maternal active smoking and fetal
growth restriction and low birth weight.

Congenital Malformations, Infant Mortality, and Child
Physical and Cognitive Development

9.

10.

11.

12.

The evidence is inadequate to infer the presence
or absence of a causal relationship between ma-
ternal smoking and congenital malformations in
general.

The evidence is suggestive but not sufficient to
infer a causal relationship between maternal smok-
ing and oral clefts.

The evidence is sufficient to infer a causal relation-
ship between sudden infant death syndrome and
maternal smoking during and after pregnancy.

The evidence is inadequate to infer the presence
or absence of a causal relationship between ma-
ternal smoking and physical growth and neuro-
cognitive development of children.



Chapter 6. Other Effects
Diminished Health Status

1.

The evidence is sufficient to infer a causal relation-
ship between smoking and diminished health
status that may manifest as increased absenteeism
from work and increased use of medical care
services.

The evidence is sufficient to infer a causal relation-
ship between smoking and increased risks for ad-
verse surgical outcomes related to wound healing
and respiratory complications.

Loss of Bone Mass and the Risk of Fractures

3.

The evidence is inadequate to infer the presence
or absence of a causal relationship between smok-
ing and reduced bone density before menopause
in women and in younger men.

In postmenopausal women, the evidence is suffi-
cient to infer a causal relationship between smok-
ing and low bone density.

In older men, the evidence is suggestive but not
sufficient to infer a causal relationship between
smoking and low bone density.

The evidence is sufficient to infer a causal relation-
ship between smoking and hip fractures.

The evidence is inadequate to infer the presence
or absence of a causal relationship between smok-
ing and fractures at sites other than the hip.

Dental Diseases

8.

10.

The evidence is sufficient to infer a causal relation-
ship between smoking and periodontitis.

The evidence is inadequate to infer the presence
or absence of a causal relationship between smok-
ing and coronal dental caries.

The evidence is suggestive but not sufficient to
infer a causal relationship between smoking and
root-surface caries.

Erectile Dysfunction

11.

The evidence is suggestive but not sufficient to
infer a causal relationship between smoking and
erectile dysfunction.

The Health Consequences of Smoking

Eye Diseases

12.

13.

14.

15.

16.

17.

18.

The evidence is sufficient to infer a causal relation-
ship between smoking and nuclear cataract.

The evidence is suggestive but not sufficient to
infer that smoking cessation reduces the risk of
nuclear opacity.

The evidence is suggestive but not sufficient to
infer a causal relationship between current and
past smoking, especially heavy smoking, with risk
of exudative (neovascular) age-related macular
degeneration.

The evidence is suggestive but not sufficient to
infer a causal relationship between smoking and
atrophic age-related macular degeneration.

The evidence is suggestive of no causal relation-
ship between smoking and the onset or progres-
sion of retinopathy in persons with diabetes.

The evidence is inadequate to infer the presence
or absence of a causal relationship between smok-
ing and glaucoma.

The evidence is suggestive but not sufficient to
infer a causal relationship between ophthalmopa-
thy associated with Graves’ disease and smoking.

Peptic Ulcer Disease

19.

20.

21.

22.

The evidence is sufficient to infer a causal relation-
ship between smoking and peptic ulcer disease in
persons who are Helicobacter pylori positive.

The evidence is inadequate to infer the presence
or absence of a causal relationship between smok-
ing and peptic ulcer disease in nonsteroidal anti-
inflammatory drug users or in those who are
Helicobacter pylori negative.

The evidence is suggestive but not sufficient to
infer a causal relationship between smoking and
risk of peptic ulcer complications, although this
effect might be restricted to nonusers of non-
steroidal anti-inflammatory drugs.

The evidence is inadequate to infer the presence
or absence of a causal relationship between
smoking and the treatment and recurrence of
Helicobacter pylori-negative ulcers.

Introduction and Approach to Causal Inference 29



Surgeon General’s Report

Chapter 7. The Impact of Smoking on
Disease and the Benefits of Smoking
Reduction

1.

30

There have been more than 12 million premature
deaths attributable to smoking since the first pub-
lished Surgeon General’s report on smoking and
health in 1964. Smoking remains the leading pre-
ventable cause of premature death in the United
States.

The burden of smoking attributable mortality will
remain at current levels for several decades. Com-
prehensive programs that reflect the best available
science on tobacco use prevention and smoking
cessation have the potential to reduce the adverse
impact of smoking on population health.

Chapter 1

Meeting the Healthy People 2010 goals for current
smoking prevalence reductions to 12 percent
among persons aged 18 years and older and to 16
percent among youth aged 14 through 17 years will
prevent an additional 7.1 million premature deaths
after 2010. Without substantially stronger national
and state efforts, it is unlikely that this health goal
can be achieved. However, even with more mod-
est reductions in tobacco use, significant additional
reductions in premature death can be expected.

During 1995-1999, estimated annual smoking at-
tributable economic costs in the United States were
$157.7 billion, including $75.5 billion for direct
medical care (adults), $81.9 billion for lost produc-
tivity, and $366 million for neonatal care. In 2001,
states alone spent an estimated $12 billion treat-
ing smoking attributable diseases.



References

The Health Consequences of Smoking

Blumenthal RS, Zacur HA, Reis SE, Post WS. Beyond
the null hypothesis—do the HERS results disprove
the estrogen/coronary heart disease hypothesis?
American Journal of Cardiology 2000;85(8):1015-7.

Bunge MA. Causality; The Place of the Causal Principle
in Modern Science. Cambridge (MA): Harvard Uni-
versity Press, 1959.

California Environmental Protection Agency. Health
Effects of Exposure to Environmental Tobacco Smoke.
Sacramento (CA): California Environmental Protec-
tion Agency, Office of Environmental Health Haz-
ard Assessment, Reproductive and Cancer Hazard
Assessment Section and Air Toxicology and Epide-
miology Section, 1997.

Centers for Disease Control and Prevention. Cigarette
smoking among adults—United States, 2000. Mor-
bidity and Mortality Weekly Report 2002a;51(29):
642-5.

Centers for Disease Control and Prevention. Smoking
Attributable Mortality, Morbidity, and Economic Costs
(SAMMEC). Atlanta: Centers for Disease Control
and Prevention, 2002b; <http:#Zapps.nccd.cdc.gov/
sammec/intro.asp>; accessed: October 14, 2002.

Centers for Disease Control and Prevention. Cigarette
smoking among adults—United States, 2001. Mor-
bidity and Mortality Weekly Report 2003;52(40):
953-6.

Cornfield J, Haenszel W, Hammond EC, Lilienfeld AM,
Shimkin MB, Wynder EL. Smoking and lung can-
cer: recent evidence and a discussion of some ques-
tions. Journal of the National Cancer Institute 1959;
22(1):173-203.

Evans AS. Causation and Disease: A Chronological Jour-
ney. New York: Plenum Medical Book Company,
1993.

Goodman SN. p values, hypothesis tests, and likeli-
hood: implications for epidemiology of a neglected
historical debate. American Journal of Epidemiology
1993;137(5):485-96.

Goodman SN. Towards evidence-based medical sta-
tistics. 1: the P value fallacy. Annals of Internal Medi-
cine 1999;130(12):995-1004.

Greenland S. Randomization, statistics, and causal in-
ference. Epidemiology 1990;1(6):421-9.

Greenland S. Probability logic and probabilistic induc-
tion. Epidemiology 1998;9(3):322-32.

Greenland S, Robins JM, Pearl J. Confounding and
collapsibility in causal inference. Statistical Science
1999;14(1):29-46.

Hill AB. The environment and disease: association or
causation? Proceedings of the Royal Society of Medi-
cine 1965;58(5):295-300.

Holman CD, Arnold-Reed DE, de Klerk N, McComb
C, English DR. A psychometric experiment in causal
inference to estimate evidential weights used by
epidemiologists. Epidemiology 2001;12(2):246-55.

Howson C, Urbach P. Scientific Reasoning: The Bayesian
Approach. 2nd ed. Chicago: Open Court Publishing
Company, 1993.

Hulley S, Grady D, Bush T, Furberg C, Herrington D,
Riggs B, Vittinghoff E. Randomized trial of estro-
gen plus progestin for secondary prevention of coro-
nary heart disease in postmenopausal women:
Heart and Estrogen/progestin Replacement Study
(HERS) Research Group. Journal of the American
Medical Association 1998;280(7):605-13.

Institute of Medicine. Veterans and Agent Orange: Up-
date 1998. Washington: National Academy Press,
1999.

International Agency for Research on Cancer. IARC
Monographs on the Evaluation of the Carcinogenic Risk
of Chemicals to Man: Tobacco Smoking. VVol. 38. Lyon
(France): International Agency for Research on Can-
cer, 1986.

International Agency for Research on Cancer. IARC
Monographs on the Evaluation of Carcinogenic Risks to
Humans: Tobacco Smoke and Involuntary Smoking. Vol.
83. Lyon (France): International Agency for Research
on Cancer, 2002.

Kaufman JS, Poole C. Looking back on “causal think-
ing in the health sciences.” Annual Review of Public
Health 2000;21:101-19.

Levin ML. The occurrence of lung cancer in man. Acta
Unio Internationalis Contra Cancrum 1953;9:531-41.

Lewis DK. Counterfactuals. Cambridge (MA): Harvard
University Press, 1973.

Lilienfeld AM. “On the methodology of investigations
of etiologic factors in chronic diseases”—some com-
ments. Journal of Chronic Diseases 1959;10:41-6.

National Cancer Institute. Changes in Cigarette-Related
Disease Risks and Their Implication for Prevention and
Control. Smoking and Tobacco Control Monograph

Introduction and Approach to Causal Inference 31



Surgeon General’s Report

No. 8. Bethesda (MD): U.S. Department of Health
and Human Services, National Institutes of Health,
National Cancer Institute, 1997. NIH Publication
No. 97-4213.

National Cancer Institute. Cigars: Health Effects and
Trends. Smoking and Tobacco Control Monograph
No. 9. Bethesda (MD): U.S. Department of Health
and Human Services, National Institutes of Health,
National Cancer Institute, 1998. NIH Publication
No. 98-4302.

Parascandola M, Weed DL. Causation in epidemiol-
ogy. Journal of Epidemiology and Community Health
2001;55(12):905-12.

Pearl J. Causality: Models, Reasoning, and Inference. Cam-
bridge (MA): Cambridge University Press, 2000.
Petitti DB. Associations are not effects. American Jour-

nal of Epidemiology 1991;133(2):101-2.

Poole C. Causal values. Epidemiology 2001;12(2):
139-41.

Pradhan AD, Manson JE, Rossouw JE, Siscovick DS,
Mouton CP, Rifai N, Wallace RB, Jackson RD,
Pettinger MB, Ridker PM. Inflammatory biomar-
kers, hormone replacement therapy, and incident
coronary heart disease: prospective analysis from
the Women’s Health Initiative observational study.
Journal of the American Medical Association 2002;
288(8):980-7.

Robins J. A new approach to causal inference in mor-
tality studies with a sustained exposure period—
application to control of the healthy worker survi-
vor effect. Mathematical Modeling 1986;7(9-12):
1393-512.

Robins J. A graphical approach to the identification and
estimation of causal parameters in mortality stud-
ies with sustained exposure periods. Journal of
Chronic Diseases 1987;40(Suppl 2):139S-161S.

Robins J, Greenland S. The probability of causation
under a stochastic model for individual risk. Bio-
metrics 1989;45(4):1125-38.

Rothman KJ, Greenland S. Modern Epidemiology. 2nd
ed. Philadelphia: Lippincott-Raven, 1998.

Royall RM. Statistical Evidence: A Likelihood Paradigm.
London: Chapman and Hall, 1997.

Rubin DB. Estimating causal effects of treatments in
randomized and nonrandomized studies. Journal of
Education Psychology 1974;66(5):688—701.

Sartwell PE. “On the methodology of investigations
of etiologic factors in chronic diseases”—further
comments. Journal of Chronic Diseases 1960;11:61-3.

Savitz DA, Tolo KA, Poole C. Statistical significance
testing in the American Journal of Epidemiology,
1970-1990. American Journal of Epidemiology 1994;
139(10):1047-52.

32 Chapter 1

Splawa-Neyman J. On the application of probability
theory to agricultural experiments: essay on prin-
ciples. Section 9. Reprinted in Statistical Science 1990;
5(4):465-80.

Steinberg E, editor. Hume D: An Enquiry Concerning
Human Understanding. 2nd ed. Indianapolis (IN):
Hackett Publishing Company, 1993.

Susser M. Causal Thinking in the Health Sciences; Con-
cepts and Strategies of Epidemiology. New York: Ox-
ford University Press, 1973.

Susser M. Judgment and causal inference: criteria in
epidemiologic studies. American Journal of Epidemi-
ology 1977;105(1):1-15.

Susser M. What is a cause and how do we know one?
A grammar for pragmatic epidemiology. American
Journal of Epidemiology 1991;133(7):635-48.

U.S. Department of Health and Human Services. The
Health Consequences of Smoking for Women. A Report
of the Surgeon General. Washington: U.S. Department
of Health and Human Services, Public Health
Service, Office of the Assistant Secretary for Health,
Office on Smoking and Health, 1980.

U.S. Department of Health and Human Services. The
Health Consequences of Smoking: Cancer. A Report of
the Surgeon General. Rockville (MD): U.S. Depart-
ment of Health and Human Services, Public Health
Service, Office on Smoking and Health, 1982. DHHS
Publication No. (PHS) 82-50179.

U.S. Department of Health and Human Services. The
Health Consequences of Smoking: Cardiovascular Dis-
ease. A Report of the Surgeon General. Rockville (MD):
U.S. Department of Health and Human Services,
Public Health Service, Office on Smoking and
Health, 1983. DHHS Publication No. (PHS) 84-
50204.

U.S. Department of Health and Human Services. The
Health Consequences of Smoking: Chronic Obstructive
Lung Disease. A Report of the Surgeon General.
Rockville (MD): U.S. Department of Health and
Human Services, Public Health Service, Office on
Smoking and Health, 1984. DHHS Publication No.
(PHS) 84-50205.

U.S. Department of Health and Human Services. The
Health Consequences of Involuntary Smoking. A Report
of the Surgeon General. Rockville (MD): U.S. Depart-
ment of Health and Human Services, Public Health
Service, Centers for Disease Control, Center for
Health Promotion and Education, Office on Smok-
ing and Health, 1986. DHHS Publication No. (CDC)
87-8398.

U.S. Department of Health and Human Services. Re-
ducing the Health Consequences of Smoking: 25 Years
of Progress. A Report of the Surgeon General. Rockville



(MD): U.S. Department of Health and Human Ser-
vices, Public Health Service, Centers for Disease
Control, National Center for Chronic Disease Pre-
vention and Health Promotion, Office on Smoking
and Health, 1989. DHHS Publication No. (CDC)
89-8411.

U.S. Department of Health and Human Services. The
Health Benefits of Smoking Cessation. A Report of the
Surgeon General. Atlanta: U.S. Department of Health
and Human Services, Public Health Service, Cen-
ters for Disease Control, National Center for Chronic
Disease Prevention and Health Promotion, Office
on Smoking and Health, 1990. DHHS Publication
No. (CDC) 90-8416.

U.S. Department of Health and Human Services. Pre-
venting Tobacco Use Among Young People. A Report of
the Surgeon General. Atlanta: U.S. Department of
Health and Human Services, Public Health Service,
Centers for Disease Control and Prevention, Na-
tional Center for Chronic Disease Prevention and
Health Promotion, Office on Smoking and Health,
1994.

U.S. Department of Health and Human Services.
Women and Smoking. A Report of the Surgeon General.
Rockville (MD): U.S. Department of Health and
Human Services, Public Health Service, Office of the
Surgeon General, 2001.

U.S. Department of Health, Education, and Welfare.
Smoking and Health: Report of the Advisory Committee
to the Surgeon General of the Public Health Service.
Washington: U.S. Department of Health, Education,
and Welfare, Public Health Service, Center for Dis-
ease Control, 1964. PHS Publication No. 1103.

U.S. Department of Health, Education, and Welfare.
The Health Consequences of Smoking. A Public Health
Service Review: 1967. Washington: U.S. Department
of Health, Education, and Welfare, Public Health
Service, Health Services and Mental Health Admin-
istration, 1967. PHS Publication No. 1696.

U.S. Department of Health, Education, and Welfare.
The Health Consequences of Smoking. 1968 Supplement
to the 1967 Public Health Service Review. Washington:
U.S. Department of Health, Education, and Welfare,
Public Health Service, 1968. DHEW Publication No.
1696 (Supplement).

U.S. Department of Health, Education, and Welfare.
The Health Consequences of Smoking. 1969 Supplement
to the 1967 Public Health Service Review. Washington:
U.S. Department of Health, Education, and Welfare,
Public Health Service, 1969. DHEW Publication No.
1696-2.

The Health Consequences of Smoking

U.S. Department of Health, Education, and Welfare.
The Health Consequences of Smoking. A Report of the
Surgeon General: 1971. Washington: U.S. Department
of Health, Education, and Welfare, Public Health
Service, Health Services and Mental Health Admin-
istration, 1971. DHEW Publication No. (HSM) 71-
7513.

U.S. Department of Health, Education, and Welfare.
The Health Consequences of Smoking. A Report of the
Surgeon General: 1972. Washington: U.S. Department
of Health, Education, and Welfare, Public Health
Service, Health Services and Mental Health Admin-
istration, 1972. DHEW Publication No. (HSM)
72-7516.

U.S. Department of Health, Education, and Welfare.
The Health Consequences of Smoking. A Report of the
Surgeon General, 1973. Washington: U.S. Department
of Health, Education, and Welfare, Public Health
Service, Health Services and Mental Health Admin-
istration, 1973. DHEW Publication No. (HSM) 73-
8704.

U.S. Department of Health, Education, and Welfare.
The Health Consequences of Smoking. A Report of the
Surgeon General, 1974. Washington: U.S. Department
of Health, Education, and Welfare, Public Health
Service, Center for Disease Control, 1974. DHEW
Publication No. (CDC) 74-8704.

U.S. Department of Health, Education, and Welfare.
The Health Consequences of Smoking. A Report of the
Surgeon General, 1975. Washington: U.S. Department
of Health, Education, and Welfare, Public Health
Service, Center for Disease Control, 1975. DHEW
Publication No. (CDC) 76-8704.

U.S. Department of Health, Education, and Welfare.
Smoking and Health. A Report of the Surgeon General.
Washington: U.S. Department of Health, Education,
and Welfare, Public Health Service, Office of the
Assistant Secretary for Health, Office on Smoking
and Health, 1979. DHEW Publication No. (PHS)
79-50066.

U.S. Environmental Protection Agency. Respiratory
Health Effects of Passive Smoking: Lung Cancer and
Other Disorders. Washington: Environmental Protec-
tion Agency, Office of Research and Development,
Office of Air and Radiation, 1992. Publication No.
EPA/600/6-90/006F.

Weed DL. Epidemiologic evidence and causal infer-
ence. Hematology-Oncology Clinics of North America
2000;14(4):797-807.

Yerushalmy J, Palmer CE. On the methodology of in-
vestigations of etiologic factors in chronic diseases.
Journal of Chronic Diseases 1959;10:27-40.

Introduction and Approach to Causal Inference 33






Chapter 2
Cancer

Introduction 39
Lung Cancer 42

Conclusions of Previous Surgeon General’s Reports 43
Biologic Basis 43
Epidemiologic Evidence 48
Changes in Relative Risks Following Smoking Cessation
Changing Characteristics of Cigarettes 49
Lung Cancer Histopathology 59
Evidence Synthesis 61
Conclusions 61
Implications 61

Laryngeal Cancer 62

Conclusions of Previous Surgeon General’s Reports 62
Biologic Basis 62

Epidemiologic Evidence 62

Evidence Synthesis 62

Conclusions 62

Implications 62

Oral Cavity and Pharyngeal Cancers 63

Conclusions of Previous Surgeon General’s Reports 63
Biologic Basis 64

Epidemiologic Evidence 65

Evidence Synthesis 67

Conclusion 67

Implications 67

Esophageal Cancer 116

Conclusions of Previous Surgeon General’s Reports 116
Biologic Basis 117

Epidemiologic Evidence 118

Evidence Synthesis 119

Conclusions 119

Implications 119

Pancreatic Cancer 136

Conclusions of Previous Surgeon General’s Reports 136
Biologic Basis 136
Epidemiologic Evidence 137

48

35



Surgeon General’s Report

Evidence Synthesis 137
Conclusion 137
Implications 137

Bladder and Kidney Cancers 166

Conclusions of Previous Surgeon General’s Reports 166
Biologic Basis 166

Epidemiologic Evidence 166

Evidence Synthesis 167

Conclusion 167

Implication 167

Cervical Cancer 167

Conclusions of Previous Surgeon General’s Reports 168
Biologic Basis 168

Epidemiologic Evidence 168

Evidence Synthesis 170

Conclusion 170

Implication 170

Ovarian Cancer 171

Conclusions of Previous Surgeon General’s Reports 171
Biologic Basis 171

Epidemiologic Evidence 171

Evidence Synthesis 172

Conclusion 172

Implication 172

Endometrial Cancer 172

Conclusions of Previous Surgeon General’s Reports 172
Biologic Basis 173

Epidemiologic Evidence 173

Evidence Synthesis 173

Conclusion 173

Implication 173

Stomach Cancer 178

Conclusions of Previous Surgeon General’s Reports 178
Biologic Basis 180

Epidemiologic Evidence 181

Evidence Synthesis 182

Conclusions 183

Implications 183

Colorectal Cancer 208

Conclusions of Previous Surgeon General’s Reports 209
Biologic Basis 210

Animal Models 211
Epidemiologic Evidence 211

36



Evidence Synthesis 213
Conclusion 215
Implications 215

Prostate Cancer 250

Conclusions of Previous Surgeon General’s Reports
Biologic Basis 250

Epidemiologic Evidence 250

Other Data 251

Evidence Synthesis 252

Conclusions 252

Implications 252

Acute Leukemia 252

Conclusions of Previous Surgeon General’s Reports
Biologic Basis 252

Epidemiologic Evidence 253

Evidence Synthesis 254

Conclusions 254

Implications 254

Liver Cancer 296

Conclusions of Previous Surgeon General’s Reports
Biologic Basis 296

Epidemiologic Evidence 296

Evidence Synthesis 297

Conclusion 297

Implications 297

Adult Brain Cancer 302

Conclusions of Previous Surgeon General’s Reports
Biologic Basis 302

Epidemiologic Evidence 302

Evidence Synthesis 303

Conclusion 303

Implications 303

Breast Cancer 303

Conclusions of Previous Surgeon General’s Reports
Biologic Basis 304
Epidemiologic Evidence 305
Cigarette Smoking and Breast Cancer Risk 305
Genotype-Smoking Interactions 308

Passive Smoking, Active Smoking, and Breast Cancer Risk
Cigarette Smoking and Breast Cancer Hormone Receptor Status

250

252

296

302

303

Cigarette Smoking and Breast Cancer Mortality 311

Evidence Synthesis 312
Conclusions 312
Implications 312

The Health Consequences of Smoking

37



Surgeon General’s Report

Summary 324
Conclusions 324

References 326

38



Introduction

The Health Consequences of Smoking

Since the 1964 Surgeon General’s report, the evi-
dence on active smoking and cancer has grown rap-
idly. In that first report, only cancers of the lung and
larynx in men were causally linked to cigarette smok-
ing (U.S. Department of Health, Education, and Wel-
fare [USDHEW] 1964). That list grew with subsequent
reports to include more sites and to include cancers in
women as well as in men.

The topic of smoking and cancer was last ad-
dressed comprehensively in the 1990 Surgeon
General’s report on smoking cessation (U.S. Depart-
ment of Health and Human Services [USDHHS] 1990)
and in the 1982 report (USDHHS 1982), which focused
on cancer. The report on women and smoking
(USDHHS 2001) also considered cancer, and this chap-
ter builds from that report for several cancers. This
chapter reviews the evidence relating smoking to a
range of cancers, some previously associated causally
with smoking and some for which substantial new
evidence has become available since the 1990 review
in the Surgeon General’s report on smoking cessation.
For some less common cancers, little research has been
conducted and these cancer sites are not included in
this chapter. Lymphomas and multiple myeloma, skin
cancers, bone cancer, and testicular cancer were omit-
ted because they have not been linked to smoking.
Pediatric malignancies are also not discussed, since this
report concerns active smoking rather than involun-
tary exposure to cigarette smoke in utero and after
birth.

The relationship between smoking and lung can-
cer in men was the first to be classified as causal, fol-
lowing a review by Surgeon General Luther L. Terry’s
committee in the landmark 1964 report (USDHEW
1964). The many documented benefits from quitting
smoking include a large decline in the risk of lung can-
cer after cessation compared with the risk from con-
tinuing smoking (USDHEW 1979; USDHHS 1989,
1990). There is now equally convincing evidence that
smoking causes cancer at a number of other sites for
which causal conclusions had not been previously
reached.

Previous Surgeon General’s reports have con-
cluded that smoking causes cancer in several organ
sites. The list of cancers caused by smoking has in-
cluded cancers of the urinary bladder, esophagus, kid-
ney, larynx, lung, oral cavity, and pancreas. The past
conclusions are detailed in the text that follows and

are summarized in Table 2.1. The International Agency
for Research on Cancer (IARC) has also reviewed the
evidence on tobacco and cancer on two occasions, in
1986 and again in 2002 (IARC 1986, 2002). The system
used by IARC differs from that applied in the Surgeon
General’s reports, but conclusions have generally been
similar.

The powerful epidemiologic evidence on smok-
ing and lung cancer reported during the 1950s was one
of the first warnings of the strength of smoking as a
cause of cancer and other diseases (Doll and Hill 1954,
1956). That warning was soon followed by the rise of
lung cancer in women and the epidemic of other
chronic diseases caused by smoking. The past decade
has seen a rapid expansion of the application of mo-
lecular markers to complement traditional epidemio-
logic approaches to the study of smoking and cancer.
This evolving field allows a clearer demonstration of
the etiologic pathways from exposure to tobacco smoke
to malignant transformation of target cells, and is dis-
cussed in relation to lung cancer as a model of the
growing insights into the causal pathways from smok-
ing to cancer.

The overall contribution of smoking to disease
and death continues to demand attention as excess
mortality attributable to smoking maintains its rise.
Cancer represents a substantial proportion of this
contribution. An analysis of the two American Cancer
Society (ACS) prospective cohort studies (Cancer Pre-
vention Study | [CPS-1] and Il [CPS-1I]) by Thun and
colleagues (1995), shows that the risk of premature
mortality from smoking (death before 70 years of age)
doubled in women and continued to rise in men dur-
ing the interval (the 1960s to the 1980s) that separates
these two cohorts. The contribution of lung cancer and
other cancers to this excess in premature mortality was
substantial. Annual death rates from lung cancer for
women who were current smokers increased from 26.1
to 154.6 per 100,000, and for men the increase was from
187.1 to 341.3 per 100,000. Patterns varied by age. The
relative risks (RRs) of lung cancer changed from 11.9
in CPS-1to 23.2 in CPS-11 for men, and from 2.7 to 12.8
for women. The percentages of lung cancer deaths at-
tributable to smoking changed from 86 percent in CPS-
I to 90 percent in CPS-11 for men, and from 40 percent
to 79 percent for women (Thun et al. 1997a). Among
current cigarette smokers overall, deaths attributable
to cigarette smoking increased between CPS-1 and
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Table 2.1  Conclusions from previous Surgeon General’s reports concerning smoking as a cause of
cancer*

Surgeon General’s
Disease and statement report

Bladder cancer

“Epidemiological studies have demonstrated a significant association between 1972
cigarette smoking and cancer of the urinary bladder in both men and women.

These studies demonstrate that the risk of developing bladder cancer increases

with inhalation and the number of cigarettes smoked.” (p. 75)

“Epidemiological studies have demonstrated a significant association between 1979
cigarette smoking and bladder cancer in both men and women.” (p. 1-17) “Cigarette

smoking acts independently and synergistically with other factors, such as occupa-

tional exposures, to increase the risk of developing cancer of the urinary bladder.”

(p. 1-17)

“Adose-response relationship has been demonstrated between cigarette smoking 1980
and cancer of the lung, larynx, oral cavity, and urinary bladder in women.” (p. 127)

“Smoking is a cause of bladder cancer; cessation reduces risk by about 50 percent 1990
after only a few years, in comparison with continued smoking.” (p. 178)

Esophageal cancer

“Epidemiological studies have demonstrated that cigarette smoking is associated with 1971
the development of cancer of the esophagus.” (p. 12)

“Cigarette smoking is a causal factor in the development of cancer of the esophagus, 1979
and the risk increases with the amount smoked.” (p. 1-17)

“Cigarette smoking is causally associated with cancer of the lung, larynx, oral cavity, 1980
and esophagus in women as well as in men. ...” (p. 126)
“Cigarette smoking is a major cause of esophageal cancer in the United States.” (p. 7) 1982

Kidney cancer

“Cigarette smoking is a contributory factor in the development of kidney cancer in the 1982
United States. The term ‘contributory factor’ by no means excludes the possibility of

a causal role for smoking in cancers of this site.” (p. 7)

Laryngeal cancer

“Evaluation of the evidence leads to the judgment that cigarette smoking is a signifi- 1964
cant factor in the causation of laryngeal cancer in the male.” (p. 37)

“Cigarette smoking is causally associated with cancer of the lung, larynx, oral cavity, 1980
and esophagus in women as well as in men. ...” (p. 126)

*Words in boldface are for emphasis only and do not indicate emphasis in the original reports.
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Table2.1 Continued

Surgeon General’s

Disease and statement report
Lung cancer

“Cigarette smoking is causally related to lung cancer in men; the magnitude of the 1964
effect of cigarette smoking far outweighs all other factors. The data for women,

though less extensive, point in the same direction.” (p. 196)

“Additional epidemiological, pathological, and experimental data not only confirm 1967
the conclusion of the Surgeon General’s 1964 Report regarding lung cancer in men

but strengthen the causal relationship of smoking to lung cancer in women.” (p. 36)

“Cigarette smoking is causally related to lung cancer in women. ...” (p. 4) 1968
“Cigarette smoking is causally associated with cancer of the lung. . .in women as well 1980
asinmen....” (p. 126)

Oral cancer

“Smoking is a significant factor. . .in the development of cancer of the oral cavity.” 1968
(p. 4)

“Recent epidemiologic data strongly indicate that cigarette smoking plays an 1974
independent role in the development of oral cancer.” (p. 59)

“Epidemiological studies indicate that smoking is a significant causal factor in the 1979
development of oral cancer.” (p. 1-17)

“Cigarette smoking is causally associated with cancer of the. . .oral cavity. . .in women 1980
as well asin men. ...” (p. 126)

“Cigarette smoking is a major cause of cancers of the oral cavity in the United States.” 1982
(p. 6)

Pancreatic cancer

“Epidemiological evidence demonstrates a significant association between cigarette 1972
smoking and cancer of the pancreas.” (p. 75)

“Recent epidemiologic data confirm the association between smoking and pancreatic 1974
cancer.” (p. 59)

“Cigarette smoking is related to cancer of the pancreas, and several epidemiological 1979
studies have demonstrated a dose-response relationship.” (p. 1-17)

“Cigarette smoking is a contributory factor in the development of pancreatic cancer in 1982

the United States. The term ‘contributory factor’ by no means excludes the possibility
of a causal role for smoking in cancers of this site.” (p. 7)

Sources: U.S. Department of Health, Education, and Welfare 1964, 1967, 1968, 1971, 1972, 1974, 1979; U.S. Department of

Health and Human Services 1980, 1982, 1990.
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CPS-1l from 41.2 to 56.5 percent in men and from 16.7
to 47.4 percent in women. Lung cancer accounted for
a larger proportion of all-cause mortality in CPS-Il, in
part reflecting the decline in cardiovascular disease
mortality.

In contrast to these changes from the 1960s to the
1980s, an analysis of the Surveillance, Epidemiology,
and End Results (SEER) database indicates that the
rates of cancer began to decline from 1991 to the present
(Ries et al. 2000a, 2003). The decline was observed in
large part for smoking-related cancers (stomach, oral
cavity, larynx, lung and bronchus, pancreatic, and blad-
der) (McKean-Cowdin et al. 2000). For each of these
cancers, both the incidence and the mortality rates

Lung Cancer

declined. Mortality also declined for cancer of the kid-
ney, while incidence declined for cancer of the esopha-
gus and for leukemia. These changes likely reflect, at
least in part, the decline in smoking among men and,
to a lesser extent, among women, paralleling the ear-
lier national decline in smoking.

In developing this chapter, the literature review
approach was necessarily selective. For cancers for
which a causal conclusion had been previously
reached, there was no attempt to cover all relevant lit-
erature, but rather to focus on key issues or particu-
larly important new studies for the site. For sites for
which a causal conclusion had not been previously
reached, a comprehensive search strategy was used.

Lung cancer was one of the first diseases to be
causally linked to tobacco smoking. Although there
are causes of lung cancer other than tobacco smoking,
lung cancer occurrence rates have served as a sentinel
for the epidemic of tobacco-caused diseases that be-
gan during the twentieth century because of the pre-
dominant causal role of smoking in these diseases.
Across the early decades of the last century, clinicians
noted the increase in lung cancer among their patients,
and Ochsner and DeBakey (1939) speculated that ciga-
rette smoking might be the cause in a case series
reported in 1939. Although the possibility of an arti-
factual increase reflecting diagnostic bias was consid-
ered, by midcentury there was no doubt as to the
presence of an epidemic (Macklin and Macklin 1940).
Lung cancer was therefore the focus of many early epi-
demiologic studies on smoking (White 1990; Doll et
al. 1994) and one of the principal topics of the 1964
Surgeon General’s report (USDHEW 1964), which
reached the momentous conclusion that smoking was
a cause of lung cancer (in men). Lung cancer mortal-
ity, which closely parallels incidence because of the
extremely high case-fatality rate, is tracked in coun-
tries throughout the world and has provided a useful
anchoring and index point for estimating the burden
of tobacco-caused diseases (Peto et al. 1994). A decrease
in lung cancer incidence and mortality rates has be-
come evident among younger men in the United States
and in other countries in the last 20 years, reflecting
the impact of efforts over decades to reduce smoking
(Gilliland and Samet 1994; Wingo et al. 1999).
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However, 40 years after smoking was first iden-
tified as a cause of lung cancer, it remains a leading
cause of cancer and of death from cancer. Lung cancer
accounts for 28 percent of all cancer deaths in the
United States (ACS 2003). In 2003, an estimated 171,900
new cases of lung cancer were expected to be diag-
nosed in the United States, accounting for 13 percent
of all cancer diagnoses, and an estimated 157,200
deaths attributable to lung cancer were expected to
occur. In spite of vigorous research on therapy, sur-
vival remains poor with five-year survival of only 15
percent for all stages of lung cancer combined (ACS
2003). The age-adjusted annual incidence rate is de-
clining steadily in men, from a high of 102.1 per 100,000
in 1984 to 80.8 per 100,000 in 2000 (ACS 2003; Ries et
al. 2003). In the 1990s, the rate of increase began to
slow for women, but by 2000 the incidence rate among
women was 49.6 per 100,000 (Thun et al. 1997b; Wingo
et al. 1999; Ries et al. 2003). During the 1990s deaths
attributable to lung cancer declined significantly in
men, while mortality rates in women continued to in-
crease. These changing patterns of incidence and mor-
tality reflect temporal changes in smoking behaviors
among U.S. adults that occurred decades ago (National
Cancer Institute [NCI] 1997). Smoking declined more
precipitously among men than among women begin-
ning in the 1950s, and the recent patterns of change in
lung cancer rates reflect these earlier prevalence rates.

Lung cancer refers to a histologically and clini-
cally diverse group of malignancies arising in the res-
piratory tract, primarily but not exclusively in cells



lining the airways of the lung. The four principal types,
classified by light microscopy and special stains, are
squamous cell carcinoma, small cell undifferentiated
carcinoma, adenocarcinoma, and large cell carcinoma.
Beginning at the trachea, the airways branch 20 or more
times. Until recently, most cancers were believed to
originate in the larger airways of the lung, typically at
the fourth through the eighth branches. However, there
has been a rise in the frequency of adenocarcinomas
since the 1960s, which tend to develop in the periph-
eral lung (Churg 1994). The specific cells of origin of
the different types of lung cancer are still unknown;
candidates include the secretory cells, pluripotential
basal cells, and the neuroepithelial cells (National Re-
search Council [NRC] 1991, 1999).

The rising incidence of lung cancer through the
first half of the twentieth century prompted intensive
epidemiologic investigations of the disease, resulting
in the identification of a number of causal agents
(Samet 1994; Blot and Fraumeni 1996). Cigarette smok-
ing is by far the largest cause of lung cancer, and the
worldwide epidemic of lung cancer is attributable
largely to smoking. However, occupational exposures
have placed a number of worker groups at high risk,
and some of these occupational agents are synergistic
with smoking in increasing lung cancer risks (Saracci
and Boffetta 1994; IARC 2002). There is some evidence
that both indoor and outdoor air pollution also increase
lung cancer risks generally (Samet and Cohen 1999).
Observational evidence showing a familial aggrega-
tion of lung cancer has suggested that genetic factors
also may determine risks in smokers, but the specific
genes remain under active investigation.

Prior reports have fully described the variation
of lung cancer risk with aspects of smoking (USDHHS
1982, 1989, 1990, 2001). In smokers, the risk of lung
cancer depends largely on the duration of smoking and
the number of cigarettes smoked (Samet 1996). The
excess risks for smokers, compared with persons who
have never smoked, are remarkably high. Many stud-
ies provide RR estimates for developing lung cancer
of 20 or higher for smokers compared with lifetime
nonsmokers (USDHHS 1990; Wu-Williams and Samet
1994). A risk-free level of smoking has not been identi-
fied, and even involuntary exposure to tobacco smoke
increases lung cancer risks for nonsmokers (USDHHS
1986). Lung cancer risk decreases with successful ces-
sation and maintained abstinence, but not to the level
of risk for those who have never smoked, even after
15 to 20 years of not smoking (USDHHS 1990; NCI
1997). Other aspects of smoking—depth of inhalation
and the type of cigarettes smoked—have relatively
small effects on risk once duration of smoking and the
number of cigarettes smoked are considered.

The Health Consequences of Smoking

Conclusions of Previous Surgeon
General’s Reports

By 1964, epidemiologic evidence was considered
sufficiently complete to support a conclusion by the
Surgeon General’s Advisory Committee that smoking
causes lung cancer in men (USDHEW 1964). Conclu-
sions followed for women in 1967 as the evidence for
a causal relationship strengthened, and in 1968 the
Surgeon General concluded that smoking caused lung
cancer in women (USDHEW 1967, 1968). In 1986, the
Surgeon General’s report concluded that involuntarily
inhaled tobacco smoke increased the risk of lung can-
cer in nonsmokers (USDHHS 1986). The 1990 report
(USDHHS 1990) concluded that smoking cessation
reduces the risk of lung cancer compared with contin-
ued smoking. The 1998 report on racial and ethnic
minority groups noted that “. . . lung cancer is the lead-
ing cause of cancer death for each of the racial/ethnic
groups studied in this report” (USDHHS 1998, p. 12).
The 2001 Surgeon General’s report on women and
smoking concluded that “About 90 percent of all lung
cancer deaths among U.S. women smokers are attrib-
utable to smoking” (USDHHS 2001, p. 13).

Biologic Basis

In the most general conceptual model, the de-
velopment of cancer is considered a result of heritable
alterations in a single cell, as demonstrated by Furth
and Kahn (1937) more than 60 years ago. They showed
that the progeny of multiple single-cell clones from a
tumor could reproduce the original disease on re-
injection of the cells into a suitable host. This observa-
tion established that cancer was a disease with a
molecular basis and a heritable and stable cellular phe-
notype. This discovery set in motion the development
of experimental models of carcinogenesis, for example,
the mouse skin model (Berenblum and Shubik 1947).
This experimental model led to the development of a
multistage concept of carcinogenesis in which some
agents are termed “initiators” and others “promoters,”
depending on their pattern of action in the model. The
initiators are causal agents that exert their effects by
inducing genetic changes at the start of carcinogen-
esis. These genetic changes are hypothesized to be
“promoted” by substances that are required for induc-
ing the subsequent, still not fully defined, events that
give rise to tumors. This model has been refined, up-
dated, and reproduced in the rat liver (Peraino et al.
1973) and urinary bladder (Fukushima et al. 1983).
Farber (1984) provides a comprehensive review of
these experimental approaches.
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These models had a counterpart in the multistage
model of carcinogenesis that was proposed initially
by Armitage and Doll (1954), based on their insightful
interpretation of the increase in cancer risks with age.
Armitage and Doll proposed that “k” stages are re-
qguired for the transformation of a normal cell to a
malignant cell, and that these stages occurred in a fixed
order. Their model did not include a requirement that
the cell “age” at any one of the “k” stages. With this
model, the age-cancer incidence curve for a tissue con-
taining a fixed number of cells would follow a log-log
relationship, consistent with the empirical observa-
tions.

These risk models have proved useful in guid-
ing tobacco control approaches for the prevention of
cancer. They indicate that the risk will increase with
the duration of smoking, and that risks can be expected
to decrease with quitting and maintained abstinence
if the full set of cellular changes has not yet occurred
at the time of quitting. The multistage model also im-
plies that risk depends on the duration of the expo-
sure to tobacco smoke and not on the age at which the
person started to smoke, unless there is some special
susceptibility for target cells in younger smokers, an
unresolved question at present. Beginning to smoke
at a younger age increases the duration of smoking at
any particular age and is predicted to increase the lung
cancer risk. The shift across the twentieth century to-
ward smoking initiation at younger ages is expected
to increase the risk of lung cancer and other tobacco-
caused cancers. These models can be used to predict
the outcomes of strategies to control smoking, such as
delaying initiation until later ages, reducing the num-
ber of cigarettes smoked, or quitting at different ages.

The epidemiologic evidence is limited and mixed
as to whether age at onset of smoking may be an inde-
pendent risk factor for lung cancer, beyond the inher-
ently longer duration of smoking by those starting to
smoke at younger ages (Hegmann et al. 1993;
Benhamou and Benhamou 1994). Some recent molecu-
lar epidemiologic evidence is consistent with an early
age of onset of smoking producing biologic changes
that enhance susceptibility to the effects of exposures
to tobacco carcinogens (Wiencke et al. 1999).

In Figure 2.1, Hecht (1999) proposes a general
schema for carcinogenesis by tobacco smoke. Viewed
in the framework of this model, research findings are
consistent with the predictions of the multistage model
in many respects, and are enhancing an understand-
ing of the mechanisms by which smoking causes can-
cers of the lung and other organs. A rapidly expand-
ing body of literature addresses dosimetry and the
metabolism of tobacco carcinogens at the cellular and
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molecular levels, genetic determinants of susceptibil-
ity, and patterns of genetic changes in the tissues of
smokers and in the cancers that develop (Vineis and
Caporaso 1995; Hecht 1999). Whereas much of this lit-
erature has focused on carcinogenesis in the respira-
tory system, the findings are likely to have implica-
tions for the causation of cancer by tobacco smoke at
other organ sites.

In general, the risk of cancer depends on expo-
sures to carcinogens and factors that influence host
susceptibility, including a genetic predisposition
(Hussain and Harris 1998). The elements of this para-
digm are all topics of inquiry for tobacco smoking and
lung and other cancers. Central to the molecular epi-
demiology approach to the problem is identifying
biomarkers, which measure indicators of exposure,
dose, susceptibility, and response in biologic materi-
als, including tissue and cell samples, blood, urine, and
saliva (IARC 1987, 1992; Schulte and Perera 1993). Re-
search findings under the new paradigm will ulti-
mately lay out the process that begins with exposures
to carcinogens in tobacco smoke and ends with malig-
nancy.

Biomarkers have already helped characterize the
dosimetry of tobacco-smoke carcinogens. Adducts
formed by the binding of carcinogens or metabolites
to DNA and proteins have been measured in the blood
and tissues of current smokers, former smokers, and
persons who have never smoked (Hecht 1999). A sig-
nificant advance in the detection of the biologically
effective carcinogenic dose is the measurement of DNA
adducts associated with tobacco in the lung and blood.
More than 50 known carcinogens, including poly-
aromatic hydrocarbons (PAHSs) and tobacco-specific
nitrosamines, have been identified in tobacco smoke
(Hecht et al. 1993; IARC 2002). Experimental research
has further shown that adducts formed by PAHSs that
exert their carcinogenic effects by binding to DNA may
lead to mutations and ultimately to cancer. Adducts
of PAHs bound to DNA (PAH-DNA adducts) were first
measured in the early 1980s in white blood cells (Perera
et al. 1982). Subsequently, PAH-DNA adducts have
been measured in lung and other tissues as well as in
blood, as markers of exposures to tobacco carcinogens
(Chacko and Gupta 1988; Phillips et al. 1988; Foiles et
al. 1989; Randerath et al. 1989; Garner et al. 1990; van
Schooten et al. 1990; Routledge et al. 1992; Bartsch et
al. 1993; Shields et al. 1993; Weston et al. 1993; Degawa
et al. 1994; Wiencke et al. 1995a). Levels of these ad-
ducts in lung tissue are correlated with those in blood
and differ across groups defined by their smoking
status: current smokers, former smokers, and those
who had never smoked. Strong, statistically significant
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Figure 2.1 Scheme linking nicotine addiction and lung cancer via tobacco smoke carcinogens and their
induction of multiple mutations in critical genes

Note: PAHSs = polycyclic aromatic hydrocarbons; NNK = 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone.

Source: Hecht 1999, p. 1195. Reprinted with permission.

relationships have been shown (Wiencke et al. 1995a).
Hence, current smokers have significantly elevated
PAH-DNA adducts in their lungs. As smokers quit, it
is believed that the amount of adducts declines rap-
idly. This notion is based on cross-sectional studies in
former smokers that have shown significant differ-
ences in the adduct burdens of current compared with
former smokers (Wiencke et al. 1995a, 1999).

Investigations of adducts and lung cancer risk
have been limited. Several studies indicate that PHA-
DNA adducts may be related to lung cancer risk
(Rudiger et al. 1985; Cheng et al. 2000b; Vulimiri et al.
2000). Work examining PAH-DNA adducts in the lungs
of cancer patients has also suggested that age at the
initiation of smoking is a significant independent pre-
dictor of the overall DNA adduct burden measured at
the time of surgery for lung cancer (Wiencke et al.
1999).

Studies in molecular carcinogenesis have pro-
duced an expanded understanding of the growth sig-
naling circuit of the cell (Hanahan and Weinberg 2000).
In addition, Shields and Harris (2000) have articulated
a new paradigm, calling for epidemiologic analyses
to categorize genes as caretakers or gatekeepers. The
gatekeepers represent genes that limit tumor growth
and that, of necessity, must be inactivated in carcino-
genesis (Vogelstein and Kinzler 1998). The caretakers
do not directly regulate growth, but act to prevent ge-
nomic instability; thus their mutation leads to acceler-
ated conversion of a normal cell to a neoplastic cell
(Levitt and Hickson 2002). The approach of molecular
epidemiology to the understanding of the nature of
tobacco smoke-induced lung cancer should now move
to integrate these concepts, and to include analyses of
the components of this circuitry as part of the overall
framework for addressing the underlying biologic
phenomena.

Biomarkers have also been used to investigate
the specific molecular changes in DNA caused by to-
bacco carcinogens. Lung cancers have been estimated
to have more than 10 and perhaps as many as 20 ge-
netic changes before any individual clonal tumor
emerges (Harlow 1994). Thus, some 10 to 20 individual
alterations may have to take place in a sequence be-
fore any individual clone becomes truly malignant.
This process of mutational selection (the process
whereby individual somatic changes in the clone oc-
cur) is one of the most basic issues being investigated
in cancer biology. Research using the tool of molecu-
lar epidemiology is examining the relationship of car-
cinogenic exposures to the genesis of mutation for each
of these individual events. This research has addressed
both oncogenes and tumor suppressor genes relevant
to tobacco smoke carcinogenesis.

Substantial data are now available on the rela-
tionship between exposures to tobacco carcinogens and
mutations in one oncogene, the K-ras gene. The K-ras
gene is known to be mutated at codons 12, 13, and 61
in adenocarcinomas of the lung, and mutations arise
almost overwhelmingly in persons who smoke ciga-
rettes (Slebos et al. 1990; Sugio et al. 1992; Rosell et al.
1993; Silini et al. 1994; Rosell et al. 1995; Cho et al. 1997;
Fukuyama et al. 1997; De Gregorio et al. 1998;
Kwiatkowski et al. 1998; Nelson et al. 1999). However,
mutations are not associated with the duration or in-
tensity of smoking (Nelson et al. 1999). Thus, K-ras mu-
tations may occur early in the lifetime of the smoker,
and the mutated clones of the gene may be subse-
guently selected for continued growth by tobacco car-
cinogens. If K-ras mutations occurred later in the pro-
cess of tumor generation, one would expect to find an
association in the epidemiologic data between
mutation frequency and the duration or intensity of
smoking.
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The deletion of one copy of the short arm of chro-
mosome 3(3p) is an additional example of a possible
early molecular change. This type of loss of heterozy-
gosity (LOH) has been documented relatively early in
lung carcinogenesis (Whang-Peng et al. 1982;
Sundaresan et al. 1992; Hung et al. 1995; Thiberville et
al. 1995; Kohno et al. 1999; Wistuba et al. 1999) and
has been detected in preneoplastic epithelial cells in
the lung. The frequency of any 3p LOH in persons with
lung cancer has been reported to be 49 to 86 percent
(Wistuba et al. 1997). The prevalence of LOH of 3p at
region 2, band 1 (3p21) also has been observed to be
higher in squamous cell carcinoma than in adenocar-
cinoma. Thus, LOH of 3p21 is perhaps one of the ear-
liest genetic events involved in tobacco smoke-
induced lung carcinogenesis. LOH at this locus has not
been associated with duration of smoking or cumula-
tive amount smoked.

The p53 tumor suppressor gene has been stud-
ied extensively in smokers, with some researchers con-
cluding that there is a specific pattern of mutation as-
sociated with this gene in cancers in smokers. The p53
tumor suppressor gene shows an unusual spectrum
of mutations that is predominantly of the missense
type. These p53 mutations are quite common in lung
cancer, and a large number of tumors have been ex-
amined and categorized in the IARC database (Hainaut
et al. 1998). Examinations of the spectrum of p53 mu-
tations in different human cancers have suggested that
the mutations may be particular molecular lesions as-
sociated with particular exposures (Greenblatt et al.
1994). For example, in hepatocellular carcinoma,
unique mutations in codon 249 have been associated
with a dietary exposure to aflatoxin B1 (Bressac et al.
1991; Hsu et al. 1991). Sunlight exposure-associated
skin cancer has been strongly associated with the oc-
currence of dipyrimidine mutations (CC to TT) in the
p53 gene (Brash et al. 1991; Nakazawa et al. 1994;
Ziegler et al. 1994). For lung cancer, tobacco carcino-
gens have been associated with particular p53 muta-
tions at codons 157, 248, and 273 (Bennett et al. 1999).
Further, there is evidence that the frequency of p53
mutations increases with the extent of smoking (Kondo
et al. 1996; Bennett et al. 1999). Finally, transversion
mutations that occur frequently in lung cancers of
smokers are of the same type as those observed in vitro
after growing cells are exposed to benzo[a]pyrene diol
epoxide. Denissenko and colleagues (1996, 1997) dem-
onstrated that cytosine methylation greatly enhances
guanine alkylation at all the sites in the p53 gene that
have the sequence “...cg...” and that are known to
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be preferentially methylated. These sites are also where
mutations are commonly found in persons with lung
tumors. The PAH intermediate benzo[a]pyrene binds
preferentially to the p53 gene at these sites (Denissenko
et al. 1996, 1997), suggesting that benzo[a]pyrene con-
tributes to the common mutations in the p53 gene
found in persons with lung cancer.

Recent work also has demonstrated that silenc-
ing of the transcriptional promoters of tumor suppres-
sor genes by DNA methylation occurs frequently in
tobacco smoke-related cancers. For example, in ap-
proximately 15 to 35 percent of lung cancer tumors,
methylation of the promoter of the p16 gene essentially
halts transcription and inactivates this tumor suppres-
sor gene (Kashiwabara et al. 1998). Inactivation of the
p16 gene has been detected in more than 70 percent of
cell lines derived from human non-small cell lung can-
cers (Kamb et al. 1994). In addition, p16 inactivation
(by multiple mechanisms) has been detected in ap-
proximately 50 percent of primary non-small cell lung
cancers (Kratzke et al. 1996; Vonlanthen et al. 1998;
Sanchez-Cespedes et al. 1999). The frequency of other
types of pl16 inactivation in non-small cell lung can-
cers has been highly variable, such as homozygous
deletions (9 to 25 percent) (Nobori et al. 1994; de Vos
et al. 1995; Washimi et al. 1995) and p16 mutations (0
to 8 percent) (Okamoto et al. 1995; Rusin et al. 1996;
Betticher et al. 1997; Marchetti et al. 1997). Further,
methylated tumor DNA (at the p16 gene, but probably
at other important loci as well) can be detected in the
serum of affected patients (Esteller et al. 1999). The
relationship of tobacco smoke exposure to the many
types of p16 inactivation remains under investigation.
Similarly, the nature of the relationships of all of these
tumor suppressor gene alterations with one another
is also under study.

Since the epidemiologic study by Tokuhata and
Lilienfeld (1963), subsequent epidemiologic studies
have shown that a family history of lung cancer is as-
sociated with an increased risk of lung cancer in smok-
ers (Economou et al. 1994). Numerous epidemiologic
studies, primarily using the case-control design, have
been directed at identifying phenotypes and genotypes
for carcinogen metabolism that may contribute to this
familial aggregation.

In the search to identify candidate genes that can
explain the observed familial excess, genes involved
in the activation or elimination of tobacco carcinogens
were the earliest studied. The metabolism of toxic
agents, including carcinogens, generally proceeds
through two phases (Garte and Kneip 1988). In phase



1, unreactive nonpolar compounds are converted, usu-
ally by oxidative reactions, to highly reactive interme-
diates. These intermediates are then able to form
complexes with conjugating molecules in phase 2
conjugation reactions, which are usually less reactive
and more easily excreted. However, the intermediate
metabolite may react with other cellular components,
such as DNA, before conjugation occurs. This binding
to DNA may be the first step in the initiation of a car-
cinogenic process (Garte et al. 1997).

The cytochrome P-450 enzymes are a large
multigene family that is important in phase 1 reactions.
CYP1Al, CYP2EL, and CYP2AG6 are phase 1 genes that
activate carcinogens and have been investigated in
relation to lung cancer risk. Three phase 2 genes have
received wide attention as metabolic markers: GSTM1,
NATL, and NAT2 (Garte et al. 1997). A growing body
of work has examined differences in genotypes for
these and many other genes thought to alter risks for
lung and other tobacco-related cancers.

The genetic basis for this variation has been in-
vestigated in many individual studies and summa-
rized through a number of systematic meta-analyses
(e.g., d’Errico et al. 1999, Marcus et al. 2000, Benhamou
et al. 2002, and Vineis et al. 2003). Underlying this
research is the hypothesis that variations in the
metabolism of carcinogens result in variations in the
biologically effective carcinogenic dose. The biologi-
cally effective doses of carcinogenic and mutagenic
intermediates might be enhanced by an inherited
variation that causes (1) a relatively higher rate of
activation of the carcinogen than other variations, (2)
a relatively lower rate of detoxification via conjuga-
tion than other variants, or (3) the complementary
action of both of these mechanisms. Some genetic
variations in the metabolism of carcinogens could gen-
erate detectable interactions among the variant genetic
exposures to tobacco carcinogens.

Initial research in this area focused on the nor-
mal polymorphic variants of the cytochrome P-450 sys-
tem, which is responsible for the oxidative activation
of many PAHSs (phase 1 metabolism). In Japanese and
other Asian populations, polymorphic variants of the
CYP1ALl gene are highly prevalent and have been as-
sociated repeatedly with higher risks for smoking-
related lung cancers (Kawajiri et al. 1990; Hayashi et
al. 1991; Nakachi et al. 1991, 1995; Okada et al. 1994;
Kawajiri et al. 1996). This susceptibility is less appar-
ent in other racial groups, which may be attributable
to inadequate statistical power to detect associations
because of a lower prevalence of gene variants (Ishibe
et al. 1997).
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Polymorphic variants in phase 2 metabolic sys-
tems also have been studied and associated with lung
cancer (Zhong et al. 1991; Brockmoller et al. 1993;
Hirvonen et al. 1993; Nakachi et al. 1993; Nazar-Stewart
et al. 1993; Alexandrie et al. 1994; Kihara et al. 1994,
Anttila et al. 1995; London et al. 1995; Nakajima et al.
1995; Vaury et al. 1995). Predominant among the vari-
ants studied have been several classes of the glu-
tathione transferases. The glutathione transferase
classes mu (the GSTM1 null genotype) and theta
(GSTT1 gene) enhance susceptibility of cellular genetic
material to the action of carcinogens in vitro (Wiencke
et al. 1990; Rebbeck 1997). A meta-analysis of investi-
gations of the association of the GSTM1 null genotype
with susceptibility to tobacco-associated lung cancer
has shown significant, albeit small, increases in risk
compared with other genotypes (Wiencke et al. 1995b).

An emerging area of similar research is directed
at an understanding of the role of individual varia-
tions in DNA repair and lung cancer risks. Since
Cleaver (1968) demonstrated that defective DNA re-
pair was responsible for multiple skin cancers in
xerodema pigmentosum, there have been further re-
ports suggesting that DNA repair capacity is a deter-
minant of susceptibility to cancer (reviewed in Oesch
et al. 1987). Cheng and colleagues (2000a) reported
reduced expression levels of nucleotide excision repair
genes in lung cancer patients compared with controls.
They suggest that this reduced expression level fos-
ters a gene-environment interaction and enhances the
risk of lung cancer. Considerable work is being done
to find the precise gene alterations responsible for these
interactions. Many novel DNA repair gene polymor-
phisms have been reported, but their phenotypic ex-
pression remains unclear (Marcus et al. 2000a,b).

In summary, laboratory and molecular epidemio-
logic studies have provided substantial new insights
into respiratory carcinogenesis by tobacco smoke, clos-
ing some of the gaps noted in the 1964 Surgeon
General’s report (USDHEW 1964). Components of to-
bacco smoke are potent mutagens and carcinogens in
animals. The paradigm developed for examining mo-
lecular biomarkers is consistent with longstanding
models of disease occurrence. DNA adduct measure-
ments now offer useful biomarkers of effective carci-
nogenic doses. Evaluations of somatic mutations in
tumors also provide evidence that tobacco smoke com-
ponents and their metabolites directly interact with
DNA, and produce characteristic lesions in genes that
are in the causal pathway for the changes that lead to
the development of lung cancer. In addition, normal
variants of genes that code for enzymes known to
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metabolize constituents of tobacco smoke significantly
affect susceptibility to lung cancer.

Epidemiologic Evidence

Although smoking was identified as a cause of
lung cancer 40 years ago in the 1964 Surgeon General’s
report (USDHEW 1964), changing epidemiologic char-
acteristics of the disease have motivated numerous fur-
ther epidemiologic studies. These studies have been
primarily case-control studies comparing smokers who
have lung cancer with appropriate controls, or pro-
spective cohort studies that follow smokers and non-
smokers over time and observe lung cancer incidence
or deaths. These studies have also tested additional
hypotheses related to the causation of lung cancer by
cigarette smoking, and have provided abundant evi-
dence consistent with the 1964 conclusion.

Among the principal issues addressed have been

= the characterization of the dose-response relation-
ship for lung cancer risk with smoking;

= the consequences of changing the characteristics
of cigarettes, including the addition of filters and
the reduction of machine-measured tar and nico-
tine yields;

= changes in lung cancer occurrence following smok-
ing cessation; and

= factors influencing the shift in lung cancer histo-
pathology in recent decades.

Extensive reviews of the epidemiologic evidence
on smoking and lung cancer have been published cov-
ering the key findings (USDHHS 1990; Samet 1994;
NCI 1997). Variations in lung cancer risks among ra-
cial and ethnic minority groups in the United States
were covered in the 1998 Surgeon General’s report
(USDHHS 1998), and lung cancer in women was ad-
dressed in the 2001 report (USDHHS 2001).

This section emphasizes two of the more critical
issues that have arisen since the topic of lung cancer
was last covered in the 1981, 1982, and 1990 reports
(USDHHS 1981, 1982, 1990): the risk of lung cancer as
a consequence of changes in the characteristics of ciga-
rettes, and the emergence of adenocarcinoma as the
most frequent histologic type of lung cancer. This chap-
ter also addresses newer evidence on changing risks
of lung cancer following smoking cessation, as data
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Figure 2.2 Effects of smoking cessation at various
ages on the cumulative risk (%) of
death from lung cancer up to age 75,
at death rates for men in United
Kingdom in 1990
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Note: Nonsmoker risks are taken from a U.S. prospective
study of mortality.
Source: Peto et al. 2000, p. 326. Reprinted with permission.

have become available from increasing numbers of
former smokers.

Changes in Relative Risks
Following Smoking Cessation

Substantial epidemiologic evidence exists regard-
ing the decline of lung cancer risks following success-
ful cessation (USDHHS 1990; Wu-Williams and Samet
1994; NCI 1997). As the follow-up of participants in



the major prospective cohort studies has been main-
tained, data have become available on patterns of lung
cancer risks with increasing durations of not smok-
ing. The findings from the principal studies conducted
in the United States were summarized in Monograph
8 from the NCI series on smoking and tobacco control
(NCI 1997). The data show that the RR for lung cancer
among former smokers (persons who responded ’yes”
to ever smoking cigarettes at least 2 years before com-
pleting the study questionnaire) continues to decline
as the duration of not smoking increases in compari-
son with the risk among continuing smokers.

Extensive data convincingly show how smoking
cessation lowers lung cancer risks (NCI 1997; Peto et
al. 2000). Using data from a 1990 case-control study,
Peto and colleagues (2000) estimated cumulative lung
cancer risks for persons up to 75 years of age (Figure
2.2). The estimated lifetime risk of lung cancer deaths
for men who continue to smoke, absent death from
another cause, was 16 percent. Substantial reductions
in this risk can be achieved by cessation at younger
ages; even cessation at 60 years of age lowered the
cumulative risk from 16 percent to about 10 percent.

Even with the longest durations of quitting that
have been studied, however, the risks for lung cancer
remain greater in former smokers compared with life-
time nonsmokers (NCI 1997). The absolute risk of lung
cancer does not decline following cessation, but the
additional risk that comes with continued smoking is
avoided. The study of veterans in the United States
that was initiated in the early 1950s provides some of
the lengthiest follow-up data. Although smoking was
assessed only at the beginning of the study, those who
reported having quit were assumed to have remained
nonsmokers during the follow-up period. With this
assumption, the veterans study provides a picture of
risks for lung cancer up to 40 years after smoking ces-
sation. Even for this duration, former smokers have a
50 percent increased risk of death from lung cancer
compared with lifetime nonsmokers. The 1990 Surgeon
General’s report (USDHHS 1990) reviewed findings
of additional cohort and case-control studies. The re-
sults consistently showed declining RRs, compared
with continuing smoking, with increasing duration of
not smoking. The general pattern of this decline was
the same for men and women, for smokers of filter-
tipped and unfiltered cigarettes, and for all major
histologic types of lung cancer. However, lung cancer
incidence in former smokers, even decades after quit-
ting, has not been shown to return to the rate seen in
persons who have never smoked.

Studies of biopsy specimens of nonmalignant tis-
sues have documented persistent molecular damage
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in the respiratory epithelium of former smokers.
Wistuba and colleagues (1997) examined microsatellite
markers of heterozygosity in current and former smok-
ers and found similar rates of abnormality in the two
groups; the former smokers had stopped for an aver-
age of 11 years. Wiencke and colleagues (1995a, 1999)
assessed levels of aromatic hydrophobic DNA adducts
in nontumorous tissues of persons having surgery for
lung cancer. Levels of adducts were lower in former
smokers compared with current smokers, and were
very low in the seven patients in the series who had
never smoked. In a predictive model for adduct levels
in former smokers, initiating smoking at a younger age
was associated with higher adduct levels.

Changing Characteristics of Cigarettes

Since the first research reports linking smoking
to lung cancer and other diseases, the tobacco indus-
try has continually changed the characteristics of the
cigarette (USDHHS 1981; NCI 1996; Hoffmann and
Hoffmann 1997). These changes have included the
addition of filter tips, perforation of the filter tips, use
of reconstituted tobacco, and changes in the paper and
in additives (Hoffmann and Hoffmann 2001; NCI 2001,
Stratton et al. 2001). During the nearly 50 years that
these changes have been made in the United States,
there have been substantial declines in the sales-
weighted average tar and nicotine yields of cigarettes,
as measured by the Federal Trade Commission (FTC)
protocol (Figure 2.3) (Hoffmann and Hoffmann 1997,
2001). Limitations of this protocol for assessing actual
yields to smokers have been widely acknowledged
(NCI 1996; Hoffmann and Hoffmann 1997, 2001). For
example, tar and nicotine yields are lowered by perfo-
ration of the filter with small holes to increase dilu-
tion during machine smoking in the FTC protocol;
unlike the machines, smokers tend to cover these holes
with their fingers, thereby increasing the yield beyond
that measured by the machine (Hoffmann and
Hoffmann 1997). The changing cigarette was the fo-
cus of the 1981 report of the Surgeon General
(USDHHS 1981). The major conclusions from that re-
port were as follows:

1. There is no safe cigarette and no safe level
of consumption.

2. Smoking cigarettes with lower yields of
“tar”” and nicotine reduces the risk of lung
cancer and, to some extent, improves the
smoker’s chance for longer life, provided
there is no compensatory increase in the
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Figure 2.3 Sales-weighted tar and nicotine values for U.S. cigarettes as measured by machine using the

Federal Trade Commission (FTC) method, 1954-1998*
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*Values before 1968 are estimated from available data.
Source: Hoffmann and Hoffmann 2001, p. 167.

amount smoked. However, the benefits
are minimal in comparison with giving up
cigarettes entirely. The single most effec-
tive way to reduce hazards of smoking
continues to be that of quitting entirely.

3. Itis not clear what reductions in risk may
occur in the case of diseases other than
lung cancer. The evidence in the case of
cardiovascular disease is too limited to
warrant a conclusion, nor is there enough
information on which to base a judgment
in the case of chronic obstructive lung dis-
ease. In the case of smoking’s effects on
the fetus and newborn, there is no evi-
dence that changing to a lower “tar” and
nicotine cigarette has any effect at all on
reducing risk.
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Carbon monoxide has been impugned as
a harmful constituent of cigarette smoke.
There is no evidence available, however,
that permits a determination of changes
in the risk of diseases due to variations in
carbon monoxide levels.

Smokers may increase the number of ciga-
rettes they smoke and inhale more deeply
when they switch to lower yield cigarettes.
Compensatory behavior may negate any
advantage of the lower yield product or
even increase the health risk.

The “tar” and nicotine yields obtained by
present testing methods do not corre-
spond to the dosages that the individual



smokers receive: in some cases they may
seriously underestimate these dosages.

7. Afinal question is unresolved, whether
the new cigarettes being produced today
introduce new risks through their design,
filtering mechanisms, tobacco ingredients,
or additives. The chief concern is addi-
tives. The Public Health Service has been
unable to assess the relative risks of ciga-
rette additives because information was
not available from manufacturers as to
what these additives are (p. vi).

Subsequently, this topic has been the focus of
several reviews including NCI Monograph 7, The FTC
Cigarette Test Method for Determining Tar, Nicotine, and
Carbon Monoxide Yields of U.S. Cigarettes (NCI 1996);
the Institute of Medicine (IOM) report, Clearing the
Smoke (IOM 2001); and NCI Monograph 13, Risks
Associated with Smoking Cigarettes with Low Machine-
Measured Yields of Tar and Nicotine (NCI 2001). The IARC
monograph addressed this topic in relation to lung
cancer (IARC 2002). These reports provide comprehen-
sive reviews of changes in cigarettes and the ways that
they are smoked, related changes in doses of tobacco
smoke components, and evidence on changes in health
risks associated with changes in cigarettes. Each of
these lines of evidence is relevant to interpreting the
public health implications of changes in cigarette char-
acteristics and machine-measured yields.

Studies using biomarkers of exposures to and
doses of tobacco smoke components show little rela-
tionship between the biomarkers and tar or nicotine
yields as measured by the FTC protocol (Hoffmann
and Hoffmann 1997; NCI 2001). These studies have
been conducted in both population samples and dur-
ing smoking in the laboratory setting. For example,
Coultas and colleagues (1988) collected saliva to ana-
lyze the cotinine levels and end-tidal breath samples
for carbon monoxide levels in a population sample of
Hispanics in New Mexico. Levels of the biomarkers in
smokers were not associated with the tar and nicotine
yields of those brands smoked by individual partici-
pants. Djordjevic and colleagues (2000) evaluated
smoking patterns and biomarkers in the laboratory
setting, comparing smokers of medium-yield ciga-
rettes with smokers of low-yield cigarettes. The smok-
ers averaged greater puff volumes and frequencies
than those specified in the FTC protocol, and had
substantially greater intakes of tar and nicotine than
implied by the brand listings.
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Epidemiologic studies assessed whether the
seemingly substantial changes in tar and nicotine
yields, as measured in the FTC protocol, have resulted
in parallel changes in risks from smoking. These stud-
ies have been one of the key sources of information
because they provide direct evidence about the risks
from cigarettes as people actually use them. Some of
the earliest studies were considered in the 1981 Sur-
geon General’s report (USDHHS 1981); the principal
studies on cigarette type or tar yield and lung cancer
are summarized in Table 2.2. For lung cancer and other
diseases, three types of epidemiologic data have been
available. The first comes from case-control studies that
compared the smoking history profiles of persons de-
veloping lung cancer with those of controls. The sec-
ond comes from cohort studies that tracked the risks
of lung cancer over time as the products smoked
changed. The third involves ecologic assessment of
age-specific patterns of change in disease mortality
(e.g., lung cancer) across the decades over which ciga-
rette characteristics were changing.

The initial epidemiologic evidence came prima-
rily from case-control studies of lung cancer that com-
pared the risks between filter-tipped cigarette smok-
ers and unfiltered cigarette smokers exclusively (Bross
and Gibson 1968; Wynder et al. 1970). This compari-
son could be made in the 1960s because there were
still a substantial number of smokers who had not used
filter-tipped cigarettes at all. Bross and Gibson (1968)
were able to make this comparison using patients seen
at Roswell Park Cancer Institute in Buffalo, New York;
persons were classified as filter-tipped cigarette smok-
ers if they had used these products for at least 10 years.
These initial studies indicate that filter-tipped ciga-
rettes provided some reduction in lung cancer risks.
Subsequent case-control studies that have compared
the use of either filter-tipped or lower-yield products
with unfiltered or higher-yield products across a cu-
mulative smoking history have had generally similar
findings.

The case-control studies provide an assessment
of risk from smoking different types of cigarettes that
is inherently static in time; that is, risks are assessed
for the particular birth cohorts that are included in a
study. For example, Bross and Gibson (1968) compared
risk for lung cancer in people who switched to the ini-
tial filter-tipped cigarettes with those who continued
to smoke unfiltered cigarettes. Later studies made com-
parisons between risks for those smoking higher-
versus lower-yield cigarettes (Table 2.2). Thus, the case-
control studies provide a longitudinal perspective on
the comparative risks of changing types of cigarettes
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Table 2.2

Studies on the association between cigarette characteristics and lung cancer

Study

Design/population

Exposure

Bross and Gibson 1968

Wynder et al. 1970

Hammond et al. 1976

Wynder and Stellman
1979

Rimington 1981

Higenbottam et al. 1982

Vutuc and Kunze 1982

Lubin et al. 1984

Pathak et al. 1986

Case-control study; 974 white male lung
cancer patients and matched controls

Case-control study; 350 lung cancer patients
and controls

Cohort study; 1 million volunteers in the
American Cancer Society Cancer Prevention
Study followed from 1959-1972

Case-control study; 1,034 male and female
larynx and lung cancer patients (Kreyberg
type ) or larynx cancer patients; 9,547
cancer controls with no tobacco-related
diseases

Cohort study; 5,348 current smokers
(3,045 filter-tipped, 2,303 plain)

Cohort study; 17,475 male civil servants
aged 40-64 years and 8,089 male British
residents aged 35-69 years

Case-control study; 297 female lung cancer
patients and 580 controls (50% hospital-
based and 50% neighborhood-based)
matched for tobacco-related disease and
5-year age group

European case-control study; 7,804 lung
cancer patients and 15,207 hospital-based
controls

Population-based case-control study from
1980-1982 in New Mexico; 521 cases and
769 controls matched for age, gender, and
ethnicity

Cigarette smoking habits and
tar content

Cigarette smoking habits and

type of cigarette

Tar content (low: <17.6
mg/cigarette, high: 25.8-35.7
mg/cigarette, medium:
intermediate)

Cigarette smoking habits and
tar content

Cigarette smoking habits and
type of cigarette

Cigarette smoking habits

Cigarette tar content

Cigarette smoking habits and

type of cigarette smoked

Cigarette smoking

*RR = Relative risk.

'SMR = Standardized mortality ratio.

*OR = Odds ratio.
§C| = Confidence interval.
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Outcome

Results

Lung cancer

Lung cancer

Mortality (1967-1972) for all deaths,
lung cancer, and coronary heart
disease (CHD)

Lung or larynx cancer

Lung cancer

Lung cancer

Lung cancer

Lung cancer

Lung cancer

Current smokers of filter-tipped cigarettes have a RR* approxi-
mately 40 % lower than smokers of unfiltered cigarettes

There was a lower RR for those who smoked filter-tipped
cigarettes for 3 10 years compared with those who smoked
plain cigarettes

Compared with high-tar smokers: total mortality SMR" = 0.98
and 0.81 for medium- and low-tar smokers, respectively; lung
cancer SMR = 1.03 and 0.82 for medium- and low-tar smokers

Risks of developing lung or larynx cancer were lower among
long-term filter-tipped cigarette smokers vs. plain cigarette
smokers, regardless of the number smoked

104 lung cancers were diagnosed and followed for 69-81
months; incidence among plain cigarette smokers was 50%
higher than among filter-tipped smokers

Tar yield was associated with the risk of lung cancer in
noninhalers but less so in inhalers

Effects of tar/nicotine yields were confined to inhalers
Interactions were found between the amount smoked, tar
yields, and smoking styles (i.e., inhaling)

Compared with never smokers, OR* for cigarette smokers of
<15 mg tar/cigarette = 1.5 (95% CI¢, 0.1-14.2); 15-24 mg tar/
cigarette = 2.7 (95% Cl, 1.5-4.7); and 3 25 mg tar/cigarette = 6.3
(95% CI, 3.5-11.3)

Long-term unfiltered smokers were at nearly twice the risk of
developing lung cancer compared with long-term filter-tipped
smokers, after controlling for duration of cigarette use and the
number of cigarettes smoked/day (RR = 1.7 for men and 2.0 for
women)

There was a higher risk among unfiltered cigarette smokers,
but no evidence of a decreasing risk with more filter-tipped
cigarette smoking

Long-term filter-tipped smokers and smokers of both filter-
tipped and unfiltered cigarettes had a lower risk than long-term
unfiltered smokers only
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Table2.2 Continued
Study Design/population Exposure
Gillis et al. 1988 Case-control study; 656 male lung cancer Cigarette smoking habits

Wilcox et al. 1988

Augustine et al. 1989

Kaufman et al. 1989

Stellman and Garfinkel
1989

Giles et al. 1991

Zang and Wynder 1992;
Wynder and Kabat 1988

patients and 1,312 age- and gender-matched
controls, interviewed from 1976-1981 in
Glasgow and West Scotland

Population-based case-control study; New
Jersey white male lung cancer patients who
smoked cigarettes from 1973-1980; 900
controls from a random sample of men with

New Jersey motor vehicle licenses; frequency

was matched to cases by geographic area,
race, and 5-year age group

Case-control study; 1,242 histologically
confirmed lung cancer cases, and 2,300
gender- and age-matched hospital controls
in 9 U.S. cities from 1969-1984

Case-control study; 881 lung cancer cases
and 2,570 hospital controls; aged 40-69
years; from 1981-1986 in the United States
and Canada

Prospective cohort study; 120,000 male
current cigarette smokers in the American
Cancer Society 1959-1972 Cancer
Prevention Survey

Cohort study; lung cancer cases in
Australia from 1985-1989

Case-control study; 2,296 lung cancer cases
(1,274 Kreyberg type | [KI] and 1,022
Kreyberg type Il [KII]) and 4,667 controls

Time-weighted average tar
levels of cigarettes

Switching from plain to filter-
tipped cigarettes

Tar content, by the Federal
Trade Commission (1967-1985)
and Reader’s Digest (1957-1966)

Cigarette smoking habits and
tar yield

Cigarette smoking habits

Long-term tar exposure

'SMR = Standardized mortality ratio.
PPack-years = The number of years of smoking multiplied by the number of packs of cigarettes smoked per day.
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Outcome

Results

Lung cancer

Primary lung cancer patients

Lung cancer incidence

Lung cancer

Lung cancer

Lung cancer incidence

Lung cancer Kl and Kl

Smokers of <15 cigarettes/day had reductions in risks from
smoking lower-tar cigarettes than those who smoked 3 15
lower-tar cigarettes

RRs increased for smokers of <20 cigarettes/day but not for
those who smoked >20/day; tar yields of brands did not
explain this finding

Unadjusted RR = 0.53 (95% ClI, 0.29-0.97), significantly lower
for the lowest-tar smokers (<14 mg/cigarette) compared with
highest-tar smokers (21.1-28 mg/cigarette)

After adjusting for age and total pack-yearsP the difference in
risks was insignificant

Low-tar smokers compensated by smoking almost half a pack
more per day

Mean increase in cigarettes/day was 2 times higher for cancer
cases than for controls

Linear dose-response relationship between risk and increased
compensation; OR = 1.19-2.37 in men and 1.66-3.83 in women
for increases of 1-10 and 3 21 cigarettes/day, respectively

Compared with low-tar smokers (<22 mg/cigarette), adjusted
RRs = 3.0 and 4.0 for medium- (22-28 mg/cigarette) and high-
tar (>29 mg/cigarette) smokers, respectively, for both genders,
based on smoking 3 10 years; significant trend (p = 0.002); there
were few low-tar smokers in the study

Risks increased with higher-tar yields at each quantity level,
and risks increased with more cigarettes smoked daily at each
tar level

Excess lung cancer risks for current smokers were propor-
tional to the estimated mg of tar inhaled daily (SMR' = 100 +
1.731 x mg tar/day)

Age-standardized mortality rate decreased from 49/00,000
in 1980-1984 to 46.4/100,000 in 1985-1989 in men, likely due
to lowered-tar content of brands, and trends in smoking
cessation

For KI: OR =0.69 (95% ClI, 0.37-1.27) in men and 0.64 (95% ClI,
0.30-1.35) in women who smoked filter-tipped cigarettes only
Among long-term switchers to and smokers of filter-tipped
cigarettes for 3 10 years, OR for men = 0.66 (95% CI, 0.49-0.90)
and 0.74 (95% Cl, 0.40-1.36) for women

Among short-term switchers to and smokers of filter-tipped
cigarettes for 1-9 years, OR = 0.83 (95% CI, 0.59-1.17) in men
and 0.99 (95% Cl, 0.49-2.03) in women

Evidence for reductions in risk of KIl was weaker in men and
undetectable in women
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Table 2.2 Continued

Study Design/population

Exposure

Sidney et al. 1993

Cohort study; 79,946 Kaiser Permanente
Medical Care Program members, aged

Cigarette tar yield and other
cigarette use characteristics

30-89 years, who completed a detailed, self-
administered smoking habit questionnaire

between 1979 and 1985

Benhamou et al. 1994

Case-control study; 1,114 persons with
histologically confirmed cases of lung cancer
and 1,466 hospital contrals,

Past tar content of cigarettes
manufactured by the French
Tobacco Monopoly

interviewed in hospitals in France

from 1976-1980

Tang et al. 1995

4 cohort studies; 56,255 men studied be-
tween 1967 and 1982 from the British United
Provident Association Study

Tar yield of manufactured
cigarettes

(London), Whitehall Study (London),
Paisley-Renfrew Study (Scotland), and
United Kingdom Heart Disease Prevention

Project (England and Wales)

Stellman et al. 1997

Case-control study; 2,292 lung carcinoma
patients and 1,343 currently smoking

Long-term filter-tipped
cigarette smoking

hospital controls, between 1977 and 1995

over time, as results are compared from the earliest to
the most recent study. The studies use differing de-
signs and populations, however, and provide only a
relative rather than an absolute comparison of the risks
associated with cigarettes of different designs and
yields.

The relevant cohort data come from the ACS CPS-
I and CPS-II studies and the British physicians cohort.
In a 1976 publication, Hammond and colleagues (1976)
used tar yields of products smoked by CPS-I partici-
pants to compare mortality risks from lung cancer and
other diseases. The 12-year follow-up interval spanned
1960-1972. Smokers were placed into three categories
of products smoked: low yield (<17.6 mg/cigarette),
high yield (25.8-35.7 mg/cigarette), and medium yield
(intermediate). The standardized mortality rate for
lung cancer in smokers of low-yield cigarettes was
approximately 80 percent of the rate found in high-
yield smokers. A further analysis of tar yields using
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the same data set confirmed that risks for lung cancer
deaths increased with tar yield (Stellman and Garfinkel
1989).

Further insights have been gained by compar-
ing the risks found in the two ACS studies; this com-
parison addresses whether risks have changed, by
comparing smokers developing disease during 1960-
1972 with a similar group developing disease during
the 1980-1986 follow-up of CPS-II (Thun et al. 1995,
1997a). If newer cigarettes are increasingly associated
with a lower risk for lung cancer, the expectation would
be that risks for smokers would be less in CPS-I1 than
in CPS-I. In fact, the opposite was observed, with in-
creasing lung cancer mortality in male and female
smokers in CPS-11 compared with CPS-I (Figure 2.4)
(Thun et al. 1997a). Whereas differences in smoking
patterns, including amount smoked and age at start-
ing, may partially explain this increase, male smokers
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Outcome Results
Lung cancer incidence = Tar yield of current cigarette brand was not associated with
lung cancer incidence (RR = 1.02/1 mg tar yield in men and
0.99/1 mg tar yield in women)
Lung cancer = Increased RR for smokers of both plain and filter-tipped
cigarettes (RR = 1.6 [95% ClI, 0.9-2.7])
= Long-term smokers of plain cigarettes had higher risks than
long-term smokers of filter-tipped cigarettes (RR = 1.6 [95% CI,
0.9-2.8])
= No significant difference in risk was associated with the
proportion of years smoking high-tar cigarettes
Lung cancer mortality = Relative mortality per 15 mg decrease in tar yield/cigarette was

0.75 (95% CI, 0.52-1.09)

Lung cancer (squamous cell carcinoma = ORs for long-term filter-tipped cigarette smokers compared

[SCC] and adenocarcinoma [AC])

with long-term plain cigarette smokers = 0.8 (95% ClI, 0.5-1.2)

for SCC for men and 0.4 (95% ClI, 0.2-0.8) for women
= No reduction for AC was observed

in CPS-1I had substantially higher lung cancer mortal-
ity rates than their counterparts in CPS-I (Thun et al.
1997a).

In an analysis with a similar pattern of findings,
Doll and colleagues (1994) compared the risks of death
from lung cancer and other causes during the first and
second 20 years of the 40-year follow-up of the British
physicians cohort. Lung cancer mortality increased
among smokers in the second 20 years (1971-1991),
even though products smoked during that time pe-
riod would have had substantially lower tar and nico-
tine yields than those smoked during the first 20 years
(1951-1971). For the first 20 years, the annual lung can-
cer mortality rate for current smokers was 264 per
100,000 and for the second 20 years it was 314 per
100,000. Of course, the cohort had aged substantially
from the first to the second 20 years. The comparison
took age into account, although some residual con-
founding by age is possible.

The third line of observational evidence comes
from descriptive analyses of age-specific trends of lung
cancer mortality (IARC 1986; Peto et al. 2000; NCI
2001). Successive birth cohorts have had differing pat-
terns of exposure to cigarettes of different characteris-
tics and yields. For example, the cohort of persons born
between 1930 and 1940 who started to smoke during
the 1950s was one of the first to have the opportunity
to smoke primarily filter-tipped cigarettes. Subsequent
birth cohorts would have had access to the increas-
ingly lower-yield products while earlier cohorts had
access initially only to unfiltered cigarettes. Patterns
of temporal change in age-specific rates of lung can-
cer mortality in younger men have been examined to
assess if there has been a decline greater than expected
from changing prevalence, duration, and amount of
smoking, hence indicating a possible effect of cigarette
yield.

Cancer 57



Surgeon General’s Report

Figure 2.4 Age-specific death rates from lung cancer among current cigarette smokers and never smokers,
based on smoking status at enrollment in Cancer Prevention Study | (CPS-I) or Cancer Preven-
tion Study Il (CPS-II), according to attained age
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Data on lung cancer mortality in younger men
in the United Kingdom have been interpreted as indi-
cating a possible reduction in lung cancer risk associ-
ated with changes in cigarettes (Peto et al. 2000; NCI
2001). A sharp decline in lung cancer mortality has
occurred across recent decades in United Kingdom
men under 50 years of age. The decline seems greater
than anticipated from trends in prevalence and other
aspects of smoking—age starting and number of ciga-
rettes smoked. A similarly steep decline has not taken
place in the United States. Given the ecologic nature
of the data under consideration, uncertainty remains
with regard to their interpretation and alternative ex-
planations have been proposed, including less intense
smoking at younger ages in more recent birth cohorts
(NCI 2001).

Three monographs have recently reviewed epi-
demiologic and other evidence on cigarette yields and
lung cancer risk. IOM found the evidence on yield to
be mixed but did conclude that unfiltered cigarettes
probably posed a greater risk than filtered cigarettes
(10M 2001). NCI Monograph 13 also judged the evi-
dence on yield and lung cancer risk to be mixed and
noted that lung cancer rates have increased steadily
in older smokers (NCI 2001). Monograph 13 also noted
that consideration of the public health consequences
of lower-yield products needs to go beyond risks to
individual smokers to consider the impact of their
availability on decisions to start smoking and to quit
smoking. The availability of products that seemingly
convey less risk may increase rates of smoking ini-
tiation and possibly lead current smokers to switch
rather than quit. Finally, the 2002 IARC monograph
reviewed the same body of evidence, reaching the
conclusion that any reduction in lung cancer risk as-
sociated with changes in the cigarette had probably
been small (IARC 2002).

These prior analyses have highlighted the com-
plexity of isolating the effect on lung cancer risk of
the continually changing cigarette. The available data
have limitations, particularly in systematically captur-
ing the experience of successive birth cohorts in either
case-control or cohort studies that were appropriately
designed. The United Kingdom mortality data are
consistent with a greater effect of changes in cigarettes
than is found in the case-control and cohort studies.
Regardless of changes in cigarettes, many countries
around the world, including the United States, have
epidemics of lung cancer in progress that are largely
caused by cigarette smoking and other forms of to-
bacco use. As recommended by IOM (2001), surveil-
lance is needed to track the health consequences of the
changing cigarette.
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Lung Cancer Histopathology

Conventional light microscopy is used to clas-
sify the many histologic types of lung cancer. Again,
the four major types include squamous cell carcinoma,
adenocarcinoma, large cell carcinoma, and small cell
undifferentiated carcinoma. These four types of lung
cancer together account for more than 90 percent of
lung cancer cases in the United States (Churg 1994). In
spite of extensive research, the mechanisms leading to
these different types of lung cancer remain
uncertain. Hypotheses have focused on the cells of ori-
gin of lung cancers and on the pathways of differen-
tiation of malignant cells (NRC 1991; Churg 1994).
There are few environmental or occupational expo-
sures associated with specific histologic types of lung
cancer. Although adenocarcinoma now predominates
and small cell carcinoma is quite unusual in persons
who have never smoked, specific types of lung cancer
have been associated with a few occupational expo-
sures (e.g., chloromethyl ethers and small cell undif-
ferentiated carcinomas) (NRC 1991, 1999; Churg 1994).
Smoking has been shown to cause each of the major
histologic types, although a dose-response relationship
with the number of cigarettes smoked varies across
types, being steepest for small cell carcinoma (Morabia
and Wynder 1991; Wu-Williams and Samet 1994).

In the initial decades of the smoking-induced
lung cancer epidemic, squamous cell carcinoma was
most frequently observed in smokers, followed by
small cell carcinoma. In the late 1970s, the first evi-
dence of a shift toward a predominance of adenocar-
cinoma was noted (Vincent et al. 1977; Churg 1994),
and now adenocarcinoma of the lung is the most com-
mon histologic type (Travis et al. 1995; Wingo et al.
1999). Among men, the decline in lung cancer incidence
and mortality rates in the United States has been more
rapid for squamous cell and small cell carcinomas than
for adenocarcinoma, which is just beginning to show
a lower incidence (Figure 2.5) (Wingo et al. 1999).
Among women, the SEER data for 1973-1996 indicate
that the incidence of squamous cell, small cell, and
large cell carcinomas has plateaued, while the rate for
adenocarcinoma is still rising (Wingo et al. 1999).

Although changing patterns of diagnosing and
classifying lung cancers could have led to these alter-
ations over time, most observers have set aside such
an artifactual change (Churg 1994; Thun et al. 1997a).
Beginning in the 1970s, new techniques for diagnos-
ing lung cancer became available, including the
fiberoptic bronchoscope and thin-needle aspiration
(Thun et al. 1997b); improved stains for mucin, the
hallmark of adenocarcinoma, were also introduced.
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Figure 2.5 Cancer of the lung and bronchus: Surveillance, Epidemiology, and End Results (SEER)
incidence rates by histologic type, gender, race, and ethnicity, all ages, 1973-1996
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Using data from the Connecticut Tumor Registry,
Thun and colleagues (1997b) showed that the increase
in adenocarcinoma antedated these diagnostic
innovations.

Hypotheses concerning the shift in histopathol-
ogy have focused on the potential role of changes in
the characteristics of cigarettes and consequent
changes in the inhaled doses of carcinogens (Wynder
and Muscat 1995; NCI 1996; Hoffmann and Hoffmann
1997). Puff volume may have increased over the de-
cades with the possibility that patterns of deposition
in the lung have changed, tending toward enhanced
deposition of tobacco smoke in the peripheral airways
and alveoli (Hoffmann and Hoffmann 1997). Nitrate
levels, which enhance the combustion of tobacco, also
may have increased. Although more complete com-
bustion decreases the concentrations of polycyclic
aromatic hydrocarbons, the increased production of
nitrogen oxides contributes to increases in the forma-
tion of tobacco-specific nitrosamines. An increase in
the dose of the potent tobacco-specific nitrosamine
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4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone
(NNK) has been postulated as one factor leading to
the increase in adenocarcinomas (Hoffmann and
Hoffmann 1997; Hecht 1999). NNK induces lung car-
cinomas in mice, predominantly adenomas and adeno-
carcinomas, regardless of the route of administration
(Hecht 1999).

Few studies can provide data to test these hy-
potheses because of the need for longitudinal obser-
vations of lung cancer risks in relation to the charac-
teristics of the cigarettes smoked over time. Thun and
colleagues (1997b) compared risks for lung cancers of
the different histologic types among CPS-I and CPS-II
participants. They found markedly increasing risks
associated with smoking for adenocarcinoma of the
lung in both men and women over the approximately
20 years separating the two studies. The authors con-
cluded that “The increase in lung adenocarcinoma
since the 1950s is more consistent with changes in
smoking behavior and cigarette design than with di-
agnostic advances” (p. 1580).



Evidence Synthesis

There is now a massive body of evidence on lung
cancer and smoking, with repeated confirmation of the
causal link between smoking and lung cancer. The
quickly expanding body of evidence at the molecular
level exemplifies the growing understanding of the
changes in cells as they transform from normal to
malignant. Carcinogenesis caused by tobacco smoke
has been extensively investigated at the molecular and
cellular levels; substantial investigative efforts have
been directed at lung cancer and cancers of the
oropharynx, esophagus, and larynx (“aerodigestive
cancers”). Smokers are at substantially increased risks
for cancers at these sites, and tissues can be accessed
for investigation without difficulty. The findings of this
research show that the effects of tobacco smoke on cel-
lular DNA are quite consistent with the current con-
ceptual model of carcinogenesis—a multistep process
of genetic change.

Although the conclusion of the 1964 Surgeon
General’s report (USDHEW 1964) that smoking causes
lung cancer was solidly grounded in epidemiologic
and toxicologic data, this new evidence is completing
the mechanistic foundation of that conclusion. Com-
parable investigations of other smoking-caused can-
cers show similar patterns of genetic changes in or-
gans of smokers.

The risk of lung cancer varies strongly with du-
ration of smoking and with the number of cigarettes
smoked. For those who successfully quit, the RR de-
clines as the interval of not smoking lengthens, in com-
parison with those who continue to smoke. By com-
parison, the characteristics of the cigarettes smoked,
primarily indicated by the presence or absence of a
filter and machine-measured tar and nicotine yields,
have at most a small effect on risk. The net consequence
of products with lower yields may be a detriment to
public health, if their availability unfavorably affects
decisions to start or stop smoking.

Conclusions

The scope of the evidence on cigarette smoking
and lung cancer is extraordinary. Epidemiologists
continue to refine the characterization of the risks from
smoking, rapidly gaining new insights concerning
respiratory carcinogenesis from the application of in-
creasingly informative modern cellular and molecu-
lar biology techniques. This chapter has not covered
the full sweep of this extensive evidence. Even the
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selected review presented here, however, is sufficient
to support additional conclusions about smoking and
lung cancer, particularly in relation to key issues that
have emerged since prior reviews. These conclusions
are as follows:

1. The evidence is sufficient to infer a causal relation-
ship between smoking and lung cancer.

2. Smoking causes genetic changes in cells of the lung
that ultimately lead to the development of lung
cancer.

3. Although characteristics of cigarettes have
changed during the last 50 years and yields of tar
and nicotine have declined substantially, as as-
sessed by the Federal Trade Commission’s test
protocol, the risk of lung cancer in smokers has
not declined.

4. Adenocarcinoma has how become the most com-
mon type of lung cancer in smokers. The basis for
this shift is unclear but may reflect changes in the
carcinogens in cigarette smoke.

5. Even after many years of not smoking, the risk of
lung cancer in former smokers remains higher than
in persons who have never smoked.

6. Lung cancer incidence and mortality rates in men
are now declining, reflecting past patterns of ciga-
rette use, while rates in women are still rising.

Implications

Lung cancer is the leading cause of cancer death
in the United States, and cigarette smoking causes most
cases. In spite of gains in understanding respiratory
carcinogenesis and the potential of molecular and
imaging techniques to screen for lung cancer, smok-
ing prevention and cessation remain the fundamental
strategies for controlling the lung cancer epidemic.
The evidence shows that changes in the design of ciga-
rettes intended to reduce tar and nicotine yields have
had no significant beneficial consequences for lung
cancer risks in smokers. Although sustained smoking
cessation does reduce the risk in former smokers, the
level of risk never declines to that of persons who have
never smoked. Only the prevention of smoking can
stop the epidemic of lung cancer.
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Laryngeal Cancer

Unlike lung cancer, the majority of laryngeal can-
cer cases can be successfully treated and the current
five-year survival rate is 65 percent (Ries et al. 2003).
Nonetheless, in 2003 an estimated 3,800 deaths were
expected to occur from laryngeal cancer among an es-
timated 9,500 incident cases (ACS 2003).

Conclusions of Previous Surgeon
General’s Reports

As early as the 1964 Surgeon General’s report,
smoking was identified as a cause of lung cancer and
cancer of the larynx (USDHEW 1964). Since 1964, other
reports of the Surgeon General have covered the ex-
tensive evidence supporting the conclusion that smok-
ing causes cancer of the larynx (USDHHS 1980, 1982,
1990).

Biologic Basis

The larynx is directly exposed to carcinogens in
tobacco smoke as inhaled smoke passes through the
glottis, the space between the vocal chords. Most la-
ryngeal cancers are of the squamous cell type.

Epidemiologic Evidence

Many recent studies have grouped laryngeal can-
cers, along with cancer of the oral cavity and pharynx,
in an umbrella category of “upper aerodigestive can-
cers.” From an epidemiologic perspective, these can-
cers have a comparable relationship with cigarette
smoking.

Table 2.3 includes selected recent studies that
provide findings for laryngeal cancer alone. These re-
sults show that smoking remains a strong cause of la-
ryngeal cancer. As with lung cancer, the RR rises
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sharply with the duration of smoking and number of
cigarettes smoked, and falls after successful cessation.
In some studies, for the strata with the greatest num-
ber of cigarettes smoked the RRs are 20 or more, com-
pared with lifetime nonsmokers.

Evidence Synthesis

For laryngeal cancer, alcohol consumption is also
an independent risk factor that acts synergistically with
cigarette smoking. The synergism between smoking
and alcohol consumption as a cause of laryngeal can-
cer has been well documented in many earlier studies
(Table 2.4) (IARC 2002). The case-control study carried
out in Brazil by Schlecht and colleagues (1999b) shows
this synergism, with the RRs for cigarette consump-
tion increasing with increasing levels of ethanol intake.

There is a long-standing conclusion that smok-
ing causes laryngeal cancer. The evidence remains con-
sistent with this conclusion.

Conclusions

1. The evidence is sufficient to infer a causal relation-
ship between smoking and cancer of the larynx.

2. Together, smoking and alcohol cause most cases
of laryngeal cancer in the United States.

Implications

Fortunately, therapeutic advances provide the
possibility of cure to many people with laryngeal can-
cer. Nonetheless, almost all cases reflect the use of to-
bacco and alcohol and could be prevented.



Oral Cavity and Pharyngeal Cancers
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An estimated 27,700 new cases and 7,200 deaths
from cancers of the oral cavity and pharynx were ex-
pected to occur in the United States in 2003 (ACS 2003).
Incidence rates are more than twice as high in men as
in women. Age-adjusted incidence rates per 100,000
for 1996-2000 in areas of the SEER Program were high-
est among black men (20.5), intermediate among white
men (16.0), and lowest among black (6.4) and white
(6.5) women (Ries et al. 2003). Internationally, death
rates from cancers of the oral cavity and pharynx vary
more than 100-fold across countries (IARC 2003). The
highest rates occur among men in the western Pacific
region and Sri Lanka, where tobacco is chewed in com-
bination with betel. In these regions, mortality rates
exceed incidence rates among black men in the United
States. The type of tobacco used and whether there is
also regular alcohol intake influence the location of
cancers within the oral cavity and pharynx. In New
Guinea, Sri Lanka, and India, tumors occur predomi-
nantly in the oral cavity where the betel quid is held.
In France, men who smoke cigarettes and drink alco-
hol develop mostly cancers of the pharynx (Blot et al.
1996).

Conclusions of Previous Surgeon
General’s Reports

Many Surgeon General’s reports on smoking and
health since 1964 have considered the role of tobacco
smoking and/or smokeless tobacco as a cause of can-
cers of the oral cavity and pharynx. The conclusions
of these reports have become progressively more defi-
nite over time. The conclusion has been reached that
all forms of tobacco use cause these cancers, and ma-
lignancies from tobacco use can involve any part of
the oral cavity and pharynx except the salivary glands.
Key conclusions from the reports are chronologically
presented below:

The causal relationship of the smoking of pipes
to the development of cancer of the lip appears
to be established. Although there are sugges-
tions of relationships between cancer of other

specific sites of the oral cavity and the several
forms of tobacco use, their causal implications
cannot at present be stated (USDHEW 1964,
pp. 204-5).

With the exception of the pipe-lip cancer rela-
tions there are too few cases related to the in-
dividual parts of the buccal cavity to evaluate
each independently, and data are inadequate
on the interaction of smoking with other fac-
tors (USDHEW 1967, p. 35).

It is clear that people who use tobacco have
higher rates of oral cancer than those who do
not. Research is needed to identify the dose
relationships, to determine whether or not
there are dosage thresholds, and to clarify the
relationships between dosage, style of tobacco
use, and part of the mouth affected. . . .For pa-
tients with oral cancer. . . .cessation of tobacco
use can make an important contribution to
reducing the risk of a new primary cancer
(USDHEW 1968, p. 101).

Epidemiological and experimental studies
contribute to the conclusion that smoking is a
significant factor in the development of can-
cer of the oral cavity and that pipe smoking,
alone or in conjunction with other forms of
tobacco use, is causally related to cancer of the
lip. Experimental studies suggest that tobacco
extracts and tobacco smoke contain initiators
and promoters of cancerous changes in the oral
cavity (USDHEW 1972, p. 67).

Prospective and retrospective studies have
shown an association between mortality for
oral cancer and tobacco usage in men and
women. This association has been demon-
strated for all different modes of tobacco us-
age—cigarette and pipe/cigar smoking, to-
bacco and snuff chewing, reverse smoking,
and “pan” chewing. Several studies have
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shown that the development of recurrent oral
cancers has a highly significant correlation
with continued smoking. Tobacco usage may
act in concert with alcohol consumption to
increase the risk of development of oral can-
cer. The association between tobacco use and
oral cancer in both men and women has been
demonstrated for Caucasian, Indian, and
Asian populations. Epidemiologic data
suggest that premalignant lesions in the oral
cavity (e.g., leukoplakia) are associated with
tobacco usage. Results from experimental
studies indicate that cigarette smoke may con-
tain tumor promoters active in oral carcino-
genesis and is a promoting agent in the ham-
ster cheek pouch (USDHEW 1974, pp. 52-3).

Epidemiological studies indicate that smok-
ing is a significant causal factor in the devel-
opment of cancer of the oral cavity. Dose-
response relationships with the number of
cigarettes smoked per day have been de-
scribed. The use of pipes, cigars, and chewing
tobacco is associated with the development of
cancer of the oral cavity. The risk of using these
forms is of the same general magnitude as that
of using cigarettes. There is a synergism be-
tween cigarette smoking and alcohol use and
the development of cancer of the oral cavity.
The use of alcohol and tobacco results in a
higher risk of developing cancer than that re-
sulting from the use of either substance alone
(USDHEW 1979, p. 5-42).

Cigarette smoking is a major cause of cancers
of the oral cavity in the United States. Indi-
viduals who smoke pipes or cigars experience
a risk for oral cancer similar to that of the ciga-
rette smoker. Mortality ratios for oral cancer
increase with the number of cigarettes smoked
daily and diminish with cessation of smoking.
Cigarette smoking and alcohol use act syner-
gistically to increase the risk of oral cavity can-
cers. Long term use of snuff appears to be a
factor in the development of cancers of the oral
cavity, particularly cancers of the cheek and
gum (USDHHS 1982, pp. 89-90).
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Tobacco use is a major cause of oral cancer.
An exposure-response relationship has been
identified between the amount of tobacco con-
sumed and the risk of cancer of the oral cavity
after considering the effects of alcohol con-
sumption. The proportion of 1985 oral cancer
deaths attributable to cigarette smoking in
the United States has been estimated to be 92
percent for men and 61 percent for women
(USDHHS 1990, p. 147).

Biologic Basis

Cancers of the oral cavity and pharynx predomi-
nantly are epithelial in origin, and approximately 90
percent are classified as squamous cell carcinomas
(Silverman 1998). Most oral cancers are preceded by
the progressive development of premalignant changes
and dysplasia, as normal mucosa is transformed into
in situ and ultimately invasive carcinoma. Classic
precursor lesions include leukoplakia (raised white
patches on the oral mucosa that measure at least 5 mm
and cannot be scraped off) and erythroplasia (leuko-
plakia with an erythematous, or red, component)
(Silverman 1998). Areas of leukoplakia and carcinoma
in situ often surround invasive carcinomas.

Among tobacco users, premalignant lesions may
regress after the discontinuation of smoking or stop-
ping smokeless tobacco use (Martin et al. 1999), but
can become more dysplastic with continued exposures.
Smoking cessation decreases the risk of second or
multiple primary tumors in patients with a previous
cancer of the oral cavity or pharynx (Moore 1965).
The leukoplakia that occurs in cigarette smokers dif-
fers morphologically from the keratoses caused by
smokeless tobacco; although less common, the leuko-
plakia induced by cigarettes is more susceptible to
malignant transformations (Bouquot 1994).

Underlying the progression from healthy mucosa
to invasive and metastatic carcinoma is the accumula-
tion of genetic mutations that disrupt the normal
control of cell growth (Califano et al. 1996). Chromo-
somal loss at 9p21 is the most common genetic change
in oral cavity cancers and in other head and neck tu-
mors. This loss is accompanied by the inactivation of
the pl6INK4a gene caused by various mechanisms
including promoter methylation, point mutation, and



homozygous deletion (Reed et al. 1996). A second criti-
cal tumor suppressor gene also resides at 9p21 (p144RF),
and functional studies have suggested that ARF binds
to MDM2, leading to a decrease in p53 degradation
and a subsequent increase in p53 levels. The 3p21 re-
gion is frequently lost in oral cancer, with the exact
target of this loss yet to be identified. Approximately
50 percent of all primary head and neck squamous cell
carcinomas harbor p53 mutations and have diminished
p53 tumor suppressor activity. Amplification of the
cyclin D1 gene on chromosome 11g13 occurs in about
30 percent of these tumors, resulting in increased
activity of the gene. Abnormal cell cycling through p16
inactivation or cyclin D1 overexpression may be a con-
sistent genetic alteration in a majority of head and neck
squamous cell carcinomas.

Several of these genetic alterations correlate with
the malignant progression in oral leukoplakia. Loss of
heterozygosity at the genetic loci 3p14-21 or 9p21 is
virtually essential for this progression (Mao et al. 1996;
Lee et al. 2000; Partridge et al. 2000; Rosin et al. 2000).
Moreover, inactivation of the p53 gene, multiple chro-
mosomal losses, and chromosomal polysomy are as-
sociated with a high likelihood of progression to inva-
sive cancer. Mutations of the p53 gene occur commonly
in leukoplakia among tobacco users, but not in pre-
malignant oral lesions in nontobacco users (Lazarus
et al. 1995). Several genetic changes appear to be more
common in tumors from smokers compared with those
from nonsmokers; p53 mutations appear to increase
with the number of cigarettes smoked and are aug-
mented by alcohol intake (Brennan et al. 1995). More-
over, several chromosomal losses described in the pro-
gression of head and neck cancers appear to be more
common in the tumors of smokers compared with
those of nonsmokers (Brennan et al. 1995; Koch et al.
1999).

Clones of genetically damaged cells can extend
beyond the microscopically visible premalignant or
malignant lesions in head and neck cancers (Sidransky
2001). These clones are probably responsible for the
high frequency of second primary tumors in this dis-
ease and the high incidence of local regional recur-
rence. Westra and Sidransky (1998) have proposed that
molecular tests be used to identify genetically abnor-
mal but phenotypically normal cells at the margins of
surgically resected head and neck cancers to reduce
tumor recurrence.
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Several carcinogens and metabolites from to-
bacco have been measured in saliva and oral mucosa
as well as in the urine and blood of smokers and
smokeless tobacco users. In male university students
who used smokeless tobacco, urinary excretion of
metabolites of tobacco-specific nitrosamines correlated
with the presence of leukoplakia (Kresty et al. 1996).
Similar compounds have been documented in the sa-
liva of smokeless tobacco users (Hoffmann and Adams
1981; Brunnemann and Hornby 1987; Osterdahl and
Slorach 1988; Idris et al. 1992; Stich et al. 1992) and as
hemoglobin adducts in this population (Carmella et
al. 1990; Falter et al. 1994; Murphy et al. 1994). Abnor-
mal methylation of DNA occurred in rat oral tissue
incubated with tobacco-specific nitrosamines (Hecht
and Hoffmann 1988). The reduced capacity to repair
DNA damage caused by benzo[a]pyrene diol epoxide
(Cheng et al. 1998; Wang et al. 1998) and genetic poly-
morphisms of glutathione S-transferase have been pro-
posed as potential markers of susceptibility to tobacco-
induced carcinogenicity.

Animal models of tobacco carcinogenicity for the
oral cavity and pharynx are limited. In experiments
on hamsters, topical application of benzo[a]pyrene to
the cheek pouch mucosa induced cancers of the oral
cavity (Chen et al. 1994). Injecting tobacco smoke con-
densates into the gingiva of rabbits induced leuko-
plakia (USDHEW 1964).

Epidemiologic Evidence

This section includes published studies (in En-
glish), identified with a comprehensive search strat-
egy, that provide separate data for lifetime nonsmok-
ers and current and former cigarette smokers. If
multiple follow-ups have been reported on the same
cohort, data from the longest follow-up are presented
unless otherwise stated. To identify studies, the
MEDLINE database was searched (from January 1966
to July 2000) using the medical subject headings “to-
bacco,” “smoking,” “head and neck neoplasms,”
“mouth neoplasms,” “lip neoplasms,” “pharyngeal
neoplasms,” “oropharyngeal neoplasms,” and
“stomatognathic system.” References cited in pub-
lished original and review articles were also examined.
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Nine cohort studies (Hammond 1966; Weir and
Dunn 1970; Carstensen et al. 1987; Hirayama 1990; Doll
et al. 1994; McLaughlin et al. 1995a; Engeland et al.
1996; Knekt et al. 1999; ACS, unpublished data) and
10 case-control studies (Vincent and Marchetta 1963;
Keller and Terris 1965; Kono et al. 1987; Blot et al. 1988;
Franceschi et al. 1992; Mashberg et al. 1993; Muscat et
al. 1996; Levi et al. 1998; Schildt et al. 1998; La Vecchia
et al. 1999) have measured the association between
current and former cigarette smoking and the inci-
dence of or death from cancers of the oral cavity or
pharynx. Not all of these studies separated pipe and
cigar smoking from cigarette smoking (Vincent and
Marchetta 1963; Hammond 1966; Weir and Dunn 1970;
Carstensen et al. 1987; Hirayama 1990; Engeland et al.
1996; Schildt et al. 1998) or distinguished between cur-
rent and former smokers (Keller and Terris 1965;
Hammond 1966; Weir and Dunn 1970; Kono et al. 1987;
Blot et al. 1988; La Vecchia and Negri 1989; Hirayama
1990). Because of the rarity of these cancers among life-
time nonsmokers, some studies include “occasional”
or “light” cigarette smokers in the referent group
(Mashberg et al. 1993) or combine cancers of the oral
cavity, pharynx, larynx, and esophagus (Hammond
1966; Carstensen et al. 1987; Doll et al. 1994; Engeland
et al. 1996; Knekt et al. 1999). Tables 2.5 through 2.8
include only studies that reported data separately for
current or former cigarette smokers or lifetime non-
smokers, and that included only cancers of the oral
cavity or pharynx.

Table 2.5 shows the results of two cohorts, the
United States veterans study (McLaughlin et al. 1995a)
and CPS-I1l (ACS, unpublished data), and four case-
control studies (Franceschi et al. 1992; Muscat et al.
1996; Levi et al. 1998; La Vecchia et al. 1999) that met
the above criteria for inclusion and provided results
by smoking status. The RR estimates among male cur-
rent smokers compared with lifetime nonsmokers
ranged from 3.6 to 11.8 (Franceschi et al. 1992) for can-
cers within the oral cavity, and up to 14.1 (McLaughlin
et al. 1995a) for cancers of the pharynx. Risk was higher
among current than former smokers in all studies. The
RR of death from any cancer of the oral cavity or phar-
ynx in CPS-11 was 9.3 (95 percent confidence interval

[CI], 6.4-13.5) among male current smokers and 4.9
(95 percent ClI, 3.5-6.8) among female current smok-
ers who were followed from 1982-1996 (ACS, unpub-
lished data). These numbers are likely to be under-
estimates of the true risk of continuing to smoke,
because many persons classified as current smokers
at enrollment into the study will have quit during the
14-year follow-up period.

Table 2.6 shows the increase in RR associated with
the number of cigarettes smoked per day among cur-
rent smokers. Relative risk estimates increased with
the amount smoked in all of the studies, although the
magnitude of the estimates varied almost 20-fold ac-
cording to the cancer subsite and the number of ciga-
rettes smoked. In general, the risk was associated more
strongly with the number of cigarettes smoked daily
by current smokers (Table 2.6) than with cumulative
tar exposures or pack-years' of smoking (Muscat et al.
1996).

In most studies, the risk of cancer of the oral cav-
ity and pharynx among former smokers decreases rap-
idly after smoking cessation compared with the risk
among continuing smokers (Table 2.7). A substantial
decrease in risk occurs in the first 10 years after quit-
ting. Two of the largest case-control studies (La Vecchia
et al. 1999; Schlecht et al. 1999a) suggest that the RR
may decrease more slowly in former smokers for oral
cancer than for pharyngeal cancer. Even the largest
studies have few cases and wide Cls within each
stratum.

The combination of cigarette smoking and alco-
hol consumption substantially and synergistically
increases the risk of oropharyngeal cancer com-
pared with the risk of either alone. For example, in the
population-based case-control study by Blot and col-
leagues (1988) (Table 2.8), men who smoked two or
more packs of cigarettes daily for 20 or more years but
drank less than one alcoholic beverage per week ex-
perienced a risk approximately seven times higher
than nonsmokers who were light drinkers. The com-
bination of prolonged smoking of at least two packs
daily and drinking 30 or more alcoholic drinks per
week is associated with a RR of almost 38 in men and
nearly 108 in women.

!Pack-years = The number of years of smoking multiplied by the number of packs of cigarettes smoked per day.
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Evidence Synthesis

Numerous epidemiologic studies provide consis-
tent evidence that cigarette smokers experience a
higher incidence of or mortality from cancers of the
oral cavity and pharynx than do lifetime nonsmokers.
The average risk among persons who currently smoke
and have smoked only cigarettes is approximately
10-fold higher in men and 5-fold greater in women
compared with lifetime nonsmokers. Incidence and
mortality rates increase with the number of cigarettes
smoked per day and decrease with years since smok-
ing cessation. All forms of tobacco use (cigarettes,
pipes, cigars, snuff, chewing tobacco, betel, and other
smoked and smokeless products) increase the occur-
rence of premalignant lesions and malignant transfor-
mations of cells of the tissues of the oral cavity and
pharynx, which have the most direct contact with the
tobacco, the smoke, or their dissolved constituents.
Eliminating the exposure causes most premalignant
lesions to regress and reduces the incidence and re-
currence of and mortality from invasive cancers of the
oral cavity and pharynx. Extensive series of studies
have documented genetic changes in the epithelium
of smokers, even before the development of malig-
nancy. There are increasing genetic alterations in the
sequence from premalignant lesions to malignancy.

The Health Consequences of Smoking

Experimental studies in animals cannot precisely
replicate human exposures to cigarette smoke, yet the
topical application or local injection of tobacco carcino-
gens induces premalignant leukoplakia in rabbits and
oral cavity cancers in hamsters.

Conclusion

1. The evidence is sufficient to infer a causal relation-
ship between smoking and cancers of the oral cav-
ity and pharynx.

Implications

Cigarette smoking, like other forms of tobacco
use, is a major cause of cancers of the oral cavity and
pharynx in the United States and worldwide. Together,
smoking and alcohol account for most cases in the
United States and elsewhere. Reductions in smoking
(cigarettes, pipes, cigars, and other tobacco products)
and in the use of smokeless tobacco could prevent most
of the approximately 30,200 new cases and 7,800 deaths
from these cancers that occur annually in the United
States and the much larger burden of these cancers
worldwide.
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Table 2.3 Case-control studies on the association between tobacco use and the risk of laryngeal cancer

Study Population Tobacco exposure

Sankaranarayanan 191 male laryngeal cancer cases = Pan tobacco chewing (pan tobacco is

etal. 1990 549 male hospital controls a mixture of betel leaf, sliced fresh/
Kerala, Southern India dry arecanut, and aqueous lime plus
1983-1984 native-cured tobacco leaves/stems)

= Bidi smoking (bidi is a local cigarette
made by rolling coarse tobacco in a
dried temburni leaf)

= Cigarette smoking

= Bidi and cigarette smoking

« Snuff inhalation (snuff is a fine home-
ground tobacco powder)

*Cl = Confidence interval.
'OR = Odds ratio.
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Findings

Risk estimates (95% CI)*

Comments

= There was a significant
positive association with bidi
smoking and a positive
association with cigarette
smoking and snuff inhalation

Pan chewing
Never smoked

OR' = 1.0 (referent)
<5 times/day

OR =0.69 (0.38-1.24)
5-9 times/day

OR =0.67 (0.39-1.15)
310 times/day

OR =0.73 (0.36-1.46)

Bidi smoking

Never smoked

OR = 1.0 (referent)
£10/day

OR =1.79 (1.09-2.92)
11-20/day

OR =2.13(1.29-3.51)
321/day

OR =5.09 (2.69-9.63)

Cigarette smoking
No
OR = 1.0 (referent)
Yes
OR =1.37 (0.77-2.42)

Bidi and cigarette smoking

Never smoked

OR = 1.0 (referent)
£10/day

OR =0.33 (0.09-1.10)
11-20/day

OR =2.94 (1.54-5.58)
321/day

OR =4.29 (2.50-7.34)

Snuff inhalation
No
OR = 1.0 (referent)
Yes
OR =1.24 (0.31-4.88)

ORs were calculated using uncondi-
tional logistic regression; risk
estimates were adjusted for age and
religion
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Table 2.3 Continued

Study

Population

Tobacco exposure

Ahrens et al. 1991

Zatonski et al. 1991

Maier et al. 1992

Hospital-based

100 prevalent male laryngeal
cancer cases

100 male hospital controls
Germany

1986-1987

Population-based

249 male incident cases of laryngeal
cancer

965 male controls chosen from
electoral rolls

Poland

1986-1987

Hospital-based

164 male cases of laryngeal cancer
656 male outpatient clinic controls
Germany

1988-1989

= Years since smoking cessation

= Cigarettes/day
= Age at smoking initiation
= Years since cessation

= According to tobacco-years

(1 tobacco-year = 20 cigarettes/day,
4 cigars/day, or 5 pipes/day for
1 year)

‘RR = Relative risk.
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Findings

Risk estimates (95% CI)

Comments

= Risk decreased with years of
cessation, p <0.01 for linear

trend

= Dose-response relationship,
but no p value for trend was

provided

= Dose-response relationship
with a 9-fold increase in risk in
heavy smokers, but no p value

for trend was provided

Never smoked
OR = 1.0 (referent)
Current smoking
OR = 3.8 (0.96-14.66)
1-5 years of cessation
OR = 2.4 (0.45-12.90)
6-15 years of cessation
OR =1.4(0.28-7.43)
316 years of cessation
OR =0.9(0.17-4.25)

Cigarettes/day
0-5 cigarettes/day

RR = 1.0 (referent)
6-10 cigarettes/day
RR = 8.4 (1.5-46.0)
11-15 cigarettes/day
RR =18.1 (3.9-83.2)
16-20 cigarettes/day
RR =29.9 (7.0-128)
21-30 cigarettes/day
RR = 33.7 (7.6-150)

>30 cigarettes/day
RR =59.7 (13.0-274)

Age at smoking initiation

<16 years

RR =1.28 (0.74-2.23)
16-22 years

RR = 1.0 (referent)
>22 