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Message from Kathleen Sebelius
Secretary of Health and Human Services

Fifty years after the release of the first Surgeon General’s report warning of the health hazards
of smoking, we have learned how to end the tobacco epidemic. Over the past five decades, scientists,
researchers and policy makers have determined what works, and what steps must be taken if we truly
want to bring to a close one of our nation’s most tragic battles—one that has killed ten times the num-
ber of Americans who died in all of our nation’s wars combined.

In the United States, successes in tobacco control have more than halved smoking rates since the
1964 landmark Surgeon General’s report came out. Americans’ collective view of smoking has been
transformed from an accepted national pastime to a discouraged threat to individual and public health.
Strong policies have largely driven cigarette smoking out of public view and public air space. Thanks to
smokefree laws, no longer is smoking allowed on airplanes or in a growing number of restaurants, bars,
college campuses and government buildings.

Evidence in this new report shows tobacco’s continued, immense burden to our nation—and how
essential ending the tobacco epidemic is to our work to increase the life expectancy and quality of life of
all Americans. This year alone, nearly one-half million adults will still die prematurely because of smok-
ing. Annually, the total economic costs due to tobacco are now over $289 billion. And if we continue
on our current trajectory, 5.6 million children alive today who are younger than 18 years of age will die
prematurely as a result of smoking.

I believe that we can make the next generation tobacco-free. And I am extremely proud of the
Obama Administration’s tobacco-control record. For example, the 2009 Children’s Health Insurance
Program Reauthorization Act included an unprecedented $0.62 tax increase that raised the federal
excise tax to $1.01 per pack of cigarettes; we know that increasing the cost of cigarettes is one of the
most powerful interventions we can make to prevent smoking and reduce prevalence. Building on
this knowledge, the President’s Fiscal Year 2014 Budget includes a $0.94 per pack Federal tobacco tax
increase. For the first time in history, the 2009 Family Smoking Prevention and Tobacco Control Act
(Tobacco Control Act) gave the U.S. Food and Drug Administration comprehensive authority to regu-
late tobacco products, which will play a critical role in reducing the harm caused by these products.
The Tobacco Control Act also provided for user fees to be paid by tobacco manufacturers that can sup-
port sustained public education media campaigns targeting youth prevention and cessation. The 2010
Affordable Care Act (ACA) expands access to smoking cessation services and now requires most insur-
ance companies to cover cessation treatments. The Affordable Care Act’s Public Health and Prevention
Fund is supporting innovative and effective community-based programs as well as public education
campaigns promoting prevention and helping people to quit.

All of these tobacco control interventions are known to reduce tobacco use and, as a result,
tobacco’s extraordinary toll of death and disease. But in order to free the next generation from these
burdens, we must redouble our tobacco control efforts and enlist nongovernmental partners—and
society as a whole—to share in this responsibility. Ending the devastation of tobacco-related illness and
death is not in the jurisdiction of any one entity. We must all share in this most worthwhile effort to
end the tobacco epidemic.






Message from Howard Koh
Assistant Secretary for Health

The nation stands poised at the crossroads of tobacco control. On one hand, we can celebrate
tremendous progress 50 years after the landmark 1964 Surgeon General’s report: Smoking and Health.
Adult smoking rates have fallen from about 43% (1965) to about 18% today. Mortality rates from lung
cancer, the leading cause of cancer death in this country, are declining. Most smokers visiting health
care settings are now routinely asked and advised about tobacco use. On the other hand, cigarette
smoking remains the chief preventable killer in America, with more than 40 million Americans caught
in a web of tobacco dependence. Each day, more than 3,200 youth (younger than 18 years of age) smoke
their first cigarette and another 2,100 youth and young adults who are occasional smokers progress to
become daily smokers. Furthermore, the range of emerging tobacco products complicates the current
public health landscape.

In this context, the 50th Anniversary of the Surgeon General’s report prompts us to pause and
ask why this addiction persists when proven interventions can eliminate it. Of great concern, too many
in our nation assume that past success in tobacco control guarantees future progress; nothing can be
further from the truth. To rejuvenate and reinvigorate national efforts, in 2010, the U.S. Department
of Health and Human Services unveiled its first ever strategic plan for tobacco control. Ending the
Tobacco Epidemic: A Tobacco Control Strategic Action Plan provides a critical framework to guide
efforts to rapidly drop prevalence rates of smoking among youth and adults. A major foundation and
pillar of the plan is to encourage and promote leadership throughout all sectors of society. Now, this
current 2014 Surgeon General’s report can accelerate that leadership to fully implement the life-saving
prevention that can make the next generation free of tobacco-related death and disease.

We have many tools that we know work. A comprehensive public policy approach emphasizing
mass media campaigns to encourage prevention and quit attempts, smokefree policies, restrictions on
youth access to tobacco products, and price increases can collectively drive further meaningful reduc-
tions in tobacco use. Furthermore, we can accelerate progress through full commitment to clinical
and public health advances; including the widespread use of telephone quit lines and science-based
counseling and medications for tobacco users. Promoting progress today also requires recognizing that
tobacco use has evolved from being an equal-opportunity killer to one threatening the most vulnerable
members of our society. We must confront, and reverse, the tragically higher tobacco use rates that
threaten persons of low socioeconomic status, sexual minorities, high school dropouts, some racial/
ethnic minority groups, and those living with mental illness and substance use disorders.

Of all the accomplishments of the 20th century, historians rank the 1964 Surgeon General’s
report as one of the seminal public health achievements of our time. Armed with both science and
resolve, we can continue to honor the legacy of the report by completing the work it began in the last
century. The current 2014 Surgeon General’s report represents a national vision for getting the job
done. With strategy, commitment, and action, our nation can leave the crossroads and move forward to
end the tobacco epidemic once and for all.






Foreword

Fifty years have passed since publication of the landmark report of the Surgeon General’s
Advisory Committee on smoking and health. This report highlights both the dramatic progress
our nation has made reducing tobacco use and the continuing burden of disease and death caused
by smoking.

As a physician, when I think about smoking, I recall the patients I have cared for. The man who
had a leg amputated. The woman who had to gasp for every single breath that she took. The man with
heart disease who hoped to see his son graduate, but didn’t live long enough to do so. That’s the reality
of smoking that health care providers see every day.

The prevalence of current cigarette smoking among adults has declined from 42% in 1965 to 18%
in 2012. However, more than 42 million Americans still smoke. Tobacco has killed more than 20 million
people prematurely since the first Surgeon General’s report in 1964. The findings in this report show
that the decline in the prevalence of smoking has slowed in recent years and that burden of smoking-
attributable mortality is expected to remain at high and unacceptable levels for decades to come unless
urgent action is taken.

Recent surveys monitoring trends in tobacco use indicate that more people are using multiple
tobacco products, particularly youth and young adults. The percentage of U.S. middle and high school
students who use electronic, or e-cigarettes, more than doubled between 2011 and 2012. We need to
monitor patterns of use of an increasingly wide array of tobacco products across all of the diverse seg-
ments of our society, particularly because the tobacco industry continues to introduce and market new
products that establish and maintain nicotine addiction.

Tobacco control efforts need to not only address the general population, but also to focus on
populations with a higher prevalence of tobacco use and lower rates of quitting. These populations
include people from some racial/ethnic minority groups, people with mental illness, lower educational
levels and socioeconomic status, and certain regions of the country. We now have proven interventions
and policies to reduce tobacco initiation and use among youth and adults.

With intense use of proven interventions, we can save lives and reduce health care costs. In 2012,
the Centers for Disease Control and Prevention (CDC) launched the first-ever paid national tobacco
education campaign — Tips From Former Smokers (Tips) — to raise awareness of the harms to health
caused by smoking, encourage smokers to quit, and encourage nonsmokers to protect themselves and
their families from exposure to secondhand smoke. It pulled back the curtain in a way that numbers
alone cannot, and showed the tobacco-caused tragedies that we as health care professionals see and
are saddened by every day. As a result of this campaign, an estimated 1.6 million smokers made an
attempt to quit and, based on a conservative estimate, at least 100,000 smokers quit for good. Addition-
ally, millions of nonsmokers talked with friends and family about the dangers of smoking and referred
smokers to quit services. In 2013, CDC launched a new round of advertisements that helped even more
people quit smoking by highlighting the toll that smoking-related illnesses take on smokers and their
loved ones.

CDC has also established reducing tobacco use as one of its “Winnable Battles.” These are public
health priorities with large-scale impact on health that have proven effective strategies to address them.
CDC believes that with additional effort and support for evidence-based, cost-effective policy and pro-
gram strategies to reduce tobacco use, we can reduce smoking substantially, prevent millions of people
from being killed by tobacco, and protect future generations from smoking.



While we have made tremendous progress over the past 50 years, sustained and comprehensive
efforts are needed to prevent more people from having to suffer the pain, disability, disfigurement, and
death that smoking causes. Most Americans who have ever smoked have already quit, and most smokers
who still smoke want to quit. If we continue to implement tobacco prevention and cessation strategies
that have proven effective in reducing tobacco use, people throughout our country will live longer,
healthier, more productive lives.

Thomas R. Frieden, M.D., M.P.H.
Director
Centers for Disease Control and Prevention



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

On January 11, 1964, Luther L. Terry, M.D., the 9th Surgeon General of the United States, released
the first report on the health consequences of smoking: Smoking and Health: Report of the Advisory
Committee of the Surgeon General of the Public Health Service. That report marked a major step to
reduce the adverse impact of tobacco use on health worldwide.

Over the past 50 years, 31 Surgeon General’s reports have utilized the best available evidence to
expand our understanding of the health consequences of smoking and involuntary exposure to tobacco
smoke. The conclusions from these reports have evolved from a few causal associations in 1964 to a
robust body of evidence documenting the health consequences from both active smoking and exposure
to secondhand smoke across a range of diseases and organ systems.

The 2004 report concluded that smoking affects nearly every organ of the body, and the evidence
in this report provides even more support for that finding. A half century after the release of the first
report, we continue to add to the long list of diseases caused by tobacco use and exposure to tobacco
smoke. This report finds that active smoking is now causally associated with age-related macular
degeneration, diabetes, colorectal cancer, liver cancer, adverse health outcomes in cancer patients and
survivors, tuberculosis, erectile dysfunction, orofacial clefts in infants, ectopic pregnancy, rheumatoid
arthritis, inflammation, and impaired immune function. In addition, exposure to secondhand smoke
has now been causally associated with an increased risk for stroke.

Smoking remains the leading preventable cause of premature disease and death in the United
States. The science contained in this and prior Surgeon General’s reports provide all the information
we need to save future generations from the burden of premature disease caused by tobacco use. How-
ever, evidence-based interventions that encourage quitting and prevent youth smoking continue to
be underutilized. This report strengthens our resolve to work together to accelerate and sustain what
works—such as hard-hitting media campaigns, smokefree air policies, optimal tobacco excise taxes,
barrier-free cessation treatment, and comprehensive statewide tobacco control programs funded at
CDC-recommended levels. At the same time, we will explore “end game” strategies that support the
goal of eliminating tobacco smoking, including greater restrictions on sales. It is my sincere hope that
50 years from now we won't need another Surgeon General’s report on smoking and health, because
tobacco-related disease and death will be a thing of the past. Working together, we can make that vision
a reality.

Boris D. Lushniak, M.D., M.P.H.

Rear Admiral, U.S. Public Health Service
Acting Surgeon General

U.S. Department of Health and Human Services
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Introduction

The Health Consequences of Smoking—50 Years of Progress

On January 11, 1964, Luther L. Terry, M.D., Sur-
geon General of the United States, released Smoking and
Health: Report of the Advisory Committee of the Surgeon
General of the Public Health Service. This report, writ-
ten at the request of President John F. Kennedy, was in
response to the evidence on smoking and lung cancer that
had been accumulating since the 1950s (see Chapter 2,
“Fifty Years of Change 1964-2014"). This was the first in
the series that is now generally referred to as the Surgeon
General’s reports. On the basis of more than 7,000 articles
in the biomedical literature relating to smoking and dis-
ease that were available at the time, the Advisory Commit-
tee concluded that cigarette smoking is:

e Associated with 70% higher all-cause mortality
rates among men

e A cause of lung cancer and laryngeal cancer in men
¢ A probable cause of lung cancer in women

e The most important cause of chronic bronchitis
(U.S. Department of Health, Education, and Welfare
[USDHEW] 1964).

For several days, the report was the topic of news-
paper headlines across the country and lead stories on
television newscasts (Parascandola 1997). Later, it was
ranked among the top news stories of the 20th century
(USA Today 1999). The release of that report was one of
the first in a series of steps, still being taken 50 years later,
to diminish the impact of tobacco use on the health of
people worldwide. Ever since, individual citizens, private
organizations, public agencies, and elected officials have
pursued the Advisory Committee’s call for “appropriate
remedial action.”

Early on, in response to the 1964 report, the U.S.
Congress passed the Federal Cigarette Labeling and Adver-
tising Act of 1965 and the Public Health Cigarette Smok-

ing Act of 1969. These laws required a health warning on
cigarette packages, banned cigarette advertising in the
broadcasting media, and called for an annual report on the
health consequences of smoking. Since then, there have
been several actions at the federal level—the enactment
of the Family Smoking Prevention and Tobacco Control
Act in 2009, and the publication of Ending the Tobacco
Epidemic: A Tobacco Control Strategic Plan for the U.S.
Department of Health and Human Services (USDHHS
2010a).

Since that first report in 1964, knowledge of the
health consequences of smoking and involuntary expo-
sure to tobacco smoke has expanded dramatically (see
Chapter 4, “Advances in Knowledge on the Health Con-
sequences of Smoking: From 1964-2014"). This series of
reports has provided definitive syntheses of the evolving
evidence on smoking and health. The topics have ranged
widely, including comprehensive coverage of the adverse
health effects of active smoking and exposure to second-
hand smoke (USDHEW 1979; U.S. Department of Health
and Human Services [USDHHS] 1986, 2004, 2006), the
impact of tobacco control policies (USDHHS 2000), and
addiction (USDHHS 1988). A goal of these reports has
been to synthesize available evidence to reach conclu-
sions on causality that have public health implications. In
reaching conclusions on causation, the reports have fol-
lowed a model that originated with the 1964 report: com-
pilation of all relevant lines of scientific evidence, critical
assessment of the evidence, evaluation of the strength
of evidence by using guidelines for evidence evaluation,
and a summary conclusion on causation (USDHEW 1964;
USDHHS 2004; Table 1.1; Chapter 3, “Producing the Sur-
geon General’s Report from 1964-2014: Process and Pur-
pose”). The Surgeon General’s reports have established a
long list of health consequences and diseases caused by
tobacco use and exposure to tobacco smoke (see Chapter
4). Fifty years later, this report documents that our knowl-
edge continues to expand as new causal conclusions are
still being added to that long list (Figures 1.1A and 1.1B).

Table 1.1 Four-level hierarchy for classifying the strength of causal inferences from available evidence
Level 1 Evidence is sufficient to infer a causal relationship
Level 2 Evidence is suggestive but not sufficient to infer a causal relationship
Level 3 Evidence is inadequ.ate to infer.th.e presence or absence of a causal relationship (which encompasses evidence that is
sparse, of poor quality, or conflicting)
Level 4 Evidence is suggestive of no causal relationship

Source: U.S. Department of Health and Human Services 2004.
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Figure 1.1A The health consequences causally linked to smoking
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Organization of the Report

This report is divided into three sections. Section 1
“Historical perspective, overview, and conclusions” pro-
vides an overall summary of the report and its conclu-
sions. It also provides a summary of the history of this
series of reports, moving from their origins in 1964 to the
present, contrasting what we knew in 1964 with what we
know now in 2014. Section 2 “The Health Consequences
of Active and Passive Smoking: The Evidence in 2014”
provides a direct link to the 1964 report, which addressed
the health effects of active smoking only. The first chapter

4  Chapter 1

in this section gives a 50-year perspective on the identi-
fication of the health consequences of active smoking
and exposure to secondhand smoke. The other chapters
in this section provide updates on critical topics and on
topics for which the evidence has advanced, since the
previous reviews in the 2004 and 2006 Surgeon General’s
reports, The Health Consequences of Smoking: A Report
of the Surgeon General and The Health Consequences of
Involuntary Exposure to Tobacco Smoke: A Report of the
Surgeon General, including a brief review of the state of
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Figure 1.1B The health consequences causally linked to exposure to secondhand smoke
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to secondhand smoke in this report.

the evidence. Understanding of mechanisms, as laid out in
the 2010 report, How Tobacco Smoke Causes Disease: The
Biology and Behavioral Basis for Smoking-Attributable
Disease, is also (USDHHS 2010b). Active smoking and
exposure to secondhand smoke are covered in the same
chapters. Section 3 “Tracking and Ending the Epidemic”
includes a descriptive chapter on the patterns of smoking,
a chapter on the impact of the tobacco control environ-
ment on smoking since 1964, and additional chapters pro-
viding estimates of premature deaths that are avoidable.

The final chapter “A Vision for the Ending the Tobacco
Epidemic” outlines broad strategies and potential courses
of action for tobacco control in the future.

Each section within the chapters on the health con-
sequences of smoking (Chapters 6 — 11) is accompanied
by evidence tables detailing the studies that were used to
evaluate the evidence to assess causality. A supplement
to this report is provided that contains these tables. The
tables included in the supplement are indicated with an
“S” where they are called out in the text.
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Development of the Report

The Surgeon General’s reports on smoking and
health were previously mandated by the Cigarette Smok-
ing Act of 1969, Public Law 91-222, section 8 (a), which
required that “The Secretary of Health, Education, and
Welfare shall transmit a report to Congress not later than
January 1, 1971, and annually thereafter, concerning (A)
current information in the health consequences of smok-
ing, and (B) such recommendations for legislation as he
may deem appropriate.” In addition, recent reports have
also satisfied the statutory reporting required by the Com-
prehensive Smokeless Tobacco Health Education Act of
1986, Public Law 99-252, which required that “The Sec-
retary of Health and Human Services shall transmit a
report to Congress no later than January 11, 1987, and
biennially thereafter, containing—(1) a description of the
effects of health education efforts on the use of smokeless
tobacco products, (2) a description of the use by the public
of smokeless tobacco products, (3) an evaluation of the
health effects of smokeless tobacco products and the iden-
tification of areas appropriate for further research, and (4)
such recommendation for legislation and administrative
action as the Secretary considers appropriate.” These stat-
utory requirements were sunsetted in 1999 and an annual
report to Congress is no longer required by law.

Initially, the annual reports to Congress on the
health consequences of smoking were prepared by the
National Clearinghouse for Smoking and Health; how-
ever, in 1978 Secretary of Health, Education, and Welfare
Joseph Califano established the Office on Smoking and
Health in the Office of the Assistant Secretary of Health
to coordinate the production of the annual report to Con-
gress that would review not only the biomedical but also
the behavioral and control data about smoking and its
effects on health. The fifteenth anniversary report (USD-
HEW 1979) was the first report produced by the Office
on Smoking and Health (see Table 3.1 for a full listing of
reports from 1964-2012).

Beginning with Dr. Luther L. Terry, each Surgeon
General has released the reports to the public and served
as the primary spokesperson of the findings. However, the
preparation of these reports, starting with the 1964 Advi-
sory Committee, has been conducted with a high degree
of independence, in order to protect their scientific integ-
rity. Although the public may assume that the individual
Surgeon Generals have been active in the authoring of
the reports, their role has remained largely at the level
of approving topics and reviewing drafts before the vol-
ume is published. Nevertheless, over time, the Office of

6  Chapter 1

the Surgeon General has increasingly become involved
in developing the messaging for the public release of the
reports. Consistent with a primary duty of the Surgeon
General to “Protect and advance the health of the Nation
through educating the public, advocating for effective
disease prevention and health promotion programs and
activities, and, providing a highly recognized symbol of
national commitment to protecting and improving the
public’s health,” the Office of the Surgeon General (n.d.)
has expanded the range of educational materials support-
ing the release of the scientific report, particularly the
development of a consumer summary which is produced
in nontechnical but scientifically valid language.

As shown in Table 3.1, over time the size of the
reports has grown, largely due to the increase in scien-
tific literature on the topics reviewed, but also as the scope
of topics has grown from those addressed in the initial
charge provided by Secretary Califano in 1979 to address
the behavioral and tobacco control aspects of the problem.
This broader focus is reflected in the 2012 report which
reviewed not only the epidemiology, causes, and health
effects of tobacco use among youth and young adults,
but also the interventions proven to prevent this problem
(USDHHS 2012).

This report of the Surgeon General was prepared
by the Office on Smoking and Health, National Center
for Chronic Disease Prevention and Health Promotion,
Centers for Disease Control and Prevention, USDHHS.
Initial chapters were written between 2010-2011 by 75
experts selected because of their knowledge of, and famil-
iarity with, the topics presented here. These contributions
are summarized in 15 chapters, which were evaluated by
more than 100 peer reviewers. The entire manuscript was
then sent to more than 20 scientists and other experts,
who examined it for scientific integrity. After each review
cycle, the drafts were revised by the editors on the basis
of the reviewers’ comments. Subsequently, the report was
reviewed by various institutes and agencies within USD-
HHS. Publication lags, even short ones, prevent an up-to-
the-minute inclusion of all recently published articles and
data. Therefore, by the time the public reads this report,
additional studies or data may have been published.

The methodology for evidence compilation, review,
and synthesis draws on the approach of the 1964 Surgeon
General’s report (USDHEW 1964), as further modified in
the 2004 report (USDHHS 2004). That report also refined
the methodology for causal inference and set out a clas-
sification of strength of evidence for causal inference.



Scientific Basis of the Report

The Health Consequences of Smoking—50 Years of Progress

The statements and conclusions throughout this
report are documented by the citation of studies published
in the scientific literature. For the most part, this report
cites peer-reviewed journal articles, including reviews that
integrate findings from numerous studies, and books by
recognized experts. When a study has been accepted for
publication, but the publication has not yet been issued,

owing to the delay between acceptance and final publica-
tion, the study is referred to as “in press.” This report also
refers, on occasion, to unpublished research such as a pre-
sentation at a professional meeting or a personal commu-
nication from the researcher. These personal references
are to acknowledge experts whose research is in progress.

Major Conclusions from the Report

1. The century-long epidemic of cigarette smoking has
caused an enormous avoidable public health tragedy.
Since the first Surgeon General’s report in 1964 more
than 20 million premature deaths can be attributed to
cigarette smoking.

2. The tobacco epidemic was initiated and has been
sustained by the aggressive strategies of the tobacco
industry, which has deliberately misled the public on
the risks of smoking cigarettes.

3. Since the 1964 Surgeon General’s report, cigarette
smoking has been causally linked to diseases of nearly
all organs of the body, to diminished health status,
and to harm to the fetus. Even 50 years after the
first Surgeon General’s report, research continues to
newly identify diseases caused by smoking, including
such common diseases as diabetes mellitus, rheuma-
toid arthritis, and colorectal cancer.

4. Exposure to secondhand tobacco smoke has been
causally linked to cancer, respiratory, and cardiovas-
cular diseases, and to adverse effects on the health of
infants and children.

5. The disease risks from smoking by women have risen
sharply over the last 50 years and are now equal to
those for men for lung cancer, chronic obstructive
pulmonary disease, and cardiovascular diseases.

6. In addition to causing multiple diseases, cigarette
smoking has many other adverse effects on the body,
such as causing inflammation and impairing immune
function.

7. Although cigarette smoking has declined signifi-
cantly since 1964, very large disparities in tobacco use
remain across groups defined by race, ethnicity, edu-
cational level, and socioeconomic status and across
regions of the country.

8. Since the 1964 Surgeon General’s report, compre-
hensive tobacco control programs and policies have
been proven effective for controlling tobacco use.
Further gains can be made with the full, forceful, and
sustained use of these measures.

9. The burden of death and disease from tobacco use in
the United States is overwhelmingly caused by ciga-
rettes and other combusted tobacco products; rapid
elimination of their use will dramatically reduce this
burden.

10. For 50 years the Surgeon General’s reports on smok-
ing and health have provided a critical scientific foun-
dation for public health action directed at reducing
tobacco use and preventing tobacco-related disease
and premature death.

Introduction, Summary, and Conclusions 7
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Chapter Conclusions

Note: Chapters 2-4 do not have conclusions.

Chapter 5: Nicotine

1. The evidence is sufficient to infer that at high-enough
doses nicotine has acute toxicity.

2. The evidence is sufficient to infer that nicotine acti-
vates multiple biological pathways through which
smoking increases risk for disease.

3. The evidence is sufficient to infer that nicotine expo-
sure during fetal development, a critical window for
brain development, has lasting adverse consequences
for brain development.

4. The evidence is sufficient to infer that nicotine
adversely affects maternal and fetal health during
pregnancy, contributing to multiple adverse out-
comes such as preterm delivery and stillbirth.

5. The evidence is suggestive that nicotine exposure
during adolescence, a critical window for brain devel-
opment, may have lasting adverse consequences for
brain development.

6. The evidence is inadequate to infer the presence or
absence of a causal relationship between exposure to
nicotine and risk for cancer.

Chapter 6: Cancer

Lung Cancer

1. The evidence is sufficient to conclude that the risk
of developing adenocarcinoma of the lung from ciga-
rette smoking has increased since the 1960s.

2. The evidence is sufficient to conclude that the
increased risk of adenocarcinoma of the lung in
smokers results from changes in the design and com-
position of cigarettes since the 1950s.
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3. The evidence is not sufficient to specify which design
changes are responsible for the increased risk of
adenocarcinoma, but there is suggestive evidence
that ventilated filters and increased levels of tobacco-
specific nitrosamines have played a role.

4. The evidence shows that the decline of squamous cell
carcinoma follows the trend of declining smoking
prevalence.

Liver Cancer

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

Colorectal Cancer

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

Prostate Cancer

1. The evidence is suggestive of no causal relationship
between smoking and the risk of incident prostate
cancer.

2. The evidence is suggestive of a higher risk of death
from prostate cancer in smokers than in nonsmokers.

3. In men who have prostate cancer, the evidence is sug-
gestive of a higher risk of advanced-stage disease and
less-well-differentiated cancer in smokers than in
nonsmokers, and—independent of stage and histo-
logic grade—a higher risk of disease progression.

Breast Cancer
1. The evidence is sufficient to identify mechanisms by

which cigarette smoking may cause breast cancer.

2. The evidence is suggestive but not sufficient to infer
a causal relationship between tobacco smoke and
breast cancer.

3. The evidence is suggestive but not sufficient to infer

a causal relationship between active smoking and
breast cancer.



4. The evidence is suggestive but not sufficient to infer a

causal relationship between exposure to secondhand
tobacco smoke and breast cancer.

Adverse Health Outcomes in Cancer Patients
and Survivors

1.

In cancer patients and survivors, the evidence is suf-
ficient to infer a causal relationship between ciga-
rette smoking and adverse health outcomes. Quitting
smoking improves the prognosis of cancer patients.

In cancer patients and survivors, the evidence is suf-
ficient to infer a causal relationship between cigarette
smoking and increased all-cause mortality and can-
cer-specific mortality.

In cancer patients and survivors, the evidence is suf-
ficient to infer a causal relationship between cigarette
smoking and increased risk for second primary can-
cers known to be caused by cigarette smoking, such
as lung cancer.

In cancer patients and survivors, the evidence is sug-
gestive but not sufficient to infer a causal relation-
ship between cigarette smoking and (1) the risk of
recurrence, (2) poorer response to treatment, and (3)
increased treatment-related toxicity.

Chapter 7: Respiratory Diseases

Chronic Obstructive Pulmonary Disease

1.

The evidence is sufficient to infer that smoking is the
dominant cause of chronic obstructive pulmonary
disease (COPD) in men and women in the United
States. Smoking causes all elements of the COPD
phenotype, including emphysema and damage to the
airways of the lung.

Chronic obstructive pulmonary disease (COPD) mor-
tality has increased dramatically in men and women
since the 1964 Surgeon General’s report. The number
of women dying from COPD now surpasses the num-
ber of men.

The evidence is suggestive but not sufficient to infer
that women are more susceptible to develop severe
chronic obstructive pulmonary disease at younger
ages.

4.
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The evidence is sufficient to infer that severe
al-antitrypsin deficiency and cutis laxa are genetic
causes of chronic obstructive pulmonary disease.

Asthma

1.

The evidence is suggestive but not sufficient to infer
a causal relationship between active smoking and the
incidence of asthma in adolescents.

The evidence is suggestive but not sufficient to infer a
causal relationship between active smoking and exac-
erbation of asthma among children and adolescents.

The evidence is suggestive but not sufficient to infer
a causal relationship between active smoking and the
incidence of asthma in adults.

The evidence is sufficient to infer a causal relation-
ship between active smoking and exacerbation of
asthma in adults.

Tuberculosis

1.

The evidence is sufficient to infer a causal relation-
ship between smoking and an increased risk of Myco-
bacterium tuberculosis disease.

The evidence is sufficient to infer a causal relationship
between smoking and mortality due to tuberculosis.

The evidence is suggestive of a causal relationship
between smoking and the risk of recurrent tubercu-
losis disease.

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

The evidence is inadequate to infer the presence or
absence of a causal relationship between exposure to
secondhand smoke and the risk of tuberculosis infec-
tion.

The evidence is inadequate to infer the presence or
absence of a causal relationship between exposure to
secondhand smoke and the risk of tuberculosis dis-
ease.
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Idiopathic Pulmonary Fibrosis

1. The evidence is suggestive but not sufficient to infer
a causal relationship between cigarette smoking and
idiopathic pulmonary fibrosis.

Chapter 8: Cardiovascular Disease

1. The evidence is sufficient to infer a causal relation-
ship between exposure to secondhand smoke and
increased risk of stroke.

2. The estimated increase in risk for stroke from expo-
sure to secondhand smoke is about 20-30%.

3. The evidence is sufficient to infer a causal relation-
ship between the implementation of a smokefree law
or policy and a reduction in coronary events among
people younger than 65 years of age.

4. The evidence is suggestive but not sufficient to infer
a causal relationship between the implementation of
a smokefree law or policy and a reduction in cerebro-
vascular events.

5. The evidence is suggestive but not sufficient to infer
a causal relationship between the implementation of
a smokefree law or policy and a reduction in other
heart disease outcomes, including angina and out-of-
hospital sudden coronary death.

Chapter 9: Reproductive Outcomes

Congenital Malformations

1. The evidence is sufficient to infer a causal relation-
ship between maternal smoking in early pregnancy
and orofacial clefts.

2. The evidence is suggestive but not sufficient to infer
a causal relationship between maternal smoking in
early pregnancy and clubfoot, gastroschisis, and atrial
septal heart defects.

Neurobehavioral Disorders of Childhood

1. The evidence is suggestive but not sufficient to infer a
causal relationship between maternal prenatal smok-
ing and disruptive behavioral disorders, and attention
deficit hyperactivity disorder in particular, among
children.
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2. The evidence is insufficient to infer the presence or
absence of a causal relationship between maternal
prenatal smoking and anxiety and depression in chil-
dren.

3. The evidence is insufficient to infer the presence or
absence of a causal relationship between maternal
prenatal smoking and Tourette syndrome.

4. The evidence is insufficient to infer the presence or
absence of a causal relationship between maternal
prenatal smoking and schizophrenia in her offspring.

5. The evidence is insufficient to infer the presence or
absence of a causal relationship between maternal
prenatal smoking and intellectual disability.

Ectopic Pregnancy

1. The evidence is sufficient to infer a causal relation-
ship between maternal active smoking and ectopic
pregnancy.

Spontaneous Abortion

1. The evidence is suggestive but not sufficient to infer a
causal relationship between maternal active smoking
and spontaneous abortion.

Male Sexual Function

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

Chapter 10: Other Specific
Outcomes

Eye Disease: Age-Related Macular Degeneration

1. The evidence is sufficient to infer a causal relation-
ship between cigarette smoking and neovascular and
atrophic forms of age-related macular degeneration.

2. The evidence is suggestive but not sufficient to infer
that smoking cessation reduces the risk of advanced
age-related macular degeneration.

Dental Disease

1. The evidence is suggestive but not sufficient to infer a
causal relationship between active cigarette smoking
and dental caries.



2. The evidence is suggestive but not sufficient to infer
a causal relationship between exposure to tobacco
smoke and dental caries in children.

3. The evidence is suggestive but not sufficient to infer
a causal relationship between cigarette smoking and
failure of dental implants.

Diabetes

1. The evidence is sufficient to infer that cigarette smok-
ing is a cause of diabetes.

2. The risk of developing diabetes is 30-40% higher for
active smokers than nonsmokers.

3. Thereis apositive dose-response relationship between

the number of cigarettes smoked and the risk of devel-
oping diabetes.

Immune Function and Autoimmune Disease

1.

The evidence is sufficient to infer that components of
cigarette smoke impact components of the immune
system. Some of these effects are immune activating
and others are immune-suppressive.

The evidence is sufficient to infer that cigarette smok-
ing compromises the immune system and that altered
immunity is associated with increased risk for pulmo-
nary infections.

The evidence is sufficient to infer that cigarette smoke
compromises immune homeostasis and that altered
immunity is associated with an increased risk for sev-
eral disorders with an underlying immune diathesis.

Rheumatoid Arthritis

1.

The evidence is sufficient to infer a causal relationship
between cigarette smoking and rheumatoid arthritis.

The evidence is sufficient to infer that cigarette smok-
ing reduces the effectiveness of the tumor necrosis
factor-alpha (TNF-a) inhibitors.

Systemic Lupus Erythematosus

1.

The evidence is inadequate to infer the presence or
absence of a causal relationship between cigarette
smoking and systemic lupus erythematosus (SLE),
the severity of SLE, or the response to therapy for
SLE.

The Health Consequences of Smoking—50 Years of Progress

Inflammatory Bowel Disease

1.

The evidence is suggestive but not sufficient to infer
a causal relationship between cigarette smoking and
Crohn’s disease.

The evidence is suggestive but not sufficient to infer a
causal relationship between cigarette smoking and a
protective effect for ulcerative colitis.

Chapter 11: General Morbidity and
All-Cause Mortality

1.

The evidence is sufficient to infer a causal relation-
ship between smoking and diminished overall health.
Manifestations of diminished overall health among
smokers include self-reported poor health, increased
absenteeism from work, and increased health care
utilization and cost.

The evidence is sufficient to infer that cigarette
smoking increases risk for all-cause mortality in men
and women.

The evidence is sufficient to infer that the relative
risk of dying from cigarette smoking has increased
over the last 50 years in men and women in the
United States.

Chapter 12: Smoking-Attributable
Morbidity, Mortality, and Economic
Costs

1.

Since the first Surgeon General’s report on smoking
and health in 1964, there have been more than 20
million premature deaths attributable to smoking and
exposure to secondhand smoke. Smoking remains the
leading preventable cause of premature death in the
United States.

Despite declines in the prevalence of current smoking,
the annual burden of smoking-attributable mortality
in the United States has remained above 400,000 for
more than a decade and currently is estimated to be
about 480,000, with millions more living with smok-
ing-related diseases.
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Due to the slow decline in the prevalence of current
smoking, the annual burden of smoking-attributable
mortality can be expected to remain at high levels for
decades into the future, with 5.6 million youth cur-
rently 0 to 17 years of age projected to die prema-
turely from a smoking-related illness.

Annual smoking-attributable economic costs in the
United States estimated for the years 2009-2012 were
between $289-332.5 billion, including $132.5-175.9
billion for direct medical care of adults, $151 billion
for lost productivity due to premature death estimated
from 2005-2009, and $5.6 billion (in 2006) for lost
productivity due to exposure to secondhand smoke.

Chapter 13: Patterns of Tobacco Use
Among U.S. Youth, Young Adults,
and Adults

1.

12

In the United States, the prevalence of current ciga-
rette smoking among adults has declined from 42%
in 1965 to 18% in 2012.

The prevalence of current cigarette smoking declined
first among men (between 1965 and the 1990s), and
then among women (since the 1980s). However,
declines in the prevalence of smoking among adults
(18 years of age and older) have slowed in recent years.

Most first use of cigarettes occurs by 18 years of
age (87%), with nearly all first use by 26 years of
age (98%).

Very large disparities in tobacco use remain across
racial/ethnic groups and between groups defined by
educational level, socioeconomic status, and region.

In the United States, there are now more former
smokers than there are current smokers. More than
half of all ever smokers have quit smoking.

The rate of quitting smoking among recent birth
cohorts has been increasing, and interest in quitting
is high across all segments of society.

Patterns of tobacco use are changing, with more

intermittent use of cigarettes and an increase in use
of other products.

Chapter 1

Chapter 14: Current Status of
Tobacco Control

1.

The evidence is sufficient to conclude that there are
diverse tobacco control measures of proven efficacy at
the population and individual levels.

The evidence is sufficient to conclude that advertising
and promotional activities by the tobacco companies
cause the onset and continuation of smoking among
adolescents and young adults.

Tobacco product regulation has the potential to
contribute to public health through reductions in
tobacco product addictiveness and harmfulness,
and by preventing false or misleading claims by the
tobacco industry of reduced risk.

The evidence is sufficient to conclude that litigation
against tobacco companies has reduced tobacco use
in the United States by leading to increased product
prices, restrictions on marketing methods, and mak-
ing available industry documents for scientific analy-
sis and strategic awareness.

The evidence is sufficient to conclude that increases
in the prices of tobacco products, including those
resulting from excise tax increases, prevent initiation
of tobacco use, promote cessation, and reduce the
prevalence and intensity of tobacco use among youth
and adults.

The evidence is sufficient to conclude that smokefree
indoor air policies are effective in reducing exposure
to secondhand smoke and lead to less smoking among
covered individuals.

The evidence is sufficient to conclude that mass
media campaigns, comprehensive community pro-
grams, and comprehensive statewide tobacco con-
trol programs prevent initiation of tobacco use and
reduce the prevalence of tobacco use among youth
and adults.

The evidence is sufficient to conclude that tobacco
cessation treatments are effective across a wide popu-
lation of smokers, including those with significant
mental and physical comorbidity.



Chapter 15: The Changing
Landscape of Tobacco Control—
Current Status and Future
Directions

1.

Together, experience since 1964 and results from
models exploring future scenarios of tobacco control
indicate that the decline in tobacco use over coming
decades will not be sufficiently rapid to meet targets.
The goal of ending the tragic burden of avoidable
disease and premature death will not be met quickly
enough without additional action.

Evidence-based tobacco control interventions that
are effective continue to be underutilized and imple-
mented at far below funding levels recommended

The Health Consequences of Smoking—50 Years of Progress

by the Centers for Disease Control and Prevention.
Implementing tobacco control policies and programs
as recommended by Ending the Tobacco Epidemic: A
Tobacco Control Strategic Plan by the U.S. Depart-
ment of Health and Human Services and the End-
ing the Tobacco Problem: A Blueprint for the Nation
by the Institute of Medicine on a sustained basis at
high intensity would accelerate the decline of tobacco
use in youth and adults, and also accelerate progress
toward the goal of ending the tobacco epidemic.

New “end game” strategies have been proposed with
the goal of eliminating tobacco smoking. Some of
these strategies may prove useful for the United
States, particularly reduction of the nicotine con-
tent of tobacco products and greater restrictions
on sales (including bans on entire categories of to-
bacco products).
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Introduction

The Health Consequences of Smoking—50 Years of Progress

Tobacco, a New World plant, was used by the native
peoples of the Americas for millennia. Brought to the Old
World by Christopher Columbus, tobacco and tobacco
products soon spread worldwide. The manufactured ciga-
rette has been the dominant form of tobacco use in the
United States for only a century (Figure 2.1), surpass-
ing other forms of use as the modern tobacco industry
was shaped by James B. Duke and his American Tobacco
Company (Chandler 1977). During that century, referred
to as “The Cigarette Century” (Brandt 2007), there was a
sharp rise in tobacco consumption to a peak in the 1960s
and then a decline that has continued over the last three
decades. This chapter addresses why this rise and fall of
cigarette smoking occurred, giving emphasis to the half-
century since the 1964 report of the Advisory Committee
to the Surgeon General, Smoking and Health, and to the
impact of the reports of the Surgeon General on tobacco
use in the United States.

This chapter provides a perspective on the tobacco
epidemic, setting a context for this anniversary report by
describing some of the most critical “lessons learned” with
regard to the factors driving tobacco use and the strategies
for ending it. The following chapter describes the Surgeon
General’s reports, including the approach used to compile
and synthesize scientific evidence to reach conclusions
that has been the foundation of these reports (see Chap-
ter 3, “Producing the Surgeon General’s Report From
1964-2014: Process and Purpose”). Two major sections
follow: the first provides a comprehensive updating of the
health consequences of active smoking and exposure to
secondhand smoke, updating the many previous reviews;
and the second details the current status of the epidemic,
reviews the policy approaches that have proved effective
for tobacco control, and offers a strategy and a vision for
bringing this long-running epidemic to an end—the so-
called “end game.”

In offering a perspective on the long and complex
story of the tobacco epidemic, this chapter is necessarily
limited in its historical detail and does not follow the for-
mat of a detailed review of evidence that is typical of these
reports. Lengthy and detailed historical accounts are
available elsewhere (Kluger 1996; Brandt 2007; Proctor
2011). Americans’ behaviors, perceptions, attitudes, and
beliefs toward the cigarette have changed dramatically
since 1964 when the first report of the Surgeon General
on smoking and health was released. At the time, 40% of
Americans were regular smokers, with the majority of men
(53%) and about one-third of women being regular smok-
ers (U.S. Department of Health, Education, and Welfare
[USDHEW] 1979). The smoking habit crossed socioeco-

nomic, gender, race, and ethnicity boundaries. Cigarette
smoking was widely accepted, highly prevalent, and not
discouraged in homes, and it took place in public spaces of
all kinds, including hospitals, restaurants, airplanes, and
medical conferences (Brandt 1990). Today, the prevalence
of smoking among U.S. adults is about 20% (see Chapter
13, “Patterns of Tobacco Use Among U.S. Youth, Young
Adults, and Adults”), and state and local laws have prohib-
ited smoking in workplaces, restaurants, and bars in many
regions of the country (see Chapter 14, “Current Status of
Tobacco Control”). The majority of households are smoke-
free and smoking is banned on airplanes worldwide (U.S.
Department of Health and Human Services [USDHHS]
2006). Moreover, the rise and fall of smoking-caused dis-
eases and premature deaths during the twentieth century
generally follow patterns of changing tobacco-use behav-
ior, albeit several decades later.

Although there had been previous statements on the
harms of using tobacco, the 1964 report was significant for
providing the most thorough and comprehensive review
up to that time. However, translating this knowledge into
action to benefit public health was not a simple or direct
process. At the time of release of the 1964 report, the
tobacco industry had a powerful influence and attempted
to minimize the impact of the report using a broad set
of strategies (Kluger 1996; Brandt 2007; Proctor 2011).
That influence has now greatly declined, diminished by
many factors, including trends in American culture, poli-
tics, economics, health care, and social life. This chapter
addresses how the evolving scientific evidence on tobacco
has been a key driver of the changes that have led to a
dramatic shift in social norms around cigarette smoking.

During this same time span, 1964-2014, there have
been striking changes in mortality rates from major dis-
eases and substantial improvements in life expectancy (see
Chapter 4, “Advances in Knowledge of the Health Conse-
quences of Smoking: From 1964-2014”). These changes
have been driven by many factors, including patterns of
tobacco use across the twentieth century to the present.
Mortality from cardiovascular diseases (CVD) dropped
sharply and progressively, and rates for a number of can-
cers peaked and began to decline, most notably in men. By
contrast, mortality from chronic obstructive pulmonary
disease steadily climbed. Changes in the prevalence of
tobacco smoking contributed to these shifts, but patterns
of other risk factors also changed over the last 50 years, as
programs addressed hypertension and other risk factors
for CVD, and medications became available that reduced
CVD, such as statins (Feinlieb et al. 1979; Stern 1979;
Jemal et al. 2005; Ford and Capewell 2011).
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Figure 2.1  Adult* per capita cigarette consumption and major smoking and health events, United States, 1900-2012
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Tobacco Control: Before the 1964 Report

To understand the transformative consequences of
the 1964 report for tobacco control, this chapter begins
with a description of the developments in tobacco con-
trol before 1964. Cigarette smoking grew rapidly in early
twentieth century America with the arrival of technology
for mass production and the development of a consumer
culture and effective advertising and promotion on an
unprecedented national scale (Figure 2.1) (Kluger 1996).
At the same time, there was strong opposition to this trend
from some groups, but early condemnations were often
based on concerns about adverse moral and social impact
rather than specific health effects (Best 1979). Addition-
ally, concerns focused on specific groups seen to be espe-
cially vulnerable to the social and psychological effects
of chronic cigarette smoking, notably youth and women.
And unrestricted tobacco advertising, often with health-
related claims, was seen as taking unfair advantage of
those who were most vulnerable. In the first two decades
of the century, an organized antitobacco effort developed,
composed of temperance advocates, religious leaders, and
health reformers (Kluger 1996). They were alarmed by the
increase in cigarette smoking among youth and believed
it to be associated with the abuse of alcohol and narcotic
drugs. During this period, a total of 15 states banned the
sale, manufacture, possession, or use of cigarettes. Many
other states considered such legislation, and municipali-
ties imposed additional restrictions on advertising, smok-
ing near school buildings, and women smoking in public
(Tate 1999).

Warnings about tobacco were offered by the Sur-
geon General before 1964. In 1929, Surgeon General
Hugh S. Cumming warned about the hazards of tobacco
claiming that excessive smoking caused nervousness,
insomnia, and other ill effects in young women (Burn-
ham 1989). Cumming warned that smoking could lower
the “physical tone” of the nation. Like many physicians at
the time, he believed that women were more susceptible
than men to certain injuries, especially of the nervous sys-
tem. But Cumming, a smoker, distanced himself from the
more extreme antitobacco and temperance reformers of
the time (Parascandola 1997).

Although physicians generally did not see a sig-
nificant health threat for most smokers, there was grow-
ing concern over cigarette advertising during the 1930s
and 1940s that made a wide array of unfounded health
claims. In the highly competitive branded cigarette mar-
ket, prominent advertising campaigns included explicit
health claims: “Not a cough in a carload” (Old Gold) (U.S.
Federal Trade Commission [FTC] 1964, p. LBA-5); “we

removed from the tobacco harmful corrosive acids (pun-
gent irritants) present in cigarettes manufactured in the
old fashioned way” (FTC, p. LBA-2); “Smoking Camels
stimulates the natural flow of digestive fluids ... increases
alkalinity” (Camel, p. LBA-1a) (FTC 1964). Kool menthol
cigarettes, characterized by the cooling effect of this addi-
tive, were offered to nose and throat specialists to hand
out to their patients “suffering from colds and kindred
disorders” (Information 1948, Bates No. 400566440/6490,
p. 9). FTC brought legal action against each of the major
cigarette companies during the 1940s in an effort to curb
health claims in advertising, resulting in a series of cease-
and-desist orders. However, the agency’s power to con-
trol such advertising claims at the time was limited (FTC
1950a,b; FTC v. P. Lorillard Co., 46 FTC 735 (1950); FTC
v. R.J. Reynolds Co., 46 FTC 706 (1950); FTC v. American
Tobacco Co., 47 FTC 1393 (1951); FTC v. Philip Morris &
Co., 49 FTC 703 (1952)).

By the 1930s, however, American scholars and activ-
ists had become aware of increasing cancer death rates.
Statisticians in the insurance industry, such as Freder-
ick L. Hoffman at Prudential Insurance Company, had
amassed statistical data documenting the growing influ-
ence of cancer since the turn of the century, and volun-
tary organizations like the American Cancer Society had
been using these data to bring public attention to the
cancer problem (Patterson 1987). In the late 1930s, the
government published cancer mortality statistics from
1900-1935 based on U.S. Census data and subsequently
cause-specific mortality was tracked, providing an ongo-
ing picture of mortality trends (Gover 1939).

Complementing these mortality statistics, some cli-
nicians described a growing clinical experience with lung
cancer patients and the surgical treatment of the disease
by pneumonectomy, removal of a lung. Thoracic surgeon
Alton Ochsner recounted being called as a medical student
in 1910 to see an autopsy of a patient with lung cancer
because such cases were so rare (Ochsner 1973). Several
decades later, he began to see many such patients. Och-
sner and DeBakey (1939) reported their experience with
pneumonectomy for lung cancer and proposed that smok-
ing contributed to the development of this malignancy:
“In our opinion the increase in smoking with the univer-
sal custom of inhaling is probably a responsible factor, as
the inhaled smoke, constantly repeated over a long period
of time, undoubtedly is a source of chronic irritation to
the bronchial mucosa” (p. 109). At the same time, smok-
ing was clearly linked to decreased life expectancy by Pearl
(1938), based on follow-up of adults in Baltimore.

Fifty Years of Change 1964-2014 19



Surgeon General’s Report

Yet, there was also substantial skepticism within the
medical community about whether the seeming increase
in cancer deaths was real or an artifact of better diagnosis.
The rise in lung cancer, a rare disease at the beginning
of the twentieth century, drew particular scrutiny (Wits-
chi 2001). However, the possibility of diagnostic bias was
set aside through appropriate research and the continu-
ing rise of lung cancer deaths made such diagnostic bias
improbable (Macklin 1942; USDHEW 1964). A wide range
of possible industrial and environmental causes were cited
as possibly contributing to the increase, including road
tars, vehicle exhaust, and air pollution, along with tobacco
smoking (Witschi 2001).

Beginning as early as the 1920s, the rise of lung can-
cer prompted epidemiologic research on its causes that
was carried out in the United States and Europe. These
initial studies found an association between lung cancer
and tobacco smoking that was repeatedly confirmed in a
wave of research that began in the 1940s and continued in
the 1950s (Witschi 2001). These studies were of the case-
control design, involving comparison of the frequency and
intensity of smoking by people with lung cancer to smok-
ing among comparable people without lung cancer—the
controls. By the early 1950s, in follow-up of the strong
associations found in the case-control studies, cohort
or follow-up studies were initiated that compared rates
of lung cancer occurrence or death among smokers and
nonsmokers. These epidemiologic studies provided the
pivotal evidence on smoking and lung cancer for the 1964
report of the Surgeon General. The public responded to
the new information on smoking and lung cancer with
a slight decrease in consumption (from 1953-1954) that
was quickly followed by a sharp rise (Figure 2.1).

The American tobacco industry’s strategies for deal-
ing with scientific evidence documenting the harms of its
products also originated during the 1950s. By the early
1950s, the epidemiologic evidence on lung cancer and
smoking was abundant and coherent, and Wynder and
colleagues’ (1953) mouse experiments had documented
that cigarette smoke condensate caused tumors confirm-
ing earlier work by Angel H. Roffo (Proctor 2006). In a
now well-documented effort to counter this evidence and
to minimize risk to the industry, the executives of the
major tobacco companies met in December 1953 and,
with the guidance of the advertising firm Hill & Knowl-
ton, devised a unified strategy that included the found-
ing of an industry-funded research organization, initially
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the Tobacco Industry Research Committee (TIRC) and
later the Council for Tobacco Research (DATTA Collection
1953), and the nationwide publication of the “Frank State-
ment,” which publicly stated the industry’s commitment
to public health (Pollay Advertising Collection, n.d.). Clar-
ence Cook Little, a leading researcher and academician,
was hired in 1954 as the first head of TIRC; he assumed a
public position of skepticism with regard to the evidence
on smoking and health, seeking to create doubt about the
harmful effects of smoking (Brandt 2007; Proctor 2011).
For decades, the industry followed the strategies set out
in the early 1950s: denying the harms of its products, dis-
crediting the scientific evidence that showed these harms,
funding research that was intended to divert attention
from cigarettes, and marketing new products with implied
lower risks than existing products (United States v. Philip
Morris Inc. 2006; Brandt 2007; Proctor 2011).

Generally, there was little response in the medical
community to the first wave of studies on the risks of
smoking. In 1953, in the midst of early reports on ciga-
rette smoking and lung cancer, the American Medical
Association (AMA) did announce that it would stop accept-
ing cigarette (and alcohol) advertising in its journal begin-
ning January 1, 1954 (Advertising Age 1953). However, the
move was not an indication that AMA accepted that smok-
ing was hazardous, but was primarily a response to the
medical claims increasingly seen in cigarette advertising;
pharmaceutical companies had reportedly complained
to AMA that while their claims were subject to thorough
scrutiny, cigarette manufacturers’ claims were not (Adver-
tising Age 1953). Cigarette manufacturers were also start-
ing to worry that overt medical claims could backfire,
drawing attention to the growing evidence of harms.

In summary, in the first half century of the cigarette
epidemic, concerns about cigarette smoking often focused
on the habit’s impact on the social and moral fabric of
society. Additionally, broader fears about the booming
consumer culture and the ubiquitous advertising associ-
ated with it led to attempts to control or warn the public
about misleading advertising claims. As long as consum-
ers were protected from misleading claims, the decision to
smoke or not smoke was one that the medical community
had little to say about. But the emergence of strong evi-
dence related to cancer and other health risks from ciga-
rette smoking during the 1950s shifted the focus to the
scientific evidence on its health effects, setting the stage
for evidence-based action.
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Scientific Judgment and the 1964 Report

By the late 1950s, the amassing evidence on smok-
ing and lung cancer called for public health action. The
Surgeon General was among the first authoritative fig-
ures to address the public health implications of the ris-
ing evidence on the health risks of smoking. Before the
1964 report was released, there had been several previous
statements from the Surgeon General, several consensus
statements from groups of public health scientists, and
a report from the Royal College of Physicians (1962), all
identifying cigarette smoking as a cause of lung cancer
(Cutler 1955; Study Group on Smoking and Health 1957).
These reports were based largely on epidemiologic stud-
ies, both case-control and cohort; on findings from labo-
ratory studies using animals and pathology studies; on
chemical identification of known carcinogens in cigarette
smoke; and on analyses of large-scale patterns of cigarette
consumption and disease rates (Proctor 2011). Although
the case-control studies were questioned on methodologi-
cal grounds, evidence from several cohort studies was
reported in the 1950s that confirmed the strong associa-
tion between smoking and lung cancer. In June 1954, the
results from the first cohort assembled by the American
Cancer Society, which included 180,000 older men, were
announced (Hammond and Horn 1958). The study showed
that heavy smokers were dying of lung cancer at a rate 5 to
16 times higher than that of similar people who were not
smokers. At the same time, similar findings were reported
from studies of British physicians (Doll and Hill 1954)
and U.S. veterans (Dorn 1958, 1959). By 1959, Surgeon
General Leroy E. Burney declared cigarette smoking “the
principal [sic] etiological factor in the increased incidence
of lung cancer” (Burney 1959, p. 1835). The same year, a
review by leading public health scientists assessed a range
of potential criticisms of the research findings and con-
cluded that the evidence was overwhelming: “if the find-
ings had been made on a new agent, to which hundreds of
millions of adults were not already addicted, and on one
which did not support a large industry, skilled in the arts
of mass persuasion, the evidence for the hazardous nature
of the agent would generally be regarded as beyond dis-
pute” (Cornfield et al. 1959, p. 198).

Thus, the 1964 report’s most noteworthy finding—
“Cigarette smoking is causally related to lung cancer in
men; the magnitude of the effect of cigarette smoking far
outweighs all other factors. The data for women, though
less extensive, point in the same direction” (USDHEW
1964, p. 31)—had been anticipated in prior reviews. The
report also concluded that “...cigarette smoking con-
tributes substantially to mortality from certain specific

diseases and to the overall death rate” (USDHEW 1964,
p. 31). However, the 1964 report went beyond these ear-
lier reviews in its transparent methodology and depth of
analysis, including a systematic gathering and review of
the data and a synthesis of the findings for causality based
on prior criteria. The members of the Advisory Commit-
tee were carefully selected to identify a panel that would
be considered as free of any bias as to the report’s find-
ings (Parascandola 1997). Its landmark status reflects
this approach, which made it a model, not only for
future reports of the Surgeon General, but for reviews in
other fields.

The Surgeon General’s emphasis on methodology
merits highlighting (see Chapter 3). The report devoted
two chapters to describing the working methods of the
group, and the criteria they employed, in making infer-
ences about cause and effect relationships. The Com-
mittee cited five criteria for making a determination of
causation from an observed association: consistency,
strength, specificity, temporal relationship, and coherence
(USDHEW 1964). For lung cancer in particular, the Com-
mittee discussed a range of different types of evidence in
great detail, responding to alternative explanations for the
high risk of lung cancer in smokers, other than smoking,
and addressing inconsistencies in the total body of evi-
dence. Although previous reviews had covered some of the
same material and employed similar criteria, the Advisory
Committee did so in a way that was more explicit and for-
mal than previous inquiries. In the end, it was no single
study, but the mass of cumulative evidence from diverse
sources that made the case for smoking as a cause of lung
cancer irrefutable (Parascandola et al. 2006).

This approach successfully addressed the new prob-
lem in public health of interpreting observational findings.
The 1950s and 1960s were a critical time for a new applica-
tion of epidemiology with a focus on chronic rather than
infectious diseases, an emphasis on identifying individual
risk factors for disease, and the use of advanced quantita-
tive methodology (Morris 1957; Lilienfield 1978). Chronic
diseases such as cancer and heart disease required a new
approach to understanding their etiology. Unlike tradi-
tional infectious disease research, where a single neces-
sary causal agent or organism could be identified and
studied in the laboratory and in the population, cancer was
associated with a wide range of exposures and agents and
developed over decades. The picture was quite similar for
cardiovascular diseases and chronic lung disease. Human
experiments could not be carried out to determine if par-
ticular agents had causal effects; instead, risk factors were
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identified through observational epidemiologic research
which is inherently subject to various sources of bias.

As a result, there was substantial debate about what
type of evidence was needed to declare cigarette smok-
ing a cause of lung cancer (Brandt 1990; Parascandola
2004). Some advocated for a narrow view of cause and
effect, insisting it must be demonstrated that cigarette
smoking is uniquely linked to lung cancer, the link must
be demonstrated in a randomized trial, or additional evi-
dence demonstrating underlying biological mechanisms
was required (Yerushalmy and Palmer 1959; Parascandola
2011). The tobacco industry took advantage of the meth-
odologic divide, insisting that epidemiology and statistics
alone could not prove cause and effect and that a detailed
understanding of the mechanisms of cancer etiology was
required to support such claims (Little 1961). The dis-
missal of epidemiologic evidence as imperfect was a strat-
egy used repeatedly by the tobacco industry, particularly
in attempting to thwart the consequences of the studies
linking exposure to secondhand smoke to lung cancer and
other diseases (Kluger 1996; Brandt 2007; Proctor 2011).
However, as the evidence on smoking and disease accumu-
lated throughout the 1950s, many public health scientists
increasingly insisted that such “logically rigorous” proof
of causation, requiring demonstration of a necessary and
sufficient cause, was not required (Cornfield et al. 1959).

In the 1964 Surgeon General’s report, the Advisory
Committee endorsed this conceptual approach, explain-
ing that, in the absence of experimentation, the “causal
significance of an association is a matter of judgment”
(USDHEW 1964, p. 20). Additionally, they employed a
more flexible, pragmatic definition of “cause,” which
focused not on identifying a unique necessary and suf-
ficient cause, as for infectious diseases, but on finding
the modifiable multifactorial determinants of health out-
comes with the ultimate aim of supporting prevention, an
approach which was to be further developed by an emerg-
ing discipline of chronic disease epidemiology (MacMahon
et al. 1960). The criteria for evidence evaluation offered
flexibility for evidence interpretation that avoided the
rigid requirements of the Henle-Koch postulates long
used for infectious organisms (Evans 1976, 1978, 1993;
Susser 1995).

The mechanism by which the report was produced
gave it a status and authority beyond the previous reviews.
When Surgeon General Luther Terry initiated the effort
in 1962 at the request of President John F. Kennedy, he
stated that the group would not conduct any new research
or make any recommendations, but would provide an
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“objective assessment of the nature and magnitude of the
health hazard” (USDHEW 1964, p. 8). The 10 Committee
members were selected from a list of about 150 eminent
physicians and biomedical scientists from a variety of dif-
ferent disciplines. Major medical associations, volunteer
public health organizations, the Tobacco Institute, the
Food and Drug Administration (FDA), FTC, and the Presi-
dent’s Office of Science and Technology were all given the
opportunity to remove a name from the list for any rea-
son (Terry 1983). Anyone who had taken a prior public
position on any question of smoking and health would be
eliminated from the list (Terry 1983). The members of the
Committee held their meetings at the National Library
of Medicine in Bethesda, Maryland, with their delibera-
tions under strict secrecy and documents under lock and
key. Even the Surgeon General himself knew nothing of
the details of their work until the final report was being
printed (Terry 1983). This approach, which did not directly
involve Terry, contrasted with Burney’s statements during
the 1950s, which had been presented as the “opinions” of
the Surgeon General and senior U.S. Public Health Ser-
vice (PHS) leaders (U.S. Congress 1957).

The process used for the report marks the beginning
of a new role for scientific experts in the United States.
Allan M. Brandt (2007) refers to the era of “procedural
science” and Robert N. Proctor calls the report a prod-
uct of an “administrative rather than a scientific consen-
sus” (Proctor 2011, p. 236). That is, the crucial science
relied upon by the Advisory Committee had been already
published; the authority of the report also rested on the
characteristics of the process used in reaching its conclu-
sions, which assured that conclusions were reached by
considering the full range of evidence available and judg-
ing the evidence in a transparent and consistent frame-
work. The explicit appeal to the process and criteria for
judgment was novel at the time, but has since come to
be standard practice for evidence reviews in controver-
sial areas of medicine and public health. The industry’s
documents provide insights into how the industry viewed
the 1964 report from the planning process through the
report’s development and release (Allen 1962; Cullman
1962; Hockett and Thompson 1962; Bass 1963; Hill &
Knowlton 1963; Council for Tobacco Research 1964;
Cullman 1964; Haas 1964; Pacey 1964; Wakeham 1964;
Weissman 1964). Notably, the industry was treated as
a stakeholder and given the opportunity to make rec-
ommendations on members of the Advisory Commit-
tee and to provide research materials to the Committee
(Terry 1983).
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Remedial Action and Change Following the 1964 Report

The 1964 Surgeon General’s report concluded that
“Cigarette smoking is a health hazard of sufficient impor-
tance in the United States to warrant appropriate reme-
dial action” (USDHEW 1964, p. 33). However, the report
did not specifically state what actions should be taken and
lacking any precedent at the time, it was not immediately
clear what form this action should take. Surgeon General
Luther Terry had initially outlined two distinct phases
of inquiry. The first was an expert committee to provide
an “objective assessment of the nature and magnitude
of the health hazard” (USDHEW 1964, p. 8). The second
phase, which would provide recommendations for action
and require a different range of expertise, would follow,
although this effort never fully materialized.

During the 1950s, federal public health officials saw
their role as limited. Alexander Langmuir, who pioneered
in disease surveillance at the Communicable Disease
Center (now known as the Centers for Disease Control
and Prevention [CDC]), viewed the role of public health
researchers as generating evidence for others who make
policy decisions: “When major health problems arise,
someone must make decisions. This is not the primary
responsibility of the epidemiologist. Administrative and
political as well as technical considerations must also
be brought to bear. It is the epidemiologists’ function to
get the facts to the decision makers” (Langmuir 1963, p.
191). Testifying before Congress in 1957, Surgeon General
Leroy Burney insisted it was the role of PHS to present
the facts as they became available to state health agencies,
and sometimes the national media, but not to undertake
an organized national educational campaign. He added,
“We should not go all out on a campaign and put stickers
on cigarettes and certain other things” (Burney 1957b, p.
24). When Burney released official statements on smoking
and health in 1957 and 1959, they appeared in academic
medical journals and were sent out to state public health
officers and to AMA, but not to the general public. The
statements received little public attention. Thus, although
Burney (1957a) was unequivocal on the weight of the evi-
dence, this judgment on the association of smoking with
lung cancer did not necessarily translate into a call for
action, even action to educate the public (New York Times
1957; Fritschler 1969). This approach contrasted sharply
with Luther Terry’s dramatic, nationally televised press
conference in 1964. The 1964 report spoke with far more
certainty than Burney’s earlier publications, which were
brief and had a more limited evidence base. Additionally,
the 1964 report had been requested by President Kennedy
and it was an unprecedented review of a public health

threat. Consequently, the release of the report was care-
fully managed with the media response in mind. The press
conference was held on a Saturday to minimize the effects
of the report on the stock market and to ensure coverage
in the Sunday newspapers (Parascandola 1997). All of the
approximately 200 reporters attending were required to
remain for the entire session. Each was given a copy of the
final report and allowed to study it for an hour. Report-
ers were then permitted to question the Surgeon General
and the Administration. Finally, the doors were opened
and reporters raced out to file their stories (Parascandola
1997). The report received enormous publicity. Newsweek
lauded it as “monumental” and subsequently the report
has been named by the New York Public Library as one
of the top 100 books of the twentieth century (Diefendorf
1996). Terry made the Surgeon General into a public fig-
ure, no longer an anonymous government official; his
use of the media to address national public health issues
would be taken up and further developed by later Sur-
geons General.

Nevertheless, while the report was to lead to action,
health officials and political leaders still saw a carefully
circumscribed role for federal intervention on smoking
and health. Secretary of Health, Education, and Welfare
Anthony J. Celebrezze had already stated his views on
the government’s responsibilities even before the Com-
mittee began its work: “I firmly believe that it is not the
proper role of the federal government to tell citizens to
stop smoking” (Toth 1962, p. 20). The proposals that
emerged were primarily aimed at ensuring that consum-
ers had accurate information with which to make deci-
sions about their own behavior. At the time, of course,
the addictive potential of nicotine in tobacco smoke was
not generally known. Government had a role in protect-
ing consumers from industry abuses, such as fraudulent
advertising, but not in intervening to change consumer
behavior. For example, Senator Maurine Neuberger urged
FTC to require cigarette manufacturers to state tar and
nicotine yields on advertisements and cigarette packages
to “stimulate the development of less hazardous cigarettes
and facilitate intelligent choice between competing brands
on the basis of relative safety” (Neuberger 1964, p. 1). But
proposals to give FDA regulatory authority over tobacco
products were rejected by federal public health officials as
impractical and contrary to what the public would accept
(U.S. Congress 1964, 1965).

Congress did enact legislation to educate consum-
ers about the hazards of smoking. In 1965, the Federal
Cigarette Labeling and Advertising Act of 1965 mandated
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the first Surgeon General’s warning to appear on cigarette
packages: “Caution: Cigarette Smoking May Be Hazard-
ous to Your Health.” It called for an annual report to Con-
gress on the health consequences of smoking and for the
Secretary of Health to make recommendations for needed
legislation. In October 1965, PHS created the National
Clearinghouse on Smoking and Health. This office was to
play a key role in the development of the first 10 Surgeon
General’s reports (1967-1978) as well as development of
national informational and educational programs about
the risks of smoking. However, at the same time it prohib-
ited FTC from taking any new regulatory action to control
cigarette advertising for 4 years. Contemporary observers
explained that the tobacco industry had decided it was
in their interest to accept the warning label in exchange
for halting any regulatory efforts (Drew 1965). However,
subsequent analyses have shown how the tobacco indus-
try used its connections within government to assure a
weak bill and a weak warning label (Brandt 2007). The
wording of the label, “Caution: Cigarette Smoking May
Be Hazardous to Your Health,” contrasts sharply with the
certainty of the 1964 report’s conclusion on smoking and
lung cancer.

Subsequent government actions were largely
focused around promoting public information about the
risks of cigarette smoking and how they might be reduced.
The Surgeon General convened another group of experts
in 1966 to assess the importance of different constituents
identified in cigarette smoke for disease risk; the group
recommended that actions be encouraged to progressively
reduce the tar and nicotine content of cigarette smoke
(Congressional Record 1966). At the same time, FTC
revised its advertising guidelines to permit manufacturers
to include in advertisements “a factual statement of the
tar and nicotine content (expressed in milligrams) of the
mainstream smoke from a cigarette” (Shea 1966, Bates
No. 00065004). Eventually, this disclosure became man-
datory. In 1968, the National Clearinghouse for Smoking
and Health, a government office, began a campaign “If You
Must Smoke ...” aimed at people who wanted to reduce
their risk but did not want to quit smoking. The pamphlet
provided five suggestions: (1) choose a cigarette with less
tar and nicotine, (2) don’t smoke the cigarette all the way
down (the last few puffs have more tar and nicotine), (3)
take fewer draws, (4) reduce inhaling, and (5) smoke fewer
cigarettes (USDHEW 1968). In the absence of any author-
ity to mandate changes in the product, public education
became the primary tool to reduce risk.

However, one initiative that had a measurable
impact on the prevalence of smoking was initiated by John

F. Banzhaf III, a consumer lawyer. In 1967, Banzhaf suc-
cessfully petitioned the Federal Communications Com-
mission (FCC) to apply the Fairness Doctrine! to cigarette
advertising to counter the tobacco industry’s advertising
messages (Banzhaf v. FCC, 405 F.2d 1082, 1086 [D.C.
Cir. 1968], cert. denied, 396 U.S. 842, 90 S. Ct. 50 [1969];
USDHHS 2000). After a court struggle, the national net-
works were forced to air antismoking advertising spots
in prime time, giving tens of millions of dollars’ worth of
free airtime to antismoking efforts. In 1968, 1,300 antito-
bacco messages were aired by the three major networks
(Lewit et al. 1982). These public service announcements
may have contributed to a reduction of overall consump-
tion; per capita cigarette consumption fell from 4,197 in
1966 to 3,969 in 1970 (Figure 2.1). The effect was short-
lived, however, as tobacco companies were mandated to
take their ads off the airwaves in 1971 following the Public
Health Cigarette Smoking Act of 1969, which included a
prohibition on broadcast advertising of cigarettes. Conse-
quently, the antismoking advertisements were no longer
required under the Fairness Doctrine and cigarette con-
sumption rose after they ended (Warner 1979).

From about the time of the 1964 report, per capita
cigarette consumption began to decline in the United
States (Figure 2.1), but not uniformly across the popula-
tion. Physicians and other health professionals had begun
to accept the evidence and to stop smoking even before
the release of the 1964 report. While 60% of physicians
smoked in 1949, this figure declined to 30% by 1964
(Garfinkel and Stellman 1976). Surveys of Massachusetts
physicians during the 1950s found that by 1954 a major-
ity of physicians (55% of smokers and 63% of nonsmok-
ers) believed that “heavy smoking of cigarettes may lead
to lung cancer” (Snegireff and Lombard 1954, p. 1042).
Some had switched to smoking only a pipe or cigars, and
many who continued to smoke had reduced the number
of cigarettes they smoked. Ninety-three percent of the
respondents supported antitobacco education efforts for
youth, and those who did not said it was not because they
doubted the harms of smoking, but because they doubted
the effectiveness of educational efforts to change teenag-
ers’ behavior (Snegireff and Lombard 1959).

Surveys of physicians during the 1960s continued
to show decreasing prevalence of smoking and accep-
tance of the hazards of cigarette smoking (Buechner et
al. 1986). A 1965 survey of Oregon physicians found that
more than one-third (36%) had modified their tobacco
consumption in response to the 1964 report. Additionally,
although many physicians had quit earlier, those who quit
before 1964 were more likely to cite physical symptoms as

1An FCC regulation that required broadcasters to allot time to contrasting points of view on controversial topics.
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the reason while, after 1964, former smokers were more
likely to cite scientific evidence of harm as their reason for
quitting (Meighan and Weitman 1965). The prevalence of
smoking was also dropping rapidly among medical train-
ees and younger physicians. The average prevalence of
smoking among medical students at Johns Hopkins Medi-
cal School was 65% for the years 1948 through 1951, but
by 1965 the prevalence had dropped below 40% (National
Cancer Institute [NCI] 1994). Younger physicians were
also more likely to report concern over the health effects
of smoking on patients, to ask or advise patients about
their smoking, and to agree that physicians should set an
example by not smoking (Coe and Brehm 1971). By the
early 1980s, surveys suggested that only 5-10% of physi-
cians were smoking (Sachs 1983; Buechner et al. 1986).
In 2006-2007, the prevalence of current smoking among
physicians had reached about 2% (Sarna et al. 2010).

Appreciation of the health risks, and subsequent
behavior change, was slow to follow among the gen-
eral population. Gallup polls have surveyed Americans
about their beliefs on the health effects of smoking since
the 1950s (Gallup Organization 1964). In 1954, 70% of
respondents believed that smoking was harmful to health.
However, the question—“Do you think cigarette smok-
ing is harmful, or not?”—was phrased in such a general
way as to encompass a wide range of possible effects.
Respondents were also specifically asked about lung can-
cer. Although 83% of respondents answered ‘yes’ to the
question “Have you heard or read anything recently that
cigarette smoking may be a cause of cancer of the lung,”
only 41% answered ‘yes’ to the next question “What is
your opinion -- do you think cigarette smoking is one of
the causes of lung cancer.” When respondents were asked
about specific health effects from smoking, only 7% men-
tioned cancer of any kind. Instead, most cited a variety
of non-life-threatening problems such as coughing, sinus
irritation, nervousness, and fatigue (Saad 2002).

Even after the 1964 report, there was not a dramatic
change in public beliefs about smoking. In a 1966 Har-
ris poll, only 40% recognized smoking as a major cause
of lung cancer, 27% considered it a minor cause, and
one-third were uncertain, saying that “science had not
yet determined the relation between smoking and lung
cancer” (Saad 1998, p. 3). In general, although there was
widespread awareness of reports of findings on smoking
and health, including lung cancer, people were unsure
whether to believe the results were conclusive. This
uncertainty may have reflected, at least in part, the doubt-
creating strategies of the tobacco industry (Proctor 2011).

Some early studies hinted at the complexity of
beliefs about health risks and the factors determining
those beliefs. For example, having a higher education
level among nonsmokers was associated with acceptance
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of statements that a link between smoking and health had
been proven; but among smokers, the relationship was
the opposite, and smokers with a higher education level
were more likely to be skeptical of the evidence (Cannell
and MacDonald 1956). In another study, a survey found
that male smokers were relatively optimistic about their
chances of contracting cancer, while female smokers were
not (Toch et al. 1961). And a 1963 study found that aware-
ness of science reporting had little impact on smoking
behavior, as many smokers were prone to doubt the scien-
tific claims or exhibit fatalistic attitudes about health risks
(Robinson 1960). It was not until the 1970s that a majority
of Americans said smoking was a cause of lung cancer. But
the proportion with this view climbed steadily from about
70% during the 1970s to about 80% in the 1980s. By the
1990s, Gallup polls consistently showed 95% of Ameri-
cans claiming to believe cigarette smoking to be harmful
to health and 90% believing it to be a cause of lung cancer
(Saad 1998; Moore 1999).

Cigarette consumption was similarly slow to change.
Per capita consumption figures increased every year from
1950 to 1963, with the exception of 1953 and 1954, when
there was the first widespread publicity on early labora-
tory animal and human cohort study findings (Figure
2.1). Consumption decreased in 1964 and during all of the
Fairness Doctrine years of 1967-1970. Since 1973, every
year for which data are available has seen declines in per
capita adult cigarette consumption (U.S. Department of
Agriculture 2007; U.S. Census Bureau 2013; U.S. Depart-
ment of the Treasury 2013).

Although antismoking publicity and news reports
did have an impact on beliefs and behavior over time,
there were also forces working against this trend. In
particular, the tobacco industry’s marketing efforts and
organized campaign to promote doubt around smoking
and health surely slowed the pace of change. A 1966 PHS
survey found that more than 60% of smokers agreed that
the cancer link was “not yet proved” because it was “only
based on statistics” (National Clearinghouse for Smoking
and Health 1969, p. 743). Additionally, well over one-half
of all smokers believed that most people would not be con-
vinced smoking was harmful until “the tobacco industry
itself” admitted the fact (USDHEW 1969). Even as pub-
lic knowledge about the link between smoking and lung
cancer became widespread during the 1970s and 1980s,
a 1981 FTC review concluded that many Americans still
had very limited knowledge of the nature and extent of
the health risks or how those risks applied to their own
behavior (FTC 1981).

The nature of cigarette advertising also changed,
apparently in response to adverse publicity, to obscure
the extent of the danger. During the 1970s, there was an
increased emphasis on ads that featured claims about tar
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and nicotine content, implying reduced exposures to can-
cer-causing agents (NCI 2001). Key words such as “light,”
“smooth,” and “mild,” were used to convey health-related
messages (Kozlowski 2010). In the 1980s, these health
messages became more subtle, relying on imagery of
active, healthy models (Warner 1985b).

Additionally, the tobacco industry’s power as a source
of revenue for many print publications influenced the
content of smoking and health media coverage (UISDHHS
1989; NCI 2008). After the broadcast advertising ban, ciga-
rette advertising and marketing continued to grow, but
shifted to print publications, outdoor billboards, sponsor-
ship of sports, placement of brand implants in movies, and
a number of other methods. According to Advertising Age,
the five major tobacco companies spent $62 million on
magazine advertising in 1970, the year before the ban, but
by 1976 they were spending $152 million (Smith 1978).
Some publications became highly dependent on this rev-
enue. An article in the Columbia Journalism Review noted
a trend: “In magazines that accept cigarette advertising,”
Smith (1978) wrote, “I was unable to find a single article,
in seven years of publication, that would have given read-
ers any clear notion” of the nature and extent of the health
effects of cigarette smoking, including news magazines
like Time and Newsweek. As late as 1983, a Newsweek
16-page special supplement on “personal health care”
prepared with AMA failed to explicitly identify cigarette
smoking as a major health hazard. The same issue car-
ried 12 pages of cigarette advertisements worth about $1

million in revenue for the magazine (Warner 1985a). An
analysis of magazine coverage over a 22-year period found
that a sample of major magazines reduced their coverage
of smoking and health issues by 65% in the years after
the broadcast advertising ban went into effect (Warner and
Goldenhar 1989), and another study found that magazines
which accepted an average amount of cigarette advertis-
ing were 38% less likely to carry stories on smoking and
health than magazines that did not accept cigarette adver-
tising (Warner et al. 1992).

Although many individual physicians rapidly
accepted the smoking and health findings, AMA, the lead-
ing professional medical organization, took more than
two decades to take a clear stand on the issue. In 1964,
after the release of the report of the Surgeon General, AMA
published a 7-page brochure for the general public titled
“Smoking: Facts You Should Know,” which described a
range of “suspected health hazards” but portrayed experts
as divided on the issue (AMA 1964). At the time, AMA
officials also opposed federal efforts to mandate warning
labels, advertising restrictions, or other public education
efforts around smoking (Haseltine 1964). Historians have
noted that AMA’s position on smoking during the 1960s
and 1970s was influenced by its need for support from
congressional allies, particularly in southern tobacco-
growing states, as well as its opposing Medicare and pro-
posed national health insurance legislation during those
years (Kluger 1996; Rothstein 2003; Proctor 2011).

Passive Smoking and Environmental Change

Surgeon General Jesse L. Steinfeld, appointed by
President Richard M. Nixon in December 1969, helped to
bring public attention to the effects of smoking on non-
smokers. Although he had more limited authority com-
pared with his predecessors due to a reorganization within
USDHEW, he made use of the public platform of the Office
of the Surgeon General to advance public health. He rein-
vigorated the regular reports of the Surgeon General on
smoking and health, involving dozens of outside experts as
authors and peer reviewers to produce a 458-page report
in 1971 and the first report to address passive smoking in
1972 (see Chapter 3).

In a 1971 address to the Interagency Council on
Smoking and Health, Steinfeld asserted that “Nonsmok-
ers have as much right to clean air and wholesome air
as smokers have to their so-called right to smoke, which
I would redefine as a ‘right to pollute’ ” (Steinfeld 1971,
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Bates No. 91018247/8260, p. 14). He then went on to pro-
pose “It is high time to ban smoking from all confined
public spaces such as restaurants, theaters, airplanes,
trains, and buses. It is time that we interpret the Bill of
Rights for the Non-smokers as well as the Smoker” (Stein-
feld 1971, Bates No. 91018247/8260, p. 14). The subse-
quent 1972 report was the first in the series to identify
the exposure of nonsmokers to cigarette smoke as a health
hazard (USDHEW 1972). Dr. Steinfeld bluntly affirmed in
his remarks when releasing the report “There is no dis-
agreement — cigarette smoking is deadly” (Steinfeld 1972,
Bates No. TITX0004900/4909, p. 2). In a chapter titled
“Public Exposure to Air Pollution from Tobacco Smoke,”
the report summarized information on the contamination
of indoor environments by tobacco smoke. The review
showed that levels of carbon monoxide in a smoke-filled
room could reach concentrations equal to and even above



standards for ambient air. The report also concluded
the tobacco smoke was a source of discomfort for many
people, but characterized the health risks of tobacco
smoke in the air as unknown. Steinfeld continued to be
outspoken and an advocate for smoking bans and, unlike
his predecessors, he refused to meet with tobacco industry
representatives (Kluger 1996).

A grassroots movement emerged in the early 1970s
to promote the interests of nonsmokers. Influential early
organizations included Group Against Smoking Pollu-
tion, with chapters in several states and Californians for
Non-Smokers Rights (now known as Americans for Non-
smokers Rights) based in Berkeley, California. They drew
explicitly on the rhetoric and discourse of the civil rights
and environmental movements, referring to “the innocent
victims of tobacco smoke” and a need to give the “right
to breathe clean air” precedence over “the right of the
smoker to enjoy a harmful habit” (Nathanson 1999). At
the time, there was little data on the harms of exposure
to secondhand smoke. However, an increasing number of
nonsmokers viewed it as an annoyance in shared spaces,
such as restaurants and airplane cabins. And the existence
of a potential risk, however uncertain or small, was viewed
in a fundamentally different way when it affected involun-
tarily exposed bystanders, some of whom might be suscep-
tible to the effects (Bayer and Colgrove 2002).

Awave of new rules and legislation limiting smoking
followed (USDHHS 2006). Several were at the federal level.
In 1973, the Civil Aeronautics Board, which had jurisdic-
tion, ordered domestic airlines to provide separate seat-
ing for smokers and nonsmokers. In 1974, the Interstate
Commerce Commission ruled that smoking be restricted
to the rear 20% of seats in interstate buses. Pioneering
actions on indoor spaces were also taken at the local and
state levels in the 1970s (USDHHS 2006). In 1973, Arizona
became the first state to restrict smoking in some pub-
lic spaces. In 1974, Connecticut enacted the first statute
to restrict smoking in restaurants. Minnesota followed in
1975, requiring no-smoking zones in buildings open to
the public. In 1977, Berkeley, California, became the first
city to pass an ordinance limiting smoking in restaurants.
At the same time, antismoking efforts in the United States
began to develop into a more diverse movement, involving
a broad constituency of volunteer health organizations,
professional organizations, and newly created advocacy
groups, such as Doctors Ought to Care created in 1977
(USDHHS 2006).

When lawyer Joseph A. Califano, Jr., became Secre-
tary of the Department of Health, Education, and Welfare
under the incoming Carter Administration, he made a
strong antismoking campaign one of his first priorities.
On January 11, 1978, Califano outlined his battle plan
in a public speech in which he called cigarette smoking
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“Public Health Enemy Number One” and “slow motion
suicide” and declared: “The first and most important ele-
ment of this new program on smoking and health will be
a major public information and education effort against
smoking” (Califano 1978, p. 10). Califano’s actions did
not develop in a vacuum, however. They reflected a grow-
ing national agenda of public health advocacy against
smoking (National Commission on Smoking and Public
Policy 1978).

The 1979 Surgeon General’s report, Smoking and
Health, released under Califano, marked the 15-year anni-
versary of the original 1964 report. The report included
more than 1,100 pages and presented an enormous
amount of data from now decades-long epidemiologic
cohort studies, studies of mechanisms of disease, studies
of behavioral and psychosocial influences on tobacco use,
and the effectiveness of education programs and interven-
tions. It included a chapter titled “Involuntary Smoking”
that summarized the data on contamination of indoor
environments by tobacco smoke. The report also reviewed
the initial evidence on the health consequences of invol-
untary smoking, but called for more research without
reaching any conclusions as to risks (USDHEW 1979).

In the Secretary’s Foreword to the volume, Califano
wrote: “But why, the reader may nevertheless ask, should
government involve itself in an effort to broadcast these
facts and to discourage cigarette smoking? ... Why, indeed?
For one reason, because the consequences are not simply
personal and private. Those consequences, economic and
medical, affect not only the smoker, but every taxpayer”
(USDHEW 1979, p. ii). That is, smoking went beyond
being a private medical concern to being a major public
health problem that affected smokers and nonsmokers.
In particular, Califano cited two health policy challenges
then facing the nation—the spiraling costs of health care,
with a substantial portion borne by the federal govern-
ment, and the fact that the health care system “overem-
phasizes expensive medical technology and institutional
care, while it largely neglects preventive medicine and
health promotion” (USDHEW 1979, p. ii). Smoking is, he
noted, “the largest cause of preventable death in America”
(USDHEW 1979, p. ii). At the same time, Califano acknowl-
edged limits to government’s role in regulating cigarette
smoking in a free society and suggested that intervention
would have to focus primarily on research, education, and
persuasion. The report also brought a renewed focus to
the need for understanding smoking behavior and how
to help people who want to quit. Thirty million Ameri-
cans, the report stated, had become former smokers since
1964, and this figure gave encouragement that persuasion
and education could have population-level impacts (USD-
HEW 1979). The report also highlighted the effects of
smoking for specific vulnerable or high-risk populations,
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including women, youth, minorities, the developing fetus,
and certain occupational groups. In this way, too, gov-
ernment intervention was seen as justified by the need
to protect those who are most vulnerable or at increased
risk. In his preface, Surgeon General Julius B. Richmond
similarly highlighted the difficulty of seeing smoking as
simply a personal choice, given the hundreds of millions
of dollars spent each year in marketing and promotion of
cigarettes and the possibility that “nicotine is a powerful
addictive drug” (USDHEW 1979, p. xv).

At this time, the scientific evidence on the health
effects of exposure to secondhand smoke was limited. Stud-
ies starting in the late 1960s had shown adverse effects of
maternal smoking on the developing fetus and on children
exposed to secondhand smoke in smoking households
(Comstock and Lundin 1967; Colley et al. 1974). How-
ever, it was not until the following decade that a critical
mass of scientific evidence emerged linking exposure to
secondhand smoke with cancer and other chronic health
effects among nonsmoking adults. In 1980 and 1981, sci-
entific journals published epidemiologic research from
Greece, Japan, and the United States finding that those
who breathed “environmental tobacco smoke” suffered
from decreased lung function (White and Froeb 1980) and
increased risk of lung cancer (Hirayama 1981; Trichopou-
los et al. 1981). Because the lung cancer investigations
involved people who had experienced heavy exposure to
smoke in the home over long periods of time, there were
questions about whether, and to what extent, the data
could be extrapolated to other enclosed public spaces. But
over the next several years, additional studies gave weight
to the argument that adult nonsmokers suffered harm by
breathing the cigarette smoke of others and that smok-
ing by parents adversely affected the respiratory health of
their children. In 1986, two major scientific reviews were
released in the United States—the U.S. Surgeon General’s
report, The Health Consequences of Involuntary Smoking
(USDHHS 1986), and the National Academy of Science’s
report, Environmental Tobacco Smoke: Measuring Expo-
sures and Assessing Health Effects (National Research
Council 1986)—both concluding that secondhand smoke
could cause lung cancer in healthy adult nonsmokers
and respiratory symptoms in children. In that same year,
the World Health Organization’s (WHO’s) International
Agency for Research on Cancer (IARC) concluded that “...
passive smoking gives rise to some risk of cancer” (IARC
1986, p. 314).

The 1986 report of the Surgeon General on involun-
tary smoking represents another landmark in the series
of reports. Following the approach of the 1964 report, it
assembled the full body of evidence on exposure to sec-
ondhand smoke and health, reviewing the composition of
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tobacco smoke, dosimetry and toxicology, exposures, and
the findings of epidemiologic studies (USDHHS 1986). It
interpreted that evidence within the context of what was
already known about active smoking, treating exposure to
secondhand smoke as resulting in a lower dose of tobacco
smoke, compared with active smoking, but to the same
toxic mixture from a health perspective. The report had
three overall conclusions, including its powerful first
conclusion: “Involuntary smoking is a cause of disease,
including lung cancer, in healthy nonsmokers” (UISDHHS
1986, p. 7). Its second conclusion described the adverse
effects of smoking by parents on the respiratory health of
their children. Its third—*“Simple separation of smokers
and nonsmokers within the same air space may reduce,
but does not eliminate, exposure of nonsmokers to envi-
ronmental tobacco smoke” (USDHHS 1986, p. 7)—carried
implications for controlling exposure to an agent identi-
fied as carcinogenic in the first conclusion.

Surgeon General C. Everett Koop, appointed by
President Ronald W. Reagan in 1981, used the visibility
of the position to a greater degree than any of his pre-
decessors and used the findings of the report to call for
smoke-free public places. He was an outspoken public foe
of tobacco, advocating a smoke-free environment by the
year 2000. Although he was aware of the controversy sur-
rounding the scientific evidence on secondhand smoke,
further fueled by the tobacco industry’s efforts to focus
attention on the limitations of the data, he insisted that
the data were sufficient for public health intervention.
Koop declared in his Preface to the 1986 report “Critics
often express that more research is required, that certain
studies are flawed, or that we should delay action until
more conclusive proof is produced” (USDHHS 1986, p. xi).
He went on to argue, based on the report’s third overall
conclusion, that many of the measures that had been put
into place in many states and communities were inad-
equate, such as creating separate nonsmoking sections
with a common ventilation system did not eliminate expo-
sure for nonsmokers. Koop also asserted that “[t]he right
of smokers to smoke ends where their behavior affects the
health and well-being of others (USDHHS 1986, p. xii).

This report, along with the complementary find-
ings of the reports from the National Academy of Science
and IARC, provided the scientific foundation for policies
and actions to protect nonsmokers from inhaling tobacco
smoke (NRC 1986; USDHHS 1986). By the mid-1980s,
almost all states had enacted some restrictions on where
people could smoke in public; some 80% of the U.S. popu-
lation lived in areas covered by such laws (USDHHS 2006).
Between 1985-1988, the number of communities around
the country that had enacted laws restricting public
smoking almost quadrupled, to over 300 (USDHHS 1989).



In 1987, USDHHS established a smoke-free environment
in all of its buildings nationwide, extending protection to
more than 100,000 federal employees (USDHHS 2006). In
1988, Congress imposed a smoking ban on all U.S. domes-
tic flights of 2 hours or less. Two years later, the ban was
extended to flights of 6 hours or less, in effect banning
smoking on all domestic flights.

Once these efforts gained momentum, new legisla-
tion spread rapidly. The recognition of exposure to sec-
ondhand smoke as a health risk to nonsmokers meant that
the issue was no longer merely one of individual choice.
People responded differently to risks that were imposed
on them involuntarily. The existence of victims of ciga-
rette smoking fundamentally altered the discussion about
the right to smoke, and state and legal intervention was
seen as entirely appropriate. There was also substantial
public support for enacting restrictions on smoking in
public spaces. As early as 1970 (before any Surgeon Gen-
eral had spoken out about harm to nonsmokers), 58% of
men who had never smoked and 72% of women who had
never smoked responded ‘strongly agree’ or ‘agree’ that
smoking should be allowed in fewer public spaces than
it was at the time (USDHEW 1973a, p. 11). More than
three-quarters of those who had never smoked felt that
it was “annoying to be near” someone who was smoking
(USDHEW 1973a, p. 13). A 1983 Gallup poll found that
82% of nonsmokers believed that smokers should not
smoke in their presence and that smoking posed a health
hazard for them; 64% of smokers concurred (American
Lung Association 1983). Additionally, the phenomenon
may have been self-reinforcing, acting as a sort of conta-
gion effect where actions on one locale influenced other
locales (Asbridge 2004).The attention to secondhand
smoke was also aided by the growth in public concern
over environmental pollutants during the 1970s. In 1970,
under the Nixon Administration, both the U.S. Environ-
mental Protection Agency (EPA) and the Occupational
Safety and Health Administration were created, and the
Clean Air Act Extension of 1970 established comprehen-
sive regulatory control on outdoor air pollution. The fol-
lowing years saw a wide range of new environmental and
safety laws aimed at protecting the public from involun-
tary risks, including, for example, the Consumer Products
Safety Act (1972), the Safe Drinking Water Act (1974),
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Amendments to the Federal Food, Drug, and Cosmetic
Act of 1938, and the Toxic Substances Control Act (1976),
creating new agencies and greatly expanding the regula-
tory authority of some existing agencies. In 1992, EPA
carried out a risk assessment and classified environmental
tobacco smoke as a human carcinogen, Group A under its
carcinogen assessment guidelines (USEPA 1992).

The emerging evidence on exposure to secondhand
smoke and disease, particularly lung cancer, sparked a vig-
orous response from the tobacco industry that is now well
documented (Brandt 2007; Proctor 2011). The tobacco
industry recognized the policy implications of evidence
showing that exposure to secondhand smoke caused
adverse effects among nonsmokers and initiated strate-
gies to undermine the research findings, seeking to create
doubt about the credibility of evidence that would drive
policy-making (United States v. Philip Morris Inc. 2006;
Brandt 2007; Proctor 2011). The first major study to link
exposure to secondhand smoke to lung cancer, the cohort
study carried out in Japan by Hirayama (1981), was the
target of an orchestrated campaign to undermine its find-
ings. The tactics included arranging critical letters to the
editor of the British Medical Journal, which published the
paper, commissioned research with the intent of obtaining
findings that would point to bias in the study, and even
newspaper advertisements discrediting the findings. Such
strategies were directed at the wider body of evidence on
secondhand smoke and health; the industry and its con-
sultants raised methodologic problems, such as uncon-
trolled confounding and exposure measurement error, in
order to sustain doubt about the findings (Kluger 1996;
Proctor 2011).

These same tactics and others were used to try
and diminish the impact of the 1986 Surgeon Gener-
al’s report. An attempt was made to engage some of the
report’s authors in a symposium that had undisclosed
tobacco industry sponsorship. The report was charac-
terized as political rather than scientific, and Surgeon
General Koop’s motives were questioned. The attack on
the scientific foundation of the report intensified as well
(Proctor 2011). Some of these same strategies were used
subsequently in an attempt to derail EPA’s risk assessment
of environmental tobacco smoke.
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Nicotine and Addiction

An estimated 30 million people quit smoking in the
decade following the 1964 report. Organized programs to
help people quit smoking, such as the Five-Day Plan, had
gained popularity, and by 1970 there was a US$50 million
a year industry of for-profit smoking cessation programs,
including Smoke watchers, Quit Now, SmokeEnders, and
Schick Centers for the Control of Smoking, but there
was little rigorous testing of the effectiveness of these
programs (Goodman 2005). Additionally, throughout the
1960s and 1970s, the general understanding of smok-
ing behavior and nicotine addiction was very limited. At
the time, health scientists viewed smoking as primarily
psychological and social, rather than pharmacological
or biological. The 1964 report concluded that tobacco
dependence should be characterized as a form of habitu-
ation rather than addiction (USDHEW 1964), drawing on
a distinction established by WHO in 1957. That definition
emphasized the physical effects of the drug, the compul-
sion to obtain it at any cost, and the habit’s detrimental
effects on the individual and society (WHO 1957). The
WHO Expert Committee on Addiction-Producing Drugs
observed that for cigarette smoking, evidence was lacking
at the time for a typical abstinence syndrome. “In contrast
to drugs of addiction, withdrawal from tobacco never con-
stitutes a threat to life,” they wrote. “These facts indicate
clearly the absence of physical dependence” (USDHEW
1964, p. 352). At the same time, because regular smoking
was so widespread and socially accepted during the 1960s,
scientists were reluctant to portray smokers as addicts
or as presenting a threat to society. Maurice H. Seevers,
the only pharmacologist on the Surgeon General’s Advi-
sory Committee, had served on WHQ’s expert committee
that produced the 1957 definition of addiction and was a
longtime proponent of the view that an observable physi-
cal abstinence syndrome was a crucial defining feature
of addiction (Rasmussen and Seevers 2009). It would be
another decade before federal research funders and public
health scientists created an organized research program
around smoking dependence and nicotine addiction. In
the mid-1970s, scientists were beginning to compare
tobacco smoking with other drug addictions. For example,
Jerome H. Jaffe, who had promoted methadone treatment
for heroin addicts as President Richard M. Nixon’s drug
czar from 1971-1973, began to argue in favor of treating
cigarette smoking as an addiction in the mid-1970s, main-
taining that it did meet the appropriate criteria, including
the presence of a withdrawal syndrome. “The major differ-
ence between tobacco dependence and other drug addic-
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tions,” he stated, “is tobacco’s social acceptability” (Jaffe
1977, p. 627).

By the late 1970s, as smoking behavior was increas-
ingly recognized as resembling that of other drug addic-
tions, an organized research effort began (Jarvik et al.
1977). A substantial portion of the 1979 Surgeon Gen-
eral’s report was devoted to behavioral aspects of smoking
(USDHEW 1979); indeed, of the 11 Surgeon General’s
smoking and health reports published between 1964-
1980, it was the first to include any mention of smoking
behavior or dependence. The authors of the report sought
to avoid using the term addiction, not because they
believed it to be scientifically inaccurate, but because of
its loaded meaning related to illicit drug use (Henning-
field and Zeller 2006). It was not until the 1988 report that
the Surgeon General declared that cigarettes are addict-
ing, similar to heroin and cocaine, and that nicotine is the
primary agent of addiction (USDHHS 1988).

The focus on the behavioral and psychological
aspects of cigarette smoking and addiction marked a
substantial shift from the earlier science of smoking and
health. Researchers studying the health effects of smok-
ing during the 1960s and 1970s were primarily epidemi-
ologists, statisticians, and pathologists without expertise
in studying addictive behavior. These researchers were
focused on the consequences of smoking and not on why
people smoked. During the 1970s, scientists who had
studied other drug addictions turned their attention to
cigarette smoking, developing methods to measure nico-
tine intake and smoking behavior. A substantial body of
evidence resulted.

The 1988 report of the Surgeon General, also
released by Surgeon General Koop, reviewed this new evi-
dence on smoking and addiction, concluding that: “Ciga-
rettes and other forms of tobacco are addicting” (USDHHS
1988, p. 9) and “Nicotine is the drug in tobacco that causes
addiction” (p. 9). The third overall conclusion compared
nicotine addiction to other addicting drugs, including
heroin and cocaine.

The report changed the view that smoking was just a
habit. Cigarettes were now cast as addicting and as equally
addictive as many illegal drugs. The findings also had
implications for treatment, pointing to the possibility of
using nicotine replacement therapy to increase successful
quitting of nicotine (USDHHS 1988). For smoking initia-
tion by youth, the finding that nicotine is addicting raised
concern that adolescents and young adults might become
addicted through experimentation; by 1988, the pattern



of initiation had moved to the teen years for both males
and females (USDHHS 1988). The 1994 Surgeon General’s
report on Preventing Tobacco Use Among Young People
emphasized that tobacco use and addiction almost always
begins before 18 years of age and that most adolescent
smokers face the same challenges as adults in quitting
smoking (USDHHS 1994).

Like the 1986 report, the 1988 report had profound
implications for the tobacco industry, and the report also
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received great attention from the industry and its con-
sultants. The tobacco industry had information about
the report when it was in development and was quick to
criticize its findings after release. The finding that nico-
tine was addicting countered the argument that people
became smokers by their own free choice. Efforts to dis-
credit the report continued long after its publication, even
though the industry’s own documents show that it had
long known that nicotine was addicting (Proctor 2011).

Denormalization and the Tobacco Industry

Beginning in the mid-1970s, per capita cigarette
consumption began to decline more steeply than during
the decade following the 1964 report (Figure 2.1). The
scientific findings on tobacco smoke, summarized and
transmitted to the health community and the popula-
tion at large through the Surgeon Generals’ reports and
other channels, provided a basis for motivating effective
action to control tobacco use. Underlying the decline was
increasing public understanding of the dangers of ciga-
rette smoking and increasing unacceptability of being a
smoker; that is, the social norm around smoking changed
from being completely acceptable and woven into day-to-
day activities and interactions among people to becom-
ing an increasingly unacceptable behavior. Many factors
contributed to this change, including the evidence on the
dangers of exposure to secondhand smoke and the ever-
increasing reluctance of nonsmokers to inhale tobacco
smoke in their workplaces, public places, and eventually
their homes (USDHHS 1986).

Additionally, the tobacco control “toolbox” expanded
with an increasing number of strategies: smoking bans,
which both protected nonsmokers and encouraged cessa-
tion; educating youth and limiting their access to tobacco
products with enforced laws; raising taxes to force the
price of cigarettes upward; encouraging smoking cessa-
tion and using treatments that were shown to be effec-
tive; and using the media to counter the marketing of the
tobacco industry (Kluger 1996; Proctor 2011). Advocacy
at the local grassroots level played a critical role as non-
smokers demanded smoke-free environments. The need
for using a battery of tobacco control measures was recog-
nized and trials were carried out at the community level
to assess the efficacy of combined approaches and their
effectiveness in practice.

For example, during the 1990s, NCI conducted a
large nationwide intervention study — American Stop
Smoking Intervention Study, known as ASSIST. With
a budget of approximately $117 million over 7 years,
ASSIST provided funding to 17 states for the development
of coalitions to pursue a range of interventions and poli-
cies at the state and local levels, including (1) promoting
smoke-free environments; (2) countering tobacco adver-
tising and promotion; (3) limiting youth access to tobacco
products; and (4) raising excise taxes to increase the price
of tobacco products (NCI 2005). The project was unique
at the time for its scale and focus on studying the effec-
tiveness of broad strategies for policy change. The inter-
vention led to a greater reduction in the prevalence of
smoking in states participating in the ASSIST program
than in non-ASSIST states, although the effect was mod-
est, likely because of the general trend of declining per
capita cigarette consumption over the years of the study
(Figure 2.1) (NCI 2005).

State tobacco control programs also took a more
aggressive approach during the 1990s, moving beyond
a focus on the harms of exposure to secondhand smoke
to directly countering cigarette advertising efforts. As
cigarette advertising linked smoking to glamour, vitality,
and social success, some state programs, such as those in
California, Florida, and Massachusetts, turned to explicit
denormalization strategies (USDHHS 2000). They aimed
“to push tobacco use out of the charmed circle of normal,
desirable practice to being an abnormal practice” (Cali-
fornia Department of Health Services 1998, p. 3). In the
late 1990s, the states received substantial funding from
the 1998 Master Settlement Agreement (MSA) between
the tobacco companies and the attorneys general of 46
states (USDHHS 2000, 2012). Initially, some of the funds
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from the MSA were directed to tobacco control, but the
funding declined as states used the revenues for other pur-
poses and only a few states ever reached the CDC’s recom-
mended funding levels (Sloan et al. 2005; CDC 2012).

Additionally, after decades of failed personal injury
lawsuits against the tobacco industry for smoking-related
harms, the climate for tobacco industry litigation trans-
formed during the 1990s. There was one major develop-
ment with Cipollone v. Liggeft Group, Inc., a personal
injury case filed in 1983 on behalf of a New Jersey smoker
and lung cancer victim (Cippollone v. Liggett Group
1988). The plaintiffs gained access to some internal
tobacco company documents supporting claims that the
industry had conspired to withhold information about
harm from the public. But, it was during the 1990s that
far more complete access was gained to the industry’s
internal documents. Two major events made this possible.
First, an employee of a law firm that represented tobacco
companies released documents to the public that exposed
the tobacco companies’ misconduct. Second, class-action
litigation and litigation on behalf of state governments
allowed plaintiffs to combine their resources and expertise
on a scale not before realized (Miura et al. 2006). The liti-
gation by the State of Minnesota and Blue Cross and Blue
Shield of Minnesota resulted in the release of the indus-
try’s documents and their maintenance in two reposito-
ries, one in Minnesota for the U.S. industry and the other
in Guildford, England, for British American Tobacco’s
documents. Under the MSA, the industry is required to
continue to place its documents into a depository until
2021. The Legacy Tobacco Documents Library at the Uni-
versity of California at San Francisco (2013) was created to
house these documents.

The MSA was the result of suits by state governments
against tobacco companies to recover Medicaid expenses
they had paid to care for sick smokers (USDHHS 2000).
From 1993-1998, almost every state filed an action against
the tobacco companies. The process ended with individual
settlements with the states of Florida, Minnesota, Missis-
sippi, and Texas, and the MSA with the remaining 46 states
and the District of Columbia. The MSA required tobacco
companies to pay $206 billion over the initial 25 years of
the agreement. The MSA did not just provide monetary
relief to the states, but also placed restrictions on the
tobacco companies that included ending cigarette bill-
board advertising, banning the use of merchandise with
cigarette brand names, and limiting sponsorships. Addi-
tionally, as a result of the Minnesota Settlement and the
MSA, tens of millions of pages of internal memoranda,
reports, and other tobacco company documents initially
acquired through litigation were made available to the
public (USDHHS 2000).
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The tobacco industry was further discredited by
congressional hearings and the litigation brought by the
U.S. Department of Justice (DOJ) against the industry,
United States v. Philip Morris, under the Racketeer Influ-
enced and Corrupt Organizations Act (RICO 1970). FDA
launched a large-scale investigation into the manipulation
of nicotine levels in cigarettes and marketing to youth and,
for the first time, asserted jurisdiction over cigarettes as
drug delivery devices (see Chapter 14). At a 1994 hearing,
seven tobacco company CEOs insisted that they believed
nicotine was not addictive and not a cause of disease. Pho-
tographs of the group holding up their right hands and
being sworn in at the hearing, while denying what most
members of the public knew to be true about cigarettes,
turned them into objects of ridicule and further dimin-
ished the public’s view of the tobacco industry (Brandt
2007). In the DOJ litigation, the industry was found guilty
of violating civil racketeering laws and lying to the public
about the dangers of tobacco and its marketing to chil-
dren. The opinion by Judge Gladys Kessler focused on the
representation of cigarettes with reduced machine yields
of tar and nicotine as conveying lower risks and the indus-
try’s denial of the health effects of exposure to secondhand
smoke (United States v. Philip Morris et al. 2006).

Momentum from the states’ lawsuits also turned
the political tide against the tobacco industry in the
mid-1990s, and their influence in Congress weakened
(Sack 1997). Additionally, the characteristics of legisla-
tive debates on tobacco control measures at the state level
changed from its prior focus (on the sufficiency of scien-
tific evidence of health effects during the 1970s and early
1980s) to the impact of tobacco industry activities and
marketing on children (Jacobsen and Wasserman 1997).
Evidence compiled by FTC and researchers demonstrated
that the RJ Reynolds’ Joe Camel marketing campaign had
a measurable impact on smokers below the legal age and
was accompanied by an increase in smoking initiation
among youth (DiFranza et al. 1991; Pierce et al. 1998).
During this period, tobacco companies lost credibility in
the eyes of the public. A Harris poll taken in March 1997
found that 92% of the respondents believed “tobacco com-
panies know it causes cancer even if they do not admit it”
and 80% believed that “some tobacco companies market
their products deliberately to young people” (Sack 1997).

Attitudes around the engagement of scientists and
physicians with the tobacco industry were also changing
during the 1990s. The tobacco industry had long funded
researchers through the Council for Tobacco Research and
later through the Center for Indoor Air Research (Proctor
2011). Such funding became increasingly unacceptable,
and universities began to implement policies that pro-
hibited receipt of funding from the tobacco industry. It



had also recruited researchers as consultants, who were
key in its doubt-creating initiatives. Engagement with the
industry became increasingly unacceptable for research-
ers whose reputations were tarnished by their industry
activities. At the same time, concerns about potential
conflicts of interest among scientists increased, and dis-
closure of consulting activities to universities became the
norm, making it more difficult for researchers to main-
tain secret ties to the tobacco industry. By contrast, when
the 1964 report was released, there was little concern that
scientists’ results would be influenced by their funding
source. During the 1990s, a number of tobacco control
researchers and organizations began to speak out against
tobacco industry funding of research at academic institu-
tions. Some academic medical journals instituted policies
refusing to accept papers for review if the research had
been funded by the tobacco industry. In 1994, a num-
ber of academic medical centers, including Brigham and
Women’s Hospital, Massachusetts General Hospital, MD
Anderson Cancer Center, Roswell Park Cancer Institute,
and others, adopted policies barring their faculty and
staff from accepting tobacco industry support. The bio-
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medical research community was divided over the issue
at the time, as some academic medical leaders objected
that restrictions on funding from any particular indus-
try would amount to a restriction on academic freedom.
However, tobacco control advocates countered that the
tobacco industry’s well-documented record of manipu-
lating scientific information and the extent of the harms
from cigarette smoking distinguished them from other
industries (Proctor 2011).

Under Commissioner David A. Kessler, who held
the office from 1990-1997, FDA had attempted to regu-
late tobacco products (USDHHS 2000). This effort was
ended by the Supreme Court, which found that Congress
had not intended that FDA should regulate tobacco when
it passed the Food, Drug, and Cosmetic Act (Bayer et al.
2013; Orentlicher 2013). With the passage of the Family
Smoking Prevention and Tobacco Control Act (Tobacco
Control Act) in 2009, FDA received authority to regulate
tobacco products. FDA's Center for Tobacco Products is
now proceeding with implementation of the provisions of
the Act (see Chapter 14).

Over the “cigarette century,” cigarette smoking
prevalence has risen and fallen and moved from being
widely accepted to socially unacceptable. In 1964, almost
one-half of U.S. adults were cigarette smokers and smok-
ing was ubiquitous in many public places, including res-
taurants, theaters, and airplane cabins. Today, the overall
prevalence of U.S. adult smoking is around 20%, less than
one-half of what it was in 1964 (see Chapter 13); as of
April 2013, 81% of the U.S. population lives in munici-
palities covered by a smoke-free workplace law at the state
or local level that includes at least nonhospitality work-
places (American Nonsmokers’ Rights Foundation 2013).
Twenty-four states and the District of Columbia have
100% smoke-free workplace laws that also cover bars and
restaurants. In July 2011, a Gallup poll reported that for
the first time, a majority of Americans (59%) supported
a ban on smoking in all public places (Newport 2011).
Opinions of the tobacco industry have fallen so low that
it is now consistently ranked among the most distrusted
of industries (Harris Poll 2012). The industry has been
found guilty in the courts as well. Most notably, in 2006,
U.S. District Judge Kessler ruled in the decade-long DOJ’s
lawsuit against the tobacco industry, finding “the indus-
try had marketed and sold their lethal products with zeal,

with deception, with a single-minded focus on their finan-
cial success, and without regard for the human tragedy or
social costs that success exacted” (United States v. Phillip
Morris 2006, p. 28). The tobacco industry is the only legal
industry to have been pursued and convicted under fed-
eral racketeering statutes.

The epidemic of smoking-caused disease in the
twentieth century ranks among the greatest public health
catastrophes of the century, while the decline of smok-
ing consequent to tobacco control is surely one of public
health’s greatest successes. Many premature deaths have
been avoided because of tobacco control programs, but
many more could have been avoided if smoking preva-
lence had dropped more rapidly when the early warnings
of lung cancer risk were widely reported in 1950. The 1964
Surgeon General’s report gave momentum to tobacco
control; the authority of the Surgeon General, and the
approach of the Advisory Committee to developing the
report, gave unimpeachable credibility to the conclusion
that smoking caused lung cancer (in men). That same
authority has empowered the conclusions of subsequent
reports that have covered involuntary smoking, addiction
to nicotine, tobacco control interventions, smoking by
adolescents and young adults, and other topics.
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Tobacco control programs proved more challenging
than simply disseminating knowledge to the population
of the dangers of smoking. Brandt notes that “Smoking
is a complex behavior which has reflected deep social,
cultural, and economic forces, as well as a powerful bio-
logical process of addiction. Simply identifying individual
behavior as the primary vehicle of risk negates the fact
that behavior itself is, at times, beyond the scope of indi-
vidual agency” (Brandt 1990, p. 172). This complexity, the
addicting nature of nicotine, and the dynamic efforts of
the industry to maintain its market, challenged initial
efforts to curb tobacco use. Over time, the need for broad
interventions with multiple components was recognized,
and cigarette consumption began to decline at a faster
pace (Figure 2.1). Several factors were particularly cru-
cial in altering social norms around cigarette smoking in
the United States, making it increasingly less acceptable:
(1) the emergence of a nonsmokers’ rights movement and
evidence linking exposure to secondhand smoke to dis-
ease; (2) an understanding of regular cigarette smoking
as an addictive behavior and one that begins in adoles-
cence; and (3) a focus on the tobacco industry itself as a
key influence on smoking behavior and the importance
of countering its actions. Other factors played a role in
shaping attitudes and policies around cigarette smoking,
including changes in political administrations, the devel-
opment of a grassroots advocacy movement, the changing
climate for litigation, and developments in the organiza-
tion of public health research.

The production of the 1964 Surgeon General’s
report itself was a significant public health action, even if
direct and immediate policy action seemed slow to follow.
Additionally, the 1964 report was a pioneering step toward
anticipating a much larger role for government, in col-
laboration with scientists, to use science to inform regula-
tory and other policies. This approach is embodied in the
2009 Tobacco Control Act. Although early twentieth cen-
tury antitobacco reformers appealed to moral and social
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concerns to support their cause, the 1964 report rein-
forced the central role of science as the primary authority
to inform public health policy. Subsequent reports have
maintained that position.

Because of the complexity of the factors involved,
it is difficult to measure the degree to which particular
interventions, following the 1964 report, influenced pat-
terns of tobacco use. However, it is clear that tobacco con-
trol policies and actions need to draw on the full suite of
interventions of proven efficacy. Grassroots activities and
coalitions have played a critical role, as they supported
smoking bans and had substantial impact in changing the
social norm around smoking.

The past half-century of public health experience
with cigarette smoking, since the 1964 report, holds many
important lessons for the future and for the actions that
will follow from this report. Overall, this ongoing story
illustrates the complexity of the factors involved and the
need to consider cigarette smoking, not simply as an indi-
vidual decision about behavior, but as a large-scale social
and cultural phenomenon. Despite the conclusive evidence
of the harms of cigarette smoking presented in the 1964
report, as evaluated by an objective group of experts, the
process of changing public beliefs, attitudes, and behav-
iors took decades, and the implementation of effective
policies involved a lengthy process of intervention, evalu-
ation, and surveillance. The tobacco industry’s extensive
campaign to counteract these forces through marketing,
public relations, political influence, and creation of doubt
about the scientific evidence on tobacco is now well docu-
mented through the industry’s internal documents. The
industry used its influence to thwart public health action
at all levels and fraudulently misled the public on many
issues, including whether lower-yield cigarettes conveyed
less risk to health and whether exposure to secondhand
smoke harmed nonsmokers. Undoubtedly, these actions
slowed progress in tobacco control.
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Introduction

The Health Consequences of Smoking—50 Years of Progress

In 1964, U.S. Surgeon General Luther L. Terry
appointed an expert committee to submit a report to
review and evaluate the current data on smoking and
health. The publication of the committee’s report, Smok-
ing and Health: Report of the Advisory Committee to the
Surgeon General of the United States (U.S. Department of
Health, Education, and Welfare [USDHEW] 1964), marked
the first of a long series of reports issued by the Office of
the Surgeon General to the American people on smoking
and health (Table 3.1). This series of reports, released over
a b0-year period, comprises a remarkable set of scientific
documents that have provided internationally accepted
consensus judgments on the scientific evidence implicat-
ing smoking in disease causation. In addition, the reports
have built a scientific foundation to support tobacco con-
trol programs and interventions intended to control the
epidemic of tobacco-caused disease (see Chapter 2, “Fifty
Years of Change—1964-2014"). The reports have also been
invaluable to the scientific community by highlighting
what is known in this area and identifying the critical evi-
dence gaps to be addressed with further research. Finally,
the methods for reviewing evidence and causal inference
have been widely applied in other contexts (Rothman and
Greenland 1998).

The reports of the Surgeon General have developed a
formal framework for assessing evidence on disease causa-
tion, and the formats of the reports have provided detailed
presentations of the scientific evidence underlying each
of their conclusions (USDHEW 1964; U.S. Department of
Health and Human Services [USDHHS] 2004). The reports
have been produced using a balanced and comprehensive
review and editorial process to ensure that the evidence,
rather than the authors’ opinions, defines the conclu-
sions. Across the five decades of reports, the emphasis has
been on the evidence base and the scientific validity of the
conclusions, and scientific conclusions have been clearly
separated from any policy decisions that may result from
the findings.

The result of the work undertaken over this 50-year
period has been a series of reports that have maintained
their utility and credibility despite marked shifts in gov-
ernmental policies toward tobacco, powerful opposi-
tion from tobacco industry interests, and the sometimes
heated debates on science and policy that have taken place
within the tobacco control community. This chapter cov-
ers the production and evolution of the reports during the
past 50 years, emphasizing the processes that have sus-
tained their utility.

Development of a Scientific Consensus

Often considered the first report of the Surgeon
General on the health consequences of smoking, the 1964
report on smoking and health was actually (as noted in
the introduction above) a report of an expert Advisory
Committee to the Surgeon General (USDHEW 1964).
Although this report is widely viewed as pivotal in estab-
lishing with certainty that cigarette smoking causes lung
cancer, a similar conclusion with regard to causation had
been reached earlier by several scientific reviews and by
Surgeon General Leroy E. Burney (see Chapter 2).

Given the rising evidence and to once again criti-
cally review the cumulative evidence, the Surgeon Gen-
eral in 1962 convened an independent group of scientists
who had not up to that time publicly expressed an opinion
on whether smoking caused lung cancer. This group of

scientists was asked to review all of the available evidence
on possible links between cigarette smoking and disease
and to form a scientific judgment on this issue. In addi-
tion, the scientists were expected to report back to the
Surgeon General with a solid evidence-based foundation
for appropriate remedial action by the U.S. Public Health
Service (PHS) responding to the emerging epidemic of
lung cancer being caused by a highly profitable consumer
product, the cigarette.

To ensure transparency, the committee codified the
criteria used to reach the conclusion that smoking causes
lung cancer. Both the resulting systematic, transparent
review and the synthesis of evidence using those criteria
were pioneering for the time.
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Surgeon General’s Report

Table 3.1 Surgeon General’s reports on smoking and health, 1964-2012
Number
Year  Title Surgeon General  Subject/highlights of pages
1964  Smoking and Health: Report of ~ Luther L. Terry, First official report of the federal government on 387
the Advisory Committee to the M.D. smoking and health. Concluded that “Cigarette smoking
Surgeon General of the Public is a health hazard of sufficient importance in the United
Health Service States to warrant appropriate remedial action” (p. 33).
Also concluded that cigarette smoking is a cause of
lung cancer in men and a suspected cause of lung
cancer in women. The report was also responsible for
the passage of the Cigarette Labeling and Advertising
Act of 1965, which among other things, mandated the
familiar Surgeon General’s health warnings on cigarette
packages (USDHEW 1964).
1967  The Health Consequences of William H. Confirmed and strengthened conclusions of the 1964 199
Smoking: A Public Health Stewart, M.D. report. Stated that “the case for cigarette smoking as the
Service Review principal cause of lung cancer is overwhelming” (p. 16).
Found that evidence “strongly suggests that cigarette
smoking can cause death from coronary heart disease”
(p. 26), which was upgraded from the 1964 conclusion of
an “association.” Also concluded that “Cigarette smoking
is the most important of the causes of chronic non-
neoplastic bronchopulmonary diseases in the United
States” (p. 31) (USDHEW 1967).
1968  The Health Consequences of William H. Updated information that was presented in the 1967 117
Smoking: 1968 Supplement to Stewart, M.D. report. Estimated that smoking-related loss of life
the 1967 Public Health Service expectancy among young men as 8 years for “heavy”
Review smokers (more than 2 packs/day) and 4 years for “light”
smokers (less than % pack/day) (USDHEW 1968).
1969  The Health Consequences of William H. Also supplemented 1967 report. Confirmed association 98
Smoking: 1969 Supplement to Stewart, M.D. between maternal smoking and infant low birthweight.
the 1967 Public Health Service Identified evidence of increased incidence of
Review prematurity, spontaneous abortion, stillbirth, and
neonatal death (USDHEW 1969).
1971  The Health Consequences of Jesse L. Steinfeld, Reviewed entire field of smoking and health with 458

Smoking

M.D.

emphasis on most recent literature. Discussed new
data indicating associations between smoking and
peripheral vascular disease, atherosclerosis of the aorta
and coronary arteries, increased incidence and severity
of respiratory infections, and increased mortality

from cerebrovascular disease and nonsyphilitic aortic
aneurysm. Concluded that smoking is associated with
cancers of the oral cavity and esophagus. Found that
“Maternal smoking during pregnancy exerts a retarding
influence on fetal growth” (p. 13) (USDHEW 1971).

46 Chapter 3



Table 3.1 Continued

The Health Consequences of Smoking—50 Years of Progress

Year

Title

Surgeon General

Number
Subject/highlights of pages

1972

1973

1974

1975

1976

1979

The Health Consequences of
Smoking

The Health Consequences of
Smoking

The Health Consequences of
Smoking

The Health Consequences of
Smoking

The Health Consequences of
Smoking: Selected Chapters
from 1971 through 1975

The Health Consequences of
Smoking, 1977-1978

Jesse L. Steinfeld,
M.D.

Merlin K. DuVal,
M.D.2

Charles C.
Edwards?®

Theodore Cooper,
M.D.2

Theodore Cooper,
M.D.2

Julius B.
Richmond, M.D.

Examined evidence on immunologic effects of tobacco 158
and tobacco smoke, harmful constituents of tobacco
smoke, and “public exposure to air pollution from
tobacco smoke” (p. 121). Found tobacco and tobacco
smoke antigenic in humans and animals; tobacco may
impair protective mechanisms of immune system;
nonsmokers’ exposure to tobacco smoke may exacerbate
allergic symptoms; carbon monoxide in smoke-filled
rooms may harm health of persons with chronic lung
or heart disease; tobacco smoke contains hundreds of
compounds, several of which have been shown to act as
carcinogens, tumor initiators, and tumor promoters.
Identified carbon monoxide, nicotine, and tar as smoke
constituents most likely to produce health hazards of
smoking (USDHEW 1972).

Presented evidence on health effects of smoking pipes, 249
cigars, and “little cigars.” Found mortality rates of pipe

and cigar smokers higher than those of nonsmokers

but lower than those of cigarette smokers. Found that
cigarette smoking impairs exercise performance in

healthy young men. Presented additional evidence on

smoking as a risk factor in peripheral vascular disease

and problems of pregnancy (USDHEW 1973).

Tenth anniversary report. Reviewed and strengthened 124
evidence on major hazards of smoking. Reviewed

evidence on association between smoking and

atherosclerotic brain infarction and on synergistic

effect of smoking and asbestos exposure in causing lung
cancer (USDHEW 1974).

Updated information on health effects of involuntary 235
(passive) smoking. Noted evidence linking parental

smoking to bronchitis and pneumonia in children

during the first year of life (USDHEW 1975).

Compiled selected chapters from 1971-1975 reports 657
(USDHEW 1976).

Combined 2-year report focused on smoking-related 60
health problems unique to women. Cited studies

showing that use of oral contraceptives potentiates

harmful effects of smoking on the cardiovascular system
(USDHEW 1979b).
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Table 3.1

Continued

Year

Title

Surgeon General

Number

Subject/highlights of pages

1979

1980

1981

1982

1983

Smoking and Health

The Health Consequences of
Smoking for Women

The Health Consequences
of Smoking—The Changing
Cigarette

The Health Consequences of
Smoking-Cancer

The Health Consequences
of Smoking—Cardiovascular
Disease

Julius B.
Richmond, M.D.

Julius B.
Richmond, M.D.

Julius B.
Richmond, M.D.

C. Everett Koop,
M.D.

C. Everett Koop,
M.D.

Fifteenth anniversary report. Presented most
comprehensive review of health effects of smoking

ever published, and first Surgeon General’s report to
carefully examine behavioral, pharmacologic, and social
factors influencing smoking; to consider role of adult
and youth education in promoting nonsmoking; and to
review health consequences of smokeless tobacco. Many
new sections, including one identifying smoking as “one
of the primary sources of drug interactions in man”

(p. 12-22) (USDHEW 1979a).

1,194

Devoted to health consequences of smoking for women. 359
Reviewed evidence that strengthened previous findings

and permitted new ones. Noted projections that lung

cancer would surpass breast cancer as leading cause

of cancer mortality in women. Identified trend toward
increased smoking by adolescent females (UISDHHS

1980).

Examined health consequences of “the changing 252
cigarette” (i.e., lower tar and nicotine cigarettes).
Concluded that lower yield cigarettes reduced risk of
lung cancer, but found no conclusive evidence that
they reduced risk of cardiovascular disease, COPD, and
fetal damage. Noted possible risks from additives and
their products of combustion. Discussed compensatory
smoking behaviors that might reduce potential risk of
lower yield cigarettes. Emphasized that there is no safe
cigarette and that any risk reduction associated with
lower yield cigarettes would be small compared with
benefits of quitting smoking (USDHHS 1981).

Reviewed and extended understanding of the health 322
consequences of smoking as a cause or contributory
factor of numerous cancers. Included first Surgeon
General’s report consideration of emerging
epidemiologic evidence of increased lung cancer risk

in nonsmoking wives of smoking husbands. Did not
find evidence at that time sufficient to conclude that
relationship was causal, but labeled it “a possible serious
public health problem” (p. 9). Discussed potential for
low-cost smoking cessation interventions (UISDHHS
1982).

Examined health consequences of smoking for 384
cardiovascular disease. Concluded that cigarette

smoking is 1 of 3 major independent causes of CHD and,

given its prevalence, “should be considered the most
important of the known modifiable risk factors for CHD”

(p. 6). Discussed relationships between smoking and

other forms of cardiovascular disease (USDHHS 1983).
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The Health Consequences of Smoking—50 Years of Progress

Number
Year  Title Surgeon General  Subject/highlights of pages
1984  The Health Consequences of C. Everett Koop,  Reviewed evidence on smoking and COLD. Concluded 545

Smoking—Chronic Obstructive
Lung Disease

1985  The Health Consequences of
Smoking—Cancer and Chronic
Lung Disease in the Workplace

1986  The Health Consequences of
Involuntary Smoking

1986  The Health Consequences of
Using Smokeless Tobacco

1988  The Health Consequences of
Smoking—Nicotine Addiction

1989  Reducing the Health
Consequences of Smoking-25
Years of Progress

M.D.

C. Everett Koop,
M.D.

C. Everett Koop,
M.D.

C. Everett Koop,
M.D.

C. Everett Koop,
M.D.

C. Everett Koop,
M.D.

that smoking is the major cause of COLD, accounting
for 80-90% of COLD deaths in the United States. Noted
that COLD morbidity has greater social impact than
COLD mortality because of extended disability periods of
COLD victims (USDHHS 1984).

Examined relationship between smoking and hazardous 542
substances in the workplace. Found that for the majority

of smokers, smoking is a greater cause of death and

disability than their workplace environment. Risk of

lung cancer from asbestos exposure characterized as
multiplicative with smoking exposure. Observed special
importance of smoking prevention among blue-collar

workers because of their greater exposure to workplace
hazards and their higher prevalence of smoking

(USDHHS 1985).

Focused on involuntary smoking, concluding that 359
“Involuntary smoking is a cause of disease, including
lung cancer, in healthy nonsmokers” (p. 7). Also found
that, compared with children of nonsmokers, children of
smokers have higher incidence of respiratory symptoms
and infections and reduced rates of increase in lung
function. Presented detailed examination of growth in
restrictions on smoking in public places and workplaces.
Concluded that simple separation of smokers and
nonsmokers within same airspace reduces but does not
eliminate exposure to environmental tobacco smoke
(USDHHS 1986a).

Special report of advisory committee appointed by the 195
Surgeon General to study the health consequences of
smokeless tobacco. Concluded that use of smokeless

tobacco can cause cancer in humans and can lead to

nicotine addiction (USDHHS 1986b).

Established nicotine as a highly addictive substance, 639
comparable in its physiological and psychological

properties to other addictive substances of abuse

(USDHHS 1988).

Twenty-fifth anniversary report highlighted the 703
dramatic progress that was achieved since the first

report was issued in 1964. Highlighted important gains

in preventing smoking and smoking-related disease,

reviewed changes in programs and policies designed to

reduce smoking, and emphasized remaining challenges
(USDHHS 1989).
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Table 3.1 Continued

Number
Year  Title Surgeon General  Subject/highlights of pages
1990  The Health Benefits of Smoking  Antonia C. Examined how an individual’s risk of smoking-related 628
Cessation Novello, M.D., diseases declines after quitting smoking (USDHHS
M.P.H. 1990).
1992  Smoking and Health in the Antonia C. Reviewed broad issues surrounding production and 213
Americas Novello, M.D., consumption of tobacco in the Americas (USDHHS
M.PH. 1992).
1994  Preventing Tobacco Use Among M. Joycelyn Addressed the crucial problems of adolescent tobacco 314
Young People Elders, M.D. use by providing a detailed look at adolescence, the time
of life when most tobacco users begin, develop, and
establish their smoking behavior (USDHHS 1994).
1998  Tobacco Use Among U.S. Racial/  David Satcher, Described the 4 major U.S. racial/ethnic minority 332
Ethnic Minority Groups M.D., Ph.D. groups—African Americans, American Indians and
Alaska Natives, Asian Americans and Pacific Islanders,
and Hispanics—patterns of tobacco use, adverse health
effects, and the effectiveness of interventions in terms
of tobacco’s cultural and socioeconomic effects on the
members of these groups. This report described the
complex factors that play a part in the growing epidemic
of diseases caused by tobacco use in these 4 groups
(USDHHS 1998).
2000  Reducing Tobacco Use David Satcher, First report to offer a composite review of the various 462
M.D., Ph.D. methods used to reduce and prevent tobacco use. This
report evaluated each of the 5 major approaches to
reducing tobacco use: educational, clinical, regulatory,
economic, and comprehensive (UISDHHS 2000).
2001  Women and Smoking David Satcher, Concluded that the increased likelihood of lung 675
M.D., Ph.D. cancer, cardiovascular disease, and reproductive health
problems among female smokers make tobacco use a
serious women’s health issue (USDHHS 2001).
2004  The Health Consequences of Richard Concluded that smoking causes diseases in nearly every 941
Smoking Carmona, M.D., organ of the body. Also concluded that cigarette smoking
M.P.H. is causally linked to leukemia, cataracts, pneumonia,
and cancers of the cervix, kidney, pancreas, and stomach
(USDHHS 2004).
2006 The Health Consequences Richard Concluded that there is no risk-free level of exposure to 709
of Involuntary Exposure to Carmona, M.D., secondhand smoke. Found that even brief secondhand
Tobacco Smoke M.P.H. smoke exposure can cause immediate harm. The
report said the only way to protect nonsmokers from
the dangerous chemicals in secondhand smoke is to
eliminate smoking indoors (USDHHS 2006).
2010  How Tobacco Smoke Causes Regina Benjamin, Described in detail the specific pathways by which 704

Disease—The Biologic and
Behavioral Basis for Smoking-
Attributable Disease

M.D., M.BA.

tobacco smoke damages the human body (USDHHS

2010).

50 Chapter 3



Table 3.1 Continued

The Health Consequences of Smoking—50 Years of Progress

Number
Year  Title Surgeon General  Subject/highlights of pages
2012 Preventing Tobacco Use Among  Regina Benjamin, Updated the 1994 report on youth and described the 899

Youth and Young Adults M.D., M.B.A.

epidemic of tobacco use among youth 12-17 years of
age and young adults 18-25 years of age, including the
epidemiology, causes, and health effects of this tobacco
use and interventions proven to prevent it (USDHHS
2012).

Note: CHD = coronary heart disease; COLD = chronic obstructive lung disease; COPD = chronic obstructive pulmonary disease;
USDHEW = U.S. Department of Health, Education and Welfare; USDHHS = U.S. Department Health and Human Services.

2Assistant Secretary for Health issued the report.

Development of the Criteria for Causation Used

in the 1964 Report

The meaning of the word “cause” has a long and
rich philosophical history; the term has been applied vari-
ably in different scientific contexts. Among these contexts
have been the demonstration of causation experimen-
tally in the laboratory, the causal attribution of a specific
infectious disease to a specific microbiologic agent, and the
understanding of the mechanism(s) leading to a disease.
In the years before the creation of the Advisory Commit-
tee, the groups which considered the question of cigarette
smoking as a cause of lung cancer recognized that these
scientific contexts, and the resulting context-specific con-
structs of causation, could not be readily applied to the
question of whether cigarette smoking caused human
disease (Blackburn and Labarthe 2012; Glass et al. 2013).
Obtaining direct experimental evidence in humans is an
ethical impossibility and understanding the mechanisms
of disease occurrence involves considering an ongoing,
open-ended set of scientific questions. Furthermore, nei-
ther of these scientific contexts for defining causation
is well suited to examining the effects of human behav-
iors and exposures on subsequent disease occurrence
in populations.

The early scientific reviews that examined whether
smoking causes human disease used the common, gen-
erally understood meaning of the term “cause”: that the
disease occurs as a result of exposure to the agent. This
meaning was expressed in the 1964 report of the Surgeon
General as follows: “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 associated
disorder or disease in the host” (USDHEW 1964, p. 21).

The 2004 Surgeon General’s report, The Health
Consequences of Smoking, described the subsequent
refinement of the 1964 language for application in public
health and epidemiologic considerations as “The qualita-
tive 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” (USDHHS 2004, p. 10).

The 1964 report of the Advisory Committee clearly
stated that the decision that cigarette smoking was a cause
of lung cancer in men resulted from a judgment based
on a synthesis of all of the available evidence, rather than
the outcome of a single scientific study or a single line of
evidence. Specifically, the report (UISDHEW 1964, p. 20)
noted:

Statistical methods cannot establish proof of a
causal relationship in an association. The causal
significance of an association is a matter of
judgment which goes beyond any statement of
statistical probability. To judge or evaluate the
causal significance of the association between
the attribute or agent and the disease, or effect
upon health, a number of criteria must be uti-
lized, no one of which is an all-sufficient basis
for judgment.

Included in the evidence base for the 1964 report
were observational data from epidemiologic studies
of human populations. During the 1940s and 1950s,
epidemiology was rapidly developing as a scientific disci-
pline, but the observational, as opposed to experimental,
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nature of epidemiologic approaches led some scientists
to question whether such approaches could be used to
determine causation scientifically. Others confused epi-
demiologic analyses with the statistical methods used to
describe the data (Shimkin 1979). Cigarette manufactur-
ers and their spokespersons capitalized on this confusion
by claiming that only experimental approaches could lead
to evidence establishing causation: the evidence used by
public health authorities to conclude that smoking caused
lung cancer was only “statistical” and therefore not scien-
tific (Brandt 2007; Proctor 2011).

Given the ethical impossibility of conducting human
experiments to establish causation and recognizing the
validity of epidemiologic methods, the various groups
(before the Advisory Committee’s report) that examined
the question of whether cigarette smoking caused lung
cancer had relied heavily on epidemiologic studies as
a key part of the evidence base establishing causation.
Each review described how the epidemiologic data were
examined and considered. The reviews acknowledged that
epidemiologic studies lacked the methodologic reassur-
ance and needed careful attention to identify potential
methodologic flaws, various biases, and both measured
and unrecognized confounding (e.g., lifestyle differences
between never smokers and smokers) that might have
resulted in the demonstrated association. Each of these
reports explained how these factors were considered in
assessing the evidence, but the Advisory Committee went
further and defined the criteria by which epidemiologic
evidence could be examined and synthesized to reach a
causal judgment.

The Committee’s process for using epidemiologic
data in assessing causation included multiple steps. The
process involved: (1) establishing that cigarette smoking
was associated with lung cancer; (2) examining whether
the association could be explained by other factors such as
methodologic flaws, bias, or confounding; (3) examining
whether there were plausible alternative explanations for
the observed association; (4) considering the main points
of criticisms raised about the association and its poten-
tial causal nature; and (5) ensuring all of the lines of evi-
dence were generally consistent with a causal hypothesis
(USDHEW 1964). A similar careful and extensive process
for considering evidence of causality had been imple-
mented earlier by Cornfield and colleagues (1959) in their
review of smoking and lung cancer: their considerations
provided guidance for the methodologic approach adopted
by the Advisory Committee in 1964. Subsequent reports
of the Surgeon General have used the same approach
for examining questions of causality for smoking and
specific diseases.

In its report, the Advisory Committee formally pre-
sented a set of criteria by which epidemiologic data could
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be used to define the causation of human disease: (1) the
consistency of the association (replication of findings
across different studies and populations), (2) the strength
of the association (magnitude of the increased risk associ-
ated with exposure), (3) the specificity of the association
(presence of a unique exposure-disease association), (4)
the temporal relationship of the association (exposure
comes before effect), and (5) the coherence of the associa-
tion (support for the association from other lines of evi-
dence) (USDHEW 1964).

These criteria were included in the widely recog-
nized criteria for interpreting epidemiologic evidence in
public health presented by Sir Austin Bradford Hill in
1965 (Hill 1965). The Bradford Hill criteria added four
additional criteria, most notably the presence of a biologic
gradient (dose-response relationship) in the evidence.
The other three included plausibility (subsumed under
coherence in the Surgeon General’s criteria), experiment,
and analogy.

Detailed discussions of these criteria, how they
evolved, and how they are applied in reviewing epi-
demiologic evidence are presented in the 1964 report
(USDHEW 1964) and the 2004 report (USDHHS 2004);
that discussion will not be repeated here. Rather, the
public health significance of formally expressed criteria
for the use of epidemiologic evidence in defining causal-
ity is the focus of the present discussion. Historically, the
articulation of these criteria marked a turning point in the
utilization and acceptance of epidemiologic evidence. It
laid the foundation for the current widespread use of epi-
demiologic evidence to define disease causation and iden-
tify methods for disease prevention and education of the
public. These criteria, and their use by the Advisory Com-
mittee in reaching a judgment that smoking caused lung
cancer in men, established an approach that remains in
use for causal inference based around epidemiological and
other evidence.

Evolution of the Application of the
Criteria for Disease Causation in
Subsequent Reports

As the evidence on smoking as a cause of disease
expanded to include numerous disorders or problems
(various cancers, multiple manifestations of atheroscle-
rotic vascular disease, chronic obstructive pulmonary dis-
ease [COPD], complications of pregnancy, and a myriad of
other diseases and conditions [USDHHS 2004]), a variety
of terms were used to describe the established causal asso-
ciations, including “cause,” “causal factor,” “risk factor,”
“contributing factor,” and “causal association.” Some of

” o«



these descriptor choices were stylistic, reflecting the pref-
erences of authors and editors; others reflected differences
in how causal associations were described for different dis-
ease processes, notably the use of risk factor in the litera-
ture on cardiovascular disease, where there are multiple
causal factors. However, some uses of these terms were
intended to convey different levels of certainty about the
strength of the evidence establishing causation.

This use of multiple terms led to some ambiguity
and confusion as to what was actually being said. Eventu-
ally, terms modifying the descriptors of causality were also
introduced. These terms described the impact of smoking
on the population in relation to either other causes of dis-
ease or the contribution of smoking for a specific disease.
For example, the 1989 Surgeon General’s report on smok-
ing and health stated that “Smoking remains the single
most important preventable cause of death in our soci-
ety” (USDHHS 1989, p. 11). This modifier was intended
to describe the magnitude of the effect of smoking on the
population in contrast to other causes of premature death.
Similarly, the relationship of cigarette smoking and lung
cancer was described as “Cigarette smoking is the major
cause of lung cancer in the United States” (USDHHS 1982,
p. 5), which qualitatively characterized the fraction of lung
cancer deaths in the population caused by smoking. This
mixing of terms, which quantified the population disease
burden with terms describing the strength of the evidence
establishing disease causation, had the potential to create
ambiguity about what was being concluded, particularly
when the modifier was used for some diseases but not oth-
ers, in the same report.

Importantly, the 2004 Surgeon General’s report
on smoking and health (USDHHS 2004) standardized
the forms in which judgments on disease causation and
statements about the population consequences of dis-
eases caused by smoking were presented. For causation,
the language, which defined the strength of the evidence
establishing that smoking caused a specific disease, was
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made uniform to ensure clarity across the divergent dis-
ease processes, as illustrated by the following statement
from the report:

The first step in introducing this revised approach
is to outline the language that will be used for
summary conclusions regarding causality, which
follows hierarchical language used by Institute
of Medicine committees (Institute of Medicine
1999) to couch causal conclusions, and by IARC
[International Agency for Research on Cancer]
to classify carcinogenic substances (IARC 1986).
These entities use a four-level hierarchy for clas-
sifying the strength of causal inferences based on
available evidence as follows: (a) Evidence is suf-
ficient to infer a causal relationship; (b) Evidence
is suggestive but not sufficient to infer a causal
relationship; (c) Evidence is inadequate to infer
the presence or absence of a causal relationship
(which encompasses evidence that is sparse, of
poor quality, or conflicting); and (d) Evidence is
suggestive of no causal relationship (USDHHS
2004, pp. 17-18).

The evidence on disease causation for each spe-
cific disease is synthesized, and a judgment on causation
is made and expressed using the standardized language
presented above. This format clearly defines both the evi-
dence on which the judgment is based and the strength
with which that conclusion can be expressed. As for the
public health impact of smoking-caused disease for the
population and the fraction of the disease caused by smok-
ing, both are presented in these reports under a separate
heading named “Implications” following the Conclusions
section. It is in that section that the population-level
impact of smoking and the fraction of the disease caused
by smoking are examined.

Methods for Reviewing the Evidence and Developing

Conclusions

The reports of the Surgeon General have continued
to play a role in defining the science that underlies efforts
in tobacco control by certifying the causation of various
diseases and expressing the state of the science on the effec-
tiveness of tobacco control interventions, approaches, and
policies. The success of the series of reports reflects the

processes used for reviewing and presenting the evidence
and for the development of the conclusions. The processes
used for subsequent reports evolved from the process used
in the 1964 report of the Advisory Committee.

The 1964 report, at 387 pages, was substantively lon-
ger than the independent reviews that had preceded it. As
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a consequence, it was able to offer a much more detailed
presentation of the evidence in the text rather than simply
providing references to the individual studies in support
of the conclusions.

The depth of the evidence presentation in the Advi-
sory Committee’s report in 1964 can be seen readily in
subsequent reports, and this comprehensive approach has
been one reason for the reports’ continuing credibility. An
editorial standard evolved that required the conclusions of
individual sections of the report to be based on discussions
of the literature presented in the text that were coupled
with relevant study results presented in the text, tables,
and figures of those sections. This approach, of present-
ing the totality of evidence in sufficient detail to allow the
reader to evaluate it, contrasted with the general approach
of the time for written reviews, which relied heavily on
syntheses of evidence by authors with literature citations
for the publications reviewed. In the Surgeon General’s
reports, presentation of the critical findings from the
relevant studies, coupled with discussion of the methods
used to generate the evidence in the text of the report, has
allowed readers to assess the validity of the conclusions
directly rather than requiring them to conduct a time-
consuming search of the cited publications. This trans-
parency has strengthened the reports’ findings in the face
of the inevitable criticisms.

In synthesizing the evidence on exposure to sec-
ondhand smoke and disease, meta-analysis has been used,
both in the Surgeon General’s reports and in other evalu-
ations. Generally, the term “meta-analysis” refers to the
systematic analysis and quantitative summarization of
the findings of multiple studies containing evidence to
address the same question (Greenland 1987; Egger and
Davey Smith 1997; Institute of Medicine 2011). In a meta-
analysis, the data are the summary findings of the studies
identified through a systematic review and not the data at
the individual level. Meta-analysis has been used to sum-
marize the evidence on exposure to secondhand smoke,
primarily because the associations are generally much
weaker than they are for active smoking. Meta-analysis
was not used in the 1986 report, but it was applied to
multiple outcomes in the 2006 report, The Health Conse-
quences of Involuntary Exposure to Tobacco Smoke, and
is used in this report.

Although meta-analysis has proven useful for sum-
marizing the evidence and quantifying the risks of expo-
sure to secondhand smoke as precisely as possible, the
findings of meta-analyses and, particularly, information
on whether an association found in the meta-analysis was
statistically significant, have not figured directly in the
causal inferences presented in the reports of the Surgeon
General. The results are most useful for providing a single,
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combined estimate of the risk for calculating the associ-
ated burden of disease and, potentially, for exploring why
results vary from study to study.

The practice of presenting the relevant evidence
needed to support the conclusions also has helped to
ensure the validity of the conclusions as has the tiered
approach and peer review process of the chapters. In the
Surgeon General’s reports, the initial author of an indi-
vidual section is tasked with reviewing and assembling all
of the relevant evidence available and presenting it in the
text and related tables and figures with a level of detail
sufficient to support the conclusions. Based on that pre-
sentation, the author then considers and discusses what
conclusions the evidence supports. This comprehen-
sive review process helps reduce inaccuracies that may
occur when authors synthesize the evidence and reach
conclusions based on their recall of what the literature
shows, rather than on the evidence actually contained in
that literature.

Passing the section on to the editors allows a differ-
ent group of people to consider the evidence presented to
evaluate the basis for the conclusions and to revise them,
if appropriate. Similarly, as the chapters and reports pro-
ceed through the various review stages, the reviewers
can independently consider the evidence presented as
they consider the accuracy, completeness, balance, tone,
and language of the conclusions. In providing their com-
ments, the reviewers can focus on the evidence presented,
consider whether the review of that evidence is complete,
and judge whether the conclusions are supported by
the evidence.

The intense criticisms of the reports by the cigarette
manufacturers and their representatives prior to the late
1990s (see Chapter 2) helped to strengthen the process of
developing conclusions for the reports. The anticipation of
criticism motivated the development of conclusions that
were firmly based on evidence without speculation. Before
its elimination as a result of the 1998 Master Settlement
Agreement, the Tobacco Institute (a representative of cig-
arette manufacturers) conducted a well-funded and highly
visible public relations campaign to denigrate the quality
of the science in each Surgeon General’s report and ques-
tion the validity of their conclusions (Kluger 1996; Brandt
2007; Proctor 2011). Based on the historical pattern of
challenges to the Surgeon General’s reports (see Chapter
14, “Current Status of Tobacco Control”) the authors, edi-
tors, and reviewers of the reports assumed that every con-
clusion might be challenged and, therefore, each had to
be solidly and fully supported by sufficient evidence. The
result was that, as conclusions were drafted and reviewed,
there was an intense focus on the quality and robustness
of the evidence. Conclusions were structured to be unas-



sailably grounded in a foundation of evidence and the
language of the conclusions was “conservative” such
that the strength of evidence was not overstated. As
the evidence foundation advanced, conclusions were
strengthened.

This effort to achieve scientific transparency by lay-
ing out the evidence foundation for the conclusions has
defined with clarity the state of the scientific evidence on
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disease causation, the effectiveness of efforts in tobacco
control, and the consequences of changes in public policy.
In addition, it has provided solid support for evidence-
based public policy decisions on tobacco issues, has iden-
tified the areas where scientific certainty exists as separate
from those areas where uncertainty remains, and has
been a principal reason for the enduring credibility of this
series of reports.

Process of Ensuring Consensus and Strength of the Peer Review

In a series of governmental reports, such as those
of the Surgeon General which have both great visibility
and a substantial impact on public policy, protections are
needed to resist influences that could distort the process
of forming a consensus and affect the conclusions.

As a report is in development, a myriad of factors
may come into play: political pressures; pressures from a
variety of individuals and groups to have the conclusions
conform to their preexisting policy positions; the recog-
nition that some conclusions can influence decisions on
research funding; and even the well-intentioned belief of
authors of sections of the report that the final conclusions
should substantiate positions they have adopted based
on their own research. Without a process to insulate
the report’s conclusions from such influences, the con-
clusions might be perceived as based on the politics and
pressures of the moment rather than on a consensus of
scientific opinion.

The National Clearinghouse for Smoking and Health
prepared the initial series of reports (1967-1976) which
followed the 1964 Surgeon General’s report. The scientific
and technical staff of the clearinghouse, a forerunner of
the current Centers for Disease Control and Prevention’s
Office on Smoking and Health, was responsible for both
drafting and editing the volume. The 1971 report, The
Health Consequences of Smoking, was a comprehensive
review of all of the available evidence, but the other reports
in the 1967-1976 period were intended to review the evi-
dence on the relationship of smoking to cancer, cardiovas-
cular disease, and COPD that had been published since the
previous report, with additional chapters focusing in more
depth on specific topics. The “in-house” preparation of the
volume was counterbalanced by a multilevel review pro-
cess. Each draft chapter was reviewed by experts, external
to the clearinghouse, from the academic community and
select PHS agencies who were asked to evaluate the accu-
racy and completeness of the chapter. After the review-
ers’ comments were incorporated into the draft chapters,

the chapters were assembled into a draft report. That ver-
sion of the report was sent to a larger group of experts,
broadly knowledgeable in smoking and health, who were
asked to comment on the balance, tone, and accuracy of
the volume and its conclusions. The draft report was also
submitted for review to those agencies within PHS that
were involved with tobacco issues. Revisions were made
in response to these comments, and the volume was then
submitted for formal clearance and release as the official
position of PHS on the science of tobacco and health. As
required by law, it was also transmitted to the U.S. Con-
gress. This complex, multilayered peer review helped to
ensure not only that the science in the volume was accu-
rate but also that the positions expressed on the science
were the prevailing view of the scientific community at
the time and represented concurrence without being
unduly influenced by any one individual or group.

Beginning with the 1979 Surgeon General’s report
on smoking and health and continuing to the present,
an additional layer of insulation was added by selecting a
set of editors for each volume who were drawn from the
academic and scientific communities and, when selected,
were not employees of the federal government. These edi-
tors have been tasked with ensuring the accuracy of the
scientific content of the reports and providing additional
independent oversight for the process of incorporating
reviewers’ comments. These independent editors, rather
than the authors, have been responsible for making the
final decisions on incorporating reviewers’ comments into
the text, thereby creating a layer of objectivity regarding
reviewers’ comments as they are considered and pre-
venting the views of any single author from controlling
the conclusions.

The evolution of this production process demon-
strates that it is possible for a governmental review of a
scientific topic of high societal interest and relevance to
be conducted in a way that ensures independence and sci-
entific accuracy for the resulting scientific conclusions.
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Separation of Scientific Conclusions and the Formation of Policy

The findings of the reports of the Surgeons General
have been the basis for a wide-ranging set of policy deci-
sions and consequently some may consider the reports as
offering policy recommendations. The overall intent of
the reports, however, has been to provide a clear evidence
foundation for scientific judgments on the diseases caused
by smoking, the factors influencing smoking initiation
and cessation, the effectiveness of smoking and tobacco
control interventions, and the results of tobacco control
programs and changes in public policy. The characteriza-
tion of the state of the science on these issues remains
the mission of the reports of the Surgeon General and is
their principal enduring value. Although it is hoped that
these scientific judgments will be used in the formation
of public policy, and the reports have often examined the
evidence on the effects of public policy decisions, the con-
tent of the reports has been limited to the state of the sci-
ence on these issues. The reports have avoided defining
or recommending specific public policies, leaving those
decisions to the entities responsible for policy formation,
including the Secretary of HHS and the various compo-
nents of that department. The conclusions of the report
have been intentionally framed to state what could be
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concluded scientifically from the evidence and to lay out
the implications of those conclusions for the population.

The separation of scientific conclusions from policy
recommendations, initially adopted because policy deci-
sions and implementation occurred at organizational
levels well above that of the National Clearinghouse for
Smoking and Health, has helped to ensure the ongoing
credibility of this series of reports. Public policy decisions
are, and often must be, made before the evidence support-
ing them is complete. These reports have been the bench-
mark on the status of the evidence for decision-making.

By preserving its exclusive focus on the scientific
foundation and avoiding the inclusion of policy recom-
mendations by the scientists involved with the report, the
reports of the Surgeon General have preserved their cred-
ibility and somewhat insulated the report development
process from the need for scientific certainty among those
responsible for forming public policy. Correspondingly,
the recognized independence of the reports’ conclusions
has resulted in a solid and enduring foundation that sup-
ports those who are tasked with defining and implement-
ing public policy.
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Introduction

The Health Consequences of Smoking—50 Years of Progress

The 50-year span beginning in 1964 and ending in
2014 covers an era of remarkable advances in the under-
standing of disease etiology and opportunities for the pre-
vention, diagnosis, and treatment of disease. There have
also been striking changes seen in the incidence of dis-
ease, in mortality rates, and substantial gains in life expec-
tancy. For example, in 1964 cancer was widely regarded
as incurable and few causal agents had been identified,
although tobacco smoke was already of concern because
it had been identified as carcinogenic (Mukherjee 2010).
Physicians and public health officials lacked today’s pre-
ventive strategies for coronary heart disease and widely
used drugs, such as statins, had not yet been developed.
Coronary care units for managing acute myocardial
infarctions and heart rhythm disturbances were not in

existence. Chronic obstructive pulmonary disease (COPD)
was recognized, but it was referred to as “chronic bronchi-
tis” or “emphysema,” and the prevalence of what we now
call COPD was far below the present level (Petty 2006; Kim
and Criner 2013). Antibiotics were available for most bac-
terial infections, but not all infections could be cured with
these drugs; antiviral agents, other than vaccines, were
lacking altogether.

During the last half-century, major changes in
disease occurrence have taken place that provide a criti-
cal context for the tobacco epidemic (Figure 4.1). The
infectious diseases, particularly tuberculosis, declined
as leading contributors to mortality to be replaced by
the noncommunicable diseases: cardiovascular dis-
eases, COPD, and cancer. Studies on the causes of these

Figure 4.1  Mortality rates for major diseases in the United States, 1900-2005
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noncommunicable diseases were motivated by their ris-
ing frequency. Observational epidemiologic studies had a
critical role in the search for causes, while complemen-
tary laboratory research expanded the understanding of
the biological mechanisms by which risk factors caused
these diseases. But even before 1964, advances had been
made in characterizing the etiology of noncommunicable
diseases. These advances relied on case-control and land-
mark cohort studies started in the late 1940s and 1950s,
such as the Framingham Heart Study (which identified
multiple risk factors for noncommunicable diseases, and
explored blood pressure, lipids, and smoking in relation-
ship to risk for incident coronary heart disease) (Kannel
et al. 1961), the British Doctors Study in the United King-
dom (Doll and Hill 1954), and studies carried out by the
American Cancer Society in the United States (Hammond
and Horn 1954) linking cigarette smoking to multiple
diseases. Findings from these studies figured prominently
in the 1964 report, Smoking and Health: Report of the
Advisory Committee of the Surgeon General of the Public

Figure 4.2
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of noncommunicable diseases has continued to advance
as numerous case-control and cohort studies were carried
out and our understanding of the mechanistic processes
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risk factors and physical inactivity, physiological risk fac-
tors, and occupational risk factors (Lim et al. 2012). Many
of these risk factors, such as physical inactivity, unhealthy
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prevention possible. Pharmacological therapies provided
control for some risk factors, such as treatment of lipid
abnormalities with statins and other medications.
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Figure 4.3
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Mortality rates from selected cancers among men in the United States, 1930-20082
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Note: Due to changes in International Classification of Diseases coding, numerator information has changed over time. Rates for
cancer of the liver, lung and bronchus, and colon and rectum are affected by these coding changes.

aPer 100,000, age-adjusted to the 2000 U.S. standard population.

Another important advance over the last several
decades has been the incorporation of genetics into
research on the etiology of noncommunicable diseases,
especially in the use of genetics to identify those men
and women who are particularly susceptible to certain
extrinsic exposures, such as cigarette smoking. For the
diseases caused by smoking, emphasis has been placed
on understanding why some people who are exposed to
tobacco smoke develop disease while others do not. Also
in the last few decades, the approaches used to explore the
genetic basis of disease have evolved from family and link-
age studies to genome-wide association studies (GWAS)
(Wellcome Trust Case Control Consortium 2007). The
GWAS approach involves comparing the distribution of
markers (single nucleotide polymorphisms) across the
genome between (a) people affected by the disease of
interest and (b) a control population. To date, however,
even though hundreds of thousands of markers across
the genome have been examined, few promising associa-
tions have been found (Visscher et al. 2012), but work is in
progress to further explore the GWAS-identified markers
in greater depth (U.S. Department of Health and Human
Services [USDHHS] 2010).

During the 50-year period reviewed in this report,
there have been substantial changes in disease patterns in
the United States. Figure 4.1 shows the rates for mortality
for selected major diseases across the twentieth century,
and Figure 4.2 shows the rates for all-cause mortality.
Although the time spans covered differ for the various
causes of death because of changes in coding used in the
International Classification of Diseases and in the avail-
ability of data, major patterns are evident. These include
the substantial decline in all-cause mortality (Figure 4.2)
and the sharp drop in infectious disease mortality (Figure
4.1), both long antedating the general availability of mod-
ern antibiotics at mid-century. The rising mortality from
lung cancer and cardiovascular disease that triggered
numerous epidemiologic inquiries is also evident in Fig-
ure 4.1. In the later decades of the time period, rates for
coronary heart disease mortality declined sharply, while
lung cancer mortality in men reached a plateau and then
began to decline around 1990. In contrast, lung cancer
mortality in women rose, reaching a plateau by the cen-
tury’s end. Mortality from COPD, variably described across
the century with labels including chronic bronchitis and
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Figure 4.4  Mortality rates from selected cancers among women in the United States, 1930-20082
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aPer 100,000, age-adjusted to the 2000 U.S. standard population.
bUterus refers to uterine cervix and uterine corpus combined.

emphysema, has risen progressively, even as death rates
for other major diseases, such as cardiovascular disease
and lung cancer caused by smoking have declined (Petty
2006; Kim and Criner 2013).

Figures 4.3 and 4.4, spanning 1930-2008, pro-
vide further detail on mortality rates for cancer in men
and women. For both genders, the rise of lung cancer
to become the leading cause of cancer death is evident.
Stomach cancer, once the leading cause of cancer death in
men and second among women in 1930, dropped so far as
to eventually rank last among the seven cancers portrayed
in Figures 4.3 and 4.4. Also during the 1930-2008 period,
the uterine cancer mortality rate for women declined
steeply. In addition, among women the mortality rate for
lung cancer surpassed that for breast cancer in the 1980s
and continued to rise to a plateau as breast cancer mor-
tality declined. The mortality rate for pancreatic cancer
rose slowly between 1930-2008 for both men and women.
Although many factors have driven these changing pat-
terns of disease, the patterns reflect, in part, the rise and
fall of the prevalence of cigarette smoking across the
twentieth century (USDHHS 2004; U.S. Burden of Disease
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Collaborators 2013). Tobacco control measures, driven
by the emerging findings on the health consequences of
tobacco smoking, have been a key determinant of changes
in these rates.

This chapter reviews the evolution of the conclu-
sions in the Surgeon General’s reports with regard to the
health consequences of smoking. The chapters following
this one review the evidence for diseases and other adverse
effects for which the evidence was previously found to be
suggestive, including macular degeneration, colorectal
cancer, breast cancer, prostate cancer, and male sexual dys-
function. Additionally, the chapters cover several health
outcomes that have not been comprehensively addressed
in previous Surgeon General’s reports, including general
effects on the immune system and the development of
several diseases in which the immune system plays a key
role, such as tuberculosis, diabetes, rheumatoid arthritis,
and systemic lupus erythematosus. The reviews extend
to active smoking and exposure to secondhand smoke, as
appropriate. New reviews in Chapter 8 cover the relation-
ship between exposure to secondhand smoke and stroke
and the potential that smokefree policies will reduce



the incidence of cardiovascular events. For lung cancer,
COPD, and cardiovascular diseases—well-established
major consequences of cigarette smoking—perspectives
are provided on the most critical issues relative to smok-
ing in the etiology of these diseases. Several chapters
address general and nonspecific consequences of smoking
tobacco. The clinically significant topic of smoking and
outcomes following the diagnosis of cancer is covered for
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the first time, including the impact of smoking on treat-
ment outcomes for cancer sites that have not been caus-
ally related to smoking. Chapter 11 addresses general
morbidity and all-cause mortality, and updated estimates
of the burden of smoking-attributable mortality and mor-
bidity and of the direct and indirect costs of smoking are
provided in Chapter 12.

Evolution of Conclusions on Cigarette Smoking and Exposure to
Secondhand Smoke as a Cause of Disease

During the past 50 years, both the number and
strength of the conclusions on active smoking and expo-
sure to secondhand smoke as a cause of disease and other
adverse health effects have increased markedly, moving
from the two specific causal conclusions on lung cancer
in males and on chronic bronchitis that were drawn in
the 1964 report to numerous other conclusions that span
most organs and now include exposure to secondhand
smoke. Tables 4.1-4.5 address the evolution of the con-
clusions on active smoking, listing the report in which a
particular health consequence was first mentioned; the
strongest conclusion(s) reached before the 2004 report,
The Health Consequences of Smoking (in which the clas-
sification of the strength of evidence was standardized);
the conclusion(s) of the 2004 report; and any subsequent
conclusions. The changes in the conclusions over time
are characterized in this fashion because of the variable
terminology used before the 2004 report (USDHHS 2004).
Tables 4.6-4.10 provide a similar listing for exposure to
secondhand smoke.

Although these conclusions relate primarily to spe-
cific diseases and other adverse health effects, the Surgeon
General’s reports have also tracked the evolution of the
understanding of the pathogenesis and adverse health
effects of these diseases and conditions. This deepening
understanding has supported reaching stronger conclu-
sions on causation. The 2010 report, How Tobacco Smoke
Causes Disease: The Biology and Behavioral Basis for
Smoking-Attributable Disease, provides conclusions spe-
cific to this topic (USDHHS 2010).

Active Cigarette Smoking

Table 4.11 provides the conclusions formally adopted
by the Advisory Committee to the Surgeon General in the

1964 report. The language ranges widely in describing the
findings, from the clear conclusion that smoking causes
lung cancer in men to the characterizations of the uncer-
tainty and limitations of the evidence for some diseases. In
most cases, the conclusions provide summary descriptions
of the state of the evidence as well. The lack of knowledge
of the mechanism(s) underlying the association of smok-
ing with birth weight is mentioned.

In Table 4.1, which deals with active smoking
and cancer, there has been consistency over time in the
nomenclature so that interpretation of the changes in
conclusions is not complicated by shifting terminology.
With the exception of stomach cancer, causal conclu-
sions were reached within the next two decades for can-
cer sites other than the lung that were mentioned in the
1964 report (i.e., oral cancer, laryngeal cancer, esophageal
cancer, stomach cancer, and cancer of the urinary blad-
der) (U.S. Department of Health, Education, and Welfare
[USDHEW] 1964). The 1982 report, Health Consequences
of Smoking — Cancer, which focused on cancer, identified
smoking as a contributory factor for pancreatic cancer and
kidney cancer (USDHHS 1982). The list of cancers causally
linked to active smoking lengthened with the 2004 report,
which added cervical cancer and acute myeloid leukemia
(USDHHS 2004). That report found the evidence on cau-
sation to be suggestive for breast cancer, colorectal cancer,
and liver cancer. For prostate cancer, the evidence overall
was not suggestive of a causal relationship.

For cardiovascular diseases (Table 4.2), the trends
in the conclusions reflect the advancing understand-
ing of the pathogenesis of these diseases and their com-
mon mechanistic basis (see Chapter 8 “Cardiovascular
Diseases”). The 1964 report commented on the higher
death rates from coronary artery disease among smokers
compared with nonsmokers, but it expressed uncertainty
with regard to the causal significance of the association

Advances in Knowledge of the Health Consequences of Smoking: From 1964-2014 67



Surgeon General’s Report

(USDHEW 1964). The conclusions on cardiovascular dis-
eases strengthened throughout the next several decades.
The 1979 report, Smoking and Health, offered a causal
conclusion on coronary heart disease, but one that was
introduced by the phrase “In summary, for the purposes
of preventive medicine ...” (USDHEW 1979, p. 1-15). This
apparently cautious phrasing may have been reflective
of the preventive implications of the causal conclusion,
however, and not an indication that there was some doubt
about the statement. Later, the 2004 report found the
evidence to be sufficient to infer causation for abdominal
aortic aneurysm, atherosclerosis and peripheral vascular
disease, cerebrovascular disease, and coronary heart dis-
ease (Table 4.2) (USDHHS 2004).

The conclusions on respiratory diseases over the
years (Table 4.3) have addressed COPD, variably desig-
nated, as well as the respiratory symptoms caused by
smoking and its reduction of lung function which, if sus-
tained, leads to COPD. The 1964 report concluded that
“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” (USDHEW 1964,
p. 302). Although chronic bronchitis is the term long used
for chronic cough and sputum production, at the time it
was also used to refer to what is now called COPD. The
1984 report, Health Consequences of Smoking: Chronic
Obstructive Lung Disease, which focused on the respira-
tory consequences of smoking, classified cigarette smok-
ing as “... the major cause of COLD [chronic obstructive
lung disease] morbidity in the United States...” (USDHHS
1984, p. 9). The 2004 report used the term COPD, finding
the evidence to be sufficient to infer a causal relationship
between smoking and both COPD morbidity and mortality
(USDHHS 2004). The Surgeon General’s reports have also
addressed asthma, influenza, and pneumonia.

The effects of smoking on reproductive health (Table
4.4) have been addressed since the 1964 report, covering
an increasing number and diversity of topics as the multi-
ple adverse effects of smoking on reproductive health were
identified. In fact, the 1964 report considered only birth
weight and devoted just one page to the topic, citing just
five retrospective and two prospective studies (USDHEW
1964). Over time, the effects of smoking have been found
to extend from fertility to pregnancy and its outcome as
well as the subsequent development of the child. There
has also been substantial advancement in the understand-
ing of how smoking affects reproductive health, the health
of the fetus, and neurodevelopment as summarized in the
2010 report (USDHHS 2010). Male sexual functioning,
not directly mentioned in the 1964 report, was covered
extensively in the 2004 report (USDHHS 2004), and a
causal conclusion on the relationship between smoking
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and male sexual dysfunction has now been reached in this
2014 report.

Numerous other diseases and adverse consequences
of smoking have been addressed in the reports of the
Surgeon General (Table 4.5). These have included dental
diseases, cataract and macular degeneration, peptic ulcer
disease, fractures and osteoporosis, and diabetes. Nonspe-
cific consequences of smoking have also been considered.
All-cause mortality was covered in the 1964 report, but
a specific conclusion was not offered. Several subsequent
reports identified smoking as the leading cause of avoid-
able premature mortality (Table 4.12). The 2004 report
assembled a wide range of evidence on nonspecific con-
sequences of smoking, such as absenteeism and postop-
erative complications, with the report concluding that
smoking caused “diminished health status” (Table 4.5),
based on a review of a wide range of evidence (USDHHS
2004). The report’s conclusion stated that diminished
health status may manifest as “... increased absenteeism
from work and increased use of medical care services”
(USDHHS 2004, p. 29).

Exposure to Secondhand Smoke

The topic of secondhand smoke was first consid-
ered in the 1972 Surgeon General’s report, Health Conse-
quences of Smoking, in a chapter titled “Public Exposure
to Air Pollution from Tobacco Smoke” (USDHEW 1972).
The involuntary inhalation of tobacco smoke by nonsmok-
ers has been referred to in the Surgeon General’s reports
as involuntary smoking or passive smoking. The smoke
inhaled has been called secondhand smoke or environ-
mental tobacco smoke. This chapter in the 1972 report
reviewed the accumulating evidence on levels of air pol-
lutants, such as carbon monoxide, in indoor environ-
ments where people were smoking. The report concluded
that “An atmosphere contaminated with tobacco smoke
can contribute to the discomfort of many individuals”
(USDHEW 1972, p. 7). The 1982 report, which had a chap-
ter on the relationship between exposure to secondhand
smoke and lung cancer (USDHHS 1982), reviewed the
findings of three epidemiologic studies, but it did not offer
a conclusion, while noting the limited evidence available.
The 1986 report, The Health Consequences of Involun-
tary Smoking, was the first to have involuntary smoking
as its topic, and the 2006 report followed suit, as it was
titled The Health Consequences of Involuntary Exposure
to Tobacco Smoke (USDHHS 1986, 2006).

The 1984 Surgeon General’s report addressed COPD,
and the report’s chapter on passive smoking addressed the



respiratory consequences, other than cancer, of exposure
to secondhand smoke. By that time, a substantial body
of literature had accumulated on the respiratory conse-
quences of exposure to secondhand smoke in children,
and there was a more limited body of evidence related to
adults. Notably, the conclusions in the 1984 report were
overall summaries of the evidence and not statements as
to the strength of the evidence for causation.

Exposure to secondhand smoke and its effects was
the sole topic of the 1986 report. With regard to the effects
of parental smoking on child respiratory health, that
report addressed the range of outcomes considered in the
1984 report, comprehensively reviewed the evidence, and
offered summary conclusions, but it did not provide state-
ments on the strength of evidence for causation. The 1986
report did, however, comprehensively cover the relation-
ship of lung cancer to exposure to secondhand smoke and
concluded that involuntary smoking caused lung cancer
in never smokers. This causal conclusion was repeated in
the 2006 report, which also addressed exposure to second-
hand smoke. That report also found sufficient evidence to
infer causation for the principal adverse effects considered
in the earlier reports. The 2006 report covered childhood
cancers as well, but the evidence was not judged to be suf-
ficient to infer a causal relationship for any of the malig-

Summary
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nancies considered.

The 2001 report, Women and Smoking, had con-
sidered the relationship between exposure to secondhand
smoke and breast cancer, and that topic was discussed
in the 2006 report as well. Other cancers considered in
relation to exposure to secondhand smoke included nasal
sinus cavity and nasopharyngeal carcinoma (2006), and
cervical cancer (2006); the conclusions drawn were that
the evidence was either suggestive (breast cancer and
nasal sinus cavity) or inadequate (nasopharyngeal carci-
noma and cervical cancer). Reports after 2006 expanded
the topics related to exposure to secondhand smoke and
childhood health to include adverse effects on reproduc-
tion, risk for sudden infant death syndrome, and neurode-
velopment.

The 1986 report did not cover exposure to second-
hand smoke and cardiovascular diseases because only a
few studies on that topic had been reported at that time.
The 2001 report was the first to consider the topic, and
found that the evidence did indicate a causal relationship.
Finally, the 2006 report found that the evidence for a link
between exposure to secondhand smoke and coronary
heart disease was sufficient to infer a causal relationship,
but it designated as suggestive the evidence for a similar
link with atherosclerosis and cerebrovascular disease.

Over the 50 years that began with the seminal 1964
report, the conclusions of the Surgeon Generals’ reports
on smoking and health have evolved greatly, moving from
the few causal associations set forth in the 1964 report
to the inference of causal relationships between not only
active smoking but also exposure to secondhand smoke
and a wide range of diseases and other adverse health
effects. The 2004 and 2006 reports provided compre-
hensive coverage of the evidence on active smoking and
exposure to secondhand smoke, respectively, and the 2010
report addressed the mechanisms underlying the causal
relationships described in these reports. The 2012 report,

Preventing Tobacco Use Among Youth and Young Adults,
provided additional coverage of the effects of smoking
on the health of children, adolescents, and young adults,
highlighting the linkages between early life events and
subsequent risk for disease (USDHHS 2012).

Notably, this 2014 review extends the list of diseases
and other adverse health effects caused by smoking and
reaffirms the widespread consequences of smoking. In the
2004 report, it was noted that smoking affects nearly every
organ of the body; the evidence in this report provides
additional support for that finding.
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Table 4.1 Conclusions from Surgeon General’s report on active cigarette smoking and cancer
Highest level conclusion(s) Additional or updated
First mention and finding(s) from subsequent Surgeon Conclusion(s) from the conclusion(s) from
in a Surgeon General’s report General’s reports before 2004 2004 Surgeon General’s the 2014 Surgeon
Disease (year) (year) report General’s report
Bladder “Available data suggest an “Smoking is a cause of bladder “The evidence is sufficient to —

Brain (adult)

Breast

Cervical

association between cigarette
smoking and urinary bladder cancer
in the male but are not sufficient to

cancer; cessation reduces risk by
about 50 percent after only a few
years, in comparison with

infer a causal relationship
between smoking and ...
bladder cancer.” (p. 26)

support a judgment on the causal
significance of this
association.” (1964, p. 225)

“Thus, active smoking does not appear
to appreciably affect breast cancer

risk overall. However, several issues
were not entirely resolved, including
whether starting to smoke at an early
age increases risk, whether certain
subgroups defined by genetic
polymorphisms are differentially
affected by smoking, and whether ETS
exposure affects risk.”

(2001, p. 217)

“The totality of the evidence does not
support an association between
smoking and risk for breast

cancer.” (2001, p. 224)2

“There are conflicting results in studies
published to date on the existencof a
relationship between smoking

and cervical cancer; further research

is necessary to define whether an
association exists and, if so, whether that

continued smoking.” (1990, p. 10)

— “The evidence is suggestive of

— no causal relationship between
smoking cigarettes and brain
cancer in men and women.” (p.

26)

— “The evidence is suggestive of no

— causal relationship between
active smoking and breast
cancer.” (p. 26)

“Smoking has been consistently
associated with an increased risk for
cervical cancer. The extent to which
this association is independent of
human papillomavirus infection is
uncertain.” (2001, p. 224)

association is direct or indirect.” (1982, p. 8)

“Smoking may be associated with an
increased risk for vulvar cancer, but
the extent to which the association is
independent of human
papillomavirus infection is
uncertain.” (2001, p. 224)

“The evidence is sufficient to

infer a causal relationship
between smoking and
cervical cancer.”

(p. 26)

“The evidence is
sufficient to identify
mechanisms by which
cigarette smoking may
cause breast cancer.”

“The evidence is
suggestive but not
sufficient to infer a causal
relationship between
active smoking and breast
cancer.” (Chapter 6)
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Table 4.1  Continued
Highest level conclusion(s) Additional or updated
First mention and finding(s) in from subsequent Surgeon Conclusion(s) from the conclusion(s) from the
a Surgeon General’s report General’s reports before 2004 2004 Surgeon General’s 2014 Surgeon
Disease (year) (vear) report General’s report
Colorectal “Women who smoke may have _ “The evidence is suggestive but “The evidence is
increased risks for...colorectal o not sufficient to infer a causal sufficient to infer a
cancer.” (2001, p. 231 relationship between smoking and  causal relationship
colorectal adenomatous polyps and  petween smoking and
colorectal cancer.” (p. 26) colorectal
adenomatous polyps
and colorectal
cancer.” (Chapter 6)
Endometrial “Several studies have reported that “Current smoking is associated “The evidence is sufficient to —
endometrial cancer is less frequent with a reduced risk for infer that current smoking
among women who smoke cigarettes  endometrial cancer, but the effect ~ reduces the risk of endometrial
than among nonsmokers (Baron et is probably limited to cancer in postmenopausal
al. 1986). Cigarette smoking exerts postmenopausal disease. The risk women.” (p. 26)
an antiestrogenic effect that may for this cancer among former
explain this inverse association. The smokers generally appears more
public health significance of this similar to that of women who have
association is limited because of the never smoked.” (2001, p. 224)
overall adverse impact
of cigarette smoking on morbidity
and mortality.” (1989, p. 58)
Esophageal “The evidence on the tobacco- “Cigarette smoking is a major “The evidence is sufficient to —
esophageal cancer relationship supports  cause of esophageal cancer in the infer a causal relationship
the belief that an association exists. United States.” (1982, p. 7) between smoking and cancers of
However, the data are not adequate to the esophagus.” (p. 26)
decide whether the relationship is
causal.” (1964, p. 218)
Kidney “Cigarette smoking is a contributory “There is a positive association between “The evidence is sufficient to —_—

smoking and kidney cancer, with

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.” (1982, p. 7)

relative risks ranging from 1 to more
than 5. The increased risk of kidney
cancer due to cigarette smoking is
found for both males and females, and

there is a dose-response relationship as

measured by the number of cigarettes
smoked per day.” (1989, p. 56)

infer a causal relationship
between smoking and renal
cell, [and] renal pelvis...
cancers.” (p. 26)
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Table 4.1  Continued

Highest level conclusion(s)

Additional or updated

First mention and finding(s) from subsequent Surgeon Conclusion(s) from the conclusion(s) from

in a Surgeon General’s report General’s reports before 2004 2004 Surgeon General’s the 2014 Surgeon
Disease (year) (year) report General’s report
Laryngeal “Evaluation of the evidence leads to “Cigarette smoking is causally “The evidence is sufficient to —

the judgment that cigarette smoking associated with cancer of the infer a causal relationship —

is a significant factor in the lung, larynx, oral cavity, and between smoking and cancer of

causation of laryngeal cancer in the esophagus in women as well as in the larynx.” (p. 25)

male.” (1964, p.212) men...."” (1980, p.126)
Leukemia (acute)  “Leukemia has recently been “Smoking may be associated with an “The evidence is sufficient to —

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

Liver “Primary hepatocellular cancer has been
associated with smoking in a number
ofrecent studies.”(1990,p. 176)

increased risk for acute myeloid

infer a causal relationship —

leukemia among women but does between smoking and acute

not appear to be associated with
other lymphoproliferative or

myeloid leukemia.” (p. 26)

hematologic cancers.” (2001, p. 231)

“Women who smoke may have
increased risks for liver
cancer....” (2001, p. 231)

“The evidence is suggestive but “The evidence is

not sufficient to infer a causal sufficient to infer a

relationship between smoking causal relationship

and liver cancer.” (p. 26) between smoking and
hepatocellular

carcinoma.” (Chapter 6)
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Table 4.1  Continued
hest level : s) Additional or updated
. . . Highest level conclusion(s . conclusion(s) from
Flrst mention and fm,dmg(s) from subsequent Surgeon Conclusion(s) from th? the 2014 Surgeon
in a Surgeon General’s report General’s reports before 2004 2004 Surgeon General’s G I it
Disease (year) (vear) veport eneral’s repo
Lung “Cigarette smoking is causally related ~ “Additional epidemiological, “The evidence is sufficient to “The evidence is

to lung cancer in men; the magnitude
of the effect of cigarette smoking far
outweighs all other factors. The data
for women, though less extensive,
point in the same direction.” (1964, p.
196)

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 causally
related to lung cancer in both men
and women.” (1979, p. 1-16)

“Cigarette smoking is the major
cause of lung cancer in the
United States.” (1982, p. 5)

“Cigarette smoking is the major
cause of lung cancer among
women. About 90 percent of all
lung cancer deaths among U.S.
women smokers are attributable
to smoking.” (2001, p. 13)

infer a causal relationship
between smoking and lung
cancer.” (p. 25)

sufficient to conclude
that the risk of
developing
adenocarcinoma of the
lung from cigarette
smoking has increased
since the 1960s.”

“The evidence is
sufficient to conclude
that the increased risk of
adenocarcinoma of the
lung in smokers results
from changes in the
design and composition
of cigarettes since the
1950s.”

“The evidence is not
sufficient to specify
which design changes
are responsible for

the increased risk of
adenocarcinoma, but
there is suggestive
evidence that ventilated
filters and increased
levels of tobacco-specific
nitrosamines have played
arole.”

“The evidence shows that
the decline of squamous
carcinoma follows the
trend of declining
smoking

prevalence.” (Chapter 6)
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Table 4.1 Continued
. . . Highest level conclusion(s) Additional or updated
First mention and finding(s) from subsequent Surgeon Conclusion(s) from the conclusion(s) from
in a Surgeon General’s report General’s reports before 2004 2004 Surgeon General’s the 2014 Surgeon

Disease (vear) (year) report General’s report

Oral “The causal relationship of the  “Epidemiological studies indicate “The evidence is sufficient to —

cavity smoking of pipes to the development  that smoking is a significant causal  infer a causal relationship —

and of cancer of the lip appears to be  factor in the development of oral between smoking and cancers

pharyngeal  established.” (1964, p. 204) cancer. The risk increases with the  of the oral cavity and

number of cigarettes smoked per pharynx.” (p. 25)
) day.” (1979, p. 1-17)
“Although there are suggestions of
relationships between cancer of other  “Cigarette smoking is a major
specific sites of the oral cavity and the  cause of cancers of the oral
several forms of tobacco use, their cavity in the United
causal implications cannot at present  States.” (1982, p. 6)
be stated.” (1964, p. 205)

Ovarian “Smoking does not appear to be — “The evidence is inadequate to —
associated with risk for ovarian — infer the presence or absence of —
cancer.” (2001, p. 224) a causal relationship between

smoking and ovarian
cancer.” (p. 26)
Pancreatic “Cigarette smoking is a contributory “Smoking cessation reduces the “The evidence is sufficient to —

factor in the development of
pancreatic cancer in the United
States. This relationship is not as
strong as that noted for the
association between smoking and
cancers of the lung, larynx, oral
cavity, and esophagus. The term
‘contributory factor’ by no means
excludes the possibility of a causal
role for smoking in cancers of this
site.” (1982, p. 7)

risk of pancreatic cancer,
compared with continued
smoking, although this
reduction in risk may only be
measurable after 10 years of
abstinence.” (1990, p. 10)

infer a causal relationship
between smoking and
pancreatic cancer.” (p. 26)
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Table 4.1 Continued

Disease First mention and finding(s) Highest level conclusion(s) Conclusion(s) from the Additional or updated
in a Surgeon General’s report from subsequent Surgeon 2004 Surgeon General’s conclusion(s) from
(year) General’s reports before 2004 report the 2014 Surgeon

(vear)

General’s report

Prostate cancer

“No relationship has been established
between tobacco use and stomach

cancer.” (1964, p. 229)

Stomach

“Data on smoking and cancer of the

stomach ... are unclear.” (2001, p. 231)

“The evidence is suggestive
of no causal relationship
between smoking and risk
for prostate cancer.” (p. 26)

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

cancers.”

(p. 26)

“The evidence is
suggestive of no causal
relationship between
smoking and the risk of
incident prostate cancer.”

“The evidence is
suggestive of a higher
risk of death from
prostate cancer

in smokers than in
nonsmokers.”

“In men who have
prostate cancer, the
evidence is suggestive of a
higher risk of advanced-
stage disease and less
well-differentiated cancer
in smokers than in
nonsmokers, and—
independent of stage

and histologic grade—a
higher risk of disease
progression.” (Chapter 6)

Note: ETS = environmental tobacco smoke.

4Refers to a general conclusion that was reached for breast

cancer.
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Conclusions from Surgeon General’s report on active cigarette smoking and cardiovascular

Table 4.2  diseases
Disease First mention and finding(s) Highest level conclusion(s) Conclusion(s) from the Additional or updated
! in a Surgeon General’s report from subsequent Surgeon 2004 Surgeon General’s conclusion(s) from the
(vear) General’s reports before report 2012/2014 Surgeon
2004 (year) General’s report
Abdominal “Cigarette smoking is a strong “Death from rupture of an “The evidence is sufficient “The evidence is sufficient to

aortic aneurysm

Atherosclerosis/
peripheral
vascular disease

Cerebrovascular

disease

Coronary heart

disease

risk factor for atherosclerotic
aortic aneurysm.” (1979, p.
4-56)

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

“Additional evidence
strengthens the association
between cigarette smoking and
cerebrovascular disease, and
suggests that

some of the pathogenetic [sic]
considerations pertinent to
coronary heart disease may
also apply to cerebrovascular
disease.” (1967, p. 28)

“Male cigarette smokers have a
higher death rate from coronary
artery disease than non-smoking
males, but it is not clear that the
association has causal
significance.” (1964, p. 327)

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 preventive
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)

to infer a causal relationship
between smoking and
abdominal aortic
aneurysm.” (p. 27)

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

subclinical atherosclerosis.” (p.

26)

“The evidence is sufficient to
infer a causal relationship
between smoking and
stroke.” (p. 27)

“The evidence is sufficient
to infer a causal relationship
between smoking and
coronary heart disease.” (p.
27)

conclude that there is a causal
relationship between active
smoking in adolescence and
young adulthood and early
abdominal aortic atherosclerosis
in young adults.” (2012, p. 111)

“The evidence is suggestive but
not sufficient to conclude that
there is a causal relationship
between smoking in adolescence
and young adulthood and
coronary artery atherosclerosis
in adulthood.”

(2012, p. 111)
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Table 4.3 Yespiratory diseases
Disease First mention and finding(s) in a Highest level conclusion(s) Conclusion(s) from the Additional or updated
Surgeon General’s report (year) from subsequent Surgeon 2004 Surgeon General’s conclusion(s) from the
General’s reports before report 2012/2014 Surgeon
2004 (year) General’s report
Asthma “Cigarette smoking does not — “The evidence is inadequate to  “The evidence is sufficient

appear to cause asthma.” (1964 p.302) —

infer the presence or absence
of a causal relationship
between active smoking and
asthma in adults.” (p. 28)

“The evidence is suggestive
but not sufficient to infer a
causal relationship between
active smoking and increased
nonspecific bronchial
hyperresponsiveness.” (p. 28)

“The evidence is sufficient to
infer a causal relationship

between active smoking and
poor asthma control.” (p. 28)

to conclude that there is a
causal relationship between
active smoking and
wheezing severe enough to
be diagnosed as asthma in
susceptible child and
adolescent

populations.” (2012, p. 111)

“The evidence is suggestive
but not sufficient to infer a
causal relationship
between active smoking
and incidence of asthma in
adolescents.”

(2014, Chapter 7)

“The evidence is suggestive
but not sufficient to infer

a causal relationship
between active smoking
and exacerbation of
asthma among children
and adolescents.”

(2014, Chapter 7)

“The evidence is suggestive
but not sufficient to infer a
causal relationship between
active smoking and the
incidence of asthma in
adults.” (2014, Chapter 7)

“The evidence is sufficient
to infer a causal
relationship between
active smoking and
exacerbation of asthma in
adults.” (2014, Chapter 7)
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Table 4.3 Continued
Highest level conclusion(s) AdditiOI}al or updated
First mention and finding(s) from subsequent Surgeon Conclusion(s) from the conclusion(s) from the
in a Surgeon General’s report General’s reports before 2004 2004 Surgeon General’s 2012/2?14 Surgeon
Disease (vear) (year) report General’s report
COPD “Cigarette smoking is the “Cigarette smoking is the “The evidence is sufficient to “The evidence is sufficient

(Formerly designated
as chronic bronchitis;
emphysema; COLD;
chronic obstructive
bronchopulmonary

disease)

most important of the causes
of chronic bronchitis in the
United States, and increases
the risk of dying from chronic
bronchitis.” (1964, p. 302)

“A relationship exists between
pulmonary emphysema and
cigarette smoking but it has
not been established that the
relationship is causal. The
smoking of cigarettes is
associated with an increased
risk of dying from pulmonary
emphysema.” (1964, p. 302)

infer a causal relationship
between active smoking and
chronic obstructive pulmonary
disease morbidity and
mortality.” (p. 28)

major cause of COLD ...
morbidity in the United
States; 80 to 90 percent of
COLD in the United States is
attributable to cigarette
smoking.” (1984, p. 9)

“Cigarette smoking is a primary
cause of COPD among women, and
the risk increases with the amount
and duration of smoking.
Approximately 90 percent of
mortality from COPD among
women in the United States

can be attributed to cigarette
smoking.” (2001, p. 14)

to infer that smoking is the
dominant cause of chronic
obstructive pulmonary
disease (COPD) in men and
women in the United States.
Smoking causes all elements
of the COPD phenotype,
including emphysema and
damage to the airways of the
lung.” (2014, Chapter 7)

“Chronic obstructive
pulmonary disease mortality
has increased dramatically

in men and women since

the 1964 Surgeon General’s
report. The number of
women dying from COPD
now surpasses the number of
men.” (2014, Chapter 7)

“The evidence is suggestive
but not sufficient to infer
that women are more
susceptible to develop
severe chronic obstructive
pulmonary disease at
younger ages.” (2014,
Chapter 7)

“The evidence is sufficient
to infer that severe o-1-
antitrypsin deficiency and
cutis laxa are genetic causes
of chronic obstructive
pulmonary disease.” (2014,
Chapter 7)
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Table 4.3 Continued
Highest level conclusion(s) Additional or updated
First mention and finding(s) from subsequent Surgeon Conclusion(s) from the conclusion(s) from the
in a Surgeon General’s report General’s reports before 2004 2004 Surgeon General’s 2012/2014 Surgeon General’s
Disease report report

(year)

(year)

Chronic respiratory
symptoms (cough,
phlegm, wheeze,
dyspnea, etc.)

Influenza,
pneumonia,
infections, and
acute respiratory
illnesses

“Cough, sputum production, or the
two combined are consistently
more frequent among cigarette
smokers than among non
smokers.” (1964, p. 302)

“Although death certification
shows that cigarette smokers
have a moderately increased
risk of death from influenza
and pneumonia, an
association of cigarette
smoking and infectious
diseases is not otherwise
substantiated.” (1964, p. 302)

“Cigarette smokers have

an increased frequency of
respiratory symptoms, and at
least two of them, cough and
sputum production, are
dose-related.” (1979, p. 1-18)

“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 active
smoking and all major respiratory
symptoms among adults, including
coughing, phlegm, wheezing, and
dyspnea.” (p. 28)

“The evidence is sufficient to
infer a causal relationship
between smoking and acute
respiratory illnesses, including
pneumonia, in persons without
underlying smoking-related
chronic obstructive lung
disease.” (p. 27)

“The evidence is suggestive but
not sufficent to infer a causal
relationship between smoking
and acute respiratory infections
among persons with
preexisting chronic obstructie
pulmonary disease.” (p. 27)

Advances in Knowledge of the Health Consequences of Smoking: From 1964-2014

79



Surgeon General’s Report

Table 4.3

Continued

First mention and finding(s) in a

Disease

Surgeon General’s report (year)

Highest level conclusion(s)
from subsequent Surgeon
General’s reports before 2004
(year)

Conclusion(s) from the 2004

Surgeon General’s report

Additional or updated
conclusion(s) from the
2012/2014 Surgeon
General’s report

Tuberculosis

Lung function level

“Cigarette smoking is
associated with a reduction in
ventilatory function. Among
males, cigarette smokers have
a greater prevalence of
breathlessness than non-
smokers.” (1964, p. 302)

“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 active smoking in
adulthood and a premature
onset of and an accelerated age-
related decline in lung
function.” (p. 27)

“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.” (p. 27)

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

an increased risk of
Mycobacterium tuberculosis
disease.” (2014, Chapter 7)

“The evidence is sufficient

to infer a causal relationship
between smoking and mortality
due to tuberculosis.” (2014,
Chapter 7)

“The evidence is suggestive of a
causal relationship between
smoking and the risk of
recurrent tuberculosis
disease.” (2014, Chapter 7)

“The evidence is inadequate to
infer the presence or absence
of a causal relationship
between active smoking

and the risk of tuberculosis
infection.” (2014, Chapter 7)

“The evidence is sufficient
to conclude that there is a
causal relationship between
active smoking and both
reduced lung function and
impaired lung growth
during childhood and
adolescence.” (2012, p.111)
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Table 4.3 Continued
Highest level conclusion(s) ) Additional or updated
First mention and finding(s)  from subsequent Surgeon Conclusion(s) from the conclusion(s) from the
in a Surgeon General’s report  General’s reports before 2004 2004 Surgeon General’s 2012/2014 Surgeon
Disease (vear) (year) report General’s report

Respiratory effects _
due to active smoking _
during childhood and

adolescence

“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)

“The evidence is sufficient to infer a causal
relationship between active smoking and
impaired lung growth during childhood
and adolescence.” (p. 27)

“The evidence is sufficient to
infer a causal relationship
between active smoking and
the early onset of lung function
decline during late adolescence
and early adulthood.” (p. 27)

“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.” (p. 27)

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

(p. 27)

Note: COLD = chronic obstuctive lung disease; COPD = chronic obstructive

pulmonary disease.
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Conclusions from Surgeon General’s report on active cigarette smoking and adverse reproductive outcomes or childhood

Table 4.4, ourohehavioral disorders
First mention and Highest level conclusion(s) from Conclusion(s) from the Additional or updated
finding(s) in a Surgeon subsequent Surgeon General’s 2004 Surgeon General’s conclusion(s) from the 2014
Disease General’s report (year) reports before 2004 (year) report Surgeon General’s report
. . “According to studies of ~ “Maternal smoking during “The evidence is inadequate “The evidence is suggestive but
Child physical, . .. .
. long-term growth and pregnancy may adversely affect to infer the presence or not sufficient to infer a causal
behavioral,and . . . .
cognitive development, smoking the child’s long-term growth, absence of a causal relationship between maternal
development during pregnancy may intellectual development, and relationship between prenatal smoking and
P affect physical growth, behavioral characteristics.” (1980, maternal smoking and disruptive behavioral disorders,
mental development, and  p. 11) physical growth and and ADHD in particular,
behavioral characteristics neurocognitive development among children.”
of children at least up to of children.” (p. 28)
the age of 11.” (1979, p. “The evidence is insufficient to
1-21) infer the presence or absence of

a causal relationship between
maternal prenatal smoking and
anxiety and depression in
children.”

“The evidence is insufficient to
infer the presence or absence of
a causal relationship between
maternal prenatal smoking and
Tourette syndrome.”

“The evidence is insufficient to
infer the presence or absence of
a causal relationship between
maternal prenatal smoking and
schizophrenia in her offspring.”

“The evidence is insufficient to
infer the presence or absence of
a causal relationship between
maternal prenatal smoking and
intellectual disability.” (Chapter
9)
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Table 4.4 Continued
First mention and Highest level conclusion(s) from  Conclusion(s) from the Additional or updated
finding(s) in a Surgeon subsequent Surgeon General’s 2004 Surgeon General’s conclusion(s) from the 2014
Disease General’s report (year) reports before 2004 (year) report Surgeon General’s report
Congenital “...no conclusions can be “The accumulated evidence does “The evidence is inadequate “The evidence is sufficient to

malformations

drawn about any
relationship between
maternal cigarette smoking
and congenital
malformations at the
present time.” (1973, p.
137)

not support a conclusion that
maternal smoking increases the
incidence of congenital
malformations.” (1979, p.1-22)

“There are insufficient data to
support a judgment on whether
maternal and/or paternal
cigarette smoking increases the
risk of congenital
malformations.” (1980, p. 11)

“Smoking does not appear to affect
the overall risk for congenital
malformations.” (2001, p. 307)

to infer the presence or
absence of a causal
relationship between
maternal smoking and
congenital malformations in
general.” (p. 28)

“The evidence is suggestive
but not sufficient to infer a
causal relationship between
maternal smoking and oral
clefts.” (p. 28)

infer a causal relationship
between maternal smoking in
early pregnancy and orofacial
clefts.”

“The evidence is suggestive but
not sufficient to infer a causal
relationship between maternal
smoking in early pregnancy and
clubfoot, gastroschisis, and
atrial septal heart

defects.” (Chapter 9)

Fertility “Studies in women and men “The available information suggests  “The evidence is sufficient to —
suggest that cigarette smoking  that current smoking is related to infer a causal relationship —
may impair fertility.” (1980, p. low sperm density. However, these between smoking and reduced
12) data are limited.” (1990, p. 405) fertility in women.” (p. 28)
“The evidence is inadequate to
“Women who smoke have increased  infer the presence or absence
risks for conception delay and for of a causal relationship
both primary and secondary between active smoking and
infertility.” sperm quality.”
(2001, p. 307) (p. 28)
Fetal death,  “...it appears that “Cigarette smoking is now — “The evidence is suggestive but
stillbirths, maternal smoking considered to be a probable — not sufficient to infer a causal
. during pregnancy may be  cause of ...increased infant relationship between maternal
and infant ; . o . .
mortality associated with mortality.” (1989, p. 20) active smoking and spontaneous

an increased incidence
of spontaneous abortion,
stillbirth, and neonatal
death and that this
relationship may be most
marked in the presence
of other risk

factors.” (1969, p. 5)

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

“Women who smoke may have
a modest increase in risks for...
spontaneous abortion.”(2001, p. 307)
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Table 4.4 Continued
First mention and Highest level conclusion(s) from  Conclusion(s) from the Additional or updated
finding(s) in a Surgeon subsequent Surgeon General’s 2004 Surgeon General’s conclusion(s) from the 2014
Disease General’s report (year) reports before 2004 (year) report Surgeon General’s report
Infant birth “Women who smoke “Infants born to women who “The evidence is sufficient to infer
weight cigarettes during smoke during pregnancy have a a causal relationship between
pregnancy tend to have lower average birth weight...than ~ maternal active smoking and fetal
babies of lower birth infants born to women who do growth restriction and low birth
weight.” (1964, p. 343) not smoke." (2001, p. 307) weight.” (p. 28)
“Infants born to women who
smoke during pregnancy ...are
more likely to be small for
gestational age than are infants
born to women who do not
smoke.” (2001, p. 307)
Male “...element of “In summary, the level of sexual “The evidence is suggestive “The evidence is sufficient to
fsexuta.l masculinity as indicated activity does not appear to be but not sufficient to infer a infer a causal relationship
unction

by external morphologic
features”... “weakness of
the masculine
component is
significantly more
frequent in smokers
than in nonsmokers,
and most frequent in
heavy smokers.” (1964,
pp. 383-4)

affected by cigarette smoking.
Cigarette smoking may be
associated with impaired male
sexual performance. ...Because of
limited and uncontrolled data, no
conclusions can be drawn
regarding sexual performance or
PBI among former

smokers.” (1990,

pp. 403-4)

causal relationship between
smoking and erectile
dysfunction.” (p. 29)

between smoking and erectile
dysfunction.” (Chapter 9)
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First mention and finding(s)
in a Surgeon General’s report
(year)

Disease

Highest level conclusion(s) from
subsequent Surgeon General’s

reports before 2004 (year)

Additional or updated

Conclusion(s) from the 2004 conclusion(s) from the 2014

Surgeon General’s report

Surgeon General’s report

Pregnancy
complications

“Maternal smoking
increases the risk of fetal
death through maternal
complications such as
abruptio placenta,
placenta previa,
antepartum hemorrhage,
and prolonged rupture of
membranes.”

(1979, p. 1-22)

“Smoking during pregnancy is
associated with increased risks
for preterm premature rupture
of membranes, abrupio
placentae, and placenta previa,
and with a modest increase in
risk for preterm

delivery.” (2001, p. 14)

“Women who smoke may have a
modest increase in risks for
ectopic pregnancy and

spontaneous abortion.” (2001, p.

14)

“Women who smoke during
pregnancy have a decreased risk
for preeclampsia.” (2001, p. 14)

“The evidence is sufficient
to infer a causal relationship
between maternal active
smoking and premature
rupture of the membranes,
placenta previa, and
placental abruption.” (p. 28)

“The evidence is sufficient

to infer a causal relationship

between maternal active
smoking and preterm
delivery and shortened
gestation.” (p. 28)

“The evidence is sufficient to

infer a causal relationship
between maternal active
smoking and a reduced risk
for preeclampsia.” (p. 28)

“The evidence is
suggestive but not
sufficient to infer a causal
relationship between
maternal active smoking
and ectopic

pregnancy.” (p. 28)

“The evidence is suggestive
but not sufficient to infer a
causal relationship between
maternal active smoking and

spontaneous abortion.” (p. 28)

“The evidence is sufficient to
infer a causal relationship
between maternal active
smoking and ectopic
pregnancy.” (Chapter 9)
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Table 4.4  Continued
First mention and Highest level conclusion(s) from Conclusion(s) from the Additional or updated
finding(s) in a Surgeon subsequent Surgeon General’s 2004 Surgeon General’s conclusion(s) from the 2014
Disease General’s report (year) reports before 2004 (year) report Surgeon General’s report
Respiratory . “In utgro exposure to m.aternal "‘The evidence is sqfﬁciept to .
) . smoking is associated with infer a causal relationship o
effects in between maternal smoking

infants and
children due

to maternal

reduced lung function among
infants....” (2001, p. 14)

active smoking

Sudden
infant death
syndrome
(SIDS)

“... the risk for sudden infant
death syndrome (SIDS) are
increased among the offspring of
women who smoke during
pregnancy.” (2001, p. 307)

“Smoking by pregnant
women contributes to the
risk of their infants being
victims of the “sudden
infant death

syndrome.” (1979, p. 1-22)

during pregnancy and a
reduction of lung function in
infants.” (p. 27)

“The evidence is suggestive
but not sufficient to infer a
causal relationship between
maternal smoking during
pregnancy and an increase in
the frequency of lower
respiratory tract illnesses
during infancy.” (p. 27)
“The evidence is suggestive
but not sufficient to infer a
causal relationship between
maternal smoking during
pregnancy and an increased
risk for impaired lung
function in childhood and
adulthood.” (p. 27)

“The evidence is sufficient to
infer a causal relationship
between sudden infant death
syndrome and maternal
smoking during and after
pregnancy.” (p. 28)

Note: ADHD = attention deficit hyperactivity disorder; PBI = penile-

brachial index.
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Conclusions from Surgeon General’s report on active cigarette smoking and other adverse

health effects

Disease

First mention and finding(s)
in a Surgeon General’s report
(year)

Highest level conclusion(s) from
subsequent Surgeon General’s

reports before 2004 (year)

Conclusion(s) from the
2004 Surgeon General’s
report

Additional or updated
conclusion(s) from the 2014
Surgeon General’s report

Accidents

Dental
diseases

Diabetes
mellitus

“Smoking is associated with
accidental deaths from fires in
the home.” (1964, p. 39)

“No conclusive information is

available on the effects of smoking

on traffic accidents.” (1964, p. 39)

“Tobacco use, excessive alcohol
use, and inappropriate dietary
practices contribute to many
diseases and disorders. In
particular, tobacco use is a risk
factor for oral cavity and
pharyngeal cancers, periodontal
diseases, candidiasis, and dental
caries, among other

diseases.” (2000, p. 6)2

“Smoking appears to affect
glucose regulation and
related metabolic processes,
but conflicting data exist on
the relationship of smoking
and the development of type
2 diabetes mellitus and
gestational diabetes among
women.” (2001, p. 14)

“The evidence is sufficient to
infer a causal relationship
between smoking and
periodontitis.” (p. 29)

“The evidence is inadequate to
infer the presence or absence of
a causal relationship between
smoking and coronal dental
caries.” (p. 29)

“The evidence is suggestive but
not sufficient to infer a causal
relationship between smoking and
root-surface caries.” (p. 29)

“The evidence is suggestive but
not sufficient to infer a causal
relationship between active
cigarette smoking and dental
caries.”

“The evidence is suggestive but
not sufficient to infer a causal
relationship between cigarette
smoking and failure of dental
implants.” (Chapter 10)

“The evidence is sufficient to
infer that cigarette smoking is
a cause of diabetes.”

“The risk of developing diabetes
is 30-40% higher for active
smokers than nonsmokers.”

“There is a positive dose-response
relationship between the number of
cigarettes smoked and the risk of
developing diabetes.“ (Chapter 10)
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Table 4.5 Continued
Highest level conclusion(s)
First mention and finding(s) from subsequent Surgeon Additional or updated
in a Surgeon General’s report General’s reports before Conclusion(s) from the 2004 conclusion(s) from the 2014
Disease (year) 2004 (year) Surgeon General’s report Surgeon General’s report
Diminished — — “The evidence is sufficient to infer —

a causal relationship between —
smoking and diminished health

status that may manifest as

increased absenteeism from work

and increased use of medical care

services.” (p. 29)

health status

“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.” (p. 29)

Eye “Tobacco amblyopia had been “Women who smoke have “The evidence is sufficient to “The evidence is sufficient to

diseases

related to pipe and cigar
smoking by clinical impressions.
The association has not been

an increased risk for
cataract.” (2001, p. 15)

infer a causal relationship
between smoking and nuclear
cataract.” (p. 29)

infer a causal relationship
between cigarette smoking and
neovascular and atrophic forms

of age-related macular
degeneration.”

substantiated by epidemiological
or experimental studies.” (1964,

p. 342)

“Women who smoke may
have an increased risk for
age-related macular

degeneration.” (2001, p. 15) “The evidence is suggestive but not

sufficient to infer that smoking
cessation reduces the risk of
advanced age-related macular
degeneration.” (Chapter 10).

“Studies show no consistent
association between smoking
and open-angle

glaucoma.” (2001, p. 15)

Hip — “Women who currently “The evidence is sufficient to —
fractures — smoke have an increased infer a causal relationship —
risk for hip fracture between smoking and hip
compared with women who fractures.” (p. 29)
do not smoke.” (2001, p.321)
Liver “Increased mortality of — — —
o — smokers from cirrhosis of the — — —

liver has been shown in the
prospective studies. The data
are not sufficient to support a
direct or causal

association.” (1964, p. 342)
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Table 4.5 Continued
Highest level conclusion(s) . .
First mention and from subsequent Surgeon  Conclusion(s) from the Addltlm.lal or updated
finding(s) in a Surgeon General’s reports before 2004 Surgeon General’s conclusion(s) fro’m the 2014
Disease General’s report (year) 2004 (year) report Surgeon General’s report
Low bone — “Postmenopausal women “In postmenopausal women, the —
density — who currently smoke have evidence is sufficient to infer a —
lower bone density than do causal relationship between
women who do not smoking and low bone
smoke.” (2001, p. 321) density.” (p. 29)
Peptic “Epidemiological studies “The relationship between “The evidence is sufficient to —
et indicate an association cigarette smoking and death  infer a causal relationship —

between cigarette smoking
and peptic ulcer which is
greater for gastric than for
duodenal ulcer.” (1964, p.
340)

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.” (1967, p. 40)

between smoking and peptic
ulcer disease in persons who are

Helicobacter pylori positive.” (p.

29)

a0.S. Department of Health and Human Services 2000. Oral Health in America: A Report of the
Surgeon General.
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Conclusions from Surgeon General’s report on exposure to secondhand smoke

Table 4.6 and cancer®
Highest level conclusion(s) Additional or updated
First mention and finding(s)  from subsequent Surgeon conclusion(s) from the
in a Surgeon General’s report  General’s reports before Conclusion(s) from the 2006 2014 Surgeon
Disease (year) 2006 (year) Surgeon General’s report General’s report
Breast — “Several studies suggest that “The evidence is suggestive but not “The evidence is suggestive
— exposure to environmental sufficient to infer a causal relationship but not SUff.I cient to infer a
tobacco smoke is associated With  poteen secondhand smoke and breast ~ <2US2l relationship
an increased risk of breast cancer, ., o between exposure to
but this association remains (p. 15) secondhand tobacco smoke
uncertain.” (2001, p. 13) and breast
) o ) cancer.” (Chapter 6 )
G _ “The evidence is inadequate to infer o
. the presence or absence of a causal .
relationship between secondhand
smoke exposure and the risk of
cervical cancer among lifetime
nonsmokers.” (p. 15)
Lung “Although the currently available “Involuntary smoking can _

evidence is not sufficient

to

involuntary smoking causes lung

conclude that passive or

cancer in nonsmokers, the
evidence does raise concern
about a possible serious public
health problem.” (1982, p. 9)

Nasal sinus
cavity and

nasopharyngeal

carcinoma

cause lung cancer in
nonsmokers.”
(1986, p. 13)

“Exposure to ETS is a cause
of lung cancer among
women who have never
smoked.” (2001,

p 350
)

“The evidence is sufficient to infer a
causal relationship between
secondhand smoke exposure and lung
cancer among lifetime nonsmokers.
This conclusion extends to all
secondhand smoke exposure,
regardless of location.” (p. 15)

“The evidence is suggestive but not sufficient —

to infer a causal relationship between

secondhand smoke exposure and a risk of
nasal sinus cancer among nonsmokers.”

(p. 15)

“The evidence is inadequate to infer the

presence or absence of a causal relationship
between secondhand smoke exposure and a risk

of nasopharyngeal carcinoma among
nonsmokers.” (p. 15)

Note: ETS = environmental tobacco smoke.

3General conclusion on cancers other than lung: “The associations between cancers, other than cancer of the lung, and involuntary smoking require
further investigation before a determination can be made about the relationship of involuntary smoking to these cancers.” (1986, p. 14)
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Conclusions from Surgeon General’s report on exposure to secondhand smoke and

Table 4.7  cardiovascular diseases?
Highest level conclusion(s) . .
First mention and finding(s)  from subsequent Surgeon Conclusion(s) from the Addltht}al or updated
in a Surgeon General’s General’s reports before 2006 2006 Surgeon General’s conclusion(s) from the 2014
Disease report (year) (year) report Surgeon General’s report
Atherosclerosis/ — — “Studies of secondhand smoke —

subclinical

vascular disease

Cerebrovascular —

disease

Coronary

heart disease

“The presence of such levels” as found
in cigarettes “indicates that the effect
of exposure to carbon monoxide may
on occasion, depending upon the
length of exposure, be sufficient to be
harmful to the health of an exposed
person. This would be particularly
significant for people who are already
suffering from...coronary heart

disease.” (1972, p. 7)

and subclinical vascular disease,
particularly carotid arterial wall
thickening, are suggestive but
not sufficient to infer a causal
relationship between exposure
to secondhand smoke and
atherosclerosis.” (p. 15)

— “The evidence is suggestive but

— not sufficient to infer a causal
relationship between exposure to
secondhand smoke and an
increased risk of stroke.” (p. 15)

“Epidemiologic and other
data support a causal
relationship between ETS
exposure from the spouse
and coronary heart disease
mortality among women
nonsmokers.” (2001, p_356)

“The evidence is sufficient to
infer a causal relationship
between exposure to
secondhand smoke and
increased risk of stroke.”

“The estimated increase in risk
for stroke from exposure to
secondhand smoke is about
20-30%.” (Chapter 8)

“The evidence is sufficient to infer a
causal relationship between exposure
to secondhand smoke and increased

risks of coronary heart disease

morbidity and mortality among both

men and women.” (p. 15)

Note: ETS = environmental tobacco smoke.

aGeneral conclusion on cardiovascular disease: “Further studies on the relationship between involuntary smoking and cardiovascular disease are needed
in order to determine whether involuntary smoking increases the risk of cardiovascular disease.” (1986, p. 14). [“The evidence is sufficient to infer that

smoking is the dominant cause of chronic obstructive pulmonary disease (COPD) in men and women in the United States. Smoking causes all elements
of the COPD phenotype, including emphysema and damage to the airways of the lung” (2014)].
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Conclusions from Surgeon General’s report on exposure to secondhand smoke and respiratory
Table 4.8 effects in children

Highest level conclusion(s)
First mention and finding(s) from subsequent Surgeon
General’s reports before

in a Surgeon General’s

Conclusion(s) from the 2006

Additional or
updated
conclusion(s) from
the 2012/2014
Surgeon General’s

Disease report (year) 2006 (year) Surgeon General’s report report
Asthma “The limited existing data “The evidence is sufficient to infer —
yield conflicting results a causal relationship between —
concerning the relationship parental smoking and ever having
between passive smoke asthma among children of school
exposure and pulmonary age.” (p. 14)
function changes in patients
with asthma.” (1984, p. 13)? “The evidence is suggestive but
not sufficient to infer a causal
relationship between secondhand
smoke exposure from parental
smoking and the onset of
childhood asthma.” (p. 14)
Chronic fChromc.coug.h il ikl e meie “The evidence is sufficient to —
. requent in children whose parents . . .
respiratory . . infer a causal relationship —
smoke compared with children of .
symptoms between parental smoking and

(cough, phlegm,
wheeze, dyspnea,
etc.)

nonsmokers. The implications of
chronic respiratory symptoms for
respiratory health as an adult are
unknown and deserve further
study.” (1986, p. 13)

cough, phlegm, wheeze, and
breathlessness among children
of school age.” (p. 14)

“The evidence is sufficient to infer
a causal relationship between
secondhand smoke exposure from
parental smoking and the onset of
wheeze illnesses in early
childhood.” (p. 14)
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Table 4.8  Continued
Highest level conclusion(s) Additim}al or updated
First mention and finding(s) from subsequent Surgeon ) conclusion(s) from the
in a Surgeon General’s General’s reports before Conclusion(s) from the 2006 2012/2014 Surgeon
Disease report (year) 2006 (year) Surgeon General’s report General’s report
Influenza, “The children of smoking “The children of parents who “The evidence is sufficient to infer a —
pneumonia, parents have an increased smoke have an increased causal relationship between —

infections, and
acute
respiratory
illnesses

Lung
growth
and
pulmonary

function

prevalence of reported
respiratory symptoms, and
have an increased frequency
of bronchitis and pneumonia
early in life.” (1984, p. 13)

“The children of smoking
parents appear to have
measurable

but small differences in tests
of pulmonary function when
compared with children of
nonsmoking parents. The
significance of this finding to
the future development of
lung disease is

unknown.” (1984, p. 13)

frequency of a variety of acute
respiratory illnesses and
infections, including chest
illnesses before 2 years of age
and physician-diagnosed
bronchitis, tracheitis, and
laryngitis, when compared with
the children of

nonsmokers.” (1986, p. 13)

“The children of parents who
smoke have an increased
frequency of hospitalization for
bronchitis and pneumonia during
the first year of life when
compared with the children of
nonsmokers.” (1986, p. 13)

“The children of parents who
smoke have small differences in
tests of pulmonary function when
compared with the children of
nonsmokers. Although this
decrement is insufficient to cause
symptoms, the possibility that it
may increase susceptibility to
chronic obstructive pulmonary
disease with exposure

to other agents in adult life, e.g.,
[sic] active smoking or
occupational exposures, needs
investigation.”

(1986, p. 13)

secondhand smoke exposure from
parental smoking and lower
respiratory illnesses in infants and
children.” (p. 14)

“The evidence is sufficient to
infer a causal relationship _
between maternal smoking

during pregnancy and persistent

adverse effects on lung function

across childhood.” (p. 14)

“The evidence is sufficient to
infer a causal relationship
between exposure to secondhand
smoke after birth and a lower
level of lung function during
childhood.” (p. 14)
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Table 4.8 Continued
Additional or updated
First mention and finding(s) Highest level conclusion(s) from conclusion(s) from the
) in a Surgeon General’s subsequent Surgeon General’s Conclusion(s) from the 2006 2012/2014 Surgeon
Disease report (year) reports before 2006 (year) Surgeon General’s report General’s report

Middle ear disease ~ “A number of studies report that

and chronic middle ear effusions are

adenotonsillectomy more common in young children
whose parents smoke than in
children of nonsmoking
parents.” (1986, p. 14)

“The evidence is sufficient to infer —
— a causal relationship between —

parental smoking and middle ear

disease in children, including

acute and recurrent otitis media

and chronic middle ear

effusion.” (p. 14)

“The evidence is suggestive but
not sufficient to infer a causal
relationship between parental
smoking and the natural history
of middle ear effusion.” (p. 14)

“The evidence is inadequate to
infer the presence or absence of a
causal relationship between
parental smoking and an increase
in the risk of adenoidectomy or
tonsillectomy among children.” (p.
14)

Atopy — — “The evidence is inadequate to —
— infer the presence or absence of a —
causal relationship between
parental smoking and the risk of
immunoglobulin
E-mediated allergy in their
children.” (p. 14)

Note: TB = tuberculosis.
ageﬁeral conclusion without specification of outcome in children °F
adults.
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Conclusions from Surgeon General’s report on exposure to secondhand smoke and

Table 4.9  respiratory effects in adults
Additional or updated
Highest level conclusion(s) conclusion(s) from
First mention and from subsequent Surgeon . the 2012/2014
finding(s) in a Surgeon General’s reports before 2006  Conclusion(s) fr?m the 2006 Surgeon General’s
Disease General’s report (year) (vear) Surgeon General’s report report
Asthma “The limited existing data — “The evidence is suggestive but —

yield conflicting results
concerning the
relationship between
passive smoke exposure
and pulmonary function
changes in patients with
asthma.” (1984, p. 13)2

Chronic respiratory —

symptoms (cough,
phlegm, wheeze,
dyspnea, etc.)

not sufficient to infer a causal
relationship between secondhand
smoke exposure and adult-onset
asthma.” (p. 16)

“The evidence is suggestive but
not sufficient to infer a causal
relationship between secondhand
smoke exposure and a worsening
of asthma control.” (p. 16)

“The evidence is suggestive but
not sufficient to infer a causal
relationship between secondhand
smoke exposure and acute
respiratory symptoms including
cough, wheeze, chest tightness,
and difficulty breathing among
persons with asthma.” (p. 15)

“The evidence is suggestive but
not sufficient to infer a causal
relationship between secondhand
smoke exposure and acute
respiratory symptoms including
cough, wheeze, chest tightness,
and difficulty breathing among
healthy persons.” (p. 15)

“The evidence is suggestive but
not sufficient to infer a causal
relationship between secondhand
smoke exposure and chronic
respiratory symptoms.” (p. 15)
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Table 4.9 Continued
Additional or updated
conclusion(s) from
First mention and finding(s)  Highest level conclusion(s) from the 2012/2014
. in a Surgeon General’s report  subsequent Surgeon General’s Conclusion(s) from the 2006 Surgeon General’s
Disease (vear) reports before 2006 (year) Surgeon General’s report report
Chronic “Healthy adults exposed to — “The evidence is suggestive but not
obstructive environmental tobacco — sufficient to infer a causal relationship
pulmonary smoke may have small between secondhand smoke exposure
disease changes on pulmonary and risk for chronic obstructive

Lung function
(Formerly
designated as
chronic bronchitis;
emphysema;
chronic obstructive
lung disease;
chronic obstructive
bronchopulmonary
disease)

function testing,
but are unlikely to experience
clinically significant deficits in

pulmonary function as a result of

exposure to environmental tobacco

smoke alone.” (1986, Pp- 13-14)

“Other components of tobacco
smoke, such as particulate
matter and the oxides of
nitrogen,

have been shown in various
concentrations to affect
adversely animal
pulmonary...function. The
extent of the contributions of
these substances to illness

in humans exposed to the
concentrations present in an
atmosphere contaminated with
tobacco smoke is not presently
known.” (1972, pp. 7-8)
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“...some studies suggest that
high levels of involuntary
[tobacco] smoke exposure might
produce small changes in
pulmonary function in normal
subjects. ... Two studies have
reported differences in measures
of lung function in older
populations between subjects
chronically exposed to
involuntary

smoking and those who were
not. This difference was not
found in a younger and
possibly less exposed

population.” (1984, p. 13)

pulmonary disease.” (p. 16)

“The evidence is inadequate to infer
the presence or absence of a causal
relationship between secondhand
smoke exposure and morbidity in
persons with chronic obstructive
pulmonary disease.” (p. 16)

“The evidence is suggestive but not
sufficient to infer a causal
relationship between short-term
secondhand smoke exposure and an
acute decline in lung function in
persons with asthma.” (p. 16)

“The evidence is inadequate to infer
the presence or absence of a causal
relationship between short-term
secondhand smoke exposure and an
acute decline in lung function in
healthy persons.” (p. 16)

“The evidence is suggestive but not
sufficient to infer a causal
relationship between chronic
secondhand smoke exposure and a
small decrement in lung function in
the general population.”

(p. 16)

“The evidence is inadequate to infer
the presence or absence of a causal
relationship between chronic
secondhand smoke exposure and an
accelerated decline in lung
function.” (p. 16)



Table 4.9

Continued
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Disease

First mention and finding(s)
in a Surgeon General’s report
(year)

Highest level conclusion(s)
from subsequent Surgeon
General’s reports before
2006 (year)

Conclusion(s) from the 2006
Surgeon General’s report

Additional or updated
conclusion(s) from
the 2012/2014
Surgeon General’s
report

Odor and

irritation

Tuberculosis

“An atmosphere
contaminated with tobacco
smoke can contribute to
the discomfort of many
individuals.” (1972, p. 7)

“Cigarette smoke in the air
can produce an increase in
both subjective and objective
measures of eye

irritation.” (1984, p. 13)

“The main effects of the
irritants present in ETS occur
in the conjunctiva of the eyes
and the mucous membranes of
the nose, throat, and lower
respiratory tract. These irritant
effects are a frequent cause of
complaints about poor air
quality due to environmental
tobacco smoke.” (1986, p. 252)

“The evidence is sufficient to infer a —

causal relationship between

secondhand smoke exposure and odor

annoyance.” (p. 15)

“The evidence is sufficient to infer a

causal relationship between

secondhand smoke exposure and

nasal irritation.” (p. 15)

“The evidence is suggestive but not

sufficient to conclude that persons with

nasal allergies or a history of
respiratory illnesses are more
susceptible to developing nasal

irritation from secondhand smoke

exposure.” (p. 15)

“The evidence

is inadequate to infer the
presence or absence of a
causal relationship between
exposure to secondhand
smoke and the risk of
tuberculosis

infection.” (2014, Chapter 7)

“The evidence

is inadequate to infer the
presence or absence of a
causal relationship between
exposure to secondhand
smoke and the risk of
tuberculosis disease.” (2014,
Chapter 7)

Note: ETS = environmental tobacco smoke.
ageﬁeral conclusion without specification of outcome in children or
adults.
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Table 4.10  Conclusions from Surgeon General’s report on exposure to secondhand smoke amd reproductive and
developmental effects

Highest level
conclusion(s) from Additional or updated
First mention and finding(s)  subsequent Surgeon conclusion(s) from the
in a Surgeon General’s General’s reports before ~ Conclusion(s) from the 2006 2012/2014 Surgeon

Disease report (year) 2006 (year) Surgeon General’s report General’s report
Child physical — — “The evidence is inadequate to infer the —
and cognitive — — presence or absence of a causal relationship —
development between exposure to secondhand smoke and

cognitive functioning among children.” (p.

13)

“The evidence is inadequate to infer the

presence or absence of a causal relationship

between exposure to secondhand smoke and

behavioral problems among children.” (p. 13)

“The evidence is inadequate to infer the presence

or absence of a causal relationship between

exposure to secondhand smoke and children’s

height/growth.” (p. 13)
Congenital — — “The evidence is inadequate to infer the presence —
malformations — — or absence of a causal relationship between —

exposure to secondhand smoke and congenital

malformations.” (p. 13)
Fertility — — “The evidence is inadequate to infer the presence —

— — or absence of a causal relationship between —

maternal exposure to secondhand smoke and

female fertility or fecundability. No data were

found on paternal exposure to secondhand smoke

and male fertility or fecundability.” (p. 13)
Fetal “Studies of ETS exposure and — “The evidence is inadequate to infer the —
death, the risks for delay in conception, — presence or absence of a causal relationship —
stillbirths spontaneous abortion, and between exposure to secondhand smoke and
and ’ perinatal mortality are few, and neonatal mortality.” (p. 13)
. the results are inconsistent.”
Lngiis (2001, p. 372)
mortality
Sudden infant — — “The evidence is sufficient to infer a causal —
death syndrome — — relationship between exposure to secondhand —
(SIDS) smoke and sudden infant death syndrome.” (p. 13)
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Table 4.10 Continued

Highest level Additional or updated
lusi £ conclusion(s) from
. . . conclusion(s) from the 2012/2014
First mention and finding(s) subsequent Surgeon . ,
in a Surgeon General’s General’s reports Conclusion(s) from the 2006 Surgeon Surgeon General’s
Disease report (year) before 2006 (year) General’s report report
Infant “...maternal exposure to — “The evidence is sufficient to infer a causal —
birth ETS appears to be causally — relationship between maternal exposure to —
weight associated with detrimental secondhand smoke during pregnancy and a
effects on fetal small reduction in birth weight.” (p. 13)
growth.” (2001, p. 364)
Pregnancy — — “The evidence is inadequate to infer the —
complications — — presence or absence of a causal —

relationship between maternal exposure
to secondhand smoke during pregnancy
and spontaneous abortion.” (p. 13)

“The evidence is suggestive but not
sufficient to infer a causal relationship
between maternal exposure to
secondhand smoke during pregnancy
and preterm delivery.” (p. 13)

Note: ETS = environmental tobacco
smoke.
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Table 4.11  Conclusions reached by the Advisory Committee to the Surgeon General in 1964

Lung Cancer

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

The risk of developing lung cancer increases with duration of smoking and the number of cigarettes smoked per day, and is
diminished by discontinuing smoking.

The risk of developing cancer of the lung for the combined group of pipe smokers, cigar smokers, and pipe and cigar smokers, is
greater than for nonsmokers, but much less than for cigarette smokers. The data are insufficient to warrant a conclusion for each
group individually.” (p. 196)

Oral Cancer

“The causal relationship of the smoking of pipes to the development of cancer of the lip appears to be established. Although there
are suggestions 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.” (pp. 204-5)

Cancer of the Larynx

“Evaluation of the evidence leads to the judgment that cigarette smoking is a significant factor in the causation of laryngeal cancer
in the male.” (p. 212)

Cancer of the Esophagus

“The evidence on the tobacco-esophageal cancer relationship supports the belief that an association exists. However, the data are
not adequate to decide whether the relationship is causal.” (p. 218)

Cancer of the Urinary Bladder

“Available data suggest an association between cigarette smoking and urinary bladder cancer in the male but are not sufficient to
support a judgment on the causal significance of this association.” (p. 225)

Stomach Cancer

“No relationship has been established between tobacco use and stomach cancer.” (p. 229)

Non-Neoplastic Respiratory Diseases, Particularly Chronic Bronchitis and Pulmonary Emphysema

“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.

A relationship exists between pulmonary emphysema and cigarette smoking but it has not been established that the relationship is
causal. The smoking of cigarettes is associated with an increased risk of dying from pulmonary emphysema.

For the bulk of the population of the United States, the importance of cigarette smoking as a cause of chronic bronchopulmonary
disease is much greater than that of atmospheric pollution or occupational exposures.

Cough, sputum production, or the two combined are consistently more frequent among cigarette smokers than among non-
smokers. Cigarette smoking is associated with a reduction in ventilatory function. Among males, cigarette smokers have a greater
prevalence of breathlessness than non-smokers.

Cigarette smoking does not appear to cause asthma.

Although death certification shows that cigarette smokers have a moderately increased risk of death from influenza and
pneumonia, an association of cigarette smoking and infectious diseases is not otherwise substantiated.” (p. 302)
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Table 4.11  Continued

Cardiovascular Disease

“Male cigarette smokers have a higher death rate from coronary artery disease than non-smoking males, but it is not clear that the
association has causal significance.” (p. 327)

Peptic Ulcer

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

Tobacco Amblyopia

“Tobacco amblyopia (dimness of vision unexplained by an organic lesion) has been related to pipe and cigar smoking by clinical
impressions. The association has not been substantiated by epidemiological or experimental studies.” (p. 342)

Cirrhosis of the Liver

“Increased mortality of smokers from cirrhosis of the liver has been shown in the prospective studies. The data are not sufficient to
support a direct or causal association.” (p. 342)

Maternal Smoking and Infant Birth Weight

“Women who smoke cigarettes during pregnancy tend to have babies of lower birth weight. Information is lacking on the
mechanism by which this decrease in birth weight is produced. It is not known whether this decrease in birth weight has any
influence on the biological fitness of the newborn.” (p. 343)

Smoking and Accidents
“Smoking is associated with accidental deaths from fires in the home. No conclusive information is available on the effects of
smoking on traffic accidents.” (p. 345)

Morphological Constitution of Smokers

“The available evidence suggests the existence of some morphological differences between smokers and non-smokers, but is too
meager to permit a conclusion.” (p. 387)

“The overwhelming evidence points to the conclusion that smoking—its beginning, habituation, and occasional discontinuation—
is to a large extent psychologically and socially determined. This does not rule out physiological factors, especially in respect to
habituation, nor the existence of predisposing constitutional or hereditary factors.” (p. 377)

Source: U.S. Department of Health, Education, and Welfare 1964.
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Table 4.12

Conclusions from previous Surgeon General’s reports related to smoking and all-cause mortality

Year

Conclusion

1964

1967

1968
(supplement
to 1967)

1978

1979

1980

1989

“Cigarette smoking is associated with a 70 percent increase in the age specific death rates of males, and to a
lesser extent with increased death rates of females. The total number of excess deaths causally related to cigarette
smoking in the U.S. population cannot be accurately estimated. In view of the continuing and mounting evidence
from many sources, it is the judgment of the Committee that cigarette smoking contributes substantially to
mortality from certain specific diseases and to the overall death rate.” (p. 31)

“1. Cigarette smokers have substantially higher rates of death and disability than their nonsmoking counterparts in
the population. This means that cigarette smokers tend to die at earlier ages and experience more days of disability
than comparable nonsmokers.

2. A substantial portion of earlier deaths and excess disability would not have occurred if those affected had never
smoked.” (p. 3)

“Previous findings reported in 1967 indicate that cigarette smoking is associated with an increase in overall
mortality and morbidity and leads to a substantial excess of deaths in those people who smoke.” (p. 3)

“1. Overall mortality rates for cigarette smokers are about 70 percent higher than those for nonsmokers.

2. Overall mortality risk increases with the amount smoked. For the two-pack-a-day cigarette smoker, the risk of
premature death is approximately twice that of the nonsmoker.

3. Overall mortality ratios of smokers compared to nonsmokers are highest at earlier ages and decline with
increasing age. For cigarette smokers, the risk of premature death is twice that of nonsmokers at age 40.

4. Overall mortality ratios are higher for those who begin smoking at a young age compared to those who begin
later. For those who begin smoking before the age of 15, the risk of premature death is about 86 percent higher
than that for nonsmokers.” (pp. 44-5)

“1. The overall mortality ratio for all male current cigarette smokers, irrespective of quantity, is about 1.7 (70
percent excess) compared to nonsmokers.

2. Mortality ratios increase with amount smoked. The two-pack-a-day male smoker has a mortality ratio of 2.0
compared to nonsmokers.

3. Overall mortality ratios are directly proportional to the duration of cigarette smoking. The longer one smokes,
the greater the risk of dying.

4. Overall mortality ratios are higher for those who initiated their cigarette smoking at younger ages compared to
those who began smoking later.

5. Overall mortality ratios are higher among cigarette smokers who inhale than among those who do not.”
(p. 1-10)

“1. The mortality ratio for women who smoke cigarettes is about 1.2 or 1.3.

2. Mortality ratios for women increase with the amount smoked. In the largest prospective study the mortality
ratio was 1.63 for the two-pack-a-day smoker as compared to nonsmokers.

3. Mortality ratios are generally proportional to the duration of cigarette smoking; the longer a woman smokes, the
greater the excess risk of dying.

4. Mortality ratios tend to be higher for those women who begin smoking at a young age as compared to those who
begin smoking later.” (p. 6)

“Smoking is responsible for more than one of every six deaths in the United States. Smoking remains the single
most important preventable cause of death in our society.” (p. 11)
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Table 4.12  Continued

Year Conclusion

2001 “1. Cigarette smoking plays a major role in the mortality of U.S. women.
2. The excess risk for death from all causes among current smokers compared with persons who have never
smoked increases with both the number of years of smoking and the number of cigarettes smoked per day.” (p. 12)

2004 “There have been more than 12 million premature deaths attributable to smoking since the first published
Surgeon General’s report on smoking and health in 1964. Smoking remains the leading preventable cause of
premature death in the United States.” (p. 30)

20062 “Secondhand smoke causes premature death and disease in children and in adults who do not smoke.” (p. 11)

aExposure to secondhand smoke.
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Introduction

The Health Consequences of Smoking—50 Years of Progress

Nicotine has been addressed in multiple previous
reports of the Surgeon General. Most notably, the 1988
Surgeon General’s report, The Health Consequences of
Smoking: Nicotine Addiction, concluded that cigarettes
and tobacco products are addicting and that “Nicotine is
the drug in tobacco that causes addiction” (U.S. Depart-
ment of Health and Human Services [USDHHS] 1988,
p. 9). The 2010 report, How Tobacco Smoke Causes Dis-
ease, addressed the mechanisms by which nicotine leads
to addiction, providing full coverage of pharmacology,
genetic factors, manifestations of addiction, and epidemi-
ologic aspects (USDHHS 2010). The topic of trajectories
of addiction and relapse was also addressed and further
covered in regard to adolescents and young adults in the
2012 report, Preventing Tobacco Use Among Youth and
Young Adults (USDHHS 2012).

This chapter addresses the acute toxicity of nicotine
and the effects of longer-term exposure on reproductive
outcomes, lung growth and development, neurocogni-
tive function and cognitive decline, psychiatric morbid-
ity, immune function, cancer risk, and cardiovascular

disease. A number of new noncombustible products (e.g.,
electronic cigarettes) have been marketed by the tobacco
industry and other manufacturers that provide nicotine
through the oral and inhaled routes. Use of such products
is projected by some to take an increasing market share
over the next decade (Citigroup Global Markets 2011).
Additionally, nicotine replacement therapy (NRT) remains
a mainstay of cessation aids and many former smokers
may remain on such therapy for periods of time longer
than recommended and approved by the U.S. Food and
Drug Administration (West and Russell 1985; Hajek et al.
1988; Hughes et al. 1991; Hughes 1998).

Given the possibility of increasing exposure of the
population to nicotine obtained from products other than
conventional cigarettes, this chapter considers the acute
and longer-term adverse consequences of nicotine. The
chapter also provides background for the consideration
of future policy directions in Chapter 16, “A Vision for
Ending the Epidemic: A Society Free of Tobacco-Related
Death and Disease.”

Toxicokinetics and Acute Toxicity of Nicotine

Nicotine is the major chemical component respon-
sible for addiction in tobacco products (USDHHS 1988;
Stolerman and Jarvis 1995; Royal College of Physicians of
London 2000; Balfour 2004). The risk for nicotine addic-
tion depends on the dose of nicotine delivered and the
way it is delivered; the potential for addiction increases
with the dose delivery rate, the rate of absorption, and
the attained concentration of nicotine (Henningfield
and Keenan 1993; de Wit and Zacny 1995; Stitzer and
de Wit 1998). For an in-depth discussion of the pharma-
cokinetics of nicotine as related to addiction, see the phar-
macokinetics section of Chapter 4 in the 2010 Surgeon
General’s report (USDHHS 2010). Similarly, the toxicity
caused by nicotine is dependent on dose, dose duration
and frequency, route of exposure, formulation of the nico-
tine product, and interpersonal variability as addressed in
the 2010 report. This section discusses the toxicokinetics
and the acute toxicity of nicotine.

Toxicokinetics

Nicotine, 3-(1-methyl-2-pyrrolidinyl) pyridine, is a
volatile alkaloid with a molecular weight of 162.23. The
absorption and elimination via renal excretion of nico-
tine are highly dependent on pH. At a high (alkaline) pH,
nicotine (pKa! = 8.5) is in the non-ionized state, which
passes more easily through lipoprotein membranes than
the ionized (charged) state (Stratton et al. 2001). Nico-
tine in its un-ionized state can be readily absorbed across
the epithelium of the lung, the oral mucosa, and the nose,
and through the skin. Nicotine in tobacco smoke inhaled
into the lung is rapidly absorbed because of the large sur-
face area of the alveoli and small airways and the dissolu-
tion of nicotine in the fluid coating the lung’s epithelial
layer, which has a physiological pH that facilitates absorp-
tion. Similarly, nicotine from oral tobacco products that

IThe logarithmic measure of the acid disassociation constant, which represents the pH of a solution in which half of the acid molecules

are ionized.
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have an alkaline pH is readily absorbed through the oral
mucosa, but more gradually than via the lungs. Nicotine
can be well absorbed in the small intestine, because of its
more alkaline pH and large surface area. However, nicotine
is poorly absorbed from the stomach, because its acidic
environment results in greater ionized nicotine. In addi-
tion, unlike ingestion, nicotine’s bioavailability is greater
through the lung or through the oral mucosa, because
nicotine reaches the systemic circulation before passing
through the liver where it is metabolized (first-pass metab-
olism). Arterial concentrations of nicotine from smoking
are higher than venous concentrations (Figure 5.1). Across
studies, the ratios of arterial to venous concentration
range from 2.3-10 (Henningfield et al. 1993; Gourlay and
Benowitz 1997; Rose et al. 1999). Less than 5% of nicotine
is protein-bound in the plasma (Benowitz et al. 1982). It
distributes extensively to body tissues, including the liver,
kidney, spleen, lung, and brain and also accumulates in
gastric juice and saliva, breast milk, skeletal muscle, and
fetal serum and amniotic fluid (Dahlstrom et al. 1990;
Breese et al. 1997; Perry et al. 1999; Dempsey and Ben-

Figure 5.1
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owitz 2001). The time course of nicotine accumulation in
the brain and other body organs, and the resultant phar-
macologic effects, are highly dependent on route and rate
of dosing. The lag time between a puff on a cigarette until
nicotine reaches the brain is 10-20 seconds (Henningfield
and Keenan 1993; de Wit and Zachy 1995; Stitzer and
de Wit 1998; Rose et al. 1999).

More than 80% of nicotine absorbed into the body
undergoes metabolism in the liver, principally by CYP2A6,
UDP-glucuronosyltransferase, and flavin-containing
monooxygenase (Cashman et al. 1992; Park et al. 1993;
Benowitz and Jacob 1994; Benowitz et al. 2009). Several
metabolites of nicotine reach the central nervous sys-
tem (CNS) after acute administration of nicotine (Crooks
and Dwoskin 1997). Nornicotine is both a metabolite of
nicotine and a minor tobacco alkaloid. Researchers have
observed similar behavioral effects from nicotine and nor-
nicotine. However, because nornicotine is present only as
a minor metabolite, it is unclear whether it has significant
pharmacologic or toxicologic effects in nicotine users.
Less data are available on cotinine, a major metabolite of
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Table 5.1 Animal studies on acute toxicity of nicotine

The Health Consequences of Smoking—50 Years of Progress

Study

Species tested Route of exposure

Study objective/endpoint

Larson et al. 1945 Mice, rabbits i.p.

Hicks and Sinclair, 1947 Rats i.p.

Yamamoto et al. 1966 Rats i.p.

Lazutka et al. 1969 Mice, rats Oral, inhalation
Stalhandske and Slanina 1970 Mice i.p.

Tepper et al. 1979 Mice i.p.

Okamoto et al. 1992 Rats i.p.

Okamoto et al. 1994 Rats i.p.

Yuen et al. 1995 Rats Oral (water)

Determine LD50
Determine LD50
Determine LD50
Determine LD16, LD50, LD100

Determine difference in response to LD50 between
young and old rats

Determine LD50 by mouse strain, age, gender; ED50 of
onset of tremor

Determine time to convulsions

Determine difference in response to LD50 between
young and old rats

Examine acute hepatotoxicity

Note: ED50 = median dose where 50% of sample subjects achieve a predefined endpoint; i.p. = intraperitoneal; LD16 = dosage of a
given drug required to kill 16% of a test population; LD50 = dosage of a given drug required to kill 50% of a test population;
LD100 = dosage of a given drug required to kill 100% of a test population.

nicotine (Benowitz and Jacob 1994; Keenan et al. 1994).
For discussion of the pharmacodynamics of nicotine in
the brain, see the section on “Pathophysiology of Nicotine
Addiction” in Chapter 4 of the 2010 Surgeon General’s
report (USDHHS 2010).

Acute Toxicity of Nicotine

Nicotine exerts its effects via stimulation of the nico-
tinic acetylcholine receptors (nAChRs), which are located
in the CNS, at interganglionic junctions of the autonomic
nervous system, and on target organs throughout the body
as part of the parasympathetic autonomic nervous system
(USDHHS 2010). As a result of the global expression of
these receptors, their stimulation causes broad physi-
ologic effects. Although the nicotine intoxication syn-
drome is not fully characterized, symptoms of mild acute
toxicity might include nausea and vomiting, progressing
with increased exposure to cholinergic syndrome, which
includes diarrhea, increased salivation, increased respira-
tory secretions, and bradycardia. Severe poisonings can
progress further to seizures and respiratory depression.
Countering the development of acute toxicity is the rela-
tively rapid development of tolerance with repeated expo-
sure (Benowitz et al. 1987; Okamoto et al. 1992).

Acute toxicologic data on nicotine is limited. Such
information comes from three sources: (1) animal studies,
(2) studies investigating nicotine as a therapeutic agent
(including NRT), and (3) poisonings involving nicotine. A
few acute toxicological studies performed on animals are
available (Table 5.1). These studies contribute basic LD50
(dose causing 50% lethality) values primarily in rats and
mice (Larson et al. 1945; Hicks and Sinclair 1947; Yama-
moto et al. 1966; Lazutka et al. 1969; Tepper et al. 1979),
as well as examining the effects of age and gender, and
endpoints other than lethality, such as hepatotoxicity and
time to convulsions. However, the studies available do not
adequately characterize acute toxicity. Studies investigat-
ing nicotine as a therapeutic agent in humans are limited
in predicting the acute toxicity of nicotine. These stud-
ies are better at documenting adverse effects rather than
overt toxicity, as the doses administered are chosen, in
part, because they are considered subtoxic. Mild adverse
effects, as defined by the World Health Organization’s
(WHO’s) Collaborating Center for International Drug
Monitoring (WHO 1972), of nicotine given as pharma-
cologic treatment for nicotine addiction have been com-
monly reported (Barrueco et al. 2005). Studies examining
nicotine’s potential role to treat ulcerative colitis using
nicotine patches or enemas provide similar findings with
regard to adverse effects (Nikfar et al. 2010; Lunney and
Leong 2012).
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Numerous poisonings have been documented in the
literature since the use of nicotine as a pesticide became
widespread in the early part of the twentieth century.
These studies describe patients exposed to doses associ-
ated with toxicity via one or more routes of exposure, and
a resulting predicted clinical course of acute toxicity as
noted previously in this section. However, the literature
also notes exceptions, including a rapid progression to
near fatal symptoms after a relatively low exposure to a
piece of 2 milligrams (mg) nicotine gum that was chewed
briefly and discarded — never swallowed (Mensch and
Holden 1984), as well as a patient receiving a relatively
large dose, 240 mg nicotine, in an accidental subcutane-
ous administration that proved to be nonfatal (Brady et
al. 1979). In both instances, the affected persons were
active cigarette smokers. The case report involving the 2
mg gum did not specifically document nicotine intoxica-
tion; rather, a clinical diagnosis was made. Yet, despite the
abundance of case reports, it appears that there has not
been a systematic assessment of the literature to charac-
terize the dose-response relationship. Finally, the human
oral fatal dose is commonly reported to be between 50-60

mg for adults, with the fatal dose for youth expected to be
lower, but not determined specifically. A study by Lazutka
and colleagues (1969), in a Russian language publication,
is commonly cited in support of these figures. However,
Lazutka and colleagues make no such estimation. Fur-
ther, a systematic literature search was performed using
OVID MEDLINE for nicotine (focusing on ‘toxicity’ n =
744 and ‘poisonings’ n = 134), as well as a search of data-
bases such as the Hazardous Substances Data Bank and
Haz-Map using Toxnet; however, no study was located as a
source for an estimate of the dose that is fatal to humans
and the figure of 50-60 mg is poorly documented.

Summary

In its un-ionized state, nicotine readily enters the
body, regardless of the mode of administration. It has
known acute toxicity, reflecting its pharmacologic activ-
ity. There is a potential for poisoning from ingestion of
nicotine-containing products.

Pathophysiology of Nicotine Addiction

Summary of Evidence from the
2010 Surgeon General’s Report

Dependence on nicotine is characterized by both the
persistence of a drug-taking behavior and the emergence
of withdrawal symptoms upon the abrupt cessation of
nicotine administration (Wikler 1973; Levine 1974; Stew-
art et al. 1984; Ludwig 1986; O’Brien et al. 1990; Hughes
and Hatsukami 1992; Koob et al. 1993; Markou et al. 1993,
1998; American Psychiatric Association 1994; Kenny and
Markou 2001; USDHHS 2010). Therefore, both the neu-
rosubstrates (brain structures, pathways, and systems)
mediating the reinforcing effects of acute administra-
tion of nicotine and those mediating the nicotine with-
drawal syndrome are relevant to nicotine addiction. The
physiological systems that develop adaptations to repeated
nicotine administration, and lead to the emergence of
withdrawal signs on cessation of nicotine administration,
are likely to intersect with systems that mediate the acute
effects of nicotine (Markou et al. 1998; Kenny and Markou
2001). That is, nicotine addiction develops as a neurobio-
logic adaptation to chronic nicotine exposure. However,
all forms of nicotine delivery do not pose an equal risk
in establishing or maintaining nicotine addiction. NRT
medicines, which are designed to minimize addiction risk,
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carry a low risk of establishing addiction and are generally
substantially easier to discontinue than tobacco products
(Henningfield et al. 2011; WHO 2012). Conversely, ciga-
rettes have been researched, designed, and manufactured
to increase the likelihood that initiation will lead to depen-
dence and difficulty achieving cessation due to contents
and emissions in addition to nicotine (e.g., acetaldehyde,
ammonia compounds, and menthol); design features that
may increase free-base nicotine and produce larger puffs
(filter-tip ventilation); and other factors that reduce the
concerns for smokers and increase the attractiveness of
the products (USDHHS 2010, 2012).

nAChRs are ligand-gated ion channels composed of
five membrane-spanning subunits that combine to form a
functional receptor (Lindstrom et al. 1996; Role and Berg
1996; Albuquerque et al. 1997; Lena and Changeux 1998,
1999; Dani 2000; Gotti et al. 2006). As a result of actions
at the nAChR sites, nicotine stimulates the release of
most neurotransmitters throughout the brain (Araujo et
al. 1988; Toide and Arima 1989; McGehee and Role 1995;
Gray et al. 1996; Role and Berg 1996; Wilkie et al. 1996;
Albuquerque et al. 1997; Alkondon et al. 1997; Kenny et
al. 2000; Grady et al. 2001). Therefore, various transmitter
systems are likely to be involved in the rewarding effects
of nicotine and in the adaptations that occur in response



to chronic exposure to nicotine, which give rise to depen-
dence and to withdrawal responses.

The positive reinforcing aspects of nicotine addic-
tion primarily results from the release of dopamine in
the ventral tegmental area region of the brain (Grenhoff
et al. 1986; Nisell et al. 1994a,b, 1997; Pidoplichko et al.
1997; Watkins et al. 2000; Picciotto and Corrigall 2002;
Balfour 2004). Nicotine stimulates nAChRs on glutama-
tergic terminals that release glutamate, an excitatory
neurotransmitter, which results in an increased release of
dopamine in the nucleus accumbens and the frontal cor-
tex (Gray et al. 1996; Gioanni et al. 1999; Fu et al. 2000;
Grillner and Svensson 2000; Mansvelder and McGehee
2000; Reid et al. 2000). Nicotine also excites nAChRs on
gamma-aminobutyric acid (GABA)-releasing terminals
(Schilstrom et al. 1998; Mansvelder and McGehee 2000).
Thus, levels of GABA, an inhibitory neurotransmitter, are
also increased by nicotine. However, the interplay between
the quick desensitization of nAChRs on the GABA neuron
and the higher doses of nicotine required to desensitize
nAChRs on the glutamate neuron results in an increase in
dopamine levels (Schilstrom et al. 1998; Mansvelder and
McGehee 2000). A critical role may also be played by nic-
otine-induced increases in norepinephrine transmission,
although the role of this transmitter system in nicotine
dependence has not been investigated as extensively as
that of the dopamine, glutamate, and GABA systems. The
roles of endocannabinoids, serotonin, and endogenous
opiates in nicotine addiction are less certain. For further
discussion of neurosubstrates, see ‘Neurosubstrates of
Nicotine Reinforcement’ in the “Pathophysiology of Nico-
tine Addiction” section of Chapter 4 in the 2010 Surgeon
General’s report.

The neurophysiological mechanisms associated with
withdrawal symptoms may vary with the type of symp-
toms experienced (e.g., somatic vs. affective). The nAChRs
appear to be involved in both the somatic and affective
components of nicotine withdrawal. Decreased mesolim-
bic dopaminergic transmission seems to mediate various
aspects of the withdrawal syndrome (Fung et al. 1996;
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Hildebrand et al. 1998, 1999; Carboni et al. 2000). Nor-
adrenergic and serotonergic systems may also play a role
in withdrawal. Decreased glutamate transmission appears
to mediate the affective aspects of withdrawal, but GABA
transmission does not appear to change with withdrawal.

Trajectory of Addiction

The addiction caused by the nicotine in tobacco
smoke is critical in the transition of smokers from experi-
mentation to sustained smoking and, subsequently, in
the maintenance of smoking for the majority of smok-
ers who want to quit (USDHHS 2010, 2012). Substantial
longitudinal research has shown that smoking typically
begins with experimental use of cigarettes and that the
transition to regular smoking can occur relatively quickly,
with the smoking of as few as 100 cigarettes (UISDHHS
2012). Longitudinal studies show that there are indi-
vidual trajectories of smoking as tracked by the index
of numbers of cigarettes smoked daily. These trajecto-
ries are variable, with some smokers quickly progress-
ing to regular smoking and others doing so more slowly
(USDHHS 2010, 2012). Research is in progress on the pos-
sible role of genetic factors in determining the trajectory of
nicotine use.

The 2012 Surgeon General’s report makes clear
that addiction can begin in people who begin experi-
menting with tobacco use during their teenage years
(USDHHS 2012). Although the phenotype of addiction
is not so well defined as with adults, symptoms of with-
drawal occur among youth who become regular smokers.
As documented in that report, the longitudinal studies
show several different patterns of smoking uptake, with
some young people rapidly escalating their use to a typical
pattern of regular use and others doing so more slowly.
Some adolescents may be able to smoke on an experi-
mental or intermittent basis without becoming addicted
(USDHHS 2012).

Health Consequences of Nicotine Exposure

Cancer

Nicotine is a highly bioactive compound with effects
ranging from being a natural pesticide in tobacco leaves
to causing addiction in tobacco users. For cancer, there
is some biological basis for proposing that nicotine may

promote cancer based on experimental studies that have
limitations in replicating human exposure and on mecha-
nistic studies, but human evidence is lacking (Lee et al.
2005, 2012; Dasgupta and Chellappan 2006; Zheng et al.
2007; Catassi et al. 2008; Chen et al. 2008b, 2010; Egleton
et al. 2008). Nicotinic receptors are found not only in the
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brain but throughout the body; for example, in muscle,
lung, endothelia, kidney, and skin (Improgo et al. 2011;
Cardinale et al. 2012; Hurst et al. 2013). These receptors
trigger a number of cellular pathways involved in carcino-
genesis. The presence of nicotinic cholinergic receptors
throughout the normal lung and in lung tumors has been
well documented (Schuller 2009; Improgo et al. 2011).
This section reviews the current literature that relates to
the hypothesis that nicotine may contribute to the carci-
nogenic process. The evidence comes from experimental
cell culture and animal studies, and from human studies
including epidemiologic.

The potential for nicotine to contribute to the risk of
incident cancer or cancer recurrence is important due to
the number of smokers who have quit by using NRT, some
of whom use NRT for long durations to remain smoking
abstinent, and other smokers who switch to alternate
sources of nicotine (e.g., e-cigarettes or smokeless tobacco
products). Although using NRT or other noncombusted
sources of nicotine is different than smoking in evident
ways, the possibility of increased risk in long-term users
compared to those who use such products only briefly
for cessation merits consideration. Thus, when con-
templating the available evidence, coming largely from
laboratory experiments, the following questions need to
be addressed: (1) What is the cancer risk for those who
quit smoking but use long-term NRT or other sources of
nicotine compared with those who continue to smoke? (2)
What is the cancer risk of a lifetime pattern of repeatedly
quitting with NRT and relapsing, but smoking fewer life-
time cigarettes overall? (3) What is the cancer risk of long-
term NRT use without relapse to smoking or sustained
switching to a noncombusted nicotine source compared
with long-term abstinence without NRT or other source of
nicotine or relapse to smoking? This section will address
these questions.

Genotoxicity

There are mixed data for a genotoxic effect of nico-
tine. Most studies were negative that used the Ames assay
(including urine of rats exposed to nicotine), chromosomal
aberration and sister chromatid exchange (SCE) assays in
Chinese hamster ovary cells, and the bacterial genotoxicity
luminescence test (Mizusaki et al. 1977; Riebe et al. 1982;
Doolittle et al. 1991, 1995; Yim and Hee 1995). In contrast,
two studies were positive for chromosomal aberration and
SCEs (Riebe and Westphal 1983; Trivedi et al. 1990), one
was positive for micronuclei formation that was inhibited
with antioxidants (Argentin and Cicchetti 2004), one was
positive for an Escherichia coli POLA*/POLA~ mutation
assay (Riebe et al. 1982), and another using nasal mucosal
cells was positive by the Comet assay, which is inhibited by
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antioxidants or nicotinic receptor inhibitors (Ginzkey et
al. 2012). One study found that cotinine, and not nicotine,
was genotoxic by the bacterial genotoxicity luminescence
test, but another was null for the Ames assay and SCE
induction (Doolittle et al. 1995; Yim and Hee 1995). Some
reports indicate that nicotine can lead to the formation
of DNA adducts using the ultrasensitive technique accel-
erator mass spectroscopy (Cheng et al. 2003). Although
cigarette smoke is highly genotoxic, a comparison of Ames
mutagenicity for cigarette smoke from cigarettes with dif-
fering nicotine yields did not indicate different mutagenic
potential, suggesting that there was no additional contri-
bution by nicotine (Chen et al. 2008a).

Effects of Nicotine on Carcinogenic Pathways

There are numerous studies that focus on lung cells
and cells from other organs relating to nicotine exposure.
A wide range of effects has been reported in cellular sys-
tems, including at doses similar to those in the blood of
smokers (Cardinale et al. 2012). The presence of nAChRs
throughout the lung has been well documented via pro-
tein 