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THE SECRETARY OF HEALTH AND HUMAN SERVICES
WASHINGTON, D.C. 20201

DEC 29 1988

The Honorable Jim Wright
Speaker of the House

of Represeuntatives
Washington, D.C. 20515

Dear Mr. Speaker:

It is my pleasure to transmit to the Congress the 1989 Surgeon
General”s Report on the health consequences of smoking, as mandated by
Section 8(a) of the Public Health Cigarette Smoking Act of 1969. The
report was prepared by the Centers for Disease Control”s Office on
Smoking and Health.

This report, entitled Reducing the Health Consequences of Smoking:
25 Years of Progress, examines the fundamental developments over the
past quarter century in smoking prevalence and in wmortality caused by
smoking. It highlights important gains in preventing smoking and
smoking-related disease, reviews changes in programs and policies
designed to reduce smoking, and emphasizes sources of continuing concern
and remaining challenges.

During the past 25 years, smoking behavior has changed dramatically.
Nearly half of all living adults who ever smoked have quit. The
prevalence of smoking has declined steadily, with a particularly
impressive decline among men. Smoking prevalence among men decreased
from 50 percent in 1965 to 32 perceat in 1987, As a result, lung cancer
mortality rates among men are now leveling off after many decades of
congistent increase, Desplte this progress, the prevalence of smoking
remains higher among blacks, blue-collar workers, and less—educated
persons, than in the overall population. Smoking among high school
seniors leveled off from 1981 through 1987 after previous years of
decline.

In 1985, the last year for which estimates are available,
approximately 390,000 Americans died as the result of past and currenmt
smoking. This represents more than one of every six deaths in the
United States, Smoking remains the single most important preventable
cause of death in our society.

To maintain our momentum toward a smoke~free society, we must focus
our efforts on preventing smoking initiation and encouraging smoking
cessation among high-risk populations. Increased public informatien
activities, smoking prevention and cessation programs, and policies that
encourage nonsmoking behavior should be pursued. Unless we meet this
challenge successfully, smoking-related mortality will remain high well
into the 21st Century.

Sincerely,

W(ao—

Otis R. Bowen, M.D.
Secretary

Enclosure
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The Honorable George Bush
President of the Senate
Washington, D.C. 20515

Dear Mr. President:

It is my pleasure to transmit to the Congress the 1989 Surgeon
General's Report on the health consequences of smoking, as mandated by
Section 8(a) of the Public Health Cigarette Smoking Act of 1969. The
report was prepared by the Centers for Disease Control's Office on
Smoking and Health.

This report, entitled Reducing the Health Consequences of Smoking:
25 Years of Progress, examines the fundamental developments over the past
quarter century in smoking prevalence and in mortality caused by
smoking. It highlights important gains in preventing smoking and
smoking-related disease, reviews changes in programs and policies
designed to reduce smoking, and emphasizes sources of continuing concern
and remaining challenges.

During the past 25 years, smoking behavior has changed
dramatically. Nearly half of all living adults who ever smoked have
quit. The prevalence of smoking has declined steadily, with a
particularly impressive decline among men. Smoking prevalence among men
decreased from 50 percent in 1965 to 32 percent in 1987. As a result,
lung cancer mortality rates among men are now leveling off after many
decades of consistent increase. Despite this progress, the prevalence of
smoking remains higher among blacks, blue-collar workers, and
less-educated persons, than in the overall population. Smoking among

high school seniors leveled off from 1981 through 1987 after previous
years of decline.

In 1985, the last year for which estimates are available,
approximately 390,000 Americans died as the result of past and current
smoking. This represents more than one of every six deaths in the United
States, Smoking remains the single most important preventable cause of
death in our society.

To maintain our momentum toward a smoke-free society, we must focus
our efforts on preventing smoking initiation and encouraging smoking
cessation among high-risk populations. Increased public information
activities, smoking prevention and cessation programs, and policies that
encourage nonsmoking behavior should be pursued. Unless we meet this
challenge successfully, smoking-related mortality will remain high well
into the 21st Century.

Sincerely,

(éé::raézﬂr1,4~,~\ L v

Otis R. Bowen, M.D.
Secretary
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FOREWORD

Twenty-five years have elapsed since publication of the landmark report of the Sur-
geon General's Advisory Committee on Smoking and Health. By any measure, these
25 years have witnessed dramatic changes in attitudes toward and use of tobacco in the
United States. The health consequences of tobacco use will be with us for many years
to come, but those consequences have been greatly reduced by the social revolution
that has occurred during this period with regard to smoking.

Since 1964, substantial changes have occurred in scientific knowledge of the health
hazards of smoking, in the impact of smoking on mortality, in public knowledge of the
dangers of smoking, in the prevalence of smoking and using other forms of tobacco, in
the availability of programs to help smokers quit, and in the number of policies that en-
courage nonsmoking behavior and protect nonsmokers from exposure to environmen-
tal tobacco smoke. These changes and other significant developments, as well as the
overall impact of the Nation's antismoking activities, are reviewed in detail in the in-
dividual chapters of this Report. Based on this review, five major conclusions of the
entire Report were reached. The first two conclusions highlight important gains in
preventing smoking and smoking-related disease in the United States. The last three
conclusions emphasize sources of continuing concern and remaining challenges. The
conclusions are:

1. The prevalence of smoking among adults decreased from 40 percent in 1965
to 29 percent in 1987. Nearly halif of all living adults who ever smoked have
quit.

2.  Between 1964 and 1985, approximately three-quarters of a million smok-
ing-related deaths were avoided or postponed as a result of decisions to quit
smoking or not to start. Each of these avoided or postponed deaths repre-
sented an average gain in life expectancy of two decades.

3. The prevalence of smoking remains higher among blacks, blue-collar
workers, and less educated persons than in the overall population. The,
decline in smoking has been substantially slower among women than among
men,

4.  Smoking begins primarily during childhood and adolescence. The age of

initiation has fallen over time, particularly among females. Smoking

among high school seniors leveled off from 1980 through 1987 after pre-
vious years of decline.

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.



The last 25 years have witnessed phenomenal changes in the way Americans think
about tobacco use. More people now than ever before consider smoking to be outside
the social norm. Antismoking programs and policies have contributed to this change,
This shift in societal attitudes is almost certain to generate additional efforts to further
limit the use of tobacco.

Almost half of all living Americans who ever smoked have quit. This is especially
remarkable when one takes into account the powerful media images enticing people to
smoke and the powerfully addictive nature of nicotine. As the downward trends in
smoking behavior continue, we can expect to see a decline in the number of premature
deaths and avoidable morbidity due to smoking.

For now, however, we must recognize that continued tobacco exposure in the popula-
tion will cause a great deal of human suffering for many decades. Thus, we must not
rest upon the laurels of the past quarter century. As long as children and adolescents
continue to find reasons to use tobacco, replacements will be recruited for at least some
of the smokers who quit or who die prematurely. If current trends continue, these re-
placements will be found disproportionately among minerity groups, among the less
educated, among the most economically disadvantaged, and among women.

We must look back on the last 25 years of change in order to look forward to our
tasks for the future. Surely those tasks include expanding educational efforts for the
young and old alike, restrictions against minors’ access to tobacco, support for cessa-
tion activities, and restrictions against smoking in worksites, restaurants, transportation
vehicles, and other public places.

The Public Health Service is dedicated to continuing the legacy of the 1964 Report.
We hope this 25th Anniversary Report will stimulate new commitment to action by
public health officials, civic leaders, educators, scientists, and the public at large on the
problem of tobacco use, especially among children, adolescents, and high-risk groups.

Robert E. Windom, M.D. James O. Mason, M.D., Dr.P.H.

Assistant Secretary for Health Director
Public Health Service Centers for Disease Control
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PREFACE

Exactly 25 years ago, on January 11, 1964, Luther L. Terry, M.D., Surgeon General
of the U.S. Public Health Service, released the report of the Surgeon General’s Ad-
visory Committee on Smoking and Health. That landmark document, now referred to
as the first Surgeon General's Report on Smoking and Health, was America’s first wide-
ly publicized official recognition that cigarette smoking is a cause of cancer and other
serious diseases.

On the basis of more than 7,000 articles relating to smoking and disease already avail-
able at that time in the biomedical literature, the Advisory Committee concluded that
cigarette smoking is a cause of lung cancer and laryngeal cancer in men, a probable
cause of lung cancer in women, and the most important cause of chronic bronchitis.
The Committee stated that “Cigarette smoking is a health hazard of sufficient impor-
tance in the United States to warrant appropriate remedial action.”

What would constitute “appropriate remedial action” was left unspecified. But the
release of the report was the first in a series of steps, still being taken 25 years later, to
diminish the impact of tobacco use on the health of the American people.

This 1989 Report, the 20th in a series of Surgeon General’s Reports on the Health
Consequences of Smoking, spells out the dramatic progress that has been achieved in
the past quarter century against one of our deadliest risks.

The circumstances surrounding the release of the first report in 1964 are worth
remembering. The date chosen was a Saturday morning, to guard against a precipitous
reaction on Wall Street. An auditorium in the State Department was selected because
its security could be assured—it had been the site for press conferences of the late Presi-
dent John F. Kennedy, whose assassination had occurred less than 2 months earlier.

The first two copies of the 387-page, brown-coveredReport were hand delivered to
the West Wing of the White House at 7:30 on that Saturday moming. At 9:00, ac-
credited press representatives were admitted to the auditorium and “locked in,” without
access to telephones. Surgeon General Terry and his Advisory Committee took their
seats on the platform. The Report was distributed and reporters were allowed 90
minutes to read it. Questions were answered by Dr. Terry and his Committee mem-
bers. Finally, the doors were opened and the news was spread. For several days, the
Report furnished newspaper headlines across the country and lead stories on television
newscasts. Later it was ranked among the top news stories of 1964.

During the quarter century that has elapsed since that Report, individual citizens,
private organizations, public agencies, and elected officials have tirelessly pursued the
Advisory Committee’s call for “appropriate remedial action.” Early on, the U.S. Con-
gress adopted the Federal Cigarette Labeling and Advertising Act of 1965 and the
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Public Health Cigarette Smoking Act of 1969. These laws required a health warning
on cigarette packages, banned cigarette advertising in the broadcast media, and called
for an annual report on the health consequences of smoking.

In 1964, the Public Health Service established a small unit called the National
Clearinghouse for Smoking and Health (NCSH). Through the years, the Clearinghouse
and its successor organization, the Office on Smoking and Health, have been respon-
sible for the 20 reports on the health consequences of smoking previously mentioned,
eight of which have been issued during my tenure as Surgeon General. In close coopera-
tion with voluntary health organizations, the Public Health Service has supported high-
ly successful school and community programs on smoking and health, has disseminated
research findings related to tobacco use, and has ensured the continued public visibility
of antismoking messages.

Throughout this period, tremendous changes have occurred. As detailed in this
Report, we have witnessed expansion in scientific knowledge of the health hazards of
smoking, growing public knowledge of the dangers of smoking, increased availability
of programs to prevent young people from starting to smoke and to help smokers quit,
and widespread adoption of policies that discourage the use of tobacco.

Most important, these developments have changed the way in which our society
views smoking. In the 1940s and 1950s, smoking was chic; now, increasingly, it is
shunned. Movie stars, sports heroes, and other celebrities used to appear in cigarette
advertisements. Today, actors, athletes, public figures, and political candidates are
rarely seen smoking. The ashtray is following the spittoon into oblivion.

Within this evolving social milieu, the population has been giving up smoking in in-
creasing numbers. Nearly half of all living adults who ever smoked have quit. The
most impressive decline in smoking has occurred among men. Smoking prevalence
among men has fallen from 50 percent in 1965 to 32 percent in 1987. These changes
represent nothing less than a revolution in behavior.

The antismoking campaign has been a major public health success. Those who have
participated in this campaign can take tremendous pride in the progress that has been
made.

The analysis in this Report shows that in the absence of the campaign, there would
have been 91 million American smokers (15 to 84 years of age) in 19835 instead of 56
million. As a result of decisions to quit smoking or not to start, an estimated 789,000
smoking-related deaths were avoided or postponed between 1964 and 1985. Further-
more, these decisions will result in the avoidance or postponement of an estimated 2.1
million smoking-related deaths between 1986 and the year 2000.

This achievement has few parallels in the history of public health. It was ac-
complished despite the addictive nature of tobacco and the powerful economic forces
promoting its use.

The Remaining Challenges

Despite this achievement, smoking will continue as the leading cause of preventable,
premature death for many years to come, even if all smokers were to quit today. Smok-
ing cessation is clearly beneficial in reducing the risk of dying from smoking-related
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diseases. However, for some diseases, such as lung cancer and emphysema, quitting
may not reduce the risk to the level of a lifetime nonsmoker even after many years of
abstinence. This residual health risk is one reason why approximately 390,000
Americans died in 1985 as the result of smoking, even after two decades of declining
smoking rates.

The critical message here is that progress in curtailing smoking must continue, and
ideally accelerate, to enable us to turn smoking-related mortality around. Otherwise,
the disease impact of smoking will remain high well into the 21st century.

Just maintaining the current rate of progress is a challenge. Compared with non-
smokers, smokers are disproportionately found in groups that are harder to reach, and
this disparity may increase over time. Greater effort and resources will need to be
devoted to achieve equivalent reductions in smoking among those whose behavior has
survived strong, countervailing social pressures.

Today, thanks to the remarkable progress of the past 25 years, we can dare to en-
vision a smoke-free society. Indeed it can be said that the social tide is flowing toward
that bold objective. To maintain momentum, we need to direct special attention to the
following groups within our society:

Children and Adolescents

As a pediatric surgeon, and now as Surgeon General, I have dedicated my career to
protecting the health of children. In the case of smoking, children and adolescents hold
the key to progress toward curbing tobacco use in future generations.

If the adult rate of smoking were to continue at the present level, the impact of smok-
ing on the future health and welfare of today’s children would be enormous. Research
has shown that one-fourth or more of all regular cigarette smokers die of smoking-re-
lated diseases. If 20 million of the 70 million children now living in the United States
smoke cigarettes as adults (about 29 percent), then at least 5 million of them will die of
smoking-related diseases. This figure should alarm anyone who is concerned with the
future health of today’s children.

Two additional factors make smoking among young people a preeminent public
health concern: (1) the age of initiation of smoking, and (2) nicotine addiction. As this
Report shows, four-fifths of smokers born since 1935 started smoking before age 21.
The proportion of smokers who begin smoking during adolescence has been increas-
ing over time, particularly among women.

In the Teenage Smoking Survey conducted by the Department of Health, Education,
and Welfare in 1979, respondents were asked, “What would you say is the possibility
that five years from now you will be a cigarette smoker?” Among smokers, half
answered “definitely not” or “probably not.” This response suggests that many children
and adolescents are unaware of, or underestimate, the addictive nature of smoking. The
Predecessor to this volume, The Health Consequences of Smoking: Nicotine Addiction,
provided a comprehensive review of the evidence that cigarettes and other forms of
tobacco are addicting and that nicotine is the drug in tobacco that causes addiction.

These two factors refute the argument that smoking is a matter of free choice. Most
smokers start smoking as teenagers and then become addicted. By the time smokers



become adults, when they would be expected to have greater appreciation of the health
effects of smoking, many have difficulty quitting. Today, 80 percent of smokers say
they would like to quit; two-thirds of smokers have made at least one serious attempt
to quit. Characteristically, people quit smoking several times before becoming per-
manent ex-smokers.

The prevalence of daily smoking among high school seniors leveled off from 1981
through 1987, at about 20 percent, after previous years of decline. Each day, more than
3,000 American teenagers start smoking. If we can substantially reduce this number,
we will soon achieve a major impact on smoking prevalence among adults. Although
research efforts in prevention are increasing, prevention programs are not yet reaching
large numbers of young people. The public health community should pay at least as
much attention to the prevention of smoking among teenagers as it now pays to smok-
ing cessation among adults. Comprehensive school health education, incorporating
tobacco use prevention, should be provided in every school throughout the country.

Women

Since release of the first Surgeon General’s Report, the prevalence of smoking among
women has declined much more slowly than among men. If current trends continue,
smoking rates will be about equal among men and women in the mid-1990s, after which
women may smoke at a higher rate than men.

The public health impact of this trend is already being seen. Lung cancer mortality
rates are increasing steadily among women, and estimates by the American Cancer
Society indicate that this disease has now overtaken breast cancer as the number one
cause of cancer death among women. Smoking during pregnancy poses special risks
to the developing fetus and is an important cause of low birthweight and infant mor-
tality. Smoking and oral contraceptive use interact to increase dramatically the risk of
cardiovascular disease. Women’s organizations and women’s magazines have paid
scant attention to these issues.

The key to addressing this problem is the prevention of smoking among female
adolescents. The disparity in smoking prevalence between men and women is primari-
ly a reflection of differences in smoking initiation. Smoking initiation has declined
much more slowly among females than among males. This difference is due, in large
part, to increasing initiation rates among less educated young women. Among high
school seniors, the prevalence of daily smoking has been higher among females than
among males each year since 1977.

In summary, women, and especially female adolescents not planning higher educa-
tion, are an important target group for prevention activities.

Minorities

Smoking rates are higher in certain racial and ethnic minority groups, many of which
already suffer from a disproportionate share of risk factors and illness. In particular,
smoking prevalence has been consistently higher among black men than among white
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men (41 and 31 percent, respectively, in 1987). In addition, the limited data available
show higher rates of smoking among Hispanic men than among white men.

Trends in smoking initiation, prevalence, and quitting among blacks and whites show
similar rates of change from 1974 to 1985. Thus, the gap in smoking prevalence be-
tween blacks and whites is not widening. However, to reduce the gap in smoking be-
tween blacks and whites, prevention efforts must focus on blacks more successfully.
The public health community is only now beginning to address this problem. The ur-
gency of the situation is greater because cigarette companies are increasingly targeting
their marketing efforts at blacks and Hispanics.

Blue-Collar Workers

The prevalence of smoking has been consistently higher among blue-collar workers
than among white-collar workers. In 1985, 40 percent of blue-collar workers smoked
compared with 28 percent of white-collar workers. Again, blue-collar workers are a
major target of cigarette company advertising and promotional campaigns. Worksite
smoking cessation programs, employee incentive programs, and policies banning or
restricting smoking at the workplace are effective strategies to reach this group.

Toward a Smoke-Free Future

Because the general health risks of smoking are well known, because smoking is
banned or restricted in a growing number of public places and worksites, and because
smoking is losing its social acceptability, the overall prevalence of smoking in our
society is likely to continue to decline. The progress we have achieved during the past
quarter century is impressive.

Equally impressive, however, are the challenges we face. During the next quarter
century and beyond, progress will be slow, and smoking-related mortality will remain
high, unless the health community more effectively reaches children and adolescents,
women, minorities, and blue-collar workers. Organizations that represent these groups
can contribute substantially to the antismoking movement. In large part, the future
health of these populations will depend on the degree to which schools, educators,
parents’ organizations, women’s groups, minority organizations, employers, and
employee unions join the campaign for a smoke-free society. Here in the United States,
such a society is an attainable long-term goal.

Unfortunately, the looming epidemic of smoking and smoking-related disease in
developing countries does not encourage similar optimism. According to the World
Health Organization, increases in cigarette consumption between 1971 and 1981 ex-
ceeded population growth in all developing regions: by 77 percent in Africa, and by
30 percent in Asia and Latin America.

The topic of tobacco and health internationally, although critically important, espe-
cially for developing nations, is beyond the scope of this Report. I can only hope that
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the lessons we have learned in the United States, as detailed in this Report, will help
other countries take the necessary steps to avoid the devastation caused by use of
tobacco.

C. Everett Koop, M.D., Sc.D.
Surgeon General

viti



ACKNOWLEDGMENTS

This Report was prepared by the Department of Health and Human Services under
the general editorship of the Office on Smoking and Health, Ronald M. Davis, M.D.,
Director. The Managing Editors were Susan A. Hawk, Ed.M., M.S., and Thomas E.
Novotny, M.D., Office on Smoking and Health.

The scientific editors of the Report were:

Kenneth E. Warner, Ph.D. (Senior Scientific Editor), Professor, Department of Public
Health Policy and Administration, School of Public Health, University of Michigan,
Ann Arbor, Michigan

Ronald M. Davis, M.D., Director, Office on Smoking and Health, Center for Chronic
Disease Prevention and Health Promotion, Centers for Disease Control, Rockville,
Maryland

John H. Holbrook, M.D., Professor of Internal Medicine, Department of Internal
Medicine, University Hospital, Salt Lake City, Utah

Thomas E. Novotny, M.D., Medical Epidemiologist, Office on Smoking and Health,
Center for Chronic Disease Prevention and Health Promotion, Centers for Disease
Control, Rockville, Maryland

Judith K. Ockene, Ph.D., Associate Professor of Medicine, and Director, Division of
Preventive and Behavioral Medicine, Department of Medicine, University of Mas-
sachusetts Medical School, Worcester, Massachusetts

Nancy A. Rigotti, M.D., Associate Director, Institute for the Study of Smoking Be-
havior and Policy, John F. Kennedy School of Government, Harvard University,
Cambridge, Massachusetts, Instructor in Medicine, Harvard Medical School, Bos-
ton, Massachusetts

The following individuals prepared draft chapters or portions of the Report.

Elvin E. Adams, M.D., M.P.H., Associate Director, Health Department, General Con-
ference of Seventh-Day Adventists, Washington, D.C.

Gregory N. Connolly, D.M.D., M.P.H., Director, Office for Nonsmoking and Health,
Massachusetts Department of Public Health, Boston, Massachusetts

K. Michael Cummings, Ph.D., M.P.H., Director, Smoking Control Program, Roswell
Park Memorial Institute, Buffalo, New York

ix



Ronald M. Davis, M.D., Director, Office on Smoking and Health, Center for Chronic
Disease Prevention and Health Promotion, Centers for Disease Control, Rockville,
Maryland

Joseph R. DiFranza, M.D., Director of Research, Fitchburg Family Practice Residen-
cy Program, University of Massachusetts Medical Center, Fitchburg, Massachusetts

Michael P. Eriksen, Sc.D., Director, Behavioral Research Program, Department of Can-
cer Prevention and Control, The University of Texas M.D. Anderson Cancer Center,
Houston, Texas

David P. Fan, Ph.D., Professor of Genetics and Cell Biology, University of Minnesota,
St. Paul, Minnesota

Michael C. Fiore, M.D., M.P.H., Assistant Professor, Department of Medicine, Center
for Health Sciences, University of Wisconsin, Madison, Wisconsin

Edwin B. Fisher, Jr., Ph.D., Associate Professor of Psychology, Director, Center for
Health Behavior Research, Washington University, St. Louis, Missouri

Jeffrey E. Harris, M.D., Ph.D., Visiting Assdciate Professor, Department of Biostatis-
tics, Harvard School of Public Health, Boston, Massachusetts; Clinical Associate,
Medical Services, Massachusetts General Hospital, Boston, Massachuseits; As-
sociate Professor of Economics, Massachusetts Institute of Technology, Cambridge,
Massachusetts

Jan L. Hitchcock, Ph.D., Associate Director, Institute for the Study of Smoking Be-
havior and Policy, John F. Kennedy School of Government, Harvard University,
Cambridge, Massachusetts

Thornas A. Hodgson, Ph.D., Chief Economist, Office of Analysis and Epidemiology,
National Center for Health Statistics, Hyattsville, Maryland

Dietrich Hoffmann, Ph.D., Associate Director, Naylor Dana Institute for Disease
Prevention, American Health Foundation, Valhalla, New York

I1se Hoffmann, Research Coordinator, Naylor Dana Institute for Disease Prevention,
American Health Foundation, Valhalla, New York

Juliette S. Kendrick, M.D., Deputy Chief, Pregnancy Epidemiology Branch, Division
of Reproductive Health, Center for Chronic Disease Prevention and Health Promo-
tion, Centers for Disease Control, Atlanta, Georgia

Lewis H. Kuller, M.D., Dr.P.H., Professor and Chairperson, Department of Epidemiol-
ogy, Graduate School of Public Health, University of Pittsburgh, Pittsburgh, Pennsyl-
vania

Eugene M. Lewit, Ph.D., Associate Professor, Departments of Medicine and Preven-
tive Medicine and Community Health, Office of Primary Health Care Education,
UMDNIJ—New Jersey Medical School, Newark, New Jersey

Edward Lichtenstein, Ph.D., Research Scientist, Oregon Research Institute; Professor
of Psychology, University of Oregon, Eugene, Oregon

Thomas E. Novotny, M.D., Medical Epidemiologist, Office on Smoking and Health,
Center for Chronic Disease Prevention and Health Promotion, Centers for Disease
Control, Rockville, Maryland

Judith K. Ockene, Ph.D., Associate Professor of Medicine, and Director, Division of
Preventive and Behavioral Medicine, Department of Medicine, University of Mas-
sachusetts Medical School, Worcester, Massachusetts



Chris Leo Pashos, M.P.P., Project Coordinator, Institute for the Study of Smoking Be-
havior and Policy, John F. Kennedy School of Government, Harvard University,
Cambridge, Massachusetts

Richard Peto, M.A., M.Sc., ICRF Cancer Studies Unit, Radcliffe Infirmary, Oxford,
England

John P. Pierce, M.Sc., Ph.D., Chief, Epidemiology Branch, Office on Smoking and
Health, Center for Chronic Disease Prevention and Health Promotion, Centers for
Disease Control, Rockville, Maryland

John M. Pinney, Executive Director, Institute for the Study of Smoking Behavior and
Policy, John F. Kennedy School of Government, Harvard University, Cambridge,
Massachusetts

Edward T. Popper, M.B.A., D.B.A_, Associate Professor of Marketing, Bryant College,
Smithfield, Rhode Island

Patrick L. Remington, M.D., M.P.H., Medical Epidemiologist, Bureau of Community
Health and Prevention, Wisconsin Division of Health, Madison, Wisconsin

Nancy A. Rigotti, M.D., Associate Director, Institute for the Study of Smoking Be-
havior and Policy, John F. Kennedy School of Government, Harvard University,
Cambridge, Massachusetts, and Instructor in Medicine, Harvard Medical School,
Boston, Massachusetts

Jonathan M. Samet, M.D., Professor of Medicine, Department of Medicine, Chief, Pul-
monary Division, University of New Mexico, Albuquerque, New Mexico

Russell C. Sciandra, M.A_, Associate Director, Smoking Control Program, Roswell
Park Memorial Institute, Buffalo, New York

Carol Anne Soltanek, M.D., Resident, Southwestern Michigan Area Health Education
Center, Kalamazoo, Michigan

Michael A. Stoto, Ph.D., Senior Staff Officer, Institute of Medicine, National Academy
of Sciences, Washington, D.C.

Owen T. Thornberry, Ph.D., Director, Division of Health Interview Statistics, Nation-
al Center for Health Statistics, Centers for Disease Control, Hyattsville, Maryland
Kenneth E. Warner, Ph.D., Professor, Department of Public Health Policy and Ad-

ministration, School of Public Health, University of Michigan, Ann Arbor, Michigan

The editors acknowledge with gratitude the following distinguished scientists,
physicians, and others who lent their support in the development of this Report by coor-

dinating manuscript preparation, contributing critical reviews, or assisting in other
ways.

Elvin E. Adams, M.D., M.P.H., Associate Director, Health Department, General Con-
ference of Seventh-Day Adventists, Washington, D.C.

Charles Althafer, M.P.H., Assistant Director for Health Promotion and Risk Appraisal,
Office of Program Planning and Evaluation, National Institute for Occupational
Safety and Health, Centers for Disease Control, Atlanta, Georgia

Lynn M. Artz, M.D., M.P.H., Senior Policy Advisor, Office of Disease Prevention and
Health Promotion, Office of the Assistant Secretary for Health, Washington, D.C.

Xi



Donald A. Berreth, Director, Office of Public Affairs, Centers for Disease Control, At-
lanta, Georgia

Gayle M. Boyd, Ph.D., Program Director, Smoking, Tobacco and Cancer Program,
Division of Cancer Prevention and Control, National Cancer Institute, Bethesda,
Maryland

Allan Brandt, Ph.D., Department of Social Medicine and Health Policy, Harvard Medi-
cal School, Boston, Massachusetts

Lester Breslow, M.D., M.P.H., Professor, School of Public Health, and Director, Health
Services Research, Jonsson Comprehensive Cancer Center, University of California,
Los Angeles, Los Angeles, California

Clarice Brown, M.S., Data Analyst, Office of Prevention, Education, and Control, Na-
tional Heart, Lung, and Blood Institute, Bethesda, Maryland

David P. Brown, M.D., Deputy Director, Division of Surveillance, Hazard Evaluations,
and Field Studies, National Institute for Occupational Safety and Health, Centers for
Disease Control, Atlanta, Georgia

Martin Brown, Ph.D., Surveillance and Operations Research Branch, Division of Can-
cer Prevention and Control, National Cancer Institute, Bethesda, Maryland

David M. Burns, M.D., Associate Professor of Medicine, Division of Pulmonary and
Critical Care Medicine, University of California, San Diego Medical Center, San
Diego, California

Dee Burton, Ph.D., Assistant Professor, Prevention Research Center, School of Public
Health, University of Illinois at Chicago, Chicago, Illinois

Frank J. Chaloupka, Ph.D., Assistant Professor, Department of Economics, College of
Business Administration, University of Illinois at Chicago, Chicago, Illinois

Paul D. Cleary, Ph.D., Department of Health Care Policy and The Division on Aging,
Harvard Medical School, Boston, Massachusetts

Alexander Cohen, Ph.D., Deputy Director, Division of Biomedical and Behavioral
Science, National Institute for Occupational Safety and Health, Centers for Disease
Control, Atlanta, Georgia

Joel B. Cohen, Ph.D., Distinguished Service Professor and Director, Center for Con-
sumer Research, University of Florida, Gainesville, Florida

Michael J. Cowell, F.S.A., Vice President and Corporate Actuary, UNUM Life In-
surance Company, Portland, Maine

Joseph W. Cullen, Ph.D., Deputy Director, Division of Cancer Prevention and Control,
National Cancer Institute, Coordinator for the National Cancer Institute’s Smoking,
Tobacco and Cancer Program, Bethesda, Maryland

Sir Richard Doll, Emeritus Professor of Medicine, University of Oxford, Acting Direc-
tor, Imperial Cancer Research Fund, Cancer Epidemiology and Clinical Trials Unit,
Oxford, England

J. David Erickson, D.D.S., Ph.D., Chief, Birth Defects and Genetic Diseases Branch,
Division of Birth Defects and Developmental Disabilities, Center for Environmental
Health and Injury Control, Centers for Disease Control, Atlanta, Georgia

Michael P. Eriksen, Sc.D., Director, Behavioral Research Program, Department of Can-
cer Prevention and Control, University of Texas M.D. Anderson Cancer Center,
Houston, Texas

xii



Virginia L. Ernster, Ph.D., Professor of Epidemiology, Department of Epidemiology
and International Health, School of Medicine, University of California, San Francis-
co, California

Roberta G. Ferrence, Ph.D., Prevention Studies Department, Addiction Research Foun-
dation, Toronto, Ontario, Canada

Jonathan E. Fielding, M.D., M.P.H., Professor of Public Health and Pediatrics, Univer-
sity of California at Los Angeles, Los Angeles, California, Vice President and Health
Director, Johnson and Johnson Health Management, Inc., Santa Monica, California

John R. Finnegan, Jr., Ph.D., Assistant Professor, School of Public Health, University
of Minnesota, Minneapolis, Minnesota

Martin Fishbein, Ph.D., Professor of Psychology and Research Professor, Institute of
Communications Research, University of Illinois, Champaign—Urbana, Illinois

Brian R. Flay, D.Phil., Associate Professor and Director, Prevention Research Center,
School of Public Health, University of Illinois at Chicago, Chicago, Illinois

William H. Foege, M.D., M.P.H., Executive Director, The Carter Center, Emory
University, Atlanta, Georgia

Peter L. Frommer, M.D., Deputy Director, National Heart, Lung, and Blood Institute,
National Institutes of Health, Bethesda, Maryland

Lawrence Garfinkel, M.A., Vice President for Epidemiology and Statistics, Director,
Cancer Prevention, American Cancer Society, New York, New York

Donald W. Gamer, J.D., Professor of Law, Southern Illinois University School of Law,
Carbondale, Illinois

Russell E. Glasgow, Ph.D., Research Scientist, Oregon Research Institute, Eugene,
Oregon

Thomas J. Glynn, Ph.D., Program Director for Smoking Research, Smoking, Tobacco,
and Cancer Program, National Cancer Institute, Bethesda, Maryland

Frederick K. Goodwin, M.D., Administrator, Alcohol, Drug Abuse, and Mental Health
Administration, Rockville, Maryland

Nancy P. Gordon, Sc.D., Behavioral Scientist, Division of Research, Northern Califor-
nia Kaiser Permanente Medical Care Program

Leonard Green, Ph.D., Professor of Psychology, Department of Psychology,
Washington University, St. Louis, Missouri

Ellen R. Gritz, Ph.D., Director, Division of Cancer Control, Jonsson Comprehensive
Cancer Center, University of California, Los Angeles, Los Angeles, California

Neil E. Grunberg, Ph.D., Associate Professor, Department of Medical Psychology,
Uniformed Services University of the Health Sciences, Bethesda, Maryland

Dudley H. Hafner, Executive Vice President, American Heart Association, Dallas,
Texas

James A. Harrell, M.A., Acting Director, Office of Disease Prevention and Health
Promotion, Office of the Assistant Secretary for Health, Washington, D.C.

Jeffrey E. Harris, M.D., Ph.D., Visiting Associate Professor, Department of Biostatis-
tics, Harvard School of Public Health, Boston, Massachusetts; Clinical Associate,
Medical Services, Massachusetts General Hospital, Boston, Massachusetts; As-
sociate Professor of Economics, Massachusetts Institute of Technology, Cambridge,
Massachusetts

xiii



Jack E. Henningfield, Ph.D., Chief, Biology of Dependence and Abuse Potential As-
sessment Laboratory, Addiction Research Center, National Institute on Drug Abuse,
Baltimore, Maryland

Carol J. Hogue, Ph.D., Director, Division of Reproductive Health, Center for Chronic
Disease Prevention and Health Promotion, Centers for Disease Control, Atlanta,
Georgia

Elvin Hilyer, Associate Director for Policy Coordination, Centers for Disease Control,
Atlanta, Georgia

Richard Jessor, Ph.D., Professor of Psychology, Director of the Institute of Behavioral
Science, University of Colorado at Boulder, Boulder, Colorado

Lloyd D. Johnston, Ph.D., Program Director, Institute for Social Research, University
of Michigan, Ann Arbor, Michigan

John T. Kalberer, Jr., Ph.D., Deputy Director, Division of Disease Prevention, Office
of Disease Prevention, Office of the Director, National Institutes of Health, Bethes-
da, Maryland

Martha F. Katz, M.P.A., Director, Office of Program Planning and Evaluation, Centers
for Disease Control, Atlanta, Georgia

John H. Kelso, Acting Administrator, Health Resources and Services Administration,
Rockville, Maryland

Larry Kessler, Sc.D., Surveillance and Operations Research Branch, National Cancer
Institute, Bethesda, Maryland

A. Joan Klebba, M.A., Statistician, Division of Vital Statistics, National Center for
Health Statistics, Centers for Disease Control, Hyattsville, Maryland

LloydJ. Kolbe, Ph.D., Acting Director, Division of Adolescent and School Health, Cen-
ter for Chronic Disease Prevention and Health Promotion, Centers for Disease Con-
trol, Atlanta, Georgia

Jeffrey P. Koplan, M.D., M.P.H., Director, Center for Chronic Disease Prevention and
Health Promotion, Centers for Disease Control, Atlanta, Georgia

Lynn T. Kozlowski, Ph.D., Head, Behavioral Research on Tobacco Use, Addiction Re-
search Foundation, Toronto, Ontario, Canada

Marshall W. Kreuter, Ph.D., Director, Division of Chronic Disease Control and Com-
munity Intervention, Center for Chronic Disease Prevention and Health Promotion,
Centers for Disease Control, Atlanta, Georgia

Harry A. Lando, Ph.D., Associate Professor, Division of Epidemiology, School of
Public Health, University of Minnesota, Minneapolis, Minnesota

Charles A. LeMaistre, M.D., President, University of Texas M.D. Anderson Cancer
Center, Houston, Texas

Claude Lenfant, M.D., Director, National Heart, Lung, and Blood Institute, National
Institutes of Health, Bethesda, Maryland

Eugene M. Lewit, Ph.D., Associate Professor, Departments of Medicine and Preven-
tive Medicine and Community Health, Office of Primary Health Care Education,
UMDNJ—New Jersey Medical School, Newark, New Jersey

Bryan R. Luce, M.B.A., Ph.D., Battelle Human Affairs Research Center, Washington,
D.C.

Xiv



Dolores M. Malvitz, Dr.P.H., Dental Disease Prevention Activity, Center for Preven-
tion Services, Centers for Disease Control, Atlanta, Georgia

Alfred C. Marcus, Ph.D., Associate Director, Division of Cancer Control, Jonsson Com-
prehensive Cancer Center, University of California at Los Angeles, Los Angeles,
California

James S. Marks, M.D., M.P.H., Deputy Director for Public Health Practice, Center for
Chronic Disease Prevention and Health Promotion, Centers for Disease Control, At-
lanta, Georgia

James O. Mason, M.D., Dr.P.H., Director, Centers for Disease Control, Atlanta, Geor-
gia

Robin J. Mermelstein, Ph.D., Assistant Professor, Prevention Research Center, School
of Public Health, University of Illinois at Chicago, Chicago, Illinois

Dannie C. Middleton, M.D., Medical Officer, Document Development Branch,
Division of Standards Development and Technology Transfer, National Institute for
Occupational Safety and Health, Centers for Disease Control, Atlanta, Georgia

Gregory J. Morosco, Ph.D., M.P.H., Coordinator, National Heart, Lung, and Blood
Institute’s Smoking Education Program, National Institutes of Health, Bethesda,
Maryland

Joseph P. Mulholland, Ph.D., Bureau of Economics, Federal Trade Commission,
Washington, D.C.

Hillary Murt, M.P.H., Research Associate, Department of Health Services Management
and Policy, School of Public Health, University of Michigan, Ann Arbor, Michigan

Herbert W. Nickens, M.D., M.A., Director, Office of Minority Health, Public Health
Service, Washington, D.C.

Richard W. Niemeier, Ph.D., Acting Director, Division of Standards Development and
Technology Transfer, National Institute for Occupational Safety and Health, Centers
for Disease Control, Atlanta, Georgia

Stuart L. Nightingale, M.D., Associate Commissioner for Health Affairs, Food and
Drug Administration, Rockville, Maryland

Ira S. Ockene, M.D., Professor of Medicine; Director, Preventive Cardiology, Division
of Cardiovascular Medicine, University of Massachusetts Medical School, Wor-
cester, Massachusetts

Horace G. Ogden, Consultant, Gaithersburg, Maryland

Patrick M. O’Malley, Ph.D., Associate Research Scientist, Institute for Social Research,
University of Michigan, Ann Arbor, Michigan

Mario A. Orlandi, Ph.D., M.P.H., Chief, Division of Health Promotion Research,
American Health Foundation, New York, New York

Carole Tracy Orleans, Ph.D., Senior Investigator, Behavioral Medicine and Director of
Smoking Cessation Services, Fox Chase Cancer Center, Philadelphia, Pennsylvania

Gerry Oster, Ph.D., Vice President, Policy Analysis, Inc., Brookline, Massachusetts

Clifford H. Patrick, Ph.D., Senior Public Health Advisor, Office of Minority Health,
Washington, D.C.

Cheryl L. Perry, Ph.D., Associate Professor, Division of Epidemiology, School of
Public Health, University of Minnesota, Minneapolis, Minnesota

Michael Pertschuck, J.D., Co-director, Advocacy Institute, Washington, D.C.

XV



Edward L. Petsonk, M.D., Senior Medical Officer, Clinical Investigations Branch,
Division of Respiratory Disease Studies, National Institute for Occupational Safety
and Health, Centers for Disease Control, Atlanta, Georgia

John P. Pierce, M.Sc., Ph.D., Chief, Epidemiology Branch, Office on Smoking and
Health, Center for Chronic Disease Prevention and Health Promotion, Centers for
Disease Control, Rockville, Maryland

John M. Pinney, Executive Director, Institute for the Study of Smoking Behavior and
Policy, John F. Kennedy School of Government, Harvard University, Cambridge,

Edward T. Popper, M.B.A., D.B.A., Associate Professor of Marketing, Bryant College,
Smithfield, Rhode Island

William F. Raub, M.D., Deputy Director, National Institutes of Health, Bethesda,
Maryland

Dorothy P. Rice, B.A., Sc.D.(Hon.), Professor in Residence, Department of Soctal and
Behavioral Sciences, School of Nursing, University of California, San Francisco, San
Francisco, California .
Lynn Gloeckler Ries, M.S., Division of Cancer Prevention and Control, Surveillance
and Operations Research Branch, National Cancer Institute, Bethesda, Maryland
Ruth Roemer, 1.D., Adjunct Professor of Health Law, School of Public Health, Univer-
sity of California at Los Angeles, Los Angeles, California; Past President, American
Public Health Association

Kenneth J. Rothman, Dr.P.H., Professor of Family and Community Health, University
of Massachusetts Medical School, Worcester, Massachusetts

Jonathan M. Samet, M.D., Professor of Medicine, Department of Medicine; Chief, Pul-
monary Division, University of New Mexico, Albuquerque, New Mexico

Thomas C. Schelling, Ph.D., Lucius N. Littauer Professor of Political Economy, Direc-
tor, Institute for the Study of Smoking Behavior and Policy, John F. Kennedy School
of Government, Harvard University, Cambndge, Massachusetts

Marvin A. Schneiderman, Ph.D., National Academy of Sciences, National Research
Council, Board on Environmental Studies and Toxicology, Washington, D.C.

David Schottenfeld, M.D., M.Sc., John G. Searle Professor and Chairman, Department
of Epidemiology, School of Public Health, Professor of Internal Medicine, School of
Medicine, University of Michigan, Ann Arbor, Michigan

Lowell E. Sever, Ph.D., Assistant Director for Science, Division of Birth Defects and
Developmental Disabilities, Center for Environmental Health and Injury Control,
Centers for Disease Control, Atlanta, Georgia

Saul Shiffman, Ph.D., Associate Professor, Department of Psychology; Director,
Psychology Clinic, University of Pittsburgh, Pittsburgh, Pennsylvania

Donald R. Shopland, Public Health Advisor, Smoking, Tobacco, and Cancer Program,
Office of the Director, Division of Cancer Prevention and Control, National Cancer
Institute, Bethesda, Maryland

John Slade, M.D., Department of Medicine, University of Medicine and Dentistry of
New Jersey, New Brunswick, New Jersey

Jesse L. Steinfeld, M.D., former Surgeon General, Public Health Service, San Diego,
California

xvi



Steven D. Stellman, Ph.D., Assistant Commissioner for Biostatistics and Epidemiologic
Research, New York City Department of Health, New York, New York

Michael A. Stoto, Ph.D., Senior Staff Officer, Institute of Medicine, National Academy
of Sciences, Washington, D.C.

James A. Swomley, Managing Director, American Lung Association, New York, New
York

Owen T. Thomberry, Ph.D., Director, Division of Health Interview Statistics, Nation-
al Center for Health Statistics, Centers for Disease Control, Hyattsville, Maryland

William M. Tipping, Executive Vice President and Chief Executive Officer, American
Cancer Society, Atlanta, Georgia

Dennis D. Tolsma, M.P.H., Assistant Director for Public Health Practice, Centers for
Disease Control, Atlanta, Georgia

Frederick L. Trowbridge, M.D., Director, Division of Nutrition, Center for Chronic
Disease Prevention and Health Promotion, Centers for Disease Control, Atlanta,
Georgia

Diana Chapman Walsh, Ph.D., University Professor, Professor of Public Health and
Associate Director of the Health Policy Institute, Boston University, Boston, Mas-
sachusetts

Judith P. Wilkenfeld, J.D., Program Advisor, Cigarette Advertising and Testing,
Federal Trade Commission, Washington, D.C.

Ronald W. Wilson, M. A, Director, Division of Epidemiology and Health Promotion,
National Center for Health Statistics, Centers for Disease Control, Hyattsville,
Maryland

Deborah M. Winn, Ph.D., Deputy Director, Division of Health Interview Statistics, Na-
tional Center for Health Statistics, Hyattsville, Maryland

Ernst L. Wynder, M.D., President, American Health Foundation, New York, New York

James B. Wyngaarden, M.D., Director, National Institutes of Health, Bethesda,
Maryland

The editors also acknowledge the contributions of the following staff members and
others who assisted in the preparation of this Report.

Margaret Anglin, Secretary, Office on Smoking and Health, Rockville, Maryland

Charles Appiah, Project Clerk, The Circle, Inc., McLean, Virginia

John Artis, Courier, The Circle, Inc., McLean, Virginia

John L. Bagrosky, Associate Director for Program Operations, Office on Smoking and
Health, Rockville, Maryland

Sonia Balakirsky, Secretary, Office on Smoking and Health, Rockville, Maryland

Carol A. Bean, Ph.D., Project Director, The Circle, Inc., McLean, Virginia

Marissa Bernstein, Editorial Assistant, The Circle, Inc., McLean, Virginia

Doreen M. Bonnett, Senior Editor, The Circle, Inc., McLean, Virginia

Catherine E. Burckhardt, Editorial Assistant, Office on Smoking and Health, Rockville,
Maryland

Gayle A. Christman, Administrative Assistant, The Circle, Inc., McLean, Virginia

Carol K. Cummings, Secretary, Office on Smoking and Health, Rockville, Maryland

Xvii



Karen M. Deasy, Assistant to the Director for Special Projects, Office on Smoking and
Health, Rockville, Maryland

Joanna Ebling, Word Processing Specialist, The Circle, Inc., McLean, Virginia

David Fry, Editor, The Circle, Inc., McLean, Virginia

Lynn Funkhauser, Word Processing Specialist, The Circle, Inc., McLean, Virginia

Amy Garson, Student Intern, Office on Smoking and Health, Rockville, Maryland

Gary A. Giovino, Ph.D., Epidemiologist, Office on Smoking and Health, Rockville,
Maryland

Armetta G, Glover, Secretary, Office on Smoking and Health, Rockville, Maryland

Victoria M. Grier, Conference Coordinator, The Circle, Inc., McLean, Virginia

Andree C. Harris, Program Analyst, Center for Chronic Disease Prevention and Health
Promotion, Centers for Disease Control, Atlanta, Georgia

Evridiki Hatziandreu, M.D., Dr.P.H., Epidemic Intelligence Service Officer, Office on
Smoking and Heailth, Rockville, Maryland

Patricia E. Healy, Technical Information Specialist, Office on Smoking and Health,
Rockville, Maryland

Timothy K. Hensley, Technical Publications Writer, Office on Smoking and Health,
Rockville, Maryland

Robert S. Hutchings, Associate Director for Information and Program Development,
Office on Smoking and Health, Rockville, Maryland

Karen Jacob, Senior Editor, The Circle, Inc., McLean, Virginia

Beth Jacobsen, Student Intern, Office on Smoking and Health, Rockville, Maryland

Sheila M. Jones, Word Processing Specialist, The Circle, Inc., McLean, Virginia

Kathleen M. Keever, Secretary, Department of Public Health Policy and Administra-
tion, School of Public Health, University of Michigan, Ann Arbor, Michigan

Rick Keir, Senior Editor, The Circle, Inc., McLean, Virginia

Jennifer L. Kirscht, M.P.H., Statistics Consultant, Department of Public Health Policy
and Administration, School of Public Health, University of Michigan, Ann Arbor,
Michigan

Laura Y. Martin, Program Analyst, Office of Program Planning and Evaluation, Centers
for Disease Control, Atlanta, Georgia

Daniel F. McLaughlin, Editor, The Circle, Inc., MclLean, Virginia

Sherry L. Mills, M.D., M.P.H., Epidemic Intelligence Service Officer, Office on Smok-
ing and Health, Rockville, Maryland

Nancy A. Miltenberger, M.A., Senior Editor, The Circle, Inc., McLean, Virginia

Elizabeth Mugge, Special Assistant, Office of the Deputy Director, Division of Cancer
Prevention and Control, National Cancer Institute, Bethesda, Maryland

Millie R. Naquin, M.Ed., Research Assistant, Office on Smoking and Health, Rock-
ville, Maryland

Regina Nwankwo, Editor, The Circle, Inc., McLean, Virginia

Ruth C. Palmer, Secretary, Office on Smoking and Health, Rockville, Maryland

Lida Peterson, Computer Systems Manager, The Circle, Inc., McLean, Virginia

Renate Phillips, Desktop Publishing/Graphic Artist, The Circle, Inc., McLean, Virginia

Margaret E. Pickerel, Public Information and Publications Specialist, Office on Smok-
ing and Health, Rockville, Maryland

xviii



Rose Mary Romano, Chief, Public Information Branch, Office on Smoking and Health,
Rockville, Maryland

Tamara Shipp, Publications Assistant, The Circle, Inc., McLean, Virginia

Edwin Silverberg, Supervisor, Statistical Information Service, American Cancer
Society

Linda R. Spiegelman, Administrative Officer, Office on Smoking and Health, Rock-
ville, Maryland

Traion Stallings, Word Processing Specialist, The Circle, Inc., McLean, Virginia

Daniel R. Tisch, Senior Project Manager, The Circle, Inc., McLean, Virginia

Pamela Wilson, Editor, The Circle, Inc., McLean, Virginia

Louise G. Wiseman, Technical Information Specialist, Office on Smoking and Health,
Rockville, Maryland

Xix



TABLE OF CONTENTS

Foreword .. ... .. . .. i
Preface .. ... .. ... iil
Acknowledgments ...... ... ... ... ix
1. Historical Perspective, Overview, and Conclusions ...................... 1
2. Advances in Knowledge of the Health Consequences of Smoking .......... 33
3. Changes in Smoking-Attributable Mortality .......................... 117
4. Trends in Public Beliefs, Attitudes, and Opinions About Smoking ........ 171
5. Changes in Smoking Behavior and Knowledge About Determinants . ... ... 259
6. Smoking Prevention, Cessation, and Advocacy Activities ............... 379
7. Smoking Control Policies ......... ... ... ..o i, 465
8. Changes in the Smoking-and-Health Environment: Behavioral and

Health Consequences ....................... e 645
Glossary ... .. 685
Index ... e 689

XXi



CHAPTER 1

HISTORICAL PERSPECTIVE, OVERVIEW,
AND CONCLUSIONS



CONTENTS

Historical Perspective . .......... it 5
Highlights of Conclusions and Findings ............ ... . .o 11
Major Conclusions . ............ .o i 11
KeyNew Findings . ... 11
OVBIVIEW . ottt ettt et et e e s 13
Coverageof the Report ......... . ... . ... i 13
1990 Health Objectives forthe Nation ............ . ... oo 16
Limitations of COVErage . ...........cooiiiiirenieerniatiin s 19
Developmentofthe Report ............. ... ... oo, 19
Chapter Conclusions . ......... . oiiiin i 20
Chapter 2: Advances in Knowledge of the Health Consequences of Smoking . 20
Part]1. Health Consequences ..............coirimeennnniiannenns 20

Part II. The Physicochemical Nature of Tobacco ................... 21

Chapter 3: Changes in Smoking-Attributable Mortality ................... 21

Chapter 4: Trends in Public Beliefs, Attitudes, and Opinions About Smoking . 22
Chapter 5: Changes in Smoking Behavior and Knowledge About

DEtermINANtS .. ..o ittt ettt ettt ie et et 23
Part I. Changes in Smoking Behavior .............. ... ... 23
Part 11. Changes in Knowledge About the Determinants of

Smoking Behavior ........... . . i 24
Chapter 6: Smoking Prevention, Cessation, and Advocacy Activities ........ 25
Part I. Smoking Prevention Activities ... 25
Part II. Smoking Education and Cessation Activities ................ 25
Part III. Antismoking Advocacy and Lobbying ..................... 26
Chapter 7: Smoking Control Policies ............ ... ..o 26
Part I. Policies Pertaining to Information and Education ............. 26
Part II. Economic Incentives ......... ... it 27
Part II1. Direct Restrictions on Smoking ............ ..., 28

Chapter 8: Changes in the Smoking-and-Health Environment: Behavioral and
Health CORSEqUeNnCes ... ........ouniiuin i 28
R ETENCES oo\ttt ittt e e e s 30



Historical Perspective

Each of the last five Surgeons General of the U.S. Public Health Service (PHS) has
identified cigarette smoking as one of this Nation's most significant sources of death
and disease. Today, more than one of every six American deaths is the result of cigarette
smoking. Smoking is responsible for an estimated 30 percent of all cancer deaths, in-
cluding 87 percent of lung cancer, the leading cause of cancer mortality; 21 percent of
deaths from coronary heart disease; 18 percent of stroke deaths; and 82 percent of deaths
from chronic obstructive pulmonary disease. Other forms of tobacco use, including
pipe and cigar smoking and use of smokeless tobacco, are also associated with sig-
nificantly elevated risks of disease and death (US DHEW 1979a; US DHHS 1986b).

Although the health hazards of tobacco use have been suspected for almost 400 years,
the first reported clinical impressions of a relationship between tobacco and disease
date from the 18th century, when tobacco use was associated with lip cancer (US
DHEW 1979a) and nasal cancer (US DHHS 1986b). However, true scientific under-
standing of the health effects of tobacco has been achieved only in the present century.
Broders (1920) published an article in the Journal of the American Medical Associa-
tion linking tobacco use to lip cancer, and 8 years later, Lombard and Doering (1928)
published an article in the New England Journal of Medicine noting that heavy smok-
ing was more common among cancer patients than among control groups. Later, Pearl
(1938) observed in the journal Science that heavy smokers had a shorter life expectan-
cy than nonsmokers.

During the 1930s, the Nation’s increasing rate of lung cancer and other diseases
prompted the initiation of epidemiologic and laboratory studies of the relationship be-
tween tobacco use and disease. Inthe late 1940s and early 1950s, a number of retrospec-
tive epidemiologic studies, published by Wynder and Graham (1950) and by other in-
vestigators, provided scientific evidence strongly linking smoking to lung cancer. This
association was soon thereafter supported by the emerging early findings of major
prospective (cohort) mortality studies, including the work of Doll and Hill (1954, 1956)
in Great Britain and Hammond and Hormn (1958a, 1958b) in the United States. The
strength and consistency of these results, combined with evidence from laboratory and
autopsy studies, led a national scientific study group to conclude in 1957 that the
relationship between smoking and lung cancer was causal (Study Group on Smoking
and Health 1957).

On July 12 of that year, U.S. Surgeon General Leroy Bumey issued a statement
declaring that ““The Public Health Service feels the weight of the evidence is increas-
ingly pointing in one direction; that excessive smoking is one of the causative factors
in lung cancer” (US PHS 1964). Two years later, in 1959, Surgeon General Burney
said that “The weight of evidence at present implicates smoking as the principal factor
in the increased incidence of lung cancer” (Burney 1959).

Increases in chronic diseases in other parts of the world led health authorities in other
countries to examine the relationship between tobacco and disease, particularly in
Europe and Scandinavia. In 1957, the British Medical Research Council reported that
a major part of the increase in lung cancer was attributable to smoking (British Medi-
cal Research Council 1957). Later, the Royal College of Physicians (1962) issued a



landmark document on smoking and health that concluded that “Cigarette smoking is
the most likely cause of the recent world-wide increase in deaths from lung cancer . . .
1s an important predisposing cause of the development of chronic bronchitis . . . probab-
ly increases the risk of dying from coronary heart disease...has an adverse effect on
healing of [gastric and duodenal] ulcers . . . [and] may be a contributing factor in can-
cer of the mouth, pharynx, oesophagus, and bladder.”

On June 1, 1961, the presidents of the American Cancer Society, the American Public
Health Association, the American Heart Association, and the National Tuberculosts
Association (now the American Lung Association) urged President John F. Kennedy
to establish a commission to study the health consequences of smoking. Repre-
sentatives of these organizations met with Surgeon General Luther L. Terry in January
1962 to reiterate their call for action. In April, the Surgeon General presented a detailed
proposal for an advisory group to reevaluate the position adopted by the Public Health
Service in 1959. In calling for the advisory group, Dr. Terry cited new research on the
adverse health effects of tobacco, a request from the Federal Trade Commission for
guidance on policy regarding the labeling and advertising of tobacco products, and the
findings in the new report of the Royal College of Physicians.

On July 27, 1962, following consultations between the White House and the Public
Health Service, the Surgeon General held a meeting to define the work of an expert
advisory group and to identify candidates for the committee. Meeting with the Sur-
geon General were representatives of the American Cancer Society, the American Col-
lege of Chest Physicians, the American Heart Association, the American Medical As-
sociation, the Tobacco Institute, the Food and Drug Administration, the National
Tuberculosis Association, the Federal Trade Commission, and the President’s Office
of Science and Technology. The group agreed on a list of more than 150 scientists and
physicians. Each of the organizations had the right to veto any of the names on the list
for any reason. Persons who had taken a public position on smoking and health were
not considered for inclusion on the advisory committee.

Dr. Terry selected 10 individuals from the list to serve on the Surgeon General’s Ad-
visory Committee on Smoking and Health: Stanhope Bayne-Jones, M.D., LL.D.,
former Dean, Yale School of Medicine; Walter J. Burdette, M.D., Ph.D., University of
Utah; William G. Cochrane, M.A., Harvard University; Emmanuel Farber, M.D., Ph.D.,
University of Pittsburgh; Louis F. Fieser, Ph.D., Harvard University; Jacob Furth, M.D.,
Columbia University; John B. Hickam, M.D., Indiana University; Charles LeMaistre,
M.D., University of Texas; Leonard M. Schuman, M.D., University of Minnesota; and
Maurice H. Seevers, M.D., Ph.D., University of Michigan.

The Advisory Committee held nine meetings from November 1962 through Decem-
ber 1963, during which they reviewed all the available data from animal laboratory ex-
periments, clinical and autopsy studies, and retrospective and prospective epi-
demiologic studies. The Committee had access to over 7,000 publications pertaining
to smoking and health, including more than 3,000 articles reporting ~esearch findings
published after 1950. In evaluating evidence linking smoking to disease, the Commit-
tee restricted judgments of a causal relationship to those associations for which the
evidence was (1) consistent, (2) strong, (3) specific, (4) supportive of appropriate tem-
poral relationships, and (5) coherent (US PHS 1964).



The final Report of the Advisory Committee was released on January 11, 1964 (US
PHS 1964). 1t concluded that “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 Report also concluded that pipe smoking is causally related to lip cancer, that
cigarette smoking is causally related to laryngeal cancer in men, and that “Cigarette
smoking is the most important of the causes of chronic bronchitis.” The Advisory Com-
mittee identified significant associations between smoking and cancer of the esophagus,
cancer of the urinary bladder. coronary artery disease. emphysema, peptic ulcer dis-
ease, and low-birthweight babies, but it did not consider the available data to be suf-
ficient to label these associations causal.

The Committee found that male cigarette smokers had a 70-percent excess mortality
rate over men who had never smoked and that female smokers also had an elevated
mortality rate, although less than that of males. The Advisory Committee concluded
that “Cigarette smoking is a health hazard of sufficient importance in the United States
to warrant appropriate remedial action.”

“Remedial action” was initiated immediately after publication of the Advisory
Committee’s Report, when the Federal Trade Commission (FTC) proposed that
cigarette packs and advertisements bear warning labels and that strict limitations be
placed on the content of cigarette advertising. With passage of the Federal Cigarette
Labeling and Advertising Act of 1965 (Public Law 89-92; amended in April 1970 by
Public Law 91-222), Congress preempted the FTC's recommendation: beginning in
1966, a congressionally mandated health warning appeared on all cigarette packs but
not on advertisements.

The Act also required the Secretary of Health, Education, and Welfare to submit an-
nual reports to Congress on the health consequences of smoking, together with legis-
lative recommendations, beginning no later than mid-1967. New reports of the Sur-
geon General on smoking and health were issued in each calendar year beginning in
1967, except for 1970, 1976, 1977, and 1987. (In 1976, a volume of selected chapters
from the 197175 Reports was published. The report issued in 1978 was a joint Report
for the years 1977 and 1978.) Thus, the present volume, commemorating the 25th an-
niversary of the 1964 Report, is the 20th Report in the series. In addition, in 1986, PHS
issued a report on the health consequences of using smokeless tobacco (US DHHS
1986b). Table 1 identifies the previous reports and highlights their coverage.

The reports published since the 1964 Report have confirmed the scientific judgment
of the Advisory Committee and have extended its findings. The evidence available
today has reinforced the Advisory Committee’s judgments of causality; converted most
of its “significant associations™ into causal relationships, adhering to the strict criteria
described in the first Report; confirmed causal associations for relationships not con-
templated in the 1964 Report (e.g., the health hazards of involuntary smoking (US
DHHS 1986a)); and identified additional disease associations.

Accompanying the growth and dissemination of scientific knowledge has been in-
creased public understanding of the hazards of smoking. reflected in decreases in smok-



TABLE 1.—Surgeon General’s Reports on smoking and health, 1964-88

Year

Subject/Highlights

1964

1967

1968

1969

1971

1972

1973

First official report of the Federal Government on smoking and health.
Concluded that “Cigarette smoking is a health hazard of sufficient importance
in the United States to warrant appropriate remedial action.” Concluded that
cigarette smoking is a cause of lung cancer in men and a suspected cause of
lung cancer in women. Identified many other causal relationships and
smoking—disease associations (US PHS 1964).

Confirmed and strengthened conclusions of 1964 Report. Stated that “The
case for cigarette smoking as the principal cause of lung cancer is
overwhelming.” Found that evidence “strongly suggests that cigarette smoking
can cause death from coronary heart disease.” 1964 Report had described this
relationship as an “association.” Also concluded that “Cigarette smoking is the
most important of the causes of chronic non-neoplastic bronchiopulmonary
diseases in the United States.” Identified measures of morbidity associated
with smoking (US PHS 1968a).

Updated information presented in 1967 Report. Estimated smoking-related
loss of life expectancy among young men as 8 years for “heavy” smokers (over
2 packs per day) and 4 years for “light” smokers (less than 1/2 pack per day)
(US PHS 1968b).

Also supplemented 1967 Report. Confirmed association between maternal
smoking and infant low birthweight. Identified evidence of increased
incidence of prematurity. spontaneous abortion, stillbirth, and neonatal death
(US PHS 1969).

Reviewed entire field of smoking and health. with 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™ (US DHEW 1971).

Examined evidence on immunological effects of tobacco and tobacco smoke,
harmful constituents of tobacco smoke, and “public exposure to air pollution
from tobacco smoke.™ Found tobacco and tobacco smoke antigenic in humans
and animals; tobacco may impair protective mechanisms of immune system:
nonsmokers’ exposure 10 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 (US DHEW
1972).

Presented evidence on health effects of smoking pipes, 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 risk factor in peripheral vascular disease
and problems of pregnancy (US DHEW 1973).



TABLE 1.—Continued

Year

Subject/Highlights

1974

1975

1976°
1977-78

1979

1980

1981

1982

1983

Tenth Anniversary Report. Reviewed and strengthened 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 (US DHEW 1974).

Updated information on health effects of involuntary (passive) smoking.
Noted evidence linking parental smoking to bronchitis and pneumonia in
children during the first year of life (US DHEW 1975).

Compiled selected chapters from 1971-75 Reports (US DHEW 1976).

Combined 2-year Report focused on smoking-related health problems unique
to women. Cited studies showing that use of oral contraceptives potentiates
harmful effects of smoking on the cardiovascular system (US DHEW 1978).

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. Also first Report to consider role of adult and youth education in
promoting nonsmoking. First Report to review health consequences of
smokeless tobacco. Many new sections, including one identifying smoking as
“one of the primary causes of drug interactions in humans” (US DHEW 1979a).

Devoted to health consequences of smoking for women. 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 (US DHHS 1980a).

Examined health consequences of “the changing 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, chronic obstructive pulmonary disease, and fetal
damage. Noted possible risks from additives and their products of
combustion. Discussed compensatory smoking behaviors that might reduce
potential risk reductions 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 (US DHHS 1981).

Reviewed and extended understanding of the health 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.” Discussed potential
for low-cost smoking cessation interventions (US DHHS 1982).

Examined health consequences of smoking for cardiovascular disease.
Concluded that cigarette smoking is one of three major independent causes of
coronary heart disease (CHD) and, given its prevalence, “‘should be considered
the most important of the known modifiable risk factors for CHD.” Discussed
relationships between smoking and other forms of cardiovascular disease (US
DHHS 1983).



TABLE 1.—Continued

Year Subject/Highlights

1984 Reviewed evidence on smoking and chronic obstructive lung disease (COLD).
Concluded that smoking is the major cause of COLD, accounting for 80 to 90
percent 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 (US DHHS 1984).

1985 Examined relationship between smoking and hazardous 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 (US DHHS 1985).

1986 Focused on involuntary smoking, concluding that “Involuntary smoking is a
cause of disease, including lung cancer, in healthy nonsmokers.” Also found
that, compared with children of nonsmokers, children of smokers have higher
incidence of respiratory infections and symptoms 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 (US DHHS 1986a).

1986° Special Report of advisory committee appointed by the 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 (US DHHS 1986b).

1988 Established nicotine as a highly addictive substance, comparable in its
physiologicai and psychological properties to other addictive substances of
abuse (US DHHS 1988).

*Excluded from count of series volumes in text because no new evidence was reviewed.
"Excluded from count of series volumes in text because it was a Special Report, not in the series of reports on smoking
and health.

ing prevalence and, in recent years, the intensification of public and private measures
to discourage smoking. A quarter century after publication of the first Report, smok-
ing remains the leading cause of preventable premature death in our society, but per
capita cigarette consumption is declining annually, and analyses of consumption and
disease trends augur eventual decreases in smoking’s toll.

Given these changes, the remaining toll of tobacco-related disease, and the Surgeon
General’s objective of a smoke-free society by the year 2000 (Koop 1984), Surgeon
General C. Everett Koop devotes this 25th anniversary edition of the Surgeon General’s
Report to an assessment of progress against smoking in the quarter century since the
first Report was published.
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Highlights of Conclusions and Findings

Major Conclusions

As the present Report documents, knowledge of the health consequences of smok-
ing has expanded dramatically since 1964, and programs and policies to combat the
hazards of smoking have proliferated. The essential chapter-specific conclusions relat-
ing to these and other topics of this Report are presented at the end of each chapter and
are reproduced in the final Sectionof this introductory Chapter. The major conclusions
of the entire Report, immediately following, address fundamental developments over
the past quarter century in smoking prevalence and in mortality caused by smoking.
The first two conclusions highlight important gains in preventing smoking and smok-
ing-related disease in the United States. The last three conclusions emphasize sources
of continuing concern and remaining challenges.

1. The prevalence of smoking among adults decreased from 40 percent in 1965
to 29 percent in 1987. Nearly half of all living adults who ever smoked have
quit.

2. Between 1964 and 1985, approximately three-quarters of a million smok-
ing-related deaths were avoided or postponed as a result of decisions to quit
smoking or not to start. Each of these avoided or postponed deaths repre-
sented an average gain in life expectancy of two decades.

3. The prevalence of smoking remains higher among blacks, blue-collar
workers, and less educated persons than in the overall population. The
decline in smoking has been substantially slower among women than among
men.

4. Smoking begins primarily during childhood and adolescence. The age of
initiation has fallen over time, particularly among females. Smoking
among high school seniors leveled off from 1980 through 1987 after pre-
vious years of decline.

5. 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.

Key New Findings

While this Report is designed to provide a retrospective view of smoking and health
over the past 25 years, several findings never previously documented in a report of the
Surgeon General emerged during the process of reviewing and analyzing the
voluminous materials consulted for the study. Discussed in detail throughout the
Report, key new findings include the following:
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Cigarette smoking is a major cause of cerebrovascular disease (stroke), the third
leading cause of death in the United States.

By 1986, lung cancer caught up with breast cancer as the leading cause of can-
cer death in women. Women smokers’ relative risk of lung cancer has increased
by a factor of more than four since the early 1960s and is now comparable to the
relative risk identified for men in that earlier period. Gender differences in smok-
ing behavior are disappearing; consistent with this, gender differences in the rela-
tive risks of and mortality from smoking-related diseases are narrowing.

Cigarette smoking is associated with cancer of the uterine cervix.

To date, 43 chemicals in tobacco smoke have been determined to be car-
cinogenic.

In 1985, approximately 390,000 deaths were attributable to cigarette smoking.
This figure is greater than other recent estimates of smoking-attributable mor-
tality, reflecting the use of higher relative risks of smoking-related diseases for
women and, especially in the case of lung cancer, for men. These higher rela-
tive risks were derived from the largest and most recent prospective study of
smoking and disease, conducted by the American Cancer Society.

Disparities in smoking prevalence, quitting, and initiation between groups with
the highest and lowest levels of educational attainment are substantial and have
been increasing. Educational attainment appears to be the best single
sociodemographic predictor of smoking.

There is growing recognition that prevention and cessation interventions need
to target specific populations with a high smoking prevalence or at high risk of
smoking-related disease. These populations include minority groups, pregnant
women, military personnel, high school dropouts, blue-collar workers, un-
employed persons, and heavy smokers.

One-quarter of high school seniors who have ever smoked had their first cigarette
by sixth grade, one-half by eighth grade. Associated with knowledge of this fact
is a growing consensus that smoking prevention education needs to begin in
elementary school.

Whereas past smoking control efforts targeting children and adolescents focused
exclusively on prevention of smoking, the smoking control community has iden-
tified the need to develop cessation programs for children and adolescents ad-
dicted to nicotine.

As of mid-1988, more than 320 local communities had adopted laws or regula-
tions restricting smoking in public places. This compares with a total of about
90 as of the end of 1985, a more than threefold increase in 3 years. The number
of new State laws restricting smoking in public places in 1987 exceeded the num-
ber passed in any preceding year.



« A growing body of evidence on the role of economic incentives in influencing
health behavior has contributed to increased interest in and use of such incen-
tives to discourage use of tobacco products. These include excise taxation of
tobacco products, workplace financial incentives, and insurance premium dif-
ferentials for smokers and nonsmokers.

«  In marked contrast to the trends in virtually all other areas of smoking control
policy, the number of legal restrictions on children’s access to tobacco products
has decreased over the past quarter century. Studies indicate that vendor com-
pliance with minimum-age-of-purchase laws is the exception rather than the rule.

« The marketing of a variety of alternative nicotine delivery systems has
heightened concern within the public health community about the future of
nicotine addiction. The most prominent development in this regard was the 1988
test marketing by a major cigarette producer of a nicotine delivery device having
the external appearance of a cigarette and being promoted as “the cleaner
smoke.”

*  While over 50 million Americans continue to smoke, more than 90 million would
be smoking in the absence of the changes in the smoking-and-health environ-
ment that have occurred since 1964,

*  Quitting and noninitiation of smoking between 1964 and 1985, encouraged by
changes in that environment, have been or wiil be associated with the postpone-
ment or avoidance of almost 3 million smoking-related deaths. That figure
reflects the three-quarters of a million deaths noted in conclusion 2 above, and
an additional 2.1 million deaths estimated to be postponed or avoided between
1986 and the year 2000.

Overview

Coverage of the Report

As the major conclusions and new findings suggest, progress against smoking is
necessarily measured in several dimensions. Ultimately, the most important measure
is the burden of mortality, morbidity, and disability associated with smoking. Secon-
darily, changes in the prevalence of smoking and its distribution among
sociodemographic groups foretell the future course of smoking-related disease. Be-
havioral changes in turn reflect a myriad of social and psychological influences that
have evolved over the past 25 years. These include public knowledge of smoking
hazards and attitudes toward the behavior; availability and effectiveness of smoking
prevention and cessation programs; and adoption of smoking-related social policies,
often reflections of public attitudes and opinions. At the heart of all these phenomena
is the substantial and expanding body of scientific knowledge about the health conse-
quences of smoking.



The 1989 Report examines changes in each of these dimensions over the past quarter
century. The Report includes a Foreword by the Assistant Secretary for Health and the
Director of the Centers for Disease Control, a Preface by the Surgeon General of the
U.S. Public Health Service, and the following chapters:

Chapter 1. Historical Perspective, Overview, and Conclusions

Chapter 2. Advances in Knowledge of the Health Consequences of Smoking

Chapter 3. Changes in Smoking-Attributable Mortality

Chapter 4. Trends in Public Beliefs, Attitudes, and Opinions About Smoking

Chapter 5. Changes in Smoking Behavior and Knowledge About Determinants

Chapter 6. Smoking Prevention, Cessation, and Advocacy Activities

Chapter 7. Smoking Control Policies

Chapter 8. Changes in the Smoking-and-Health Environment: Behavioral and Health

Consequences

A key to abbreviations used throughout the Report is found at the end of the volume.

Analysis of changes in scientific-medical understanding follows the core tradition
of the Surgeon General’s Report series. Chapter 2 summarizes current knowledge of
the health consequences of smoking and examines how it has advanced, both qualita-
tively and quantitatively, beyond that reflected in the original Surgeon General's
Report. The Chapter also summarizes knowledge of the physicochemical nature of
tobacco smoke.

Chapter 3 examines the ultimate population impact of smoking-disease relationships
in its review of changes in smoking-attributable mortality. The patterns of mortality
have changed in predictable ways, reflecting variations in the rates and
sociodemographic distribution of smoking prevalence (the subject of much of Chapter
5). In particular, smoking-attributable mortality in women has increased dramatically,
the predictable consequence of the rapid growth in smoking by women in the middle
decades of the century. Shifts in sociodemographic patterns of smoking, with greater
prevalence now found among blue-collar workers and some minorities than among the
white-collar population, presage a continuing disproportionate burden of illness for the
Nation’s poor and minority populations.

One element of the decision of whether or not to smoke is personal understanding of
the dangers involved. Chapter 4 reviews changes in public knowledge since 1964. The
most basic findings from scientific research on the health consequences of smoking
have been conveyed to and accepted by the American public, at least at a generalized
level. Nevertheless, survey research reveals important gaps in public understanding of
the hazards of smoking. Smokers report less understanding of the basic consequences
of smoking than do nonsmokers; furthermore, smokers often do not internalize, or per-
sonalize, the hazards they acknowledge as applying to smokers in general. In addition,
knowledge of smoking-and-health facts beyond the most basic information is not pos-
sessed by significant numbers of Americans. Thus, a substantial educational task
remains.

Although significant gaps remain, it is also clear that the public has a much better ap-
preciation of the hazards of smoking than it did 25 years ago. Associated with the grow-
ing acceptance of smoking as a health hazard for the smoker, and more recently as a
hazard for nonsmokers, is a growing public desire to restrict smoking in public places
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to protect the rights of nonsmokers to breathe clean air. Opinions about smoking and
the appropriate role of smoking control are also considered in Chapter 4.

The relationship between knowledge and opinion change, on the one hand, and sub-
sequent behavior change, on the other, is quite complex. Nevertheless, substantial
smoking behavior change has occurred since issuance of the first Surgeon General's
Report and has often followed shifts in beliefs and opinions about smoking. The many
dimensions of such behavior change are explored in Chapter 5. Part | of the Chapter
examines empirical evidence on behavior change across anumber of smoking behaviors
and across the major sociodemographic groups. Several previous reports of the Sur-
geon General have included consideration of these trends (US DHEW1979a;US DHHS
1980a,1983, 1985, 1988). Part Il of Chapter 5 reviews the evolution of understanding
of smoking behaviors and their determinants. The 1979 Surgeon General's Report
devoted several chapters to the psychological and social determinants of smoking (US
DHEW 1979a). Most recently, the phenomenon of nicotine addiction was reviewed
thoroughly by the Surgeon General (US DHHS 1988).

Changes in public attitudes toward smoking and in the prevalence of smoking are
reflected in the rapid expansion in the 1980s of State and local laws and workplace
policies restricting smoking. The Nation’s growing nonsmoking ethos is also reflected
in more attention to both voluntary and regulatory measures intended to prevent the in-
itiation of tobacco use or to assist smokers to quit. The number of smoking-cessation
techniques and programs has expanded. Smoking policy discussions today concern
such diverse activities as excise taxation, restriction of advertising and promotion of
tobacco products, limitation of children’s access to tobacco products, and regulation of
the newly emerging nicotine-based products collectively referred to as “alternative
nicotine delivery systems.”

Chapters 6 and 7 examine developments over the past quarter century in voluntary
programmatic efforts and public policies directed at smoking control, respectively.
Chapter 6 describes separately programs directed at smoking prevention and cessation,
and highlights the work of the major voluntary health associations. The Chapter
reviews such diverse efforts as comprehensive school health education curricula and
antismoking public service announcements on the broadcast media. Chapter 6 con-
cludes with a brief overview of advocacy and lobbying activities related to smoking
and health. Advocacy activities are purely voluntary in nature, yet most have been
directed at promoting smoking control policies, particularly in recent years. As such,
a discussion of advocacy serves as a logical transition between the focus of Chapter 6
on voluntary efforts to combat smoking and concentration in Chapter 7 on policy
measures.

Coverage of developments in smoking control policies in Chapter 7 has few
precedents in prior reports of the Surgeon General, despite the first Report’s call for
“appropriate remedial action” a quarter of a century ago (US PHS 1964). The major
exception was the substantial attention accorded workplace and Government smoking
restriction policies in the 1986 Report (US DHHS 1986a). Otherwise, the report
series’ principal references to policy have come in the form of legislative recommen-
dations to the Congress. Yet, as noted above, policies intended to diminish smoking
and its disease burden have become increasingly common in both the public and
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private sectors. Thus, as part of the history of smoking and health, and as a determinant
of progress against smoking, smoking-related policy is examined in detail in this 25th
anniversary Report. Coverage of policy in Chapter 7 includes documentation of trends
in specific policies, analogous to the coverage afforded smoking restrictions in the 1986
Report. Policies are grouped into three categories: policies pertaining to information
and education (Part I), economic incentives (Part I1), and direct restrictions (Part III).
Where possible, discussion includes examination of scientific understanding of specific
policy effects. Such understanding derives from a growing and increasingly sophisti-
cated body of empirical social science research.

Collectively, the program and policy efforts discussed in Chapters 6 and 7, combined
with changing public knowledge and social norms, have encouraged tens of millions
of Americans not to smoke. As examined in Chapter 8, this behavioral change can be
credited with the avoidance of many hundreds of thousands of premature deaths and
the associated saving of millions of life-years. Chapter 8 reviews these and other find-
ings on the behavioral and health consequences of changes in the Nation’s smoking-
and-health environment.

Conclusions pertaining to the findings of each of the Report’s chapters are reviewed
in the final Section of this introductory Chapter.

By all accounts, the 1964 Report of the Surgeon General's Advisory Committee is
a landmark document in the history of public health and a seminal contribution to the
Nation’s efforts to understand and combat tobacco-related morbidity and mortality.
The present Report chronicles progress against smoking in the intervening 25 years,
demonstrating an extraordinary array of advances in knowledge, changes in norms and
behavior, and effects on the health of the American people. By any reasonable
measure, the burden of smoking remains enormous; but the legacy of the 1964 Report
is a society that has made impressive strides toward ridding itself of this most prevent-
able source of disease, disability, and death.

1990 Health Objectives for the Nation

In 1979, PHS released the first Surgeon General’s Report on Health Promotion and
Disease Prevention (US DHEW 1979b). The Report identified 15 priority areas, in-
cluding smoking, in which significant health gains could be expected in the 1980s, with
appropriate actions. Subsequently, working with health experts from both the private
and public sectors, the PHS established 226 specific health objectives for the Nation
(US DHHS 1980b). Seventeen of these pertain directly to cigarette smoking (Table 2).
Many others relate to smoking as well, because they address the prevention of heart
disease, cancer, burn injuries, and other smoking-related disease problems. In 1986,
the PHS published a midcourse assessment of progress toward achieving the 226 ob-
jectives (US DHHS 1986¢). One of the goals of the present Report is to offer addition-
al insight in this assessment as it relates to the 17 smoking objectives. This is discussed
in the relevant chapters.

PHS is currently developing national health goals for the year 2000, again working
with organizations and individuals in the private and public sectors. The reduction of
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TABLE 2.—1990 health objectives for the nation pertaining to smoking

Reduced risk factors )

1. By 1990, the proportion of adults who smoke should
be reduced to below 25 percent.

2. By 1990, the proportion of women who smoke
during pregnancy should be no greater than one-half the
proportion of women overall who smoke.

3. By 1990, the proportion of children and youth aged 12
to 18 years who smoke should be reduced to below 6
percent.

4. By 1990, the sales-weighted average tar yield of
cigarettes should be reduced to below 10 mg. The other
components of cigarette smoke known to cause disease
should also be reduced proportionately.

Increased public/professional awareness

5. By 1990, the share of the adult population aware that
smoking is one of the major risk factors for heart disease
should be increased to at least 85 percent.

6. By 1990, at least 90 percent of the adult population
should be aware that smoking is a major cause of lung
cancer, as well as multiple other cancers including
laryngeal, esophageal, bladder, and other types.

7. By 1990, at least 85 percent of the adult population
should be aware of the special risk of developing and
worsening chronic obstructive pulmonary disease,
including bronchitis and emphysema, among smokers.

8. By 1990, at least 85 percent of women should be aware
of the special health risks for women who smoke,
including the effect on outcomes of pregnancy and the
excess risk of cardiovascular disease with oral
contraceptive use.

9. By 1990, at least 65 percent of 12-year-olds should be
able 10 identify smoking cigarettes with increased risk of
serious disease of the heart and lungs.
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TABLE 2.—Continued

Improved services/protection

10. By 1990, at [east 35 percent of all workers shouid
be offered employer/employee-sponsored or -supported
smoking cessation programs either at the worksite or in
the community.

11. By 1985, tar, nicotine, and carbon monoxide yields
should be prominently displayed on each cigarette
package and promotional material.

12. By 1985, the present cigarette warning should be
strengthened to increase its visibility and impact, and to
give the consumer additional needed information on the
specific multiple health risks of smoking. Special
consideration should be given to rotational warnings and
to identification of special vulnerable groups.

13. By 1990, taws should exist in all 50 States and ali
Jjurisdictions prohibiting smoking in enclosed public
places, and establishing separate smoking areas at work
and in dining establishments.

14. By 1990, major health and life insurers should be
offering differential insurance premiums to smokers and
nonsmokers.

Improved surveillance/evaluation

15. By 1985, insurance companies should have
collected, reviewed, and made public their actuarial
experience on the differential life experience and
hospital utilization by specific cause among smokers
and nonsmokers, by sex.

16. By 1990, continuing epidemiologic research should
have delineated the unanswered research questions
regarding low-yield cigarettes, and preliminary partial
answers to these should have been generated by research
efforts.

17. By 1990, in addition to biomedical hazard
surveillance, continuing examination of the changing
tobacco product and the sociological phenomena resulting
from those changes should have been accomplished.

SOURCE: US DHHS (1980b).



tobacco use is one of 21 priority areas in which objectives are being formulated. PHS
intends to publish the objectives in 1990.

Limitations of Coverage

Despite the broad scope of this Report, certain limitations have had to be placed on
coverage. Two in particular are worthy of mention here:

(1) The Report focuses primarily, but not exclusively, on cigarette smoking, reflect-
ing its dominance among forms of tobacco use, in terms of both prevalence and disease
impact. This focus also reflects the desire to represent the principal interest of the 1964
Advisory Committee in this 25th anniversary Report. Pipe and cigar smoking are much
less prevalent than cigarette smoking but also carry significant health risks (US DHEW
1979a). Growing use of smokeless tobacco products (snuff and chewing tobacco),
primarily by adolescent males, has focused national attention on the prevalence and
health consequences of using these tobacco products (Connolly et al. 1986). This sub-
ject was recently reviewed thoroughly by an advisory committee to the Surgeon General
(US DHHS 1986b) and in a National Cancer Institute monograph (Boyd and Darbey,
in press).

(2) The Report concentrates on smoking in the United States. Both within the United
States and around the world, there is growing concern about the spread of smoking,
particularly in the world’s poorer countries. While per capita cigarette consumption is
stable or falling in most developed nations, it is rising in Third World countries. Rates
of smoking-related chronic diseases are also increasing rapidly, to the point that tobac-
co is expected to soon become the leading cause of premature, preventable mortality
in the Third World, as it is at present in the developed world (Aoki, Hisamichi,
Tominaga 1988).

Concentration of this Report on smoking in the United States is no reflection on the
relative importance of the international situation. Rather, it results from the principal
objective of reviewing where this Nation has come in its efforts to control smoking-re-
lated disease since the 1964 report of the Surgeon General’s Advisory Committee. The
Public Health Service hopes that this review, like its predecessors, will prove to be of
value to scientists, health professionals, and public health officials in countries
throughout the world.

Development of the Report

This Report was developed by the Office on Smoking and Health (OSH), Center for
Chronic Disease Prevention and Health Promotion, Centers for Disease Control, Public
Health Service of the U.S. Department of Health and Human Services, as part of the
Department’s responsibility, under Public Law 91-222, to report new and current in-
formation on smoking and health to the U.S. Congress.

The scientific content of this Report was produced through the efforts of more than
130 scientists in the fields of medicine, the biological and social sciences, public health,
and policy analysis. Manuscripts for the Report, constituting drafts of chapters or sec-
tions of chapters, were prepared by 33 scientists selected for their expertise in the
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specific content areas. An editorial team including the Director of OSH, a medical
epidemiologist from OSH, and four non-Federal experts edited and consolidated the
individual manuscripts into chapters. These draft chapters were subjected to an inten-
sive outside peer review, with each chapter reviewed by 5 to 12 individuals knowledge-
able about the chapter’s subject matter. Incorporating the reviewers’ comments, the
editors revised the chapters and assembled a draft of the complete Report. The draft
Report was then submitted to 25 distinguished scientists for their review and comment
on the entirety of its contents. Simultaneously, the draft Report was submitted to 9 in-
stitutes and agencies within the U.S. Public Health Service for their review, Comments
from the senior scientific reviewers and the agencies were then used to prepare the final
draft of the Report, which was then reviewed by the Offices of the Assistant Secretary
for Health and the Secretary, Department of Health and Human Services.

Chapter Conclusions
Chapter 2: Advances in Knowledge of the Health Consequences of Smoking

Part I. Health Consequences

1. The 1964 Surgeon General’s Report concluded that cigarette smoking increases
overall mortality in men, causes lung and laryngeal cancer in men, and causes
chronic bronchitis. The Report also found significant associations between smok-
ing and numerous other diseases.

2. Reportsof the Surgeon General since 1964 have concluded that smoking increases
mortality and morbidity in both men and women. Disease associations identified
as causal since 1964 include coronary heart disease, atherosclerotic peripheral
vascular disease, lung and laryngeal cancer in women, oral cancer, esophageal
cancer, chronic obstructive pulmonary disease, intrauterine growth retardation,
and low-birthweight babies.

3. Cigarette smoking is now considered to be a probable cause of unsuccessful preg-
nancies, increased infant mortality, and peptic ulcer disease; to be a contributing
factor for cancer of the bladder, pancreas, and kidney; and to be associated with
cancer of the stomach.

4. Accumulating research has elucidated the interaction effects of cigarette smoking
with certain occupational exposures to increase the risk of cancer, with alcohol
ingestion to increase the risk of cancer, and with selected medications to produce
adverse effects.

5. A decade ago, the 1979 Report of the Surgeon General found smokeless tobacco
to be associated with oral cancer. In 1986, the Surgeon General concluded that
smokeless tobacco was a cause of this disease.

6. Research in the present decade has established that involuntary smoking is a cause
of disease, including lung cancer, in healthy nonsmokers, and that the children of
parents who smoke have an increased frequency of respiratory infections and
symptoms.
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7.

In 1964, tobacco use was considered habituating. A substantial body of evidence
accumulated since then, and summarized in the 1988 Surgeon General's Report,
has established that cigarettes and other forms of tobacco are addicting. Given
the prevalence of smoking, tobacco use is the Nation's most widespread form of
drug dependency.

Studies dating from the 1950s have consistently documented the benefits of smok-
ing cessation for smokers in all age groups.

Recent evidence, including that presented in this 1989 Report of the Surgeon
General, documents that cigaretie smoking is a cause of cerebrovascular disease
(stroke) and is associated with cancer of the uterine cervix.

Part II. The Physicochemical Nature of Tobacco

1.

The estimated number of compounds in tobacco smoke exceeds 4,000, including
many that are pharmacologically active, toxic, mutagenic, and carcinogenic.
Forty-three carcinogens have been identified in tobacco smoke.

Carcinogenic tobacco-specific nitrosamines are found in high concentrations in
smokeless tobacco.

Chapter 3: Changes in Smoking-Attributable Mortality

L.

Lung cancer death rates increased two- to fourfold among older male smokers
over the two decades between the American Cancer Society’s two Cancer Preven-
tion Studies (CPS-1, 1959-65, and CPS-1I, 1982-86). Lung cancer death rates for
younger male smokers fell about 30 to 40 percent during this period.

Lung cancer death rates increased four- to sevenfold among female smokers aged
45 years or older in CPS-II compared with CPS-I, while lung cancer death rates
among younger women declined 35 to 55 percent.

The two-decade interval witnessed a two- to threefold increase in death rates from
chronic obstructive pulmonary disease (COPD) in female smokers aged 55 years
or older.

There was no change in the age-adjusted death rates for lung cancer and COPD
between CPS-I and CPS-1I among men and women who never smoked regularly.
Overall death rates from coronary heart disease (CHD) declined substantially be-
tween CPS-I and CPS-II. The decline in CHD mortality among nonsmokers,
however, was notably greater than among current cigarette smokers.

In CPS-11, the relative risks of death from cerebrovascular lesions were 3.7 and
4.8 for men and women smokers under age 65. Increased risks of stroke were also
observed among older smokers and former smokers. Along with the recently
reported results of other studies, these findings strongly support a causal role for
cigarette smoking in thromboembolic and hemorrhagic stroke.

In 1985, smoking accounted for 87 percent of lung cancer deaths, 82 percent of
COPD deaths, 21 percent of CHD deaths, and 18 percent of stroke deaths. Among
men and women less than 65 years of age, smoking accounted for more than 40
percent of CHD deaths.



8.

10.

The large increase in smoking-attributable mortality among American women be-
tween 1965 and 1985 was a direct consequence of their adoption of lifelong
cigarette smoking, especially from their teenage years onward.

In 1985, 99 percent of smoking-attributable deaths occurred among people who
started smoking before the 1964 Surgeon General’s Report. For this group, the
annual smoking-attributable fatality rate is about 7,000 deaths per 1 million per-
sons at risk.

For 10 causes of death, a total of 337,000 deaths were attributable to smoking in
1985. These represented 22 percent of all deaths among men and 11 percent
among women. If other cardiovascular, neoplastic, and respiratory causes of
death were included—as well as deaths among newborns and infants resulting
from maternal smoking, deaths from cigarette-caused residential fires, and lung
cancer deaths among nonsmokers due to environmental tobacco smoke—the total
smoking-attributable mortality was about 390,000 in 1985.

Chapter 4: Trends in Public Beliefs, Attitudes, and Opinions About Smoking

1.
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In the 1950s, 40 to 50 percent of adults believed that cigarette smoking is a cause
of lung cancer. By 1986, this proportion had increased to 92 percent (including
85 percent of current smokers).

Between 1964 and 1986, the proportion of adults who believed that cigarette
smoking increases the risk of heart disease rose from 40 to 78 percent. A similar
increase occurred among smokers, from 32 to 71 percent.

The proportion of adults who believed that cigarette smoking increases the risk
of emphysema and chronic bronchitis rose from 50 percent in 1964 to 81 percent
(chronic bronchitis) and 89 percent (emphysema) in 1986. These proportions in-
creased among current smokers from 42 percent in 1964 to 73 percent (chronic
bronchitis) and 85 percent (emphysema) in 1986.

Despite these impressive gains in public knowledge, substantial numbers of
smokers are still unaware of or do not accept important health risks of smoking.
For example, the proportions of smokers in 1986 who did not believe that smok-
ing increases the risk of developing lung cancer, heart disease, chronic bronchitis,
and emphysema were 15 percent, 29 percent, 27 percent, and 15 percent, respec-
tively. These percentages correspond to between 8 and 15 million adult smokers
in the United States.

In 1985, substantial percentages of women of childbearing age did not believe
that smoking during pregnancy increases the risk of stillbirth (32 percent), mis-
carriage (25 percent), premature birth (24 percent), and havinga low-birthweight
baby (15 percent). Of women in this age group, 28 percent did not believe that
women taking birth control pills have a higher risk of stroke if they smoke.
Some smokers today do not recognize their own personal risk from smoking or
they minimize it. In 1986, only 18 percent of smokers were “very concerned”
about the effects of smoking on their health, and 24 percent were not at all con-
cerned.



12.

13.

In 1986, about half of current smokers and 40 percent of never smokers incorrect-
ly believed that a person would have to smoke 10 or more cigarettes per day before
it would affect his or her health.

A national survey conducted in 1983 by Louis Harris and Associates found that
the public underestimates the health risks of smoking compared with many other
health risks.

Many smokers underestimate the population impact of smoking. In 1987, 28 per-
cent of smokers (and 16 percent of the general population) disagreed with the
statement, “‘Most deaths from lung cancer are caused by cigarette smoking."”
The proportion of high school seniors who believe that smoking a pack or more
of cigarettes per day causes great risk of harm increased from 51 percent in 1975
to 66 percent in 1986.

In 1986, about three-quarters of adults believed that using chewing tobacco or
snuff is harmful to health.

The social acceptability of smoking in public is declining, as measured by the
proportion of adults who find it annoying to be near a person smoking cigarettes.
This proportion increased from 46 percent in 1964 to 69 percent in 1986.

A majority of the public favors policies restricting smoking in public places and
worksites, prohibiting the sale of cigarettes to minors, and increasing the cigarette
tax to fund the medicare program. Recent surveys indicate that about half the
public supports a ban on cigarette advertising.

Chapter 5: Changes in Smoking Behavior and Knowledge About Determinants

Part I. Changes in Smoking Behavior

1.

Prevalence of cigarette smoking has declined substantially among men, slightly
among women, and hardly at all among those without a high school diploma.
From 1965-87, the prevalence of smoking among men 20 years of age and older
decreased from 50.2 to 31.7 percent. Among women, the prevalence of smoking
decreased from 31.9 to 26.8 percent. Smoking prevalence among whites fell
steadily. Among blacks, the prevalence of smoking changed very little between
1965 and 1974; subsequently, prevalence declined at arate similar to that of whites
during the same period. Smoking prevalence has consistently been higher among
blue-collar workers than among white-collar workers.

Annual per capita (18 years of age and older) sales of manufactured cigarettes
decreased from 4,345 cigarettes in 1963 to 3,196 in 1987, a 26-percent reduction.
Total cigarette sales increased gradually to 640 billion cigarettes in 1981 and then
fell to 574 billion in 1987. ’

In 1965, 29.6 percent of adults who had ever smoked cigarettes had quit. This
proportion (quit ratio) increased to 44.8 percent in 1987. The rate of increase in
the quit ratio from 1965-85 was similar for men and women. The rate of change
in quitting activity in recent years is similar for whites and blacks. From 1965~
85, the quit ratio increased more rapidly among college graduates than among
adults without a high school diploma.
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10.

11.

12.

Of all adults who smoked at any time during the year 1985-86, 70 percent had
made at least one serious attempt to quit during their lifetime and one-third stopped
smoking for at least 1 day during that year.

The age of initiation of smoking has declined over time, particularly among
females. Among smokers born since 1935, more than four-fifths started smoking
before the age of 21.

Trends in prevalence of cigarette smoking among those aged 20 to 24 years are
an indicator of trends in initiation. By this measure, initiation has declined be-
tween 1965 and 1987 from 47.8 to 29.5 percent. Initiation has fallen four times
more rapidly among males than among females. The rate of decline has been
similar among whites and blacks. Initiation has decreased three times more rapid-
ly among those with 13 or more years of education than among those with less
education.

The prevalence of daily cigarette smoking among high school seniors decreased
from 29 percent in 1976 to 21 percent in 1980, after which prevalence leveled off
at 18 to 21 percent. Prevalence among females has consistently exceeded that
among males since 1977. Prevalence was lower for students with plans to pursue
higher education than for those without such plans. The difference in prevalence
by educational plans widened throughout this period; in 1987, smoking rates were
14 percent and 30 percent in these two groups, respectively.

The best sociodemographic predictor of smoking patterns appears to be level of
educational attainment. Marked differences in smoking prevalence, quitting, and
initiation have occurred and have increased over time between more and less edu-
cated people.

The domestic market share of filtered cigarettes increased from 1 percent in 1952
to 94 percent in 1986. The market share of low-tar cigarettes (15 mg or less) in-
creased from 2 percent in 1967 to 56 percent in 1981, after which this proportion
fell slightly and then stabilized at 51 to 53 percent. The market share of longer
cigarettes (94 to 121 mm) increased from 9 percent in 1967 to 40 percent in 1986.
Between 1964 and 1986, use of smokeless tobacco (snuff and chewing tobacco)
declined among men and women 21 years of age and older. However, among
males aged 17 to 19, snuff use increased fifteenfold and use of chewing tobacco
increased more than fourfold from 1970-86.

Differences in prevalence of cigarette smoking and smokeless tobacco use be-
tween young males and young females suggest that the prevalence of any tobac-
co use is similar in these two groups.

From 1964 to 1986, the prevalence of pipe and cigar smoking declined by 80 per-
cent among men.

Part II. Changes in Knowledge About the Determinants of Smoking Behavior

1.
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Smoking was viewed as a habit in 1964 and is now understood to be an addiction
influenced by a wide range of interacting factors, including pharmacologic effects
of nicotine; conditioning of those effects to numerous activities, emotions, and
settings; socioeconomic factors; personal factors such as coping resources; and
social influence factors.



Since 1964, there has been a gradual evolution of understanding of the progres-
sion of smoking behavior through the broad stages of development, regular use,
and cessation. Each of these stages is differentially affected by multiple and in-
teracting determinants.

Views of determinants of smoking are affected by the predominating theoretical
and methodological perspectives. In smoking, the earlier focus on broad, disposi-
tional variables (e.g., extraversion) has given way to an emphasis on situation-
specific and interactional variables; a focus on a search for a single cause has given
way to a focus on multiple and interacting causes.

Chapter 6: Smoking Prevention, Cessation, and Advocacy Activities

Part I. Smoking Prevention Activities

1.

Diverse program approaches to the prevention of smoking among youth grew out
of antismoking education efforts in the 1960s. These approaches include media-
based programs and resources; smoking prevention as part of multicomponent
school health education; psychosocial prevention curricula; and a variety of other
resources developed and sponsored by professional and voluntary health or-
ganizations, Federal and State agencies, and schools and community groups.
Psychosocial curricula addressing youths’ motivations for smoking and the skills
they need to resist influences to smoke have emerged as the program approach
with the most positive outcomes. Evolution in program content has been accom-
panied by a shift since the 1960s in prevention program focus from youths in high
school and college to adolescents in grades 6 through 8.

Existing prevention programs vary greatly in the extent to which they have been
evaluated and used. Psychosocial prevention curricula have been intensively
developed over the last decade and have been the most thoroughly evaluated and
best documented; however, they are generally not part of a dissemination system.
More widely disseminated smoking prevention materials and programs, such as
those using mass media and brochures, have not always been as thoroughly
evaluated; however, they have achieved wider use in the field.

The model of stages of smoking behavior acquisition underlies current smoking
prevention programs and suggests new intervention opportunities, ranging from
prevention activities aimed at young children to cessation programs for adoles-
cent smokers.

There has been and continues to be a lack of smoking prevention programs that
target youth at higher risk for smoking, such as those from lower socioeconomic
backgrounds or school dropouts.

Part II. Smoking Education and Cessation Activities

1.

During the past 25 years, national voluntary health agencies, especially the
American Cancer Society, the American Heart Association, and the American
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Lung Association, have played a significant role in educating the public about the
hazards of tobacco use.

Individual and group smoking cessation programs evolved from an emphasis on
conditioning-based approaches in the 1960s, to the cognitively based self-
management procedures of the 1970s, to the relapse prevention and pharmacologi-
cally based components of the 1980s.

There has recently been an increased emphasis on targeting specific groups of
smokers for cessation activities (e.g., pregnant women, Hispanics, blacks).
Packaging and marketing of self-help smoking cessation materials have become
more sophisticated and there is more of an emphasis on relapse prevention, while
much of the content has changed relatively little over the years.

Mass-mediated quit-smoking programs have become an increasingly popular
strategy for influencing the smoking behavior of a large number of smokers.
The 1980s have seen an increase in the promotion of smoking control efforts in
the workplace in response to increasing demand and opportunity for worksite
wellness programs and smoking control policies.

In the last decade there has been an increasing interest in involving physicians and
other health care professionals in smoking control efforts. Medical organizations
have played a more prominent role in smoking and health during the 1980s than
they had in the past.

Part III. Antismoking Advocacy and Lobbying

1.

Lobbying and advocacy efforts have expanded through the increasing commit-
ment of the national voluntary health agencies to political action and the forma-
tion of coalitions at the local, State, and national levels.

Antismoking advocacy and lobbying have evolved over the past 25 years and now
focus on a growing number of local, State, and national legislative and regulatory
initiatives designed to reduce smoking, regulate the cigarette product, and prevent
the uptake of smoking by children and adolescents.

Chapter 7: Smoking Control Policies

Part I. Policies Pertaining to Information and Education

1.
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The Federal Government’s efforts to reduce the health consequences of cigarette
smoking have consisted primarily of providing the public with information and
education about the hazards of tobacco use. Two of the most well-known
mechanisms are the publication of Surgeon General’s Reports and the require-
ment of warning labels on cigarette packages. A system of rotating health warn-
ing labels is now required for all cigarette and smokeless tobacco packaging and
advertisements.

Current laws do not require health warning labels on all tobacco products and do
not require monitoring of the communications effectiveness of the warnings. Fur-
thermore, existing laws do not provide administrative mechanisms to update the



contents of labels to prevent the overexposure of current messages or to reflect
advances in scientific knowledge, such as new information about the addictive
nature of tobacco use. v

There is insufficient evidence to determine the independent effect of cigarette
warning labels, particularly the rotating warning labels required since 1985, on’
public knowledge about the health effects of smoking or on smoking behavior.
Information about tar and nicotine yields appears on all cigarette advertisements
but not on all cigarette packages. Levels of other hazardous constituents of tobac-
co smoke, such as carbon monoxide, hydrogen cyanide, and ammonia, are not dis-
closed on packages or advertisements. Little information is available to the public
about the identity or health consequences of the additives in tobacco products.
Declines in adult per capita cigarette consumption have occurred in years of major
dissemination of information on the health hazards of smoking. These include
1964, the year of the first Surgeon General’s Report on smoking and health, and
1967-70, when antismoking public service announcements were widely broad-
cast on radio and television, as mandated by the Federal Communications
Commission’s Fairness Doctrine.

In 1985, when cigarette advertising and promotion totaled 2.5 billion dollars,
cigarettes were the most heavily advertised product category in the outdoor media
(e.g., billboards), second in magazines, and third in newspapers. Over the past
decade, the majority of cigarette marketing expenditures has shifted from tradi-
tional print advertising to promotional activities (e.g., free samples, coupons,
sponsorship of sporting events).

An estimated 1 percent of the budget allocated to disease prevention by the U.S.
Department of Health and Human Services is devoted specifically to tobacco con-
trol. These expenditures totaled 39.5 million dollars in 1986.

Part I1. Economic Incentives

1.

Cigarette excise taxes are imposed by the Federal Government (16 cents per pack),
all State governments, and nearly 400 cities and counties. On average, Federal
and State excise taxes add 34 cents per pack to the price of cigarettes. Cigarette
excise tax rates have fallen since 1964 in real terms because the rate and mag-
nitude of periodic tax increases have not kept pace with inflation.

Studies demonstrate that increases in the price of cigarettes decrease smoking,
particularly by adolescents. It has been estimated that an additional 100,000 or
more persons will live to age 65 as a result of the price increases induced by the
1983 doubling of the Federal excise tax on cigarettes.

In 1964, smoking status was not considered in the determination of insurance
premiums. Currently, nearly all life insurers but only a few health, disability, and
property and casualty insurers offer premium discounts for nonsmokers. Few
health insurers reimburse for the costs of smoking cessation programs or treat-
ment.
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Part I11. Direct Restrictions on Smoking

1.

Restrictions on smoking in public places and at work are growing in number and
comprehensiveness, as a result of both Government actions and private initiatives.
Forty-two States and more than 320 communities have passed laws restricting
smoking in public, and an estimated one-half of large businesses have a smoking
policy for their employees.

The goal of these smoking restrictions is to protect individuals from the conse-
quences of involuntary tobacco smoke exposure, but they may also contribute to
reductions in smoking prevalence by changing the attitudes and behavior of cur-
rent and potential smokers. Insufficient research has been undertaken to deter-
mine the extent, if any, of these effects.

There are fewer legal restrictions on children’s access to tobacco products now
than in 1964, despite what has been learned since then about the dangers of tobac-
co use, its addictive nature, and the early age of initiation of smoking.

As of January 1, 1988, laws in 43 States and the District of Columbia restricted
the sale of cigarettes to minors. Nevertheless, tobacco products are relatively easy
for children to obtain through vending machines and over-the-counter purchases
because of low levels of compliance with and enforcement of current laws.
Tobacco products have been exempted by law or administrative decision from the
jurisdiction of Federal regulatory agencies under whose authority they might
otherwise fall.

Chapter 8: Changes in the Smoking-and-Health Environment: Behavioral and
Health Consequences

1.
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All birth cohorts born between 1901 and 1960 experienced reductions in the
prevalence of smoking relative to the rates that would have been expected in the
absence of the antismoking campaign. By 1985, the gap between actual (reported)
prevalence and that which would have been expected ranged from 6 percentage
points for the eldest female cohort to 28 percentage points for the youngest male
cohort.

In 1985, an estimated 56 million Americans 15 to 84 years of age were smokers.
In the absence of the antismoking campaign, an estimated 91 million would have
been smokers.

Adult per capita cigarette consumption has fallen 3 to 8 percent in years of major
smoking-and-health events, such as publication of the first Surgeon General’s
Report on smoking and health in 1964. Per capita consumption fell each of the
years the Fairness Doctrine antismoking messages were presented on television
and radio (1967-70).

By 1987, adult per capita cigarette consumption would have exceeded its actual
level by an estimated 79 to 89 percent had the antismoking campaign never oc-
curred.

One of the most substantial behavioral responses to concerns about smoking and
health has been the shift toward filtered cigarettes in the 1950s and low-tar and



low-nicotine cigarettes in the 1970s. The net health impact of these product chan-
ges is unknown.

As a result of the antismoking campaign, an estimated 789,000 deaths were
postponed during the period 1964 through 1985, 112,000 in 1985 alone. The
average life expectancy gained per postponed death was 21 years.

. Theavoidance of smoking-related mortality associated with the antismoking cam-
paign will represent a growing percentage of smoking-related mortality over time,
as the principal beneficiaries of the campaign, younger men and women, reach
the ages at which smoking-related disease is most common. Campaign-induced
quitting and noninitiation through 1985 will result in the postponement or
avoidance of an estimated 2.1 million smoking-related deaths between 1986 and
the year 2000.

29



References

AQKI, M., HISAMICHLI, S., TOMINAGA, S. (eds.) Smoking and Health {987. Proceedings
of the 6th World Conference on Smoking and Health, Tokyo, November, 9-12, 1987. Amster-
dam: Excerpta Medica, 1988.

BOYD, G., DARBEY, C.M. (eds.) Smokeless Tobacco Use in the United States, NCI
Monograph. National Cancer Institute, in press.

BRITISH MEDICAL RESEARCH COUNCIL. Tobacco smoking and cancer of the lung.
Statement by the Medical Research Council. British Medical Journal 1:1523-1524, 1957.
BRODERS, A.C. Squamous-cel epithelioma of the lip. A study of five hundred and thirty-

seven cases. Journal of the American Medical Association 74(10):656-664, March 6, 1920.

BURNEY, L.E. Smoking and lung cancer. A statement of the Public Health Service. Journal
of the American Medical Association 171(13):1829-1837, November 28, 1959.

CONNOLLY. G.N., WINN, D.M., HECHT, S.S., HENNINGFIELD, J.E., WALKER, B. IR,
HOFFMANN, D. The reemergence of smokeless tobacco. New England Journal of Medicine
314(16):1020-1027. April 17, 1986. )

DOLL, R, HILL, A.B. The mortality of doctors in relation to their smoking habits. A prelimi-
nary report. British Medical Journal 1(4877):1451-1455, June 26, 1954.

DOLL,R., HILL, A.B. Lung cancer and other causes of death in relation to smoking. A second
report on the mortality of British doctors. British Medical Journal 2:1071-1081, November
10, 1956.

HAMMOND, E.C., HORN, D. Smoking and death rates—Report on forty-four months of fol-
low-up on 187,783 men. I. Total mortality. Journal of the American Medical Association
166(10):1159-1172, March 8, 1958a.

HAMMOND, E.C., HORN, D. Smoking and death rates—Report on forty-four months of fol-
low-up of 187.783 men. II. Death rates by cause. Journal of the American Medical Associa-
tion 166(11):1294-1308, March 15, 1958b.

KOOP, C.E. A Smoke-Free Society by the Year 2000. Julia M. Jones Lecture, presented at the
annual meeting of the American Lung Association, Miami Beach, Florida, May 20, 1984.
LOMBARD, H.L.. DOERING, C.R. Cancer studies in Massachusetts. 2. Habits, characteris-
tics and environment of individuals with and without cancer. New England Journal of

Medicine 198(10):481-487. April 26, 1928.

PEARL, R. Tobacco smoking and longevity. Science 87(2253):216-217, March 4, 1938.

ROYAL COLLEGE OF PHYSICIANS. Smoking and Health. Summary and Report of the
Roval College of Physicians of London on Smoking in Relation to Cancer of the Lung and
Other Diseases. New York: Pitman Publishing, 1962.

STUDY GROUP ON SMOKING AND HEALTH. Smoking and health. Joint report of the
Study Group on Smoking and Health. Science 125(3258):1129-1133, June 7, 1957.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES. The Health Consequences of
Smoking for Women. A Report of the Surgeon General. U.S. Department of Health and
Human Services, Public Health Service, Office of the Assistant Secretary for Health, Office
on Smoking and Health, 1980a.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES. Promoting HealthiPreven-
ting Disease: Objectives for the Nation. U.S. Department of Health and Human Services,
Public Health Service, 1980b.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES. The Health Consequences of
Smoking. The Changing Cigarette: A Report of the Surgeon General. U.S. Department of
Health and Human Services, Public Health Service, Office of the Assistant Secretary for
Health, Office on Smoking and Health. DHHS Publication No. (PHS) 81-50156, 1981.

30



U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES. The Health Consequences of
Smoking: Cancer. A Report of the Surgeon General. U.S. Department of Health and Human
Services, Public Health Service, Office on Smoking and Health. DHHS Publication No.
(PHS) 82-50179, 1982.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES. The Heulth Consequences of
Smoking: Cardiovascular Disease. A Report of the Surgeon General. U.S. Department of
Health and Human Services, Public Health Service, Office on Smoking and Health. DHHS
Publication No. (PHS) 84-50204, 1983.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES. The Health Consequences of
Smoking: Chronic Obstructive Lung Disease. A Report of the Surgeon General. U.S. Depart-
ment of Health and Human Services, Public Health Service, Office on Smoking and Health.
DHHS Publication No. (PHS) 84-50205, 1984.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES. The Health Consequences of
Smoking: Cancer and Chronic Lung Disease in the Workplace. A Report of the Surgeon
General. U.S. Department of Health and Human Services, Public Health Service, Office on
Smoking and Health. DHHS Publication No. (PHS) 85-50207, 1985.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES. The Health Consequences of
Involuntary Smoking. A Report of the Surgeon General. U.S. Department of Health and
Human Services, Public Health Service, Centers for Disease Control. DHHS Publication No.
(CDC) 87-8398, 1986a.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES. The Health Consequences of
Using Smokeless Tobacco. A Report of the Advisory Committee to the Surgeon General, 1986.
U.S. Department of Health and Human Services, Public Health Service. NIH Publication No.
86-2874, April 1986b.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES. The 1990 Health Objectives
for the Nation: A Midcourse Review. U.S. Department of Health and Human Services, Public
Health Service, Office of Disease Prevention and Health Promotion, November 1986c¢.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES. The Health Consequences of
Smoking: Nicotine Addiction. A Report of the Surgeon General, 1988. U.S. Department of
Health and Human Services, Public Health Service, Centers for Disease Control, Center for
Health Promotion and Education, Office on Smoking and Health. DHHS Publication No.
(CDC) 88-8406, 1988.

U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE. The Health Conse-
quences of Smoking. A Report of the Surgeon General: 1971. U.S. Department of Health,
Education, and Welfare, Public Health Service, Health Services and Mental Health Ad-
ministration. DHEW Publication No. (HSM) 71-7513, 1971.

U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE. The Health Conse-
quences of Smoking. A Report of the Surgeon General: 1972. U.S. Department of Health,
Education, and Welfare, Public Health Service, Health Services and Mental Health Ad-
ministration. DHEW Publication No. (HSM) 72-7516, 1972.

U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE. The Health Conse-
quences of Smoking. U.S. Department of Health, Education, and Welfare, Public Health Ser-
vice, Health Services and Mental Health Administration. DHEW Publication No. (HSM) 73-
8704, 1973.

U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE. The Health Conse-
quences of Smoking. 1974. U.S. Department of Heaith, Education, and Welfare, Public
Health Service, Center for Disease Control. DHEW Publication No. (CDC) 74-8704, 1974.

U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE. The Health Conse-
quences of Smoking. 1975. U.S. Department of Health, Education, and Welfare, Public
Health Service, Center for Disease Control. HEW Publication No. (CDC) 77-8704, 1975.

31



U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE. San Diego Smoking
Research Project. Five Year Starus. U.S. Department of Health, Education, and Welfare,
Center for Disease Control. DHEW Project No. 200-75-0516:1-7, 1976.

U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE. The Health Conse-
quences of Smoking, 1977-1978. U.S. Department of Health, Education, and Welfare, Public
Health Service, Office of the Assistant Secretary for Health, Office on Smoking and Health,
DHEW Publication No. (PHS) 79-50065, 1978.

U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE. Smoking and Health.
A Report of the Surgeon General. U.S. Department of Health, Education, and Welfare, Public
Health Service, Office of the Assistant Secretary for Health, Office on Smoking and Health.
DHEW Publication No. (PHS) 79-50066, [979a.

U.S DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE. Healthy People. The
Surgeon General’s Report on Health Promotion and Disease Prevention. U.S. Department
of Health, Education, and Welfare, Public Health Service, Office of the Assistant Secretary
for Health. DHEW Publication No. 79-55071, 1979b.

U.S. PUBLIC HEALTH SERVICE. Smoking and Health. Report of the Advisory Committee
to the Surgeon General of the Public Health Service. U.S. Department of Health, Education,
and Welfare, Public Health Service, Center for Disease Control. PHS Publication No. 1103,
1964.

U.S. PUBLIC HEALTH SERVICE. The Health Consequences of Smoking. A Public Health
Service Review: 1967. U.S. Department of Health, Education, and Welfare, Public Health
Service, Health Services and Mental Health Administration. PHS Publication No. 1696,
revised 1968a.

U.S. PUBLIC HEALTH SERVICE. The Health Consequences of Smoking. 1968 Supplement
to the 1967 Public Health Service Review. U.S. Department of Health, Education, and Wel-
fare, Public Health Service, Health Services and Mental Health Administration. DHEW Pub-
lication No. 1696, 1968b.

U.S. PUBLIC HEALTH SERVICE. The Health Consequences of Smoking. 1969 Supplement
to the 1967 Public Health Service Review. U.S. Department of Health, Education, and Wel-
fare, Public Health Service. DHEW Publication No. 1969-2 (Supplement), 1969.

WYNDER, E.L.,, GRAHAM, E.A. Tobacco smoking as a possible etiologic factor in
bronchiogenic carcinoma: A study of 684 proved cases. Journal of the American Medical
Association 143:329-396, May 27, 1950.

32



CHAPTER 2

ADVANCES IN KNOWLEDGE OF THE
HEALTH CONSEQUENCES OF SMOKING
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The purpose of this Chapter is to summarize and compare the state of biomedical
knowledge concerning tobacco and health in 1989 with that presented in the 1964 Sur-
geon General's Report (see Table 13). The Chapter addresses major tobacco-related
disorders that are well documented in the medical literature; it does not consider many
areas of current research that may prove to be important but are in an early or provisional
state of investigation.

The 1964 Surgeon General’s Report was a landmark publication that included a sur-
vey of more than 7,000 available scientific articles on smoking and health. The Ad-
visory Committee that prepared the 1964 Report reviewed and assessed epidemiologic,
clinical, pathological, and experimental data for evidence linking smoking to disease.
To reach conclusions concerning the causality of associations between smoking and
disease, the Committee constructed a framework for evaluating the evidence. With
regard to causality, the Committee concluded:

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 as-
sociation between attribute or agent and the disease, or effect upon health, a number of
criteria must be utilized, no one of which is an all-sufficient basis for judgment. These
criteria include:

a) the consistency of the association

b) the strength of the association

c) the specificity of the association

d) the temporal relationships of the association

¢) the coherence of the association (US PHS 1964).

These criteria were applied throughout the 1964 Report. When the word “cause” was
used in the 1964 Report, it was felt to convey “the notion of a significant, effectual
relationship between an agent and an associated disorder or disease in the host.” Use
of the word “cause” in relation to cigarette smoking did not exclude other agents as
causes; rather, the members of the Advisory Committee shared “a common conception
of the multiple etiology of biological processes.”

The principal findings on the health effects of smoking were summarized in the Sur-
geon General’s 1964 Report as follows:

1. Cigarette smoking is associated with a 70-percent increase in the age-specific

death rates of men.

2. 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.

3. 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 and
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emphysema. A relationship exists between cigarette smoking and emphysema,
but it has not been established that the relationship is causal.

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

5. Pipe smoking appears to be causally related to lip cancer. Cigarette smoking is
a significant factor in the causation of cancer of the larynx in men. The evidence
supports the belief that an association exists between tobacco use and cancer of
the esophagus. and between cigarette smoking and cancer of the urinary blad-
der in men, but the data are not adequate to decide whether these relationships
are causal.

6. Women who smoke cigarettes during pregnancy tend to have babies of lower
birthweight. It is not known whether this decrease in birthweight has any in-
fluence on the biological fitness of the newborn.

7. Epidemiologic studies indicate an association between cigarette smoking and
peptic ulcer that is greater for gastric than for duodenal ulcer.

8. The habitual use of tobacco is related primarily to psychological and social
drives, reinforced and perpetuated by the pharmacologic actions of nicotine.

Since 1967, the U.S. Department of Health and Human Services has transmitted to
the U.S. Congress mandated reports on the health consequences of smoking. Some of
the reports have been encyclopedic reviews similar to the 1964 Report, whereas others
have focused on the relationship between smoking and a specific topic. The Federal
unit charged with preparing these annual reports. the Office on Smoking and Health,
now has more than 57,000 documents on smoking and health in its Technical Informa-
tion Center database.

Research performed during the subsequent 25 years has substantiated and
strengthened the conclusions of the 1964 Advisory Committee. Studies published since
1964 have also established associations between smoking and disease in areas for which
data did not exist in 1964, shed light on pathogenetic mechanisms of tobacco-related
disease, and added scientific depth to areas mentioned only briefly in the 1964 Report.

PART I: HEALTH CONSEQUENCES

Smoking and Overall Mortality [See Chapter 3 for more detailed discussion]

The major prospective studies of the disease risks associated with smoking completed
in the 1960s and 1970s contributed substantially to an understanding of the relation-
ship between smoking and disease (US DHEW 1979). These studies provided es-
timates of both the relative and attributable risks related to cigarette and other types of
smoking (Table 1) (US DHEW 1979). Male cigarette smokers had approximately 70
percent higher overall death rates than nonsmokers: the excess mortality of female
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TABLE 1.—Mortality ratios of current cigarette-only smokers, by cause of death in eight prospective epidemiologic studies

British Males in 25 States” us. Japanese Canadian  Males in 9 Swedish’ Califomia

Cause of death doctors' 45-64 65-79 veterans’ study“ veterans’ States® Males Females occupalionsx
Al cancers® (140-205) 2.14 1.76 2.21 1.62 1.97

Cancer of lung and bronchus (162-163)  14.0 7.84 11.59 12.14 3.64 14.2 10.73 7.0 45 15.9

Cancer of larynx (161) 6.09 8.99 9.96 13.59 13.10

Cancer of buccal cavity (140-141) 13.0° 4.09 7.04 39° 2.80

Cancer of pharynx (145-148) 990° 293¢ 12.54 2.81 1.0

Cancer of esophagus (150) 4.7 4.17 1.74 6.17 2.57 i3 6.60

Cancer of bladder and other (181) 2.1 2.20 2.96 2.15 0.98 1.3 2.40 1.8 1.6 0.7

Cancer of pancreas (157) 1.6 2.69 2.17 1.84 1.83 2.1 3.1 2.5 6.0

Cancer of kidney (180) 1.42 1.57 1.45 1.11 1.4 1.50

Cancer of stomach (151) 142 1.26 1.60 1.51 1.9 2.30 09 2.3

Cancer of intestines (152-153) 1.27 1.27 1.4 0.50 0.8

Cancer of rectum (154) 27 1.01° 117 0.98 091 0.6 0.80 09
All cardiovascular disease (330334, 1.90 1.31 1.75 1.57

400-468)

CHD (420) 1.6 2.08 1.36 1.74 1.96 1.6 170 1.7 1.3 2.0

Cerebravascular lesions (330-334) 1.3 1.38 1.06 1.52 1.14 0.9 1.30 1.0 1.1 1.8

Aortic aneurysm (nonsyphilitic) (451) 6.6 2.62 4.92 5.24 1.8 1.6

Hypertension (440-447) 1.40 1.42 1.67 2.51 1.6 1.20 1.3 i4 1.0

General arteriosclerosis (450) 1.4 1.86 33 2.00 2.0 2.0
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TABLE 1.—Continued
British  Males in 25 States® Us. Japanese  Canadian  Malesin 9 Swedish’ California
Cause of death doctors' 45-64 65-79 veterans’ sludy4 velerans® States? Males Females occupationsx
Al respiratory disease (nonneoplastic) 2.85
Emphysema and/or bronchitis 247 10.08 2.30 1.6 22 43
Emphysema without bronchitis (527.1) 6.55 11.41 14.17 7.7
Bronchitis (500-502) 4.49 11.3
Respiratory tuberculosis (001-008) 5.0 2.12 1.27
Asthma (241) 3.47
Influenza and pneumonia (480-498) 1.4 1.86 1.72 1.87 1.4 2.60 24
Certain other conditions
Stomach ulcer (540) 2.5 406 413 4.13 2.06°
Duodenal ulcer (541) 2.86 1.50 2.98 6.9 2.16 0.5
Cirrhosis (581) 30 2.06 1.97 3.38 1.35 23 1.93 24 0.8 4.0
Parkinsonism (350) 0.4 0.26
All causes 1.64 1.88 1.43 1.84 1.22 1.52 1.70 1.4 1.2 1.78

“Numbers in parentheses represent International Classification of Diseases (1CD) codes.

"Includes cancers of larynx, buccal cavity, and pharynx.,

“Includes cancers of buccal cavity and pharynx.

“Includes cancers of intestines and rectum.

“Includes stomach ulcer and duodenal ulcer.

"Includes emphysema, bronchitis, and asthma.

SOURCE: Studies cited are as follows: 'Doll and Hill (1956); "Hammond (1966); 'Kahn (1966); 4Hirayama (1967); *Best, Josie, Walker (1961); ®* Hammond and Horn (1958); "Cederlof et.al.
(1975); *Dunn. Linden, Breslow (1960). US DHEW (1979).



cigarette smokers was somewhat less than that of men, but it increased over the fol-
lowup intervals. A strong dose-response relationship was found between exposure to
cigarette smoke and excess mortality; cessation of cigarette smoking was associated
with a decrease in this excess mortality. The relative risks were greater for smoking-
related cancers and chronic obstructive pulmonary disease (COPD) than for coronary
heartdisease (CHD). however, because of the higher mortality rates for CHD the smok-
ing-attributable mortality associated with CHD accounted for over one-third of the ex-
cess mortality due to smoking-related diseases.

There have been relatively few long-term longitudinal studies that have measured the
overall effects of cigarette smoking since these earlier reports. Results from a new
American Cancer Society (ACS) prospective study {Cancer Prevention Study {I,
CPS-11) and a detailed discussion of total smoking-related mortality are presented in
Chapter 3. Based on this study, cigarette smoking is currently estimated to account for
21 percent of all CHD deaths, 30 percent of all cancer deaths, and 82 percent of all
COPD deaths.

The Multiple Risk Factor Intervention Trial (MRFIT) is a recent prospective study
that screened 361,662 men aged 35 to 57 years between 1972 and 1974 and has been
following them since then, both through the Social Security Administration and the Na-
tional Death Index files. To gauge smoking status, only the number of cigarettes
smoked per day at enroliment was reported. Because former smokers were included in
the nonsmoker category, the risk comparisons in this study between nonsmokers and
smokers are conservative in estimating the effects of smoking. Findings for the 6 years
of followup for the MRFIT enrollees screened from 1972-73 are consistent with the
studies reported in the 1960s, despite changes in the type of cigarettes in terms of tar
and nicotine yield and the increased use of filters (see later section of this Chapter and
Chapter 5). The MRFIT study shows that smoking status and number of cigarettes
smoked per day have remained powerful predictors for total mortality and the develop-
ment of CHD, stroke. cancer, and COPD. In the study population, there were an es-
timated 2,249 (29 percent) excess deaths due to smoking, of which 35 percent were
from CHD and 21 percent from lung cancer. The nonsmoker—former smoker group
had 30 percent fewer total cancers than the smoking group over the 6-year followup.

A study of a random sample of 25,129 Swedish men between 1964 and 1979
evaluated the relationship between cigaretie smoking (prevalence of 32 percent), pipe
smoking (27 percent), cigar smoking (5 percent), and subsequent mortality (Table 2;
Carstensen, Pershagen, Eklund 1987). The all-cause relative death rate was 1.7-fold
higher for those smoking greater than 15 g of tobacco per day (estimated as 16 to 25
cigarettes equaling 20 g or a package of pipe tobacco lasting | to 4 days equaling 16
g). The relative risks associated with cigarette smoking were consistent both with those
of the current MRFIT sample and the earlier cohorts from the 1950s and 1960s. The
risks were also increased for pipe and cigar smokers for many of the causes of death.

Epidemiologic studies have shown that cigarette smoking exerts an adverse effect on
mortality in older as well as younger age groups. The 17-year followup of the Alameda
County Study (Kaplan et al. 1987) demonstrates an increased risk of death even among
older cigarette smokers. The adjusted relative risk of death among smokers at entry
was 1.46 (age 60 to 69) and 1.43 at age 70 or more. Smoking remained the strongest
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predictor of mortality even in this older age group. Other studies have also substan-
tiated that smoking remains an important risk factor in the older age groups (Jajich,
Ostfeld, Freeman 1984).

TABLE 2.—Mortality ratios for selected causes in Swedish males, 1964-1979,

by type of smoking
Type of smoking®
Cigarettes Pipe Cigars
Cause of death only only only
Cancer of oral cavity and larynx 29(8) 14(3) 0.6(1)
(140-146, 148, 161)°
Cancer of esophagus (150) 3.79) 3.6 (6) 6.5(2)
Cancer of liver and biliary 3.0(13) 1.7(5) 7.2(4)
passages (155-156)
Cancer of pancreas (157) 3.3(28) 2.8(19) 1.0(1)
Cancer of trachea, bronchus, and 7477 7.2(59) 7.6(11)
lung (162)
Cancer of bladder (188) 4.2(17) 4.0(16) 1.9 (1)
Ischemic heart disease (410-414) 1.48 (399) 1.39 (366) 1.16 (42)
Aortic aneurysm (nonsyphilitic) 21D 213D 5.1 (4)
(441)
Bronchitis and emphysema 3.3(18) 3.6 (16) 1.3(1)
(490-492)
Peptic ulcer (531-534) 201D 2.8(13) 4.003)
Cirrhosis of liver (571) 1.8¢21) 0.7 2.73)
Suicide, accidents, and violence 1.7 (90) 0.9 (35) 2.5(10)
(EB00-E999)
All causes 1.45(1,063) 1.29 (866) 1.39 (131)

NOTE: Death rates standardized for age and residence. Never smokers constitute the reference group. Number of
deaths are given in parentheses.

*The mean grams of tobacco smoked per day in 1963, standardized for age and residence, was estimated to be 10.7 in
cigarette smokers, 8.4 in pipe smokers, and 13.5 in cigar smokers.

"Numbers in parentheses are ICD-8 codes.

SOURCE: Carstensen, Pershagen, Eklund (1987).
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Lung Cancer

Introduction

One of the most prominent conclusions of the 1964 Report was the determination
that ~Cigarette smoking is causally related to lung cancer in men: the magnitude of the
effect far outweighs all other factors. The data for women, though less extensive. point
in the same direction.” The epidemiologic evidence available in 1964 on smoking and
lung cancer was already extensive. Sharply increasing lung cancer mortality rates in
the United States across the 20th century provided indisputable documentation of a new
epidemic. Clinical observations and earfy epidemiologic findings suggested that tobac-
co smoking was associated with lung cancer. but hypotheses related to air pollution,
occupation, and other factors were also extant. By 1964, however, the epidemiologic
data. derived from 29 retrospective and 7 prospective studies, were conclusive: smok-
ing was causally related to cancer of the lung. Further support for this conclusion was
obtained from animal studies showing that condensates of tobacco smoke were car-
cinogenic and from the demonstration that tobacco smoke contained carcinogens (US
DHHS 1982). The evidence compiled through 1964 also provided additional insight
into quantitative aspects of respiratory carcinogenesis by tobacco smoke. The risk of
lung cancer was shown to increase with the amount and duration of smoking and to
decline with cessation of smoking.

In the 25 years since the 1964 Report, voluminous evidence has continued to support
the causal relationship between smoking and lung cancer. The new evidence has been
sufficient to establish that smoking also causes lung cancer in women; more com-
prehensive epidemiologic data have provided expanded descriptions of dose—response
relationships between smoking and Jung cancer risk. Research has also been directed
at environmental and host factors determining susceptibility to tobacco smoke. New
investigative techniques in molecular and cellular biology are now providing insight
into the molecular mechanisms of carcinogenesis by tobacco smoke.

Dose~Response Relationships

The 1964 Report reviewed evidence from retrospective and prospective
epidemiologic investigations that documented dose-response relationships between
lung cancer risk and measures of exposure to tobacco smoke. This evidence was cited
by the 1964 Report in relation to the criterion of strength of association for determin-
ing causality. Investigation of dose-response relationships for lung cancer has sub-
sequently been extended. Mathematical models have been applied to the epidemiologic
data to gain biological insight into respiratory carcinogenesis. The cigarette has
evolved substantially since 1964 with modifications designed to reduce tar and nicotine
yields. Recent research has addressed the risks of smoking the newer products. Studies
of lung cancer and involuntary smoking have examined lung cancer risks at low dose
levels (US DHHS 1986a).

Abundant epidemiologic evidence has shown dose-response relationships of lung
cancer risk with cigarettes smoked per day, degree of inhalation. and age at initiation
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of regular smoking. Forthe purpose of illustration. selected examples of dose-response
relationships from two of the early. lurge prospective epidemiologic studies are
reviewed here. Figure 1 shows lung cancer mortality ratios for males by the number
of cigarettes smoked per day. For those who smoked more than 40 cigarettes per day,
the risk of dying of lung cancer was 23 times greater than the risk experienced by non-
smokers.

Figure 2 illustrates the lung cancer mortality ratios for males by self-reported degree
of inhalation of cigarette smoke. These data confirm that even those who reported “just
puffing” on cigarettes still had a significantly increased risk of lung cancer. Those who
reported inhaling “none” or "slightly” experienced a risk ot developing lung cancer that
was eight times greater than that of nonsmokers. The relative risk increased to 17 for
those who inhaled deeply.

Figure 3 shows lung cancer mortality ratios for males by the age they began smok-
ing. The risk ot developing lung cancer was greatest for those who began smoking at
an early age.

Mathematical modeling ot dose-response relationships, in the biological framework
of a multistage model of carcinogenesis. has provided further insight into the nature of
dose—response relationships for smoking and lung cancer. Using data from the prospec-
tive study of British doctors, Doll and Peto (1978) have performed the most widely
cited analysis. They compared regular smokers and lifelong nonsmokers and showed
that lung cancer incidence increased with the square of the amount smoked daily, but
with the duration of smoking raised to a power of 4 to 5. This finding implies that dura-
tion of smoking is the stronger determinant of lung cancer risk and that initiation of
smoking during the teenage yeuars will have serious consequences for lung cancer risk
(Peto 1986).

Commercial cigarettes have continuously evolved through the addition of filters and
other modifications designed to reduce tar and nicotine yields (US DHHS 1981). Since
extensive modification of the cigarette began in the 1950s. it has only recently become
possible to investigate smokers with predominant use of the newer products. Evidence
from prospective and case—control studies and assessment of temporal trends of lung
cancer mortality indicate somewhat lower risks for cigarettes with reduced tar and
nicotine vield. although the risks remain markedly higher than for nonsmokers (US
DHHS 1982).

Doll and Peto (1981) examined trends of lung cancer mortality in males in the United
States, Britain. and other European countries. They concluded that the international
differences and the temporal trends were generally consistent with the tar yields and tar
intakes across time and across countries.

Relevant information s also available from case—control and prospective studies. In
the United States. investigations spanning the 1960s and 1970s have shown somewhat
reduced lung cancer risks in smokers who switched from nonfilter to filter cigarettes
{Bross and Gibson 1968: Wynder, Mabuchi, Beattie 1970; Hammond et al. 1976:
Wynder and Stellman 1979). More recent studies continue to document lower risks in
smokers of filter cigarettes compared with smokers of nonfilter cigarettes. In a case—
control study conducted in Western Europe, the relative risk for lifelong nonfilter
cigarette smokers was approximately twice that for smokers of filter cigarettes alone
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FIGURE L.—Lung cancer mortality ratio for males by cigarettes smoked per day
SOURCE: U.S. Veterans {Kahn 1966).

0 yortality Ratio

Nonsmoker None Slight Moderate Deep

Degree of Inhalation

FIGURE 2.—Lung cancer mortality ratio for males by degree of inhalation
SOURCE: CPS-I (Hammond 1966).
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FIGURE 3.—Lung cancer mortality ratio for males by age began smoking
SOURCE: U.S. Veterans (Kahn 1966).



(Lubin et al. 1984a; Lubin et al. 1984b). However, dose—response relationships could
not be demonstrated between relative risk and the proportion of years nonfilter brands
were smoked or with a cigarette tar index. Among sustained smokers, switching from
nonfilter to filter cigarettes was associated with a small reduction in risk (Lubin et al.
1984a). The results from another recent case—control study conducted in Cuba also did
not show a convincing association between tar intake and relative risk of lung cancer
(Joly, Lubin, Caraballoso 1983). In New Mexico, a case—control study found that
lifelong filter cigarette smokers and smokers of both filter and nonfilter cigarettes were
at lower risk than lifeiong smokers of nonfilter cigarettes only (Pathak et al. 1986).
However, there was no evidence of decreasing risk as the extent of filter smoking in-
creased. In addition, few data are available on the reduced risk of smoking low-tar or
filter cigarettes for any other smoking-related disease (see Chapter 3).

Women and Lung Cancer

In 1964, at the time of the first Surgeon General’s Report, lung cancer was the lead-
ing cause of cancer mortality in males, but was only the {ifth leading cause of cancer
mortality among women. In 1964, the male—female ratio of death rates from lung can-
cer was 6.7. The 1964 Report did not determine that smoking was causally related to
lung cancer in women, although the suggestive nature of the evidence was cited in the
Report’s conclusion on lung cancer. The consistency of the male—female differences
in lung cancer mortality with temporal trends of smoking was noted.

In the 25 years that have elapsed since the 1964 Report, lung cancer mortality has in-
creased dramatically in women. In 1986, lung cancer and breast cancer were the lead-
ing causes of cancer death in U.S. women, accounting for approximately equal num-
bers of cancer deaths (Figure 4); lung cancer deaths are now projected to have surpassed
breast cancer deaths (American Cancer Society 1988). Lung cancer mortality for
women now equals that observed for men three decades earlier and the male-female
ratio of death rates has now fallen to 2.0.

Since the late 1970s, the rise in the age-adjusted death rates of lung cancer among
men began to level off (Horm and Kessler 1986). In contrast, lung cancer death rates
among women continue to climb (Figure 4). As Figures 4 and 5 demonstrate, lung
cancer is the only major cancer whose death rates have increased substantially and
steadily since the 1930s. The dramatic increase among women began approximately
30 years after the increase for men, consistent with the later adoption of smoking by
women; the slope of the curve for women appears to be nearly identical to that of men
30 years earlier. Figure 4 also demonstrates that among women, the lung cancer death
rate closely approximated the breast cancer death rate in the mid- 1980s. [llustrative of
the importance of lung cancer in overall cancer mortality is the fact that, excluding lung
cancer, the Nation’s age-adjusted cancer death rate fell by 13 percent from 1950 through
1982. Including lung cancer, the rate increased by 8 percent (Bailar and Smith 1986).

The mounting evidence on smoking and lung cancer in women led to a strengthen-
ing of the tentative conclusion in the 1964 Report. The 1971 Report concluded that
“Cigarette smoking is a cause of lung cancer in women but accounts for a smaller
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SOURCES OF DATA: National Center for Health Statistics: U.S. Bureau of the Census,
proportion of cases than in men™ (US DHEW 1971). The conclusion of the 1979 Report
was similar (US DHEW 1979). The 1980 Report (US DHHS 1980). concerned with
smoking and women, and the 1982 Report (US DHHS 1982). concerned with smoking
and cancer, comprehensively reviewed the epidemiologic data and reaffirmed the ear-
lier conclusions concerning the causal association of smoking and lung cancer in
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Adjusted to the age distribution of the 1970 U.S. Census population.
SOURCES OF DATA: National Center for Health Statistics: U.S. Bureau of the Census.

women; the evidence also provided comprehensive descriptions of dose—response
relationships with findings similar to those reported previously for men. Recently
reported dose—response relationships from the American Cancer Society Cancer
Prevention Study II for lung cancer and women extend these observations (Figure 6).
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These data also dramatically illustrate that the current lung cancer epidemic in women
is confined to those who smoke cigarettes (Figure 7).

Mortality Ratlos
25

20+

15W

None All SM <10 11-19 20 2130 31+
No. of cigarettes daily

FIGURE 6.—Lung cancer mortality ratios of female cigarette smokers, compared
to never smokers, by daily cigarette consumption
SOURCE: CPS-II 1982-86, ACS.
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FIGURE 7.—Lung cancer death rates among females over time
SOURCE: CPS-1and CPS-I1, ACS,

49



Type of Lung Cancer and Smoking

Atthe time of the 1964 Surgeon General's Report. the Kreyberg classification of lung
tumors was being investigated. Group | Kreyberg tumors included the epidermoid and
small-cell histology types: Group 2 Kreyberg tumors included adenocarcinoma and
bronchioalveolar cell types. It was felt at that time that the Group | tumors, but probab-
ly not the Group 2 tumors. were associated with smoking. The 1982 Surgeon General’s
Report noted that smoking was related to all four major types of lung cancer: epider-
moid. small cell, large cell, and adenocarcinoma.

A detailed study of trends in type of lung cancer has been reported from Olmsted
County, MN, a region where a large percentage of medical care is provided through the
Mayo Clinic. The investigators measured the incidence by type of lung cancer over a
45-year period. The incidence rates for squamous (epidermoid), adenocarcinoma,
small-cell, and large-cell lung cancer all increased during this time (Figure 8) (Beard
et al. 1985). Adenocarcinomas are more common than other cell types among
nonsmokers, in whom lung cancer is rare.

Pipe and Cigar Smoking

Mortality ratios for lung cancer in those who have always smoked only cigars or pipes
are significantly higher than in nonsmokers (US DHHS 1982). The mortality ratios are
lower, however, than among those who have always smoked cigarettes. The risk of
lung cancer increases in relation to the number of cigars smoked per day, the number
of pipestul smoked per day. and the degree of smoke inhalation. The lower risk of lung
cancer among pipe and cigar smokers compared with cigarette smokers is due to the
lesser amount of tobacco smoked and the lower degree of inhalation.

Chemical analysis of the smoke from pipes. cigars, and cigarettes indicates that car-
cinogens are found in similar levels in the smoke of all these tobacco products. Addi-
tionally, experimental studies have shown that in a variety of animal models, smoke
condensates from pipes and cigars are equally, if not more, carcinogenic than conden-
sates from cigarettes (US DHEW 1979).

Determinants of Susceptibitity

Since the 1964 Report. substantial epidemiologic and experimental investigation has
been directed at the determinants of susceptibility to tobacco smoke; both environmen-
tal exposures and host characteristics have been investigated. The identification of
determinants of susceptibility not only would further understanding of the mechanisms
of carcinogenesis by tobacco smoking. but would offer new approaches for prevention
of lung cancer by identification of smokers at higher risk. Synergistic interactions
among risk factors may place persons with particular combinations of exposures at
higher risk for lung cancer.

Interactions among risk factors, such as cigarette smoking and occupational ex-
posures, may be either synergistic or antagonistic; synergism refers to an increased ef-
fect of the independent exposures when both are present, whereas antagonism refers to
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a reduced effect. Statistical methods are used with epidemiologic data to describe in-
teractions. Either an additive or a multiplicative scale may be used to measure interac-
tion statistically (Saracci 1987). For two exposures, on an additive scale, the sum of
the two independent relative risks reduced by one is compared with the relative risk ob-
served when both exposures are present. On a multiplicative scale, the comparison rela-
tive risk value is the product of the two independent relative risks. For public health
purposes, a positive departure from additivity is considered to represent synergism
(Saracci 1987). As the extent of interaction increases, the proportion of the excess cases
attributable to the interaction also increases (Saracci 1987).

This Section briefly reviews the current evidence on host characteristics and environ-
mental agents that may modify the risk of cigarette smoking.
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Familial Factors

The 1964 Report considered and dismissed the “constitutional hypothesis™ that
predilections to cigarette smoking and to lung cancer share a common genetic origin.
The Report did consider that genetic factors might determine susceptibility for a
minority of cases. Subsequent epidemiologic studies have provided empirical evidence
of possible genetic or familial determinunts of susceptibility {Tokuhata and Lilienfeld
19634, 1963b: Samet. Humble, Pathak 1986: Ooi et al. 1986). For example, in a recent
case—control study in New Mexico (Samet, Humble, Pathak 1986). a parental history
of lung cancer was associated with a fivefold increase in lung cancer risk, after adjust-
ment for cigarette smoking. Clinical studies of selected families have also indicated
familial aggregation (Brisman et al. 1967: Lynch et al. 1982: Goffman et al. 1982).

Research has not yet identified the mechanisms underlying the familial aggregation
of lung cancer. In 1973, Kellermann, Shaw, and Luyten-Kellerman (1973) reported
the promising observation that patients with lung cancer had a higher degree of in-
ducibility of aryl hydrocarbon hydroxylase than did control subjects. Because this en-
zyme converts polycyclic aromatic hydrocarbons to more active carcinogens and be-
cause enzyme concentrations are under genetic control, this observation suggested a
possible genetic determinant of lung cancer risk. However, not all subsequent studies
have been confirmatory. and the inheritance of inducibility in humans has not yet been
fully described (Mulvihill and Bale 1984).

Other Host Factors

Acquired host characteristics have also been examined as determinants of lung can-
cer risk including pulmonary tuberculosis, chronic bronchitis, COPD. disorders as-
sociated with interstitial fibrosis of the lung. and peripheral pulmonary scars. However,
the evidence related to these disorders is incomplete and frequently is derived from case
series rather than from epidemiologic investigations. Recent epidemiologic evidence,
however. has indicated increased lung cancer risk for smokers with COPD compared
with unaffected smokers (Peto et al. [983; Samet, Humble. Pathak 1986; Skiilrud, Of-
ford, Miller 1986).

Occupational Exposures

Diverse agents inhaled in the workplace have been shown to cause lung cancer. In-
teraction between occupational exposures and smoking was the focus of the 1985
Report of the Surgeon General (US DHHS 1985). That Report concluded that “For the
majority ot American workers who smoke. cigarette smoking represents a greater cause
of death and disability than their workplace environment.” The Report also highlighted
the limitations of the evidence on interactions between smoking and occupational ex-
posures.

Little new information has become available since the 1985 Report. The evidence
remains strongest for interactions of smoking with exposure to radon decay products
and with exposure to asbestos (Saracci 1987). For both exposures, the preponderance



of the evidence indicates synergism (Doll and Peto 1985: National Research Council
1988), although the results of some individual investigations are inconsistent with
synergism.

Ambient Air Pollution

The 1964 Report noted that lung cancer mortality rates tended to be higher in urban
than in rural locations. Air pollution was considered a plausible explanation for these
differences. The association of lung cancer with atmospheric pollution derives biologi-
cal plausibility from the presence of carcinogens in polluted air and has some support
trom epidemiologic data. However. epidemiologic investigation of ambient air pollu-
tion as a risk factor for lung cancer has been hampered by methodological problems,
including the necessity of considering cigarette smoking and the difficulty of assessing
pollution exposure (NIH 1986). Recent epidemiologic investigations have not shown
strong effects of air pollution (Samet et al. 1987: Buftler et al. 1988): and Doll and Peto
(1981). in their review of the causes of cancer, estimated that only 1 to 2 percent of lung
cancer was related to air pollution.

Indoor Air Pollution

As the hazards posed by ambient air pollution from conventional fossil fuels have
diminished in some countries. the relevance of indoor air quality for health has become
increasingly apparent. Studies of time—activity patterns demonstrate that residents of
more developed countries, including the United States. spend on average little time out-
doors (Spengler and Sexton 1983: Samet. Marbury. Spengler 1987). Indoor spaces may
be polluted by entry of contaminants from outdoor air and by indoor sources including
those related to human activity. such as tobacco smoking, building materials, combus-
tion devices, personal care and other household products. and other sources. A trend
of reduced building ventilation in the aftermath of the energy problems of the 1970s
may have worsened indoor air quality.

Two pollutants in indoor air have been causally linked to lung cancer: environmen-
tal tobacco smoke (ETS) (US DHHS 1986a) and radon (National Research Council
1988). The evidence on ETS and cancer was comprehensively reviewed in the 1986
Report (see Section on Involuntary Smoking in this Chapter).

Radon is an inert gas that is formed from radium during the natural decay of uranium.
The predominant source of radon in indoor air is the soil beneath structures. Radon dif-
fuses through the ground into basement and crawl spaces. and then throughout the air
in a home, or crosses cracks and other penetrations in homes on concrete slabs to enter
the indoor environment. Radon daughters are invariably present in indoor air and a
wide range of concentrations has been observed in homes (Samet et al. 1988). Some
homes have levels comparable to those measured in uranium mines, but the majority
of homes probably have levels that are currently considered acceptable.

Radon decays into short-lived particulate decay products. Two of the decay products
emit alpha particles, which are highly effective in damaging cells because of their high
energy and high mass. When these alpha emissions take place within the lung. the
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epithelial lining of the tracheobronchia! tree may be damaged and lung cancer may ul-
timately result. Extensive epidemiologic data from studies of uranium and other un-
derground miners have established a causal association between exposure to radon
daughters and lung cancer (National Research Council 1988). The committee on the
Biological Effects of lonizing Radiation (BEIR) 1V concluded that the studies of miners
indicated synergism between cigarette smoking and radon decay products (National
Research Council 1988). The evidence, however, was not considered adequate to deter-
mine if the interaction was multiplicative or submultiplicative.

To date, epidemiologic investigations of domestic radon daughters as a risk factor
for lung cancer have been limited and preliminary (Samet et al. 1988). However, it is
assumed that radon decay products are carcinogenic in the indoor environment as they
are in the mining environment. Dosimetric analyses indicate equivalent car-
cinogenicity in the domestic and mining environments (National Research Council
1988). Thus, radon must be considered one of the most important factors interacting
with cigarette smoking. All smokers are exposed to radon, some at unacceptable levels.
Quantitative estimates of the contribution of radon to lung cancer are variable. The es-
timates vary with the underlying assumptions and the risk model employed (Samet et
al. 1988).

Although cigarette smoking is by far the major cause of lung cancer, radon must also
be considered a cause of the disease. The public health burden of radon-related lung
cancer is substantially increased by the synergism between cigarette smoking and radon
exposure.

Diet

Diet has recently been considered as potentially influencing the risk of lung cancer
in smokers. Nutrients of particular interest include preformed vitamin A, carotene,
vitamin E, and vitamin C (Colditz, Stampfer, Willett 1987).

An enlarging body of experimental and epidemiologic evidence supports the
hypothesis that the risk for certain cancers varies inversely with consumption of
preformed vitamin A or beta-carotene, its precursor (Peto et al. 1981; National
Academy of Sciences 1982; Colditz, Stampfer, Willett 1987). The biological
plausibility of this hypothesis derives from the known effects of vitamin A deficiency
on the differentiation of epithelial surfaces, from in vitro and in vivo models, which
show that retinoids can suppress the development of malignancy, and from possible an-
ticarcinogenic activity of beta-carotene. the principal dietary precursor of vitamin A
(Peto et al. 1981; National Academy of Sciences 1982). The epidemiologic evidence
indicates a protective effect of dietary vitamin A intake from vegetable sources, but not
of preformed vitamin A, which is derived from meat and dairy sources, and vitamin
supplements. Clinical trials on vitamin A and lung cancer risk are in progress.

Vitamins E and C are antioxidants, which might have anticancer effects. To date,
the epidemiologic data on these vitamins are sparse and inconclusive (Colditz,
Stampfer, Willett 1987).



Smoking Cessation

Cessation of cigarette smoking results in a gradual decrease in lung cancer risk.
Several of the prospective and retrospective epidemiologic studies have demonstrated
a reduction in lung cancer risk over time following smoking cessation. One example
is provided from the U.S. Veterans study (Kahn 1966) (Figure 9).

Other recent studies have continued to confirm the benefit of smoking cessation for
lung cancer risk (Lubin et al. 1984b: Alderson. Lee. Wang 1985: Pathak et al. 1986;
Higgins,. Mahan, Wynder 1988). Forexample. Lubin and colleagues (1984b) described
the pattern of reduction in risk following smoking cessation in a case—control study that

Mortality Ratio
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FIGURE 9.—Lung cancer mortality ratio for male former smokers
SOURCE: U.S. Veterans (Kahn 1966).

involved 7,181 lung cancer patients and 11,006 controls. For men and women in this
study who had smoked for less than 20 years and had not smoked for 10 years. the risks
of lung cancer were approximately the same as those of lifelong nonsmokers. On the
basis of the study of British physicians, Peto and Doll (1984) have suggested that the
effect of cigarette smoking cessation is to fix the age-specific risk of lung cancer at the
rate achieved at the time of cessation, based on the smoking history up to that time. Ac-
cording to this analysis, the former smoker’s relative risk of lung cancer declines as the
background rate for lung cancer rises with age.

Therefore, smoking cessation is clearly beneficial in reducing the risk of lung cancer
compared with continued smoking; but cessation may not reduce the risk to the levels
of a lifetime nonsmoker even after many years of cessation. (See Table 2. Chapter 3.)
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Laryngeal, Oral. and Esophageal Cancer

The 1964 Surgeon General’s Report concluded that cigarette smoking was causally
related to laryngeal cancer in men and that pipe smoking was causally related to lip
cancer (US PHS 1964). Subsequent reports reviewed the accumulating epidemiologic
evidence that established that cancers of the larynx. oral cavity, and esophagus are
caused by smoking in both men and women. The mortality ratios for these cancers are
similar for smokers whether they smoke cigars. pipes, or cigarettes. A strong dose—
response relationship exists, and the risk decreases with cessation, compared with con-
tinued smoking. Recent studies have confirmed these findings (Blot et al. 1988; El-
wood et al. 1984 Schottenfeld 1984). (See Chapter 3.)

Alcohol consumption is also a risk factor for oral, pharyngeal, laryngeal. and
esophageal cancer. The combination of alcohol and smoking produces a synergistic
increase in risk. In one study (Schottenfeld 1984), for all upper airway cancers com-
bined, the risk was 8.6 for those smoking 30 or more cigarettes per day in combination
with 20 oz of alcohol consumed per week.

Bladder and Kidney Cancer

A relationship between smoking and bladder cancer was noted in the 1964 Surgeon
General's Report. The 1979 Report concluded that cigarette smoking acts inde-
pendently and probably acts synergistically with other risk factors to increase the risk
of bladder cancer. The 1982 Surgeon Ceneral's Report concluded that cigarette smok-
ing is a contributory tactor for both biadder and kidney cancer. Cigarette smoking is
estimated to account for 30 to 40 percent of bladder cancer (US DHHS 1982).

Recent studies have confirmed earlie: findings. For bladder cancer, in both men and
women, ¢cigarette smokers have a relative risk of 2 to 3. A dose-response relationship
has been demonstrated. and the risk of bladder cancer decreases following smoking ces-
sation (McLaughlin et al. 1984; Hartge et al. 1987; Zahm, Hartge. Hoover 1987).

There is a positive association betwzen smoking and kidney cancer. with 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 relation-
ship. as measured by the number of cigarettes smoked per day.

Pancreatic Cancer

The first Surgeon General’s Report did not examine the relationship between smok-
ing and cancer of the pancreas. Several subsequent reports of the Surgeon General have
noted that cigarette smoking is a contributory factor for pancreatic cancer.

The major prospective epidemiologic studies have consistently shown an increased
risk of pancreatic cancer among both male and female cigarette smokers. The mortality
ratio for cigarette smokers compared with nonsmokers is generally in the range of 2 to
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3. A detailed review of the epidemiology of pancreatic cancer was written by Gordis
and Gold (1984).

For those in the MRFIT Study who smoked 40 or more cigarettes a day, the mortality
ratio for pancreatic cancer was 2.3 compared with nonsmokers. Other recent studies
(Mack et al. 1986; Whittemore et al. 1985) report that cigarette smoking is strongly and
consistently related to pancreatic cancer. Most epidemiologic studies show a dose—
response relationship between cigarette smoking and pancreatic cancer for both men
and women and a gradual decline in the risk of developing pancreatic cancer follow-
ing smoking cessation (US DHHS 1982; Mack et al. 1986).

Autopsy studies report hyperplastic changes in the pancreatic duct cells and atypical
changes in their nuclei among cigarette smokers compared with nonsmokers. The
pancreas is probably exposed to tobacco carcinogens or carcinogenic metabolites
present in bile or blood (US DHHS 1982).

Stomach Cancer

The 1964 Surgeon General’s Report reviewed smoking and stomach cancer and. on
the basis of the limited evidence available at that time, concluded that there was no
relationship between smoking and stomach cancer. Evidence from prospective and
retrospective studies available more recently has shown a small but consistent increase
in mortality ratios, averaging approximately 1.5 for smokers compared with non-
smokers. Dose-response relationships have been demonstrated for the number of
cigarettes smoked per day. The 1982 Surgeon General's Report concluded that cancer
of the stomach is associated with cigarette smoking.

Cervical Cancer

Cancer of the uterine cervix was not reviewed in the 1964 Surgeon General's Report.
The 1982 Report of the Surgeon General reviewed the studies published up to that time
and concluded that further research was necessary to define whether there was an as-
sociation between cigarette smoking and cervical cancer.

There are several risk factors for cervical cancer including early and frequent coitus,
multiple sexual partners, pregnancy at an early age, and the presence of sexually trans-
mitted diseases. Some of these risk factors may also be associated with smoking.

Winkelstein and coworkers (1984) reviewed 12 studies dealing with smoking and
cervical cancer. and in most studies there was a positive relationship that could not be
explained by other risk factors. Two studies published in 1985 confirmed these find-
ings (Clarke et al. 1985; Greenberg et al. 19835).

Baron and coworkers (1986) reported on a case—control study of 1,174 patients with
cervical cancer. Cigarette smoking was associated with a statistically significant in-
crease in risk for cervical cancer. LaVecchia and associates (1986) in [taly studied the
relationship between cigarette smoking and the risk of cervical neoplasia in a case~con-
trol study of 183 women with intraepithelial neoplasia. Cigarette smoking was as-
sociated with an increased risk of intraepithelial neoplasia and invasive cancer. This
association could not be totally explained by potential contounding factors. In a case—
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control study of 480 patients with cervical cancer, there was a 50-percent excess risk
of cancer among cigarette smokers (Brinton et al. 1986). This excess risk persisted
after adjustment for sexual practices associated with smoking such as age at first inter-
course and number of sexual partners. There was a twofold excess risk of cervical can-
cer for women who smoked more than 40 cigarettes per day. The dose-response
relationship persisted after adjusting for several variables. There was no increased risk
of cervical cancer among former smokers.

The finding of nicotine and cotinine in the cervical secretions of cigarette smokers
(Sasson et al. 1985) and of mutagenic mucus in the cervix of smokers (Holly et al. 1986)
complements the epidemiologic findings.

In summary, more than 15 epidemiologic studies have consistently shown an in-
creased risk for cervical carcinoma in cigarette smokers compared with nonsmokers.
Supportive clinical studies provide a plausible biological basis for the relationship. The
available data confirm an association between cigarette smoking and carcinoma of the
uterine cervix.

Endometrial Cancer

Several studies have reported that endometrial cancer is less frequent among women
who smoke cigarettes than among nonsmokers (Baron et al. 1986). Cigarette smoking
exerts an antiestrogenic effect that may explain this inverse association. The public
health significance of this association is limited because of the overall adverse impact
of cigarette smoking on morbidity and mortality.

Coronary Heart Disease

The 1964 Surgeon General’s Report (US PHS 1964) noted that male cigarette
smokers have higher death rates from CHD than nonsmokers. Subsequent reports con-
cluded that cigarette smoking can cause death from CHD and that smoking is one of
the major independent risk factors for heart attack, manifested as fatal and nonfatal
myocardial infarction and sudden cardiac death. Smoking also increases the risk of
heart attack recurrence among survivors of a myocardial infarction (US DHEW 1979).
The 1980 Report (US DHHS 1980) noted the increased risk of CHD among women
who smoke. Italso described the synergistic interaction between smoking and oral con-
traceptive use that substantially increases CHD risk. The 1983 Report (US DHHS
1983) stated that cigarette smoking is a major cause of CHD and noted the decreased
risk of CHD among former smokers compared with current smokers.

Epidemiology

The findings from several prospective studies involving more than 20 million per-
son-years of observation in North America, Northern Europe, and Japan have been
remarkably similar: cigarette smokers are at increased risk for fatal and nonfatal
myocardial infarction and for sudden death. Overall, smokers have a 70 percent greater
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CHD death rate, a two- to fourfold greater incidence of CHD, and a two- to fourfold
greater risk for sudden death than nonsmokers (US DHHS 1983).

Although women experience lower CHD rates than men, cigarette smoking is a major
determinant of CHD in women. In a recent prospective study of 119,404 female nur-
ses, smoking accounted for approximately one-half of the coronary events (Willett et
al. 1987). Cigarette smoking produces a greater relative CHD risk in men and women
under 50 years of age than in those over 50 years of age (Glover, Kuber et al. 1982;
Rosenberg, Miller et al. 1983).

Dose-response relationships between cigarette smoking and CHD mortality have
been demonstrated for several measures of exposure to cigarettes, including the num-
ber of cigarettes smoked per day, the depth of inhalation, the age at which smoking
began, and the number of years of smoking (US DHHS 1983). Smoking cigarettes with
reduced yields of tar and nicotine has not been found to reduce CHD risk (Kaufman et
al. 1983).

Coronary Heart Disease Risk Factors

The risk of experiencing a heart attack is multifactorial (US DHHS 1983). The
presence of one or more of the major CHD risk factors. cigarette smoking, hyper-
cholesterolemia, and hypertension, identifies individuals at high or very high risk.
These risk factors interact synergistically to greatly increase CHD risk (Figure 10). The
risk of CHD associated with cigarette smoking is comparable to that associated with
the other major CHD risk factors.

The risk of CHD is greatly increased among diabetic men and women who smoke
cigarettes (Suarez and Barrett-Connor 1984; Stamler, Wentworth, Neaton 1986), and
the sex differences in CHD are substantially reduced among diabetics. Among the
MRFIT screenees free of a history of heart attack, there were 5,245 diabetics and
350.977 nondiabetic men aged 35 to 57 years at the time of enroliment (Suarez and
Barrett-Connor 1984). The CHD death rate was much higher among diabetics than
among nondiabetics. Smokers had higher CHD death rates than nonsmokers among
both diabetics and nondiabetics. Six-year CHD mortality was 4.0/1,000 for non-
smokers who were nondiabetic and 23.2/1,000 for diabetics who smoked at least 36
cigarettes per day.

Hyperlipoproteinemia is a primary cause ot premature coronary atherosclerosis and
heart attacks. Cigarette smoking substantially increases the risk of CHD among in-
dividuals with genetic familial hyperlipidemias. Williams and coworkers (Williams et
al. 1986; Hopkins, Williams, Hunt 1984) studied four large Utah pedigrees with familial
hypercholesterolemia. They noted a substantially increased risk of CHD within the
high-risk pedigrees in relation to cigarette smoking.

Miettinen and Gylling (1988) have recently completed a long-term followup of 96
patients with familial hypercholesterolemia. Cigarette smoking was a significant
predictor of coronary mortality after adjustment for disease history, sex, and various
metabolic parameters.
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Pathophysiological Mechanisms

Autopsy studies indicate that cigarette smoking has a signiticant positive association
with atherosclerosis (US DHHS 1983). Studies have noted the strongest relationship
of cigarette smoking with aortic atherosclerosis. but smokers also show increased
coronary atherosclerosis compared with nonsmokers (US DHHS 1983). Smokers un-
dergoing coronary angiography have more coronary artery disease than nonsmokers
{Pearson 1984). Cigarette smokers who continue to smoke following transluminal
coronary angioplasty may be more likelv to require repeat angioplasty than nonsmokers
{Galan et al. 1988)

Cigarette smoking exerts both acute and chronic adverse coronary etfects (US DHHS
1983: Holbrook et al. 1984). It contributes to acute ischemic and occlusive events
through several possible mechanisms: an imbalance between myocardial oxygen sup-
ply and demand. coronary artery spasm. a hypercoagulable state. increased platelet ad-
hesiveness and aggregation. and a decreased ventricular fibrillation threshold (US
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DHHS 1983: Martin et al. 1984; Fitzgerald, Oates. Nowak 1988). Cigarette smoking
also contributes to the development of coronary atherosclerosis. Possible mechanisms
for this chronic effect include: repetitive endothelial injury. a decreased hmigh-density
lipoprotein (HDL)/low-density lipoprotein (LDL) cholesterol ratio. abnormalities in the
synthesis of thromboxane A2 and prostacyclin. and increased neutrophil elastase ac-
tivity (Holbrook. in press: Nowak et al. 1987: Weitz et al. 1987).

Clinical Correlations

Cigarette smoking has an adverse effect on individuals with symptomatic or
asymptomatic CHD. Compared with nonsmokers, smokers having a positive exercise
test (Rautaharju et al. 1986: Gordon et al. 1986) or a history of coronary bypass surgery
(Vlietstraetal.1986:Kemp et al. 1986) face a worse prognosis. Smokers who have an-
gina pectoris have a higher risk of death than nonsmokers (Hubert, Holford, Kannel
1982) and have a poorer long-term prognosis after a myocardial infarction (Ronnevik,
Gundersen, Abrahamsen 1985; Kuller et al. 1982). Continuing to smoke increases the
likelihood of recurrent acute myocardial infarction and sudden death (Hallstrom. Cobb,
Ray 1986). Smoking may also cause silent ischemic disturbances in patients with stable
angina pectoris (Deanfield et al. 1986).

Cigarette smoking interferes with the efficacy of medication used to treat CHD such
as propranolol, atenolol, and nifedipine (Deanfield et al. 1984).

Smoking Cessation

Prospective epidemiologic studies have documented a substantial reduction in CHD
death rates following smoking cessation (US DHHS 1983). While some studies have
shown a benefit within 2 years after quitting. other studies have suggested that the
former smoker’s CHD risk gradually decreases over a period of several years (Cook et
al. 1986). For heavier smokers, the residual CHD risk is proportional to the total
lifetime exposure to cigarettes.

Cerebrovascular Disease (Stroke)

In the United States stroke is the third leading cause of death. It is also a major cause
of morbidity. with more than 400.000 Americans suffering nonfatal strokes each year
{Harrison’s Principles of Internal Medicine 1987). .

There are two major types of cerebrovascular disease: (1) cerebral infarction due to
occlusion of a vessel by an embolus or thrombosis, and (2) cerebral hemorrhage. in-
cluding subarachnoid and parenchymal. The terms cerebrovascular accident and stroke
are nonspecific and usually refer to clinical syndromes.

A stroke may be caused by disease of the extra- or intracranial blood vessels. Em-
bolization from the heart or extracranial arteries is also an important cause of stroke.
The stroke can result from hemorrhage from a blood vessel or from occlusion of an
artery because of atherosclerosis, thrombosis, or embolization. In the Framingham
study, atherothrombotic brain infarction accounted for the majority of strokes (Wolf.
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Dawber et al. 1978). Improved diagnostic methods have provided a better categoriza-
tion of the causes of stroke. Epidemiologic studies have shown that hypertension is the
most important risk factor for stroke (US DHHS 1983).

The 1964 Report of the Surgeon General stated that the large epidemiologic studies
of Hammeond and Horn (1958) and Dorn (1958) had found a moderate increase in the
mortality rate from cerebrovascular disease in cigarette smokers compared with non-
smokers.

The 1971 Report (US DHEW 1971 reviewed six major prospective epidemiologic
studies. Cigarette smokers in these studies experienced increased stroke mortality com-
pared with nonsmokers. The 1980 Report (US DHHS 1980) noted that women who
smoke have an increased risk of subarachnoid hemorrhage. The 1983 Report (US
DHHS 1983) reviewed the data associating cigarette smoking with stroke and found an
increased risk for stroke among smokers that was most evident in younger age groups.
It also noted that women cigarette smokers experience an increased risk for subarach-
noid hemorrhage and that the concurrent use of both cigarettes and oral contraceptives
greatly increased this risk.

Since the release of the 1983 Surgeon General's Report the relationship between
cigarette smoking and stroke has been clarified in several large studies involving men
and women.

The risk of stroke was evaluated in a prospective study of 8,006 Japanese-American
men living in Hawaii (Abbott et al. 1986). After 12 years of followup, cigarette smokers
had two to three times the risk of thromboembolic or hemorrhagic stroke compared
with nonsmokers. The increased risk was independent of other risk factors such as hy-
pertension and CHD. Those smokers who stopped smoking during the course of the
study experienced more than a 50-percent reduction in the risk of stroke compared with
continuing smokers.

The impact of cigarette smoking on stroke incidence was assessed prospectively in
the Framingham Study of 4,255 men and women (Wolf et al. 1988). This cohort was
followed for 26 years, and the diagnoses were confirmed by clinical examination.
Cigarette smoking made a significant. independent contribution to the risk of stroke.
The risk increased as the number of cigarettes smoked increased. Smoking cessation
resulted in a significant decrease in stroke risk so that 5 years after stopping smoking
the risk was at the level of nonsmokers.

The relationship between cigarette smoking and the risk of stroke was evaluated in
a prospective study of 118,539 middle-aged women who were followed for 8 years
(Colditz, Bonita, Stampter 1988). Compared with nonsmoking women, those who
smoked 1 to 14 cigarettes per day had a relative risk of fatal and nonfatal stroke of 2.2.
Those who smoked 25 or more cigarettes per day had a relative risk of fatal and non-
fatal stroke of 3.7. In this larter group of women, the relative risk of subarachnoid
hemorrhage was 9.8. The contribution of cigarette smoking to increased stroke risk
was independent of other risk factors. Smoking cessation resulted in a prompt decrease
in stroke risk; the relative risk of stroke in women who had stopped smoking for 2 years
was 1.4, compared with women who had never smoked. The authors of this study also
reviewed eight prospective cohort studies and seven case—control studies involving
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women, and concluded that most of these studies had shown a positive association be-
tween cigarette smoking and stroke (Table 3).

In the ongoing study of approximately 1.2 million persons (CPS-II), cigarette smokers
under the age of 65 years experienced increased risks of death from stroke. For men
and women (current smokers), the relative risks of death from stroke were 3.7 and 4.9,
respectively. The relative risks for those over age 65 years were 1.9 and 1.5 for men
and women, respectively (Chapter 3).

Cigarette smoking was associated with decreased cerebral blood flow in a recent
clinical study involving 192 normal volunteers (Rogers, Meyer et al. 1983). In a sub-
sequent study of 268 normal volunteers, abstention from cigarette smoking improved
cerebral perfusion (Rogers, Meyer et al. 1985).

As already noted in this Chapter, cigarette smoking increases the risk for CHD, and
consequently for congestive heart failure, both of which increase the risk for stroke.
Data from the Medical Research Council study on the treatment of mild hypertension
illustrate the impact of cigarette smoking on the efficacy of drug therapy and stroke in-
cidence (Medical Research Council Working Party 1985). Nonsmokers receiving
propranolol to control hypertension experienced a reduction in stroke incidence, while
cigarette smokers did not.

Wolf and coworkers (1988) recently reviewed the association between
cigarette smoking and stroke and concluded that it is causal. These investigators noted
that the causal connection is supported by all of the traditional epidemiologic criteria;
these include an increased risk for stroke among smokers compared with nonsmokers
that is independent of other risk factors, a dose—response relationship, and a decrease
in stroke risk with smoking cessation (Abbott et al. 1986; Wolf et al. 1988; Colditz,
Bonita, Stampfer 1988). The aforementioned recent clinical studies also confirm that
cigarette smoking increases the risk for stroke. Thus, current evidence indicates that
cigarette smoking is a cause of stroke and that smoking cessation reduces the risk for
stroke.

Atherosclerotic Peripheral Vascular Disease

Lower extremity arterial vascular disease causes substantial mortality and morbidity;
the complications may include intermittent claudication, tissue ischemia and gangrene,
and ultimately, loss of the limb.

The 1964 Surgeon General’s Report commented that little is known about the

relationship of smoking to peripheral arteriosclerosis. Subsequent reports have
described the evidence establishing that cigarette smoking is a cause of and the most
powerful risk factor for atherosclerotic peripheral vascular disease and that smoking
cessation is the most important intervention in the management of this problem (US
DHEW 1971, 1979; US DHHS 1983).

Cigarette smoking is directly related to the extent of atherosclerotic disease involv-
ing large and small arteries in the lower extremity (Criqui et al. 1985). Cigarette smok-
ing also causes peripheral vasoconstriction. Epidemiologic and clinical studies have
clearly demonstrated that cigarette smokers have a higher prevalence than nonsmokers
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TABLE 3.—Summary of studies of cigarette smoking and stroke in women

No.
Firstauthor ~ Cohortsize Type of stroke  of cases Relative risk Comments
Prospective cohort studies
Colditz 118,539 All 274 22(95% Ci, 1.5-3.3) 1-14 cigarettes/day
2.7(95% CI, 1.9-3.7) 15-24 cigarettes/day
3.7(95% Cl,2.7-5.1) 225 cigarettes/day
Salonen 4,334 Infarction 21 1.4 (90% CI, 0.4-5.0)
Other 38 0.8 (90% C1,0.3-2.2)
Tanaka 1,681 Hemorrhage 30 2.1 (NS) Included 780 men
Infarction 81 1.0 (NS}
Sacco 2,421  Subarachnoid 22 1.6 Relative risk was 2.9
hemorrhage for heavy smokers
Vessey 17,000 Subarachnoid 13 3.0
hemorrhage
Nonhemorrhagic 33 1.4
Dol 6,194  Cerebral throm- 68 0.5 for 15-24 ciga- Risk tended to
bosis rettes/day decrease with amount
smoked
Layde 46,000 Subarachnoid 20 Smokers had higher
hemorrhage risk of fatal
subarachnoid
hemorrhage
Petitti 16.759  Subarachnoid i1 5.7(90% Cl, 1.8-17.8)
hemorrhage
Other 23 4.8 (90% CI, 2.3-9.8)
Wolf 2421 Al 238 1.6 (p<0.025)
Case—control studies
Taha Subarachnoid 124 2.6 for aneurysm Based on 68 female
hemorrhage cases
Bell Subarachnoid 134 3.7(90% C1,2.3-5.9)
hemorrhage
Collaborative study Hemorrhage 192 Smoking doubled risk
Thrombosts 140 No increased risk
Abu-Zeid Hemorrhage 137 1.4 (NS) Included men
Thrombosis 410 2.4 (p<0.001)
Bonita Subarachnoid 70 4.7(95% CI,2.9-7.6)  Dose-response
hemorrhage relationship not
significant
Bonita Not subarach- 53 2.6 (95% CI, 1.4-4.6)
noid hemorrhage
Herman Stroke 25 1.2(95% C1,0.7-2.3)  Included 78 men

NOTE: Cl, confidence interval: NS, not significant.
SOURCE: Colditz, Bonita, Stampfer (1988).

64



of both symptomatic and asymptomatic lower extremity arterial disease (US DHHS
1983).

In the Lipid Research Clinic prevalence study (Pomrehn et al. 1986), 48 percent of
individuals with claudication were current cigarette smokers compared with 30 percent
of the controls. Smoking was twice as frequent among individuals developing leg pain,
compared with those not developing leg pain, during the exercise test. In the
Framingham Study, the risk of developing intermittent claudication was directly and
strongly related to cigarette smoking (Kanne! and Shurtleff 1973).

Diabetes mellitus and cigarette smoking are the key risk factors for lower extremity
arterial disease and subsequent amputation. Peripheral neuropathy and lower extremity
arterial disease and infection predispose individuals with diabetes to gangrene and am-
putation (Herman, Teutsch. Geiss 1987). Diabetics have a sixteentold increased risk
of lower extremity amputation compared with nondiabetics; about 50 percent of the
lower extremity amputations in the United States are performed on diabetics. Ap-
proximately 31,000 American diabetics undergo such surgery each year. The disease
tends to be more progressive and occurs at younger ages in diabetic smokers than in
nonsmokers.

In a study in Sweden, practically all diabetic patients under the age of 60 years with
gangrene were cigarette smokers (Lithner 1983). The prevalence of lower extremity
arterial disease was evaluated for diabetic subjects. One-third of the smokers had
evidence of peripheral vascular disease compared with only 16 percent of the non-
smokers. Diabetics who stopped smoking for at least 2 years had a 30 percent lower
prevalence of lower extremity arterial disease than those who continued to smoke.

Epidemiologic studies in a Rochester, MN, population (Zimmerman et al. 1981)
demonstrated that for 1,073 residents over the age of 30 who were diagnosed with
diabetes mellitus between 1945 and 1969, about 8 percent of men and 7 percent of
women had clinical evidence of peripheral vascular disease at the time that diabetes
was diagnosed. The annual incidence of lower extremity arterial disease among the
diabetics was 21/1,000 for men and 17.6/1,000 for women: about 20 percent had
gangrene and 36 percent had intermittent claudication. Among diabetics with lower
extremity arterial disease, 77 percent of men and 43 percent of women had been
cigarette smokers compared with 55 percent of normal control men and 36 percent of
normal control women.

Effective treatment of diabetes mellitus and smoking cessation are the two most im-
portant interventions to prevent the development of atherosclerotic peripheral vascular
disease.

Atherosclerotic Aortic Aneurysm

The 1964 Report of the Surgeon General commented on the increased mortality rates
for aortic aneurysm in cigarette smokers compared with nonsmokers. The 1969 Report
concluded that there is a close association between cigarette smoking and death caused
by aortic aneurysm. The 1983 Report summarized the epidemiologic data and noted
that the mortality rate for abdominal aortic aneurysm was 2 to § times greater incigarette
smokers than in nonsmokers. As already noted, pathology studies have shown a sig-
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nificant association between cigarette sroking and atherosclerosis that is most striking
in the aorta (US DHHS 1983).

Chronic Obstructive Pulmonary Disease

In the 1950s. increasing morbidity and mortality from chronic respiratory conditions
prompted clinical and epidemiologic investigations of the etiology of chronic
bronchitis, emphysema, and related disorders. A variety of terms have subsequently
been applied to permanent airflow obstruction in cigarette smokers. In the 1984 Sur-
geon General’s Report, chronic obstructive lung disease (COLD) referred to chronic
mucus hypersecretion, airways abnormalities, and emphysema. In this Report, the
term COPD is used for the permanent airflow obstruction that develops in cigarette
smokers. Thirty years ago, the most widely advanced hypothesis on the etiology of
COPD linked progressive lung damage to recurrent respiratory infection and atmos-
pheric pollution (Stuart-Harris 1954). However, epidemiologic investigations, largely
carried out in the United Kingdom, quickly indicated the predominant role of cigarette
smoking in causing COPD (Stuart-Harris 1968a,b).

By 1964, the evidence was sufficientiy compelling to support the conclusion by the
Advisory Committee to the Surgeon General that “Cigarette smoking is the most im-
portant of the causes of chronic bronchitis in the United States, and increases the risk
of dying from chronic bronchitis and emphysema™ (US PHS 1964). The Report stopped
short of classifying the relationship between cigarette smoking and emphysema as
causal. however. The Report also noted the increased prevalence of respiratory
symptoms and the reduction of lung function in smokers. The epidemiologic data cited
in support of these conclusions were drawn from seven prospective studies of mortality
in relation to cigarette smoking and about a dozen surveys of respiratory morbidity;
only one prospective study on lung function had been reported at that time.

In the 25 years that have elapsed since the release of the 1964 Surgeon General's
Report, the findings of numerous laboratory, clinical, and epidemiologic studies have
continued to reatfirm the predominant role of cigarette smoking in causing COPD and
have extended understanding of the pathogenesis, pathophysiology, and natural history
of this disorder. As the evidence has accumulated, the conclusions of the Surgeon
General’s Reports on cigarette smoking and COPD have been strengthened. The 1967
Surgeon General's Report labeled cigarette smoking as the most important of the causes
of COPD (US PHS 1968). In the 1971 and 1979 Reports, the conclusions of the 1964
and 1967 Reports were strengthened (US DHEW 1979). Increased morbidity and mor-
tality from chronic bronchitis and emphysema were documented in cigarette smokers
compared with nonsmokers. Additionally, autopsy evidence confirmed that the lungs
of smokers were widely damaged, and the evolving protease-antiprotease hypothesis
provided a framework for understanding mechanisms through which cigaretie smoke
causes emphysema.

The 1984 Surgeon General’s Report focused on COLD (US DHHS 1984). The over-
all conclusion of the Report was: “Cigarette smoking is the major cause of chronic
obstructive lung disease in the United States for both men and women. The contribu-
tion of cigarette smoking to chronic obstructive lung disease morbidity and mortality
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far outweighs all other factors.”™ In contrast to the sparse evidence in the 1964 Report,
the 1984 Report reviewed numerous cross-sectional and longitudinal studies of mor-
bidity and mortality. The longitudinal studies described the evolution of the cigarette-
related decline in lung function that leads to impairment sufficient to result in a clini-
cal diagnosis of COPD.

This Section provides an overview of the evidence on COPD that has accumulated
since the 1964 Report in the areas of pathogenesis, pathophysiology. and natural his-
tory of COPD and the role of cigarette smoking.

Pathogenesis

The 1964 Report described the deposition of cigarette-smoke particles and gases in
the lungs and the effects of cigarette smoke on lung defenses but did not address the
mechanisms by which cigarette smoking causes COPD (US PHS 1964). Much of the
subsequent investigation of the mechanism of lung injury by cigarette smoke was
sparked by the observation that homozy gous deficiency of alpha)-antitrypsin, the major
protease inhibitor, is associated with familial panlobular emphysema (Laurell and
Eriksson 1963: Eriksson 1964). This observation led to the hypothesis. generally
referred to as the protease—antiprotease hypothesis. that the development of emphysema
results from an imbalance between proteolytic enzymes and their inhibitors (Janoff
1985; Niewoehner 1988). Cigarette smoking is postulated to produce unchecked
proteclytic activity by increasing proteolytic enzyme activity in the lung while decreas-
ing antiprotease activity.

Experimental and clinical observations have been consistent with the protease—an-
tiprotease hypothesis (US DHHS 1984). Observations that smokers, compared with
nonsmokers, have an increased number of neutrophils in peripheral blood (Yeung and
dy Buncio 1984), in bronchoalveolar lavage fluid. and in lung biopsy specimens
(Hunninghake and Crystal 1983) provide indirect evidence for an increased elastase
burden in smokers’ lungs, since neutrophils are the primary source of elastase (Janoff
1985). Furthermore. elastase levels are elevated in bronchial lavage fluid immediate-
ly after smoking cigarettes (Fera et al. 1986). Cigarette smoking has also been shown
to decrease the levels and activity of antiproteases, an effect attributed to oxidants in
cigarette smoke and the pulmonary macrophages of smokers (Janoff 1985: US DHHS
1984). Animal models confirm that unchecked proteolytic activity can cause em-
physema (US DHHS 1984).

The lungs of patients with COPD generally display both emphysema and abnor-
malities of the small airways. Mechanisms by which cigarette smoke damages small
airways have not been so extensively investigated as the factors determining the
development of emphysema.

Pathoph;vsiology

The lungs of smokers with COPD generally have both thickening and narrowing of
airways and emphysema, although the extent of these two processes is variable (US
DHHS 1984). Both the airways changes and emphysema produce airflow obstruction.
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The 1964 Report noted that smokers” lungs displayed airways changes and emphysema:
however. the pathophysiological correlates of these changes were not explored.

Subsequent investigations, correlating structural changes with function, have
described the relationship between smoking-caused changes in lung structure and
airtlow obstruction, Emphysema and small-airway injury contribute to the physiologi-
cal impairment found in COPD: in individuals with symptomatic airtlow obstruction,
either type of injury may be predominant. but both are probably important (US DHHS
1984). While the 1964 Report described effects of cigarette smoking on the airways.
the importance of the small airways us a site of airtlow obstruction was not recognized
until the late 1960s (Hogg. Macklem. Thurlbeck 1968). More recent investigations
have confirmed that measures of small-airway injury are correlated with the degree of
airflow obstruction (US DHHS 1984: Hale et al. 1984: Nagai. West, Thurlbeck 1985).
Autopsy studies have shown that changes in the small airways develop in the tungs of
young smokers and antedate the development of symptomatic airflow obstruction
(Niewoehner. Kleinerman, Rice 1974)

The importance of emphysema in producing chronic airflow obstruction has also been
amply documented since the 1964 Report. Emphysema reduces the driving pressure
for expiratory flow and contributes to increased airways resistance by reducing tether-
ing of small atrways. In putients with symptomatic airflow obstruction. the extent of
anatomic emphysema is correlated with the severity of airflow obstruction, as are
small-airway abnormalities (US DHHS 1984; Hale et al. 1984; Nagai, West, Thurlbeck
1985). Thus. the smoking-caused lung changes in the airways and parenchyma have
both been unequivocally linked to airtlow obstruction.

Natural History of COPD and the Role of Cigarette Smoking

Nearly all the epidemiologic evidence reviewed in the 1964 Report was cross-sec-
tional in nature. These data estabhished that cigarette smoking tncreased respiratory
symptoms and reduced the fevel of ventilitory function. but they did not provide in-
sight into the temporal evolution of COPD. Subsequent cross-sectional studies have
provided more complete quantitative descriptions of the effects of cigarette smoking
on lung function, and new longitudinal studies have partially described the evolution
of lung function changes in smokers and the factors determining the rate of change over
time.

The numerous cross-sectional studies published since the 1964 Surgeon General's
Report have shown that cigarette smoking is u strong determinant of the level of ven-
titatory function, which is most often assessed by the measurement of the t-sec torced
expiratory volume (FEVy). The level of FEV; declines as the amount of smoking in-
creases (US DHHS 1984). Multiple regression techniques have been applied to data
trom several different populations to describe the quantitative relationship between the
amount smoked and loss of ventilatory function. These analyses indicate that ven-
tilatory function declines in a linear fushion with cumulutive consumption of cigarettes.
usually expressed as pack-vears (Burrows et al. 1977: Dockery et al. 1988). For ex-
ample. based on analysis of data from 8. 191 men and women from six U.S. cities, Dock-
ery and others (198X) reported that male smokers of average heightlose 7.4 mL of FEV
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on average for each pack-year and that women lose 4.4 mL per pack-year. Although
the decline in mean level of FEV | appears small. the distributions of lung tunction level
in smokers and in nonsmokers are different; the distribution for smokers is skewed
toward lower levels so that a much greater proportion of smokers than nonsmokers have
levels below the usual limit of normal (Figure 11) (US DHHS 1984; Burrows et al.
1977 Dockery et al. 1988).
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FIGURE 11.—Percent distribution of predicted values of forced expiratory
volume in 1-sec (FEV ) in subjects with varying pack - years of smok-
ing.

NOTE: Triangle indicates meun. QR is interquartile range.
SOURCE: Dockery et al. (1988).

The longitudinal studies published since the 1964 Report have partially described the
natural history of lung function changes in COPD (Fletcher et al. 1976: US DHHS
1984). Ventilatory function. as measured by FEV|. for example, increases during
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childhood and reaches a peak level during early adulthood (Figure 12). From the peak
level. ventilatory function declines with increasing age. In cigarette smokers who
develop symptomatic airflow obstruction, a similar loss of function takes place, but at
a more rapid rate than in nonsmokers and in smokers who do not develop disease. A
physician is likely to diagnose COPD when continued excessive loss of ventilatory
function results in sufficient impairment to cause dyspnea and limitation of activity.
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FIGURE 12.—Decline of FEV at normal rate (solid line) and at an accelerated

rate (dashed line)
NOTE: A. person who has attained a “normal”™ maximal FEV during lung growth and development: B. person whose
maximal FEV| has been reduced by childhood respiratory infection. CAOQ, chronic airflow obstruction,
SOURCE: Sametetal. (1983),

The factors influencing rate of lung function decline in cigarette smokers have not
yet been fully characterized. The rate of decline tends to increase with the amount
smoked. and former smokers generally revert to the rate of loss of nonsmokers. In fact,
the excessive decline observed in some smokers may represent a common physiologi-
cal consequence of different pathophysiological mechanisms. Habib and coworkers
(1987) caretully characterized 13 subjects from a longitudinal study in Tucson with a
mean annual decline in FEV | greater than 60 mL per year. Clinically, these subjects
were not unique and none had alphai-antitrypsin deficiency. Physiological assessment
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suggested that some were developing emphysema, whereas others appeared to have
disease of the large and/or small airways.

The studies of longitudinal change in lung function have spanned only segments of
the full natural history of COPD, and many questions remain unanswered. It is unclear,
for example, whether the excessive decline takes place at a constant rate in continuous
smokers, as suggested by much of the epidemiologic evidence, or whether the exces-
sive decline occurs intermittently after some triggering event. The factors determining
the susceptibility of individuals to cigarette smoking are also unclear. Current
hypotheses emphasize determinants of protease—antiprotease imbalance, level of non-
specific airways reactivity, and severe respiratory iliness during early childhood.

Since the release of the 1964 Surgeon General's Report, abundant evidence has in-
dicated the overwhelming importance of cigarette smoking in causing COPD: in fact,
COPD would be an uncommon condition in the United States without cigarette smok-
ing. Unfortunately, death rates due to COPD have paralleled those for lung cancer and
have increased progressively over the last 25 years (National Center for Health Statis-
tics 1986). The trends are consistent with cohort changes in smoking; in this regard,
while age-specific rates for males have been increasing at older ages, a recent decline
in COPD mortality has been observed at younger ages (US DHHS 1984). While im-
portant scientific questions remain unanswered concerning the pathogenesis of COPD,
the available evidence provides sufficient rationale for preventing COPD through
smoking prevention and cessation.

Pregnancy and Infant Health

Several endpoints have been studied to evaluate the adverse effects of smoking on
pregnancy, including (1) infant birthweight; (2) fetal and infant mortality; (3) congeni-
tal malformations; (4) fertility; and (5) long-term effects on the child.

The 1964 Report indicated an association between smoking and low-birthweight
babies (US PHS 1964), but it did not consider the evidence sufficient to establish a
causal relationship.

The 1969 Report (US PHS 1969) confirmed the association between maternal smok-
ing and low-birthweight babies, an increased incidence of prematurity, spontaneous
abortions, stillbirths, and neonatal deaths. The 1971 Report (US DHEW 1971) con-
cluded that maternal smoking during pregnancy exerts a retarding influence on fetal
growth. The 1973 Report (US DHEW 1973) noted that cigarette smoking is a prob-
able cause of increased late fetal mortality and infant mortality. The 1977-78 Report
(US DHEW 1978) noted a dose—~response relationship between smoking and abruptio
placentae, placenta previa, bleeding during pregnancy. and prolonged premature rup-
ture of membranes, as well as the association of smoking during pregnancy with im-
paired physical and intellectual development of the offspring. The 1979 Report (US
DHEW 1979) linked smoking with sudden infant death syndrome. The 1980 Report
(US DHHS 1980) noted that up to 14 percent of preterm deliveries in the United States
may be attributed to maternal smoking. It also surveyed studies of men and women
suggesting that cigarette smoking may impair fertility.
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In 1985, the Center for Health Promotion and Education of the Centers for Disease
Control. Atlanta, GA. defined the tetal tobacco syndrome as follows. (1) The mother
smoked 5 or more cigarettes a day throughout the pregnancy. (2) The mother had no
evidence of hypertension during pregnancy, specifically no preeclampsia and
documentation of normal blood pressure at least once after the first trimester. (3) The
newborn has symmetrical growth retardation at term, 37 weeks, defined as birthweight
less than 2,500 g, and a ponderal index (weight in grams divided by length) greater than
2.32. (4) There is no obvious cause of intrauterine growth retardation, that is, congeni-
tal malformation or infection (Nieburg et al. 1985).

Infant Birthweight

A clear dose-response relationship exists between the number of cigarettes smoked
during pregnancy and the birthweight deficit (US DHHS 1980; Committee to Study the
Prevention of Low Birthweight 1985). Compared with nonsmokers, light and heavy
smokers have a 54- and 130-percent increase, respectively, in the prevalence of new-
borns weighing less than 2,500 g. A review of five studies including 113,000 births in
the United States, Canada, and Wales found that from 21 to 39 percent of the incidence
of low birthweight was attributed to maternal cigarette smoking (Committee to Study
the Prevention of Low Birthweight 1985). Also, cigarette smoking seems to be a more
significant determinant ot birthweight than the mother’s prepregnancy height, weight,
parity, payment status, or history of previous pregnancy outcome, or the infant’s sex.
The reduction in birthweight associated with maternal tobacco use seems to be a direct
effect of smoking on fetal growth.

Mothers who smoke also have increased rates of premature delivery. The newborns
are also smaller at every gestational age. The infants display symmetrical fetal growth
retardation with deficits in measurements of crown-heel length, chest and head circum-
ferences, und birthweight.

A recent study in Boston (Lieberman et al. 1985) attempted to evaluate the reasons for
differences in rates of prematurity between blacks and whites. Of the 1.365 black
women, 34.7 percent were cigarette smokers compared with only 23.4 percent of the
white women. Cigarette smoking and low hematocrit levels were two of the most im-
portant risk factors accounting for the differences in prematurity rates between blacks
and whites.

Finally. a number of careful studies have found that the eftect of cigarette smoking
on birthweight 1s not mediated through decreased maternal appetite or weight gain (US
DHHS 1980).

The most widely accepted hypothesis relating maternal smoking and the effects on
the fetus and newborn is intrauterine hypoxia (Rush and Cassano 1983). The hypoxia
could occur as a result of tactors associated with smoking. such as increased levels of
carbon monoxide (CO) in the blood. reduction of blood flow, or inhibition of respiratory
enzymes. There is strong experimental evidence that maternal smoking causes fetal
hypoxia.



Several studies have demonstrated that smoking cessation prior to or during pregnan-
cy can partly reverse the reduction in the child’s birthweight (Rush and Cassano 1983:
Hebel. Fox, Sexton 1988). In alarge study using the 1970 British Birth Cohort (Lieber-
man et al. 1987), an inverse relationship between measures of social class and the
prevalence of smoking was demonstrated that was similar to that seen in the United
States. In all social class groups. babies of the nonsmokers weighed more than those
whose mothers had smoked during pregnancy, and the women who had stopped smok-
ing either before or during pregnancy had babies with higher birthweights than women
who continued to smoke throughout pregnancy.

Fetal and Perinatal Mortality

Kieinman and colleagues (1988) from the National Center for Health Statistics used
Missouri birth records from 1979-83 (Table 4) to study the relationship between
cigarette smoking in mothers and infant mortality. Among the |34.429 primiparas, the
infant mortality rates (adjusted for age. parity. education. and marital status) were (per
1.000 subjects) 15.1 for white nonsmokers. 18.8 for whites who smoked less than 1
pack of cigarettes per day, and 23.3 for whites who smoked more than | pack of ciga-
rettes per day. For black nonsmoking women. the infant mortality rate (per 1,000
women) was 26.0; for blacks who smoked less than 1 pack per day. 32.4: and for blacks
who smoked greater than | pack per day. 39.9. Mortality was increased during the fetal.
neonatal, and postneonatal periods. It was estimated that if all pregnant women stopped
smoking, the number of fetal and infant deaths would be reduced by approximately 10
percent. In the United States this would result in about 4,000 fewer infant deaths each
year. A study conducted by the Office on Smoking and Health attributed approximate-
ly 2,500 infant deaths to maternal smoking in 1984 (CDC 1987).

Stein and associates (1981) have studied the causes of spontaneous abortion in three
New York City hospitals. They compared women with spontaneous abortion to con-
trols (women who carried their pregnancy to 28 weeks or more). Within the spon-
taneous abortion groups, they then compared those with evidence of chromosomal ab-
normalities and those with apparently normal chromosomes. The odds of a spontaneous
abortion increased by 46 percent for the first 10 cigarettes smoked per day and by 61
percent for the first 20 cigarettes smoked. Smoking was not associated with the spon-
taneous abortion of chromosomally abnormal conceptions, but only with those in which
the chromosomes were normal. These results were not confounded by such factors as
maternal age or race.

Congenital Malformations

Evidence that exposure to tobacco and cigarette smoking could be related to congeni-
tal malformations is less clear. About 3 percent of all live births have major congeni-
tal malformations (Behrman and Vaughn 1987). Maternal smoking has not been
demonstrated to be a major risk factor for the induction of congenital maiformations,
although elevated risks have been reported in some studies. Kelsey and coworkers
(1978) reported an increased risk of 1.6 for congenital malformations among the
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TABLE 4.—Infant mortality rates and odds ratios (95% confidence intervals), by maternal race, among 134,429 primiparas,
based on multiple logistic regression, Missouri, 1979-83

Crude rates

Adjusted rates

(per 1,000) (per 1,.000) Adjusted odds ratios
Whites Blacks Whites Blacks Blacks

Marital status

Married 14.5 25.4 15.9 29.5 1.00 1.00

Unmarried 24.0 28.6 21.0 27.2 1.33(1.18-1.50) 0.92(0.73-1.16)
Education (years)

<12 229 332 19.8 341 1.36 (1.16-1.59)

12 15.2 259 16.7 28.8 1.14 (1.02-1.28)

>12 12.8 21.5 14.6 25.3 1.00
Age (years)

<18 24.0 33.7 18.8 322 1.24 (1.06-1.45)

18-19 18.2 26.0 16.3 27.9 1.08 (0.95-1.22)

20-24 14.2 23.4 15.2 26.0 1.00

25-29 13.2 27.1 16.1 27.6 1.06 (0.94~1.20)

30-34 16.1 19.9 18.6 319 1.23(1.01-1.50)

235 25.4 69.3 311 52.9 2.09(1.49-2.93)
Smoking

0 13.9 25.3 15.1 26.0 1.00

<1 pack/day 19.1 337 18.8 324 1.25(1.13-1.39)

21 pack/day 243 41.5 233 399 1.56 (1.37-1.77)

SOURCE: Kleinman et al. {1988).



offspring of women smoking more than 1 pack of cigarettes per day compared with
women reporting no smoking during pregnancy. Similarly, Himmelberger, Brown, and
Cohen (1978) reported a 2.3-fold higher risk of congenital abnormalities for smoking
mothers than for nonsmokers.

One study has also reported an increased frequency of congenital malformations
based on the smoking habits of the father (Schardein 1985). The trends with paternal
smoking were independent of maternal smoking level, maternal and paternal age, and
social class.

The relatively low incidence of congenital malformations, the different types of mal-
formations, and the various possible biological mechanisms have made the study of the
relationship between environmental factors and congenital malformations extremely
difficult. New techniques to monitor pregnancy outcomes may enhance our under-
standing of the interrelationship between cigarette smoking, other environmental fac-
tors, and congenital malformations.

Fertility

A recent study has substantiated previous reports that suggested that women who
smoke may have reduced fertility (Baird and Wilcox 1985). Data on smoking history
and number of noncontraceptive cycles until conception were collected from 678 preg-
nant women. Of nonsmokers, 38 percent conceived in their first cycle compared with
28 percent of smokers. Smokers were 3.4 times more likely than nonsmokers to have
taken greater than 1 year to conceive. After adjustment for other risk factors, it was es-
timated that the fertility of smokers was 72 percent of that of nonsmokers. Heavy
smokers experienced lower fertility than light smokers. Fertility was not affected by
the husbands’ smoking.

The effects of cigarette smoking on sperm quality in men (Ablin 1986) were also
evaluated in relation to density, motility, and morphological abnormalities in 238 age-
related smokers and 135 nonsmokers. Spermatozoa from smokers possessed sig-
nificantly decreased density and motility compared with those from nonsmokers. Mor-
phological abnormalities of the sperm were also noted more frequently among smokers
than among nonsmokers (Ablin 1986).

Long-Term Effects on the Child

Relatively few studies have evaluated the long-term consequences of smoking during
pregnancy on the child. One of the larger recent studies looked at neurological hand-
icaps among children up to 14 years of age whose mothers had smoked during preg-
nancy and among control children born in northern Finland in 1966 (Rantakallio and
Koiranen 1987). Seventy-eight children of smokers and 62 controls had mental retar-
dation (IQs less than 85), cerebral palsy, or epilepsy. The incidence of mental retarda-
tion alone was 15.9/1,000 among the children of the mothers who smoked and 13.9
among the controls. For any combination of mental cetardation, cerebral palsy, and
epilepsy, the rates were 42.8/1,000 for children of smoking mothers and 34/1,000 for
the controls, a relative risk of 1.27 with confidence limits of 0.90 to 1.79.
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Naeye and Peters (1984) investigated the mental development of smokers’ children
by comparing siblings whose mothers smoked in one but not in subsequent pregnan-
cies and found that hyperactivity. short attention span, and lower scores on spelling and
reading tests were more frequent for the children whose mother had smoked during
pregnancy. but the differences were relatively small, the test scores being only 2 10 4
percent lower. Dunn also studied neurological and electroencephalographic abnor-
malities among 6-year-old children of smokers and found these conditions to be slight-
ly more common in the children of mothers who had smoked during pregnancy, but
again the differences were not statistically significant. Small sample sizes in many of
these studies and the relative infrequency of the events of interest limit interpretation
of the studies (Dunn et al. 1977).

Peptic Ulcer

The 1964 Surgeon General's Report noted an association between peptic ulcer and
cigarette smoking. The 1979 Report stated that the relationship between cigarette
smoking and peptic ulcer is signiticant enough to suggest a causal relationship. Peptic
ulcer disease is more likely to occur, less likely to heal, and more likely to cause death
in smokers than in nonsmokers.

Cigarette smoking retards the healing of peptic ulcer (Sontag et al. 1984: Lane and
Lee 1988; Korman et al. 1983). A large trial of cimetidine. a drug used in the treatment
of peptic ulcer. was reported in 1984 by Sontag and associates. Ulcer recurrence was
much more frequent umong smokers compared with nonsmokers for both the placebo-
and the cimetidine-treated groups.

Nicotine decreases pyloric sphincter pressure and therefore permits increased reflux
of duodenal contents into the stomach. Nicotine also decreases pancreatic bicarbonate
secretion. This may impair neutralization of gastric acid in the duodenum, contributing
to the formation and persistence of duodenal ulcers. Smoking cessation probably
reduces the incidence of peptic ulcer and is an important component of peptic ulcer
treatment even with the available eftective drug therapy.

Osteoporosis

The 1964 Report did not discuss osteoporosis. The interest in osteoporosis is fairly
recent because of the increasing number of older individuals. especially women. at risk
of fracture: the better methods of measuring bone mineral mass; and the understanding
of osteoporosis pathophysiology and risk factors.

Osteoporosis leading to fractures, especially of the hip, wrist. and spine, is an impor-
tant cause of disability and death. predominantly among postmenopausal women.
About 15 to 20 million persons in the United States have osteoporosis. Each year about
1.3 million fractures are attributed to this disease (Journal of the American Medical As-
sociation 1984).

Smoking may be a risk factor for osteoporosis (Willett et al. 1983). Women smokers
have an earlier age of menopause, an important risk factor for osteoporosis (Willett et
al. 1983). Smokers may have a lower intake of calcium during adolescence and young
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1dult life when maximum bone mineral mass is reached (Sandler et al. 1985). Smokers
also weigh less than nonsmokers (US DHHS 1988). Obesity substantially reduces the
risk of hip fracture (Kiel et al. 1987). Overweight women have higher endogenous
estrogen levels and greater bone mass (Cauley et al. 1986). Exogenous estrogen intake
among postmenopausal women results in a decreased risk of fracture (Ernster et al.
1988). Women who smoke and are on estrogen therapy may have reduced levels of
estrogens in their blood compared with levels for nonsmoking women. Among women
who smoked and were given high doses of estradiol, blood levels of estrone and
estradiol were only one-half of those among nonsmokers (Jensen. Christiansen, Rodbro
1985). Increased hepatic metabolism of exogenous oral estrogen may result in lower
estrogen levels among postmenopausal cigarette smokers.

Several case—control studies have evaluated the relationship between osteoporosis
and cigarette smoking. Most find an increased risk of fractures among smokers.
However, problems with study design. especially the potential effects of confounders
such as obesity and age, have limited the interpretation of these studies, as have con-
tradictory findings. For example, a large study of hip fractures among postmenopausal
women in four Connecticut hospitals did not find any differences in risk between
smokers and nonsmokers (Kreiger et al. 1982). A study in lowa by Sowers (Sowers,
Wallace, Lemke 1985) of 86 women aged 20 to 35 years did not find any relationship
between forearm bone mineral mass and smoking during maximal bone mineralization.
A study in Denmark (Jensen 1986) compared bone mineral content among 77 long-
term smokers and 103 nonsmokers. Bone mineral content correlated with fat mass. For
the same degrees of obesity, smokers did not have any lower level of bone mineral con-
tent than nonsmokers. The results of these studies suggest that the effect of smoking
as a risk factor for osteoporosis and fracture among postmenopausal women may be
primarily determined by the inverse relationship between smoking and obesity. It is
possible that the early age of menopause among smokers may also contribute to the risk
of osteoporosis.

Involuntary Smoking

The issue of involuntary smoking was not raised in the 1964 Surgeon General’s
Report. The first report of the Surgeon General to address the possible health effects
of involuntary smoking was published in 1972 (US DHEW 1972). Over the ensuing
15 years, evidence on the adverse consequences of involuntary smoking began to amass,
with several hundred papers being published. In 1986, the Surgeon General’s Report
(US DHHS 1986a) focused exclusively on this subject.

Nonsmoking adults exposed to ETS have a higher frequency of symptomology, such
as eye irritation and upper respiratory symptoms (US DHHS 1986a). The relationship
between lung cancer among nonsmokers and ETS has been documented in both case—
control and longitudinal studies. Most of these studies have measured the increased
risk of lung cancer among nonsmoking women, usually wives exposed to their
husbands’ tobacco smoke. A 1.3-fold increased risk of lung cancer has been estimated
from these studies and is consistent with the amount of exposure to carcinogens from

77



ETS (US DHHS 1986a), the duration of exposure, and the differences in the distribu-
tion of potential carcinogens between sidestream and mainstream smoke.

The 1986 Surgeon General’s Report on involuntary smoking concluded (US DHHS
19864a):

1. Involuntary smoking is a cause of disease, including lung cancer, in healthy non-

smokers.

2. The children of parents who smoke compared with the children of nonsmoking
parents have an increased frequency of respiratory infections, increased
respiratory symptoms, and slightly smaller rates of increase in lung function as
the lung matures.

3. The simple separation of smokers and nonsmokers within the same airspace
may reduce, but does not eliminate, the exposure of nonsmokers to ETS.

Another major review on involuntary smoking was released in 1986 by the Nation-
al Research Council (NRC). This report concluded that the risk of lung cancer is ap-
proximately 30 percent higher for nonsmoking spouses of smokers than it is for non-
smoking spouses of nonsmokers (NRC 1986).

Since release of the 1986 Surgeon General’s Report, five additional studies examin-
ing ETS exposure and lung cancer in nonsmokers have been published (Brownson et
al. 1987; Dalager et al. 1986; Humble, Samet, Pathak 1987; Gao et al. 1987; Pershagen,
Hrubec, Svensson 1987). All five noted a correlation between ETS exposure and lung
cancer among nonsmokers. Thus, of the 16 epidemiologic studies in the scientific
literature, 14 have noted a positive association.

Smokeless Tobacco

In 1979 the Surgeon General’s Report included, for the first time, a review of the
health consequences of using smokeless tobacco (snuff and chewing tobacco) (US
DHEW 1979). In 1986, a special Surgeon General’s Report, The Health Consequen-
ces of Using Smokeless Tobacco (US DHHS 1986b), reviewed smokeless tobacco in
depth and concluded that it can cause cancer in humans. The relationship between
smokeless tobacco use and cancer is strongest for the use of snuff and for cancer of the
oral cavity. Smokeless tobacco can also cause oral leukoplakia, which may progress
to neoplastic transformation with continued use of smokeless tobacco.

Addiction to Smoking

The 1964 Surgeon General’s Report referred to tobacco use as habituating. Fifteen
years later, the 1979 Report concluded that smoking was “the prototypical substance
abuse dependency” (US DHEW 1979). The entire 1988 Report (US DHHS 1988) was
dedicated to an exhaustive review of tobacco use as an addiction. The 1988 Report
concluded:

1. Cigarettes and other forms of tobacco are addicting.

2. Nicotine is the drug in tobacco that causes addiction.

3. The pharmacologic and behavioral processes that determine tobacco addiction

are similar to those that determine addiction to drugs such as heroin or cocaine.
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These findings are discussed in greater detail in Part IT of Chapter 5 on determinants
of smoking behavior.

PART II. THE PHYSICOCHEMICAL NATURE OF TOBACCO

The 1964 Surgeon General’s Report on Smoking and Health (US PHS 1964) gave
impetus to intensified investigations on the physicochemical nature and composition
of tobacco smoke and the identification of biologically active agents in tobacco and
tobacco smoke and their modes of action.

In 1936 Briickner listed 120 known components in tobacco smoke. This number
grew to about 450 in 1959 (Johnstone and Plimmer 1959). 10 about 950 in 1968 (Sted-
man 1968), to 3,875 in 1982 (Dube and Green 1982), and to 3,996 in 1988 (Roberts
1988). Today, the es‘}imated number of known compounds in tobacco smoke exceeds
4,000, including some that are pharmacologically active, toxic, mutagenic, or
carcinogenic (US DHEW 1979; US DHHS 1983). Such diverse biological effects of
cigarette smoke constituents provide a framework for understanding the multiple
adverse consequences of smoking.

Since about 1960, both the composition of cigarette tobacco and the components and
shape of the cigarette itself have undergone significant changes that effected reductions
in standardized measurements of tar, nicotine. and other toxic agents in the smoke (Nor-
man 1982). Perhaps the greatest advances have been made in understanding the
pharmacology and toxicology of nicotine (Benowitz 1986; US DHHS 1988) and in de-
lineating the nature and mode of action of the major carcinogens in tobacco smoke (US
DHHS 1982; Hoffmann and Hechi. 1989).

Processed. unadulterated tobacco contains at least 2,550 known compounds (Dube
and Green 1982). The bulk of the dried tobacco consists of carbohydrates and proteins.
Other important constituents are alkaloids (0.5 to 5 percent), with nicotine as the
predominant compound (90 to 95 percent of total alkaloids). and terpenes (0.1 to 3 per-
cent), polyphenols (0.5 to 4.5 percent), phytosterols (0.1 to 2.5 percent), carboxylic
acids (0.1 to 0.7 percent), alkanes (0.1 to 0.4 percent). and alkali nitrates (0.01 to 5 per-
cent). In addition. tobacco contains traces of aromatic hydrocarbons, aldehydes,
ketones, amines, nitriles, N- and O-heterocyclic compounds. pesticides. and more than
30 metallic compounds (Wynder and Hoffmann 1967; US DHEW 1979).

The composition of the processed tobacco in cigarettes influences the chemistry and
toxicity of the smoke. Cigarettes manufactured in the United States are made with
blends of bright. burley, and oriental tobaccos that generate weakly acidic mainstream
smoke (pH 5.5 to 6.2) in which nicotine occurs in protonated form in the particulate
matter. The sidestream smoke (SS) of these cigarettes is neutral to alkaline (pH 6.5 to
8.0), and part of the nicotine in SS is present in unprotonated form in the vapor phase
(Brunnemann and Hoffmann 1974). These observations are important because un-
protonated nicotine is readily absorbed through the buccal mucosa (US DHHS 1988).

The 400 to 500 mg of mainstream smoke (MS) freshly emerging from the mouth-
piece of a cigarette is an aerosol containing about 10'° particles per mL; these range in
diameter from 0.1 to 1.0 tm (mean diameter 0.2 um) and are dispersed in a vapor phase
(Ingebrethsen 1986). About 95 percent of the MS effluents of a nonfilter cigarette are
composed of 400 to 500 individual gaseous compounds with nitrogen, oxygen. and
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FIGURE 13.—Composition of cigarette mainstream smoke
SOURCE: Dube und Green (1982).

carbon dioxide as major constituents; the particulate matter of MS contains at least
3.500 individual compounds (Figure 13. Dube and Green 1982).

Like all organic combustion products. tobacco smoke contains free radicals, highly
reactive oxygen- and carbon-centered types in the vapor phase. and relatively stable
radicals in the particulate phase. The principal of the latter appears to be a
guinone/hydroquinone complex capable of reducing molecular oxygen to superoxide,
and. eventuaily. to hydrogen peroxide and hydroxyl radicals (Nakayama, Kodama,
Nagata 1984; Church and Pryor 1985).

For chemical analysis, the smoke is arbitrarily separated into vapor and particulate
phases. Those smoke components of which more than 50 percent appear in the vapor
phase ot fresh MS are considered volatile smoke constituents; all others are particulate
phase components (Figure 13). Tables 5 and 6 list the major types of components iden-
tified and their estimated concentration in the smoke of one cigarette {US DHHS 1982;
Hoftmann and Hecht 1989).  The quantitative data presented here were obtained by
machine smoking ot cigarettes under szandardized laboratory conditions using the
method of the Federal Trade Commission (Pillsbury et al. 1969); therefore, the data do
not fully reflect the human setting. This applies especially to smokers of low-yield
cigarettes who tend to compensate for the fow nicotine delivery by drawing smoke more
intensely and inhaling more deeply (US DHHS 1988).

Table 6 does not contain information about the nature and concentration of at least
30 metals in the smoke. These compounds are not listed because less than | percent of
the metals in tobacco are transterred into the smoke and constitute together only <80
ug/g(Jenkins, Goldey. Williamson 1985). Tables 5 and 6 also lack descriptions of the
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TABLE 5.—Major constituents of the vapor phase of the mainstream smoke of

nonfilter cigarettes

Compound” Concentration/cigarette
Nitrogen 280-320 mg (56-63%")
Oxygen S0-70mg (11-14%")
Carbon dioxide 15-65 mg (9-13% ")
Carbon monoxide 14-23 mg (28464
Water 7-12mg ( 1 4-2.40"
Argon Smyg 1.0% ")
Hydrogen 0.5-1.0mg

Ammonia 10-130 pg

Nitrogen oxides (NOx)
Hydrogen cyanide
Hydrogen sulfide

Methane

Other volatile alkanes (20)
Volatile alkenes (16}
Isoprene

Butadiene

Acetylene

Benzene

Toluene

Styrene

Other volatile aromatic hydrocarbons (29)
Formic acid

Acetic acid

Propionic acid

Methy| formate

Other volatile acids (6)
Formaldehyde
Acetaldehyde

Acrolein

100600 pg
400-500 pg
20-90 ug
1.0-2.0 mg
LO-1.6mg"
0.4-0.5 mg
0.2-0.4mg
2540 ug
20-35 pg
12-50 pg
20-60 pg
10 ug
15-30pe

200-600 pg

300-1.700 pg.

100-300 pg
20-30 pg
5-10 pug"

20-100 ug
400-1 400 pg

60-140 pg
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TABLE 5.—Continued

Compound”

Concentration/cigarette

Other volatile aldehydes (6)
Acetone

Other volatile ketones (3)
Methanol

Other volatile alcohols (7)
Acetonitrile

Other volatile nitriles (10)
Furan

Other volatile furans (4)
Pyridine

Picolines (3)
3-Vinylpyridine

Other volatile pyridines (25)
Pyrrole

Pyrrolidine
N-Methylpyrrolidine
Volatile pyrazines (18)
Methylamine

Other aliphatic amines (32)

80-140 pg
100-650 pg
50-100 pg
80-180 pg
10-30 pug°
100-150 pg
50-80 ug*
2040 pug
45-125 ug*
20-200 pg
15-80 ug
10-30 ug
20-50 ug’
0.1-10 pg
10-18 pg
2.0-3.0pg
3.0-8.0 g
4-10 pg

3-10pg

“Numbers in parentheses represent individual compounds identified in a given group.

b, . N
Percent of total eftluent.
“Estimate.

SOURCE: Hoffmann and Hecht (1989).

chemical nature and concentrations in cigarette smoke of agricultural chemicals and
pesticides, which originate from the residues of such compounds in tobacco. There are
many variations in the qualitative and quantitative aspects relative to such agents in
tobacco from region fo region and from year to year. Overall, the use of agricultural
chemicals has also been greatly reduced (Wittekindt 1985). Nevertheless, it is fairly
certain that commercial tobaccos contain up to a few parts per million of DDT, DDD,
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TABLE 6.—Major constituents of the particulate matter of the mainstream
smoke of nonfilter cigarettes

Compound® ug/cigarette
Nicotine 1,000-3,000
Nornicotine 50-150
Anatabine 5-15
Anabasine 5-12
Other tobacco alkaloids (17) NA
Bipyridyls (4) 10-30
n-Hentriacontane (n-Ca1Hea) 100
Total nonvolatile hydrocarbons (45" 300-400"
Naphthalene 2-4
Other naphthalenes (23) 36"
Phenanthrenes (7) 0.2-0.4°
Anthracenes (5) 0.05-0.1°
Fluorenes (7) 0.6-1.0°
Pyrenes (6) 03-0.5°
Fluoranthenes (5) 0.3-0.45°
Carcinogenic polynuclear aromatic 0.1-0.25

hydrocarbons (11)°

Phenol 80-160
Other phenols (45)° 60-180°
Catechol 200400
Other catechols (4) 100-200°
Other dihydroxybenzenes (10) 20()—400b
Scopoletin 15-30
Other polyphenols 8" NA
Cyclotenes (10)b 40-70°
Quinones (7) 0.5

Solanesol 600--1.000



TABLE 6.—Continued

Compound® ng/cigarette
Neophytadienes (4) 200-350
Limonene 30-60
Other terpenes (200-250)" NA
Palmitic acid 100-150
Stearic acid 50-75
Oleic acid 40-110
Linoleic acid 60-150
Linolenic acid 150-250
Lactic acid 60-80
Indole 1015
Skatole 12-16
Other indoles (13) NA
Quinolines (7) 2.4
Other N-heterocyclic hydrocarbons (55) NA
Benzofurans (4) 200-300
Other O-heterocyclic hydrocarbons (42) NA
Stigmasterol 40-70
Sitosterol 3040
Campesterol 20-30
Cholesterol 10-20
Aniline 0.36
Toluidines 0.23
Other aromatic amines {12) 0.25
Tobacco-specific N-nitrosamines (4)° 0.34-2.7
Glycerol 120

NOTE: NA. not avaijlable.

“Numbers in parentheses represent individual com

Estimate.
‘See Table 7 for details.
SOURCE: Hoffmann and Hecht ( 1989).
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and maleic hydrazide; fewer than 20 percent of these contaminants are transferred into
the smoke stream.

The 1964 Surgeon General's Report listed five polynuclear aromatic hydrocarbons
(PAHs) and three N-heterocyclic hydrocarbons as known carcinogenic smoke con-
stituents (US PHS 1964). By the criteria for carcinogenicity of chemicals as set by the
International Agency for Research on Cancer (1986), the carcinogens identified to date
in tobacco smoke include 11 PAHs, 4 N-heterocyclic hydrocarbons, 9 N-nitrosamines,
3 aromatic amines, 3 aldehydes, 6 volatile carcinogens. 6 inorganic compounds, and
the radioelement polonium-210 (Table 7; Hoffmann and Hecht 1989).

The Changing Cigarette

As discussed in Part I. epidemiologic studies have documented a dose-response
relationship between the number of cigarettes smoked and the development of cancer
of the lung, larynx, oral cavity, esophagus, pancreas, bladder, and kidney (US DHHS
1982; IARC 1986). Bioassays for tumorigenicity with whole smoke and with tar have
also demonstrated a dose-response relationship (US DHHS 1982). As tar and nicotine
yields in cigarette smoke gradually declined, other toxic and tumorigenic agents, such
as CO, volatile N-nitrosamines, and carcinogenic PAHs, were also successfully reduced
(Hoffmann, Tso, Gori 1980; Hoffmann et al. 1984; US DHHS 1981). However, it was
soon realized that the smoker of low-yield cigarettes tended to compensate for reduced
nicotine delivery by intensified smoking (US DHHS 1988), and therefore exposure may
not actually have been lowered. Based on values generated by smoking machines under
standardized conditions, Figure 14 shows the reduction in sales-weighted tar and
nicotine delivery of the average U.S. cigarette. Arrows in the graph point to the
introduction of technical changes in the manufacture of cigarettes at various times.
These changes have influenced the machine-measured sales-weighted average nicotine
and tar deliveries (Norman 1982). Technical issues in the machine measurements of
delivered tar and nicotine yields also arose during 1982; modifications of the testing
procedure were suggested (Federal Trade Commission 1984). The data shown in
Figure 14 are based on the consistent testing procedures. Since 1981, the tar delivery
of U.S. cigarettes has averaged between 13.0 and 12.7 mg, while nicotine delivery has
remained stable at 0.9 mg per cigarette. (See Chapter 5, Table 26.) In the smoke of
popular U.S. low-yield cigarettes, the reduction of nicotine, the primary pharmacologic
factor in tobacco addiction (US DHHS 1988), has not occurred to the same extent as
has the reduction of tar. The same development has been observed with cigarettes in
the United Kingdom (Jarvis and Russell 1985).

Some modifications in the makeup of commercial cigarettes have led to a selective
reduction of toxic and tumorigenic agents. Filtertips of cellulose acetate, the most com-
mon cigarette filter material, can selectively remove phenols and volatile N-
nitrosamines from the smoke stream. Perforated filter tips selectively reduce CO and
hydrogen cyanide (HCN) levels, and charcoal filters may selectively reduce volatile al-
dehydes and HCN. The incorporation into the tobacco blend of reconstituted tobacco
sheets, expanded tobacco, and tobacco ribs has also contributed to a selective reduc-
tion of PAHs in cigarette smoke. The incorporation of ribs and stems and the utiliza-
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TABLE 7.—Tumorigenic agents in tobacco and tobacco smoke

Evidence for IARC evaluation

Processed tobacco Masirltlxﬁﬁam of carcinogenicity
Compounds (per gram) (per cigarette) In lab animals In humans
PAH
Benz(a)anthracene 20-70ng Sufficient NA
Benzo(b)fluoranthene 4-22ng Sufficient NA
Benzo(j)fluoranthene 6-21ng Sufficient NA
Benzo(k)fluoranthene 6-12ng Sufficient NA
Benzo(a)pyrene 0.1-90ng 20-40ng Sufficient Probable
Chrysene 40-60 ng Sufficient NA
Dibenz(a,h)anthracene 4ng Sufficient NA
Dibenzo(a,i)pyrene 1.7-3.2ng Sufficient NA
Dibenzo(a,l)pyrene Present Sufficient NA
Indeno(1,2,3-c,d)pyrene 4-20ng Sufficient NA
5-Methylchrysene 0.6 ng Sufficient NA
Aza-arenes
Quinoline 1-2 pg NA NA
Dibenz(a,h)acridine 0.1 ng Sufficient NA
Dibenz(a,j)acridine 3-10ng Sufficient NA
7H-Dibenzo(c,g)carbazole 0.7 ng Sufficient NA
N-Nitrosamines
N-Nitrosodimethylamine ND-215ng 0.1-180 ng Sufficient NA
N-Nitrosoethyl 3-13ng Sufficient NA
methylamine
N-Nitrosodiethylamine ND-25 ng Sufficient NA
N-Nitrosopyrrolidine ND-360 ng 1.5-110ng Sufficient NA
N-Nitrosodiethanolamine ND-6,900 ng ND-36ng Sufficient NA
N’-Nitrosonornicotine 0.3-89 g 0.12-3.7 ug Sufficient NA
4-(Methylnitrosamino)-1- 0.2-7 pg 0.08-0.77 ug Sufficient NA
(3-pyridyh)- 1-butanone
N’-Nitrosoanabasine 0.01-1.9 g 0.14-4.6 ug Limited NA
N-Nitrosomorpholine ND-690 ng Sufficient NA
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TABLE 7.—Continued

Processed tobacco

Evidence for IARC evaluation

Mainstream

of carcinogenicity

smoke

Compounds (per gram) (per cigarette) In lab animals In humans
Aromatic amines
2-Toluidine 30-200 ng Sufficient Inadequate
2-Naphthylamine 1-22 ng Sufficient Sufficient
4-Aminobiphenyl 2-5ng Sufficient Sufficient
Aldehydes
Formaldehyde® 1.6-7.4 ug 70-100 pg* Sufficient NA
Acetaldehyde® 1.4-7.4mg 18-1,400 mg* Sufficient NA
Crotonaldehyde 0.2-2.4ug 10-20ug NA NA
Miscellaneous organic
compounds
Benzene 12-48 pg Sufficient Sufficient
Acrylonitrile 3.2-15pg Sufficient Limited
1, 1-Dimethylhydrazine 60-147 ug Sufficient NA
2-Nitropropane 0.73-1.21 pg Sufficient NA
Ethylcarbamate 310-375ng 20-38 ng Sufficient NA
Vinyl chloride 1-16 ng Sufficient Sufficient
Inorganic compounds
Hydrazine 14-5t ng 24-43ng Sufficient Inadequate
Arsenic 500-900 ng 40-120ng Inadequate Sufficient
Nickel 2,000-6,000 ng 0-600 ng Sufficient Limited
Chromium 1,000-2,000 ng 4-70ng Sufficient Sufficient
Cadmium 1.300-1,600 ng 41-62ng Sufficient Limited
Lead 8-10 ng Sufficient Inadequate
Polonium-210 0.2-1.2 pCi 0.03-1.0 pCi NA NA

NOTE: ND., no data; NA, evaluation has not been done by IARC.
*The Fourth Report of the Independent Scientific Committee on "Smoking and Health” (1988) published values for the
14 leading U K. cigarettes in 1986 (51.4 percent of the market) of 20105 pg/cigarette (mean, 59 pg) for formaldehyde
and 550-1,150 pg/cigarette (mean, 910 pg) for acetaldehyde.
SOURCE: Hoffmann and Hecht (1989).
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from FTC dasatape of annual cigarette company submiss.ons to the FTC. This database is the same as that used for the on-
going FTC tobacco report series. Since 1981, these reports have not listed the sales-weighted tar average, Historical events
are noted in R 1. Revnolds (1988).

tion of more burley varieties in the tobacco blend have led to an increase in the nitrate
content of the U.S. blended cigarette from 0.5 percent to between 1.2 to 1.5 percent.
This development brought about a reduction of the smoke yields of tar, phenols, and
PAHs, but has caused an increase of the nitrogen oxides in the smoke and thus has in-
creased the potential for N-nitrosamine formation (US DHHS 1981, 1982; Hoffmann
et al. 1984). The development of the low-yield cigarette has also necessitated an en-
richment of the flavor “bouqguet”™ in the smoke either by tobacco selection or by addi-
tion of natural or synthetic flavor compounds. These facts and the practice of smoking
low-yield cigarettes more intensely make it difficultto evaluate whether these new types
of cigarettes are in fact less hazardous to the smoker (see Chapter 8). Changes in the
market share of filtered cigarettes. lower yield cigarettes, mentholated cigarettes, and
longer cigarettes are presented in Chapter 5.

Environmental Tobacco Smoke

SS is the smoke generated during smoldering of tobacco products between puffs.
When it is obtained under standard laboratory conditions, undiluted SS contains far
higher amounts of toxic and tumorigenic agents than MS, which is drawn puff by puff
through the unlit end of the cigarette. Table 8 presents data for those toxic agents in
SS that are known carcinogens, tumor promoters, and cocarcinogens. The release of
volatile N-nitrosamines and aromatic amines into the SS is remarkably higher than that
into MS (US DHHS 1988: Guerin 1987). Whereas filter tips, especially perforated
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TABLE 8.—Some toxic and tumorigenic agents in undiluted cigarette
sidestream smoke

Amount in

Amount in

sidestream smoke/

Type of sidestream smoke amount in
Compound toxicity (per cigarette) mainstream smoke
Vapor phase
Carbon monoxide T 26.8-61 mg 2.5-14.9
Carbonyl sulfide T 2-3ug 0.03-0.13
Benzene C 400400 ug 8-10
Formaldehyde C 1,500 pg 50
3-Vinyipyridine sC 300450 pug 24-34
Hydrogen cyanide T 14-110 pg 0.06-0.4
Hydrazine C 90 ng 3
Nitrogen oxides (NOx) T 500-2,000 pg 3.7-12.8
N-Nitrosodimethylamine C 200-1,040 ng 20-130
N-Nitrosopyrrolidine C 30-390ng 6-120
Particulate phase
Tar C 14-30 mg 1.1-15.7
Nicotine T 2.1-46 mg 1.3-21
Phenol TP 70-250 ug 1.3-3.0
Catechol CoC 58-290 ug 0.67-12.8
o-Toluidine C 3ug 18.7
2-Naphtylamine C 70ng 39
4-Aminobiphenyl C 140 ng 31
Benz(a)anthracene C 40-200 ng 2-4
Benzo(a)pyrene C 40-70 ng 2.5-20
Quinoline C 15-20 pg 8~11
NNN C 0.15-1.7 g 0.5-5.0
NNK c 0.2-1.4 pg 1.0-22
N-Nitrosodiethanolamine C 43ng 1.2
Cadmium C 0.72 ug 7.2
Nickel C 0.2-2.5 ug 13-30
Polonium-210 C 0.5-1.6 pCi 1.06-3.7

NOTE: C, carcinogenic; CoC, cocarcinogenic; SC, suspected carcinogen: T, toxic: TP, tumor promoter; NNN,
N’-Nitrosonornicotine; NNK, 4-(methylnitrosamino)-(3-pyridyl)- 1-butanone.

SOURCE: Hoffmann and Hecht (1989).
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ones, can significantly reduce the concentration of toxic and tumorigenic agents in MS,
they have no reducing effect on the agents emitted into the SS (Adams, O’Mara-Adams,
Hoffmann 1987).

SS is the major source of ETS. The smoke diffusing through the cigarette paper, the
smoke emerging from the burning cone during active smoking, and that portion of MS
that is exhaled also contribute to ETS. Table O presents some data for toxic agents
resulting from tobacco combustion in indoor environments (US DHHS 1988; Hoffmann
and Hecht 1989). The concentrations of toxic agents in ETS appear low in comparison
with their levels in undiluted cigarette MS. With regard to exposure factors, one needs
to take into account the fact that the active inhalation of MS is limited to the time it
takes to smoke each cigarette, whereas the inhalation of ETS is constant over several
hours spent in the polluted environment. This is reflected in the results of measurements
of the uptake of nicotine by active and passive smokers (US DHHS 1988).

Smokeless Tobacco

As noted above, the special Report of the Surgeon General, The Health Consequen-
ces of Using Smokeless Tobacco, has shown that tobacco chewers and snuff dippers
face an increased risk for cancer of the oral cavity (US DHHS 1986b). In the United
States the four primary smokeless tobacco types are plug tobacco, loose leaf tobacco,
twist tobacco, and snuff.

The composition of processed, unadulterated tobacco has been discussed. Chewing
tobacco and snuff are made with various flavor additives (LaVoie etal. 1989).  Itis
of special significance that the preparation of smokeless tobacco products, which en-
tails curing, fermentation, and aging, occurs under conditions favoring the formation
of tobacco-specific N-nitrosamines (TSNAs) from nicotine and other tobacco alkaloids
such as nornicotine, anatabine, and anabasine (Figure 15). Of the six identified TSNAs
in smokeless tobacco, N’-nitrosonornicotine (NNN) and 4-(methylnitrosamino)-1-(3-
pyridyl)-1-butanone (NNK) are strong carcinogens in mice, rats, and hamsters, induc-
ing benign and malignant tumors of the oral cavity, nasal cavity, esophagus, lung, liver,
and pancreas (Hecht and Hoffmann 1988; Rivenson et al. 1988). Table 10 presents
chemical-analytical data for TSNAs in U.S. smokeless tobacco products (Hoffmann
and Hecht 1988). The concentrations of carcinogenic nitrosamines in smokeless tobac-
coexceed those in other consumer products by at least 2 orders of magnitude (US DHHS
1986b). During tobacco chewing and snuff dipping, additional amounts of car-
cinogenic TSNAs are most likely also formed endogenously in the oral cavity (Hoff-
mann and Hecht 1988). Carcinogenic TSNAs have been regarded as a major factor for
the association of snuff-dipping with oral cancer in humans (Craddock 1983).

Other carcinogens identified in smokeless tobacco are volatile nitrosamines (N-
nitrosodimethylamine, <215 ppb), N-nitrosomorpholine (€40 ppb), N-nitrosodiethyl-
amine (£6.800 ppb). formaldehyde (<7,000 ppb), crotonaldehyde (<2,400 ppb), and
benzo(a)pyrene (<90 ppb), as well as traces of the radioelement polonium-210 (<0.6
pCi/g) (US DHHS 1986; Hoffmann et al. 1987; Chamberlain, Schlotzhauer, Chortyk
1988).
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TABLE 9.—Some toxic and tumorigenic agents in indoor environments
polluted by tobacco smoke

Pollutant Location Concentration/m’
Nitric oxide Workrooms 50-440 ug
Restaurants 17-270 ug
Bars 80-520 pg
Cafeterias 2.5-48 ug
Nitrogen dioxide Workrooms 68410 ng
Restaurants 40-190 g
Bars 2-116 pug
Cafeterias 67-200 pug
Hydrogen cyanide Living rooms 8-122 pg
Benzene Public ptaces 20-317 pg
Formaldehyde Living rooms 23-50 pug
Acrolein Public places 30-120 ug
Acetone Public places 360-5,800 g
Phenols (volatile) Coffee houses 7.4-11.5ng
N-Nitrosodimethylamine Restaurants, public places 0-240 ng
N-Nitrosodiethylamine Restaurants, public places 0-200 ng
Nicotine Public places 1-6 ug
Restaurants 3-10ug
Workrooms 1-13.8 ug
Benzo(a)pyrene Restaurants, public places 3.3-23.4ng

SOURCE: Hoffmann and Hecht (1989).
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FIGURE 15.—Formation of tobacco-specific N-nitrosamines

TABLE 10.—Tobacco-specific N-nitrosamines in U.S. smokeless tobacco (ppb)

Product NNN NNK NAT NAB
Loose leaf tobacco 670-8.200 (6%) 380 (1) 2.300(1) 140 (1)
Plug tobacco 3.400-4.300(3)

Snuff—moist 3.120-135.000(26) 100-13,600 (25) 1.340-339,000 (20) 106,700 (16)
Snuff—dry 9.000-52,000(3) 1.800-13.000(3) 18,000-38.000 (3) 60-60,000 (3)

NOTE: NNN.N’-Nitrosonornicotine: NNK. 4-imethylaitrosamino)- 1-(3-pyridyl)- 1 -butanone: NAT.
N’-nitrosoanatabine: NAB. N’-nitrosoanabasine.

“Number in parentheses is the number of samples analyzed.

SOURCE: Hoftmann and Hecht (1988).

Toxicity and Carcinogenicity of Tobacco Smoke

Undiluted tobacco smoke is too toxic to be tolerated by laboratory animals primari-
ly because of the acute toxic effects of CO. CO in cigarette smoke increases with as-
cending puft number from 2 to 5 volume percent (the average CO content of cigarette
smoke is 3.5 to 4.5 volume percent). The acute toxicity of tobacco smoke is also due
to HCN. nicotine. and volatile aldehydes. In vitro short-term exposure to cigarette
smoke causes ciliastasis. an effect primarily attributable to HCN (300 w0 500
Ug/cigarette) and volatile aldehydes (500 to 2.000 pg/cigarette). The long-term expo-
sure of luboratory animals to diluted cigarette smoke causes impairment of mucociliary



clearance, mucus hypersecretion, and epithelial lesions. Cigarette smoke constituents
responsible for this effect are both the gas phase. primarily HCN and volatile aldehydes,
and the particulate phase (US DHEW 1979: US DHHS 1984).

Long-term inhalation of diluted cigarette smoke by mice has resulted in adenomas
and adenocarcinomas of the lung. whereas such inhalation in rats has only led to a tew
isolated tumors of the fung. In Syrian golden hamsters, fong-term smoke inhalation
studies have regularly induced benign and malignant tumors of the larynx and only a
few lung tumors. These observations strongly suggest, and studies of particulate
deposition and determination of carboxyhemoglobin (COHb) and nicotine—cotinine in
the blood of the smoke-exposed animals have confirmed. that laboratory animals do
not inhale the smoke deeply. Intratracheal instillation of cigarette tar and one of its
fractions has resulted in fung tumors. including bronchogenic carcinomas (Mohr and
Reznik 1978: Dalbey et al. 1980: US DHHS 1982).

The particulate matter (more often called "tar™) suspended in organic solvents has in-
duced carcinoma in the rat after subcutaneous njection and benign and malignant
tumors in the skin of mice and rabbits after topical application. The major tumor in-
itiators reside in the PAH-enriched neutral subfractions. whereas the tumor promoters
and cocarcinogens are found in the weakly acidic fraction as well as in the polaric
neutral subfraction (Wynder and Hoffmann 1967; Mohr and Reznik 1978: US DHHS
1982: Hoffmann and Hecht 1988).

As discussed earlier, combined chemical-analytical studies have led to the identifica-
tion of several organ-specific carcinogens in cigarette smoke. The diversity of these
carcinogens and those identified as contact carcinogens may cause ambiguity as to
which among them are most important. Table 11, which is based on extensive
laboratory studies, lists the likely causative agents associated with the increased risk of
cigarette smokers for cancer of the various organs (Hoffmann and Hecht 1988).

Nicotine

It is generally held that nicotine is the active pharmacologic agent in tobacco that
determines the addictive behavior of the tobacco smoker (US DHHS 1988). Nicotine,
together with CO, is also regarded as amajor contributor to cigarette smokers” increased
risk of cardiovascular disease (US DHHS 1983. 1988). In addition to nicotine, tobac-
co contains various other alkaloids, most of which are 3-pyridy] derivatives. In the
blended U.S. cigarette, nicotine constitutes 85 to 95 percent of the total alkaloids.
During the smoking of a nonfilter cigarette, about 15 percent of the nicotine appears in
the MS, 35 to 40 percent appears in the SS. 15 to 20 percent is deposited in the butt,
and the remainder is broken down into pyrolysis products. The major pyrolysis
products of nicotine are CO, carbon dioxide, 3-vinylpyridine, 3-methylpyridine,
pyridine, myosmine, and 2,3’-dipyridyl (US DHHS 1982).

As discussed earlier. the absorption of nicotine from tobacco smoke is pH depend-
ent. When tobacco smoke reaches the small airways and alveoli of the lung. nicotine
15 rapidly absorbed. In chewing tobacco and snuff with their alkaline pH, nicotine is
primarily absorbed through the mucous membranes of the oral cavity. Nicotine enters
the blood and is rapidly transported to the brain, which has specific receptor sites for
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TABLE 11.—Likely causative agents for tobacco-related cancers

Organ Initiator or carcinogen Enhancing agents

Lung, larynx PAH Catechol (cocarcinogen)
Weakly acidic tumor promoters

NNK Acrolein, crotonaldehyde (?)

Polonium-210 (minor factor),
acetaldehyde, formaldehyde

Esophagus NNN
Pancreas NNK(?)
Bladder 4-Aminobiphenyl

2-Naphthylamine

Oral cavity (smoking) PAH Ethanol
NNK, NNN
Oral cavity (snuff dipping) NNK, NNN Irritation (?)

Herpes simplex (?)

Polonium-210

NOTE: PAH, polynuclear aromatic hydrocarbons; NNK, 4-(methylnitrosoamino)-1-(3-pyridyl)- 1-butanone; NNN.
N’-Nitrosonornicotine.
SOURCE: Hoffmann and Hecht (l9§9).

the drug. The effects of nicotine on the central nervous system are associated with the
development of tobacco dependence (US DHHS 1988).

Nicotine is metabolized primarily in the liver and. to a smaller extent, in the lung.
About 10 to 15 percent of the absorbed nicotine is excreted unchanged in the urine.
The primary metabolites of nicotine are cotinine and nicotine-N’-oxide. Cotinine is
further metabolized extensively, with only 17 percent of it appearing unchanged in the
urine (Benowitz 1986; Neurath et al. 1987, US DHHS 1988). Cotinine measurements
in saliva, serum, or urine serve as an indicator for nicotine uptake by tobacco chewers,
active smokers, and involuntary smokers. It takes 18 to 20 hr to eliminate one-half of
the cotinine present in an active smoker through renal excretion: an involuntary smoker
shows a considerably slower rate of elimination (Sepkovic, Haley, Hoffmann 1986; US
DHHS 1988).

Biological Markers

Techniques for the determination of current and lifetime exposures to tobacco
products include the examination of medical records and data from prospective and
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case—control studies as well as the utilization of biological markers. The development
of highly sensitive and reproducible methods has led to increased use of biological
markers for uptake of tobacco smoke constituents.
Table 12 lists those biochemical markers that are currently used to determine ex-
posure to tobacco smoke components after active inhalation of MS and also after in-
voluntary uptake of ETS. Some of these markers are also the basis for measuring the
transfer of smoke constituents from the maternal bloodstream to a developing fetus.
The tobacco-specific alkaloid nicotine and its major metabolite, cotinine, are most
frequently used as serum and urine indicators of the uptake of tobacco smoke by active
smokers and also to indicate ETS exposure in nonsmokers. Unlike CO, nicotine is not

TABLE 12.—Biochemical markers for the uptake of tobacco smoke

Smoke

Biochemical

Critical

constituent marker Substrate Method Sensitivity value®
Nicotine Nicotine Serum GC 1 ng/mL 0

Urine

Serum RIA 0.2 ng/mL 0

Urine

Cotinine Saliva GC S ng/mL 0

Serum

Urine

Saliva RIA 1 ng/mL 0

Serum

Urine
Carbon monoxide =~ COHb Blood Oximeter +0.1% 091+0.7%
(€O)

CO Exhaled GC +1 ppm 5.6 £2.7 ppm

air
Hydrogen cyanide  Thiocyanate Saliva Autoanalyzer 15 umol/L 100 pmol/L
(HCN) (SCNH Serum (color

Urine reaction)
Nitrogen oxides Nitrosoproline Urine GC/TEA 0.4 ug/L 2015
(NOy) 1g/24 hours
Ethylene Globin-adduct Blood GC tSpmol/gHb 58 25
(CH2=CHa) pmol/gHb
4-Aminobipheny] Gilobin-adduct Blood GC ? <70 pg/gHb
Tobacco-specific Globin-adduct Blood GC ?

nitrosamines

Not
established

*Critical values, values measured in nonsmokers,
SOURCE: Intemnational Agency for Research on Cancer (1987).
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only taken up by inhalation but also is absorbed through the mucous membranes in the
oral cavity. Therefore, it is possible to determine user uptake of hydrophilic agents
from chewing tobacco and snuff by means of nicotine—cotinine measurements. The
analytical assessment of nicotine and cotinine in physiological fluids is done primarily
by gas chromatography and radioimmunoassay (IARC 1986). Both methods are high-
ly sensitive (between 0.2 and 5 ng/mL), and there is little or no interference by other
smoke components. After environmental exposure, the average nicotine and cotinine
levels in saliva, plasma, and urine of nonsmokers vary from 0.5 to 4.0 pg/mL, whereas
the average amount of nicotine in the serum of cigarette smokers ranges from 15 to 40
pg/mL and lies between 500 and 2,000 pg/mL in saliva and urine. Cotinine concentra-
tion varies from 150 to 350 pg/mL in plasma, from 150 to 400 pg/mL in saliva, and
can go up to 2,000 pg/mL in urine (Jarvis et al. 1984; US DHHS 1988). In snuff dip-
pers and tobacco chewers, plasma nicotine levels were found between 3 to 22 pg/mL
and plasma cotinine was 200 to 400 yg/mL (US DHHS 1986).

One of the oldest methods for estimating the inhalation of tobacco smoke is the deter-
mination of COHb in blood. Since some CO is endogenously formed, the background
values for COHb in the blood of nonsmokers without occupational exposure to CO
range from 0.5 to 1.5 percent (National Research Council 1977). Smoking only a few
cigarettes per day elevates COHb levels to 2.0 percent. In a study of men aged 34 to
64 years, cigarette smokers had average COHb concentrations of 4.7 percent; cigar
smokers. 2.9 percent; and pipe smokers, 2.2 percent (Wald etal. 1981; Wald and Ritchie
1984). The COHb values of nonsmokers after ETS exposure do not markedly exceed
1.5 percent; thus. COHb cannot serve as an indicator of exposure to ETS (NRC 1986).
Since CO is only slowly released from the blood in the process of exhaling, the smok-
ing intensity of a cigarette smoker can also be assessed by the analysis of CO in the ex-
haled breath. The critical value for CO, the value above that of a nonsmoker, is 5.612.7
ppm in exhaled breath; again this method is not applicable to the dosimetry of non-
smoker ETS exposures.

HCN. a major tobacco smoke constituent (>100 pg/cigarette), is absorbed upon in-
halation and is detoxified in the liver, yielding SCN™. Since SCN™ can also originate
from dietary intake, only values above 100 pmol of SCN™ per L of serum as measured
for cigarette smokers are meaningtul for dosimetry of uptake. In general, the average
cigarette smoker has SCN levels between 100 and 250 umol/L of serum (US DHHS
1987).

A number of studies have clearly demonstrated that the mutagenic activity of the
urine of cigarette smokers is higher than that of nonsmokers (IARC 1986). The most
widely applied method for determining mutagenic activity of urine samples was
developed by Yamasaki and Ames (1977), using a resin to concentrate the body fluid
and, upon metabolic activation, measuring the mutagenic activity on bacterial tester
strains TA98 and TA1538. In general, the urine of cigarette smokers exhibits at least
twice the mutagenic activity of that measured in nonsmokers’ urine.

In summary. there are several biochemical indicators that enable investigators to
assay the uptake of tobacco smoke by individuals or by groups of individuals. Whereas
analyses of exhaled CO, of COHb, and of SCN™ and nicotine—cotinine in saliva, serum,
and urine are well suited for determining the smoking intensity of an active smoker,
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only nicotine and cotinine determinations in serum and urine can also serve as indicators
for the exposure of nonsmokers to ETS.

Summary

The 1964 Surgeon General s Report was a landmark study that reviewed and assessed
the available epidemiologic. clinical, pathological. and experimental literature for
evidence linking cigarette smoking to disease. The principal findings ot that Report
are summarized in Table 13. In men. cigarette smoking was found to increase overall
mortality and to cause lung and laryngeal cancer. Several other important conclusions
were also drawn (Table 13). .

Since 1964, 20 reports of the Surgeon General (including this Report) have been
released on tobacco and health that substantiate and strengthen the original conclusions
of the 1964 Report. These reports have also estabhished associations between smoking
and disease in areas for which data did not exist, shed light on pathogenetic mechanisms
of tobacco-related disease. and added scientific depth to areas mentioned only briefly
in the 1964 Report.

A review of Table 13 allows the reader to survey quickly the state of knowledge on
cigarette smoking and health in 1989 and to compare it with what was known in 1964,
Of the 27 principal effects presented in Table 13. 13 were tirst noted in 1964: among
those 13 eftects, many have been strengthened since 1964. Recent reports of the Sur-
geon General have also covered important topics not even mentioned in the 1964
Report. Forexample, these reports have concluded that involuntary smoking can cause
disease, including lung cancer. in healthy nonsmokers and that smokeless tobacco can
cause oral cancer. The most recent Surgeon General's Report also concluded that the
use of cigarettes and other forms of tobacco is addicting (US DHHS 1988).

Much progress has been made in understanding the physicochemical nature of tobac-
co smoke. Today, the estimated number of compounds in tobacco smoke exceeds
4,000, including some that are pharmacologically active, toxic. mutagenic. or car-
cinogenic. The diverse biological effects of tobacco smoke constituents provide a
framework for understanding the multiple adverse consequences of smoking. For ex-
ample, the identification of 43 different carcinogenic substances in tobacco smoke helps
explain why cigarette smoking can cause cancer at different sites including the lung,
larynx. oral cavity. and esophagus; why cigarette smoking is a contributory factor for
the development of cancer at different sites including the bladder, kidney. and pancreas;
and why cigarette smoking is associated with cancer of the stomach and uterine cervix.

The central role of cigarette smoking as a massive, preventable pérsonal and public
health problem can now be better appreciated. In the United States, it is a major cause
of CHD. this country’s most common cause of death; cigarette smoking is estimated to
account for 2) percent of all CHD deaths. Cigaretie smoking is the major cause of lung
cancer, the most common cause of cancer death in the United States: smoking is es-
timated to account for 87 percent of lung cancer deaths and 30 percent of all cancer
deaths. While lung cancer death rates for women who are nonsmokers have not in-
creased since the early 1960s, comparable death rates for women who smoke cigarettes
have increased more than fourfold. In 1986, lung cancer and breast cancer were the
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TABLE 13.—Summary of the principal effects of cigarette smoking

Effect first discussed in
Surgeon General's Reports

Year first discussed
in a Surgeon
General’s Report

Current knowledge in 1989

Mortality and morbidity
Overall mortality, increased in men
Overall morbidity, increased
Cardiovascular
CHD, mortality increased in men
Cerebrovascular disease (stroke), mortality increased
Atherosclerotic aortic aneurysm, mortality increased
Atherosclerotic peripheral vascular disease, risk factor
Cancer
Lung cancer, the major cause in men
Laryngeal cancer, a cause in men
Oral cancer (lip), a cause (pipe smoking)
Esophageal cancer, associated with
Bladder cancer, associated with
Pancreatic cancer, increased montality
Renal cancer, increased mortality
Gastric cancer, associated with

Cervical cancer, possible association with

1964
1967

1964
1964
1967
1971

1964
1964
1964
1964
1964
1967
1968
1982
1982

Overall mortality increased in men and women

Overall morbidity increased

A major cause of coronary heart disease in men and women

A cause of cerebrovascular disease (stroke)

Increased mortality from atherosclerotic aortic aneurysm

A cause and most important risk factor for atherosclerotic peripheral vascular disease

The major cause of lung cancer in men and women

The major cause of laryngeal cancer in men and women

A major cause of cancer of the oral cavity (lip, tongue, mouth, pharynx)
A major cause of esophageal cancer

A contributory factor for bladder cancer

A contributory factor for pancreatic cancer

A contributory factor for renal cancer

An association with gastric cancer

An association with cervical cancer
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TABLE 13.—Continued

Effect first discussed in
Surgeon General’s Reports

Year first discussed
in a Surgeon
General's Report

Current knowledge in 1989

Pulmonary
Chronic bronchitis, the major cause
Emphysema, increased mortality
Women
Low»binhyeighl babies, associated with

Unsuccessful pregnancy, associated with

Other effects
Tobacco habit, related to psychological and social drives
Involuntary smoking, irritant effect
Peptic ulcer disease, associated with
Occupational interactions, adverse
Alcohol interactions, adverse
Drug interactions, adverse
Nonmalignant oral disease, associated with

Smokeless tobacco, associated with oral cancer

1964
1964

1964
1980

1964
1972
1964
1971
1971
1979
1969
1979

The major cause of chronic bronchitis
The major cause of emphysema

A cause of intrauterine growth retardation
A probable cause of unsuccessful pregnancies

Cigarette smoking and other forms of tobacco use are addicting
A cause of disease, including lung cancer, in healthy nonsmokers
A probable cause of peptic ulcer disease -

Adverse occupational interactions that increase the risk of cancer
Adverse interactions with alcohol that increase the risk of cancer
Adverse drug interactions

An association with nonmalignant oral disease

Smokeless tobacco is a cause of oral cancer



leading causes of cancer death in U.S. women, accounting for approximately equal
numbers of cancer deaths. Cigarette smoking is the major cause of COPD, an effect
that far outweighs all other factors; smoking is estimated to account for 82 percent of
COPD deaths. (See Chapter 3.)

The 1964 Report of the Surgeon General stated that death rates from cerebrovascular
disease (stroke) were increased in cigarette smokers compared with nonsmokers, but it
drew no conclusions concerning causality. Inthe current 1989 Report, for the first time,
cigarette smoking is cited as a cause of stroke. the third most common cause of death
in the United States. Stopping smoking reduces the risk of stroke,

The effect of smoking on pregnancy was briefly mentioned in the 1964 Report. Many
studies have subsequently shown that cigarette smoking causes fetal growth retarda-
tion and is a probable cause of unsuccessful pregnancies.

Table 13 summarizes other important smoking associations with several diseases, in-
cluding atherosclerotic aortic aneurysm, atherosclerotic peripheral vascular disease,
and peptic ulcer disease: it also includes occupational and alcohol-related interactions
with smoking that increase the risk of cancer.

Finally, the reports of the Surgeon General have emphasized the benefits of quitting
for smokers of all ages.

CONCLUSIONS

Part I. Health Consequences

1. The 1964 Surgeon General's Report concluded that cigarette smoking increases
overall mortality in men, causes lung and laryngeal cancer in men. and causes
chronic bronchitis. The Report aiso found significant associations between smok-
ing and numerous other diseases.

2. Reports of the Surgeon General since 1964 have concluded that smoking increases
mortality and morbidity in both men and women. Disease assoctations identified
as causal since 1964 include coronary heart disease, atherosclerotic peripheral
vascular disease, lung and laryngeal cancer in women, oral cancer, esophageal
cancer. chronic obstructive pulmonary disease, intrauterine growth retardation,
and low-birthweight babies.

3. Cigarette smoking is now considered to be a probable cause of unsuccesstul preg-
nancies. increased infant mortality, and peptic ulcer disease: to be a contributing
factor for cancer of the bladder, pancreas. and kidney: and to be associated with
cancer of the stomach.

4. Accumulating research has ejucidated the interaction effects of cigarette smoking
with certain occupational exposures to increase the risk of cancer, with alcohol
ingestion to increase the risk of cancer, and with selected medications to produce
adverse ettects.

5. A decade ago, the 1979 Report of the Surgeon General found smokeless tobacco
to be associated with oral cancer. In 1986. the Surgeon General concluded that
smokeless tobacco was a cause of this disease.



Research in the present decade has established that involuntary smoking is a cause
of disease, including lung cancer. in healthy nonsmokers, and that the children of
parents who smoke have an increased frequency of respiratory infections and
symptoms.

In 1964, tobacco use was considered habituating. A substantial body of evidence
accumulated since then, and summarized in the 1988 Surgeon General's Report,
has established that cigarettes and other forms of tobacco are addicting. Given
the prevalence of smoking, tobacco use is the Nation's most widespread form of
drug dependency.

Studies dating from the 1950s have consistently documented the benefits of smok-
ing cessation for smokers in all age groups.

Recent evidence, including that presented in this 1989 Report of the Surgeon
General, documents that cigarette smoking is a cause of cerebrovascular disease
(stroke) and is associated with cancer of the uterine cervix.

Part II. The Physicochemical Nature of Tobacco

1
1,

The estimated number of compounds in tobacco smoke exceeds 4,000, including
many that are pharmacologically active, toxic, mutagenic, and carcinogenic.
Forty-three carcinogens have been identified in tobacco smoke.

Carcinogenic tobacco-specific nitrosamines are found in high concentrations in
smokeless tobacco.
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CHAPTER 3

CHANGES IN SMOKING-ATTRIBUTABLE
MORTALITY
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Introduction

In 1938, Raymond Pearl reported elevated death rates among white males who
smoked tobacco, especially those aged 30 to 60 years (Pearl 1938). Pearl’s study of
6,800 subjects revealed the increase in mortality risk to be highest among heavy
smokers. In 1954, Hammond and Horn reported on the 20-month followup of their
prospective study of 188,000 white men, aged 50 to 69 years (Hammond and Horn
1954). Death rates were highest among men who smoked cigarettes but not other tobac-
co products, and increased with the amount of cigarette use. Overall, the number of
deaths among cigarette smokers was 52 percent greater than would be expected from
nonsmokers’ mortality rates. Most of the increased mortality could be attributed to
deaths from cancer and especially from coronary heart disease (CHD).

In 1964, the Advisory Committee to the Surgeon General reviewed seven prospec-
tive studies of smoking and mortality, encompassing over 1.7 million entrants. For the
1.1 million male enrollees, the overall mortality ratio, defined as the observed number
of deaths in current cigarette smokers divided by the number expected from
nonsmokers’ rates, was 1.68. “For all seven studies,” the Committee stated, “coronary
artery disease is the chief contributor to the excess number of deaths of cigarette
smokers over nonsmokers, with lung cancer uniformly in second place. For all seven
studies combined, coronary artery disease (with a mortality ratio of 1.7) accounts for
45 percent of the excess deaths among cigarette smokers, whereas lung cancer (with a
ratio of 10.8) accounts for 16 percent” (US PHS 1964, p. 30).

In 1979, the Surgeon General described cigarette smoking as “the single most impor-
tant preventable environmental factor contributing to illness, disability and death in the
United States” (US DHEW 1979, p. vii). The 1982 Surgeon General’s Report, citing
ananalysis by Doll and Peto (1981), estimated that for the year 1978, tobacco use caused
122,000 cancer deaths in men and women (US DHHS 1982). For 1982, the estimate
for smoking-caused cancers was 129,000 (US DHHS 1982). The 1983 Surgeon
General's Report estimated that 170,000 Americans died annually from CHD caused
by cigarette smoking (US DHHS 1983). “During 1965-1977,” the Report noted, “there
were an estimated 2.8 million premature deaths from heart disease, primarily CHD, in
American men and women attributable to the use of tobacco” (US DHHS 1983, p. 66).

The 1984 Report estimated that 80 to 90 percent of the 62,000 deaths from chronic
obstructive lung disease (COLD), referred to later in this discussion as chronic obstruc-
tive pulmonary disease (COPD), in the United States in 1983 were attributable to
cigarette smoking (US DHHS 1984). “Over 50,000 of the COLD deaths can therefore
be considered preventable and premature since these individuals would not have died
of COLD if they had not smoked” (US DHHS 1984, p. ii). In 1987, the Economic
Report of the President stated, “Smoking presents the largest single source of health
risk in America” (U.S. President 1987, p. 184).

This Chapter further delineates the mortality consequences of cigarette smoking in
the United States. Deaths attributable to cigarette smoking are reported for two
benchmark years—1965 and 1985. The Chapter focuses on the health consequences
of smoking for current and former cigarette smokers. Deaths of nonsmokers caused by
environmental tobacco smoke (National Research Council 1986;US DHHSI988;1) and
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deaths from cigarette-related fires (Consumer Product Safety Commission 1987; Bot-
kin 1988) are not discussed, nor are the morbidity consequences of cigarette smoking

(US DHEW 1979; Rice et al. 1986).

A Twenty-Year Perspective: 1965-85

The two-decade interval, 1965-1985, was selected primarily for reasons of data
availability. The year 1985 was the most recent one for which complete, nationwide,
cause-specific mortality statistics were available from the National Center for Health
Statistics (NCHS). Moreover, in both 1965 and 1985, questions on cigarette use were
appended to the National Health Interview Survey (NHIS), a nationally representative,
face-to-face interview survey that has been conducted annually by NCHS (Massey et
al., 1987, NCHS 1986). In particular, 1985 was the most recent full year for which
complete population-weighted data from the NHIS were available (see Chapter 5).

In addition, the years 1965 and 1985 represented the approximate midpoints of two
large-scale prospective surveys of smoking and mortality among men and women in
the United States, both sponsored by the American Cancer Society. In the first of these
two prospective studies (Garfinkel 1980a,b, 1981; Hammond 1961, 1964ab, 1966,
1968, 1969, 1972; Hammond and Garfinkel 1961, 1964, 1966, 1968, 1969, 1975; Ham-
mond et al. 1976; Hammond and Seidman 1980; Lew and Garfinkel 1984, 1988), about
1 million persons were followed from 1959 through 1972. In the second study (Gar-
finkel 1985; Stellman and Garfinkel 1986; Stellman, Boffetta, Garfinkel 1988), about
1.2 million participants were followed from 1982 through 1988. The two studies will
be referred to, respectively, as “Cancer Prevention Study I (CPS-I)” and “Cancer
Prevention Study II (CPS-I1).” In particular, this Chapter will present unpublished,
preliminary results from the 4-year followup (1982-86) of CPS-II.

The theory, mathematics, limitations, and other methodological issues concerning
the calculations of smoking-attributable mortality are described in the next section. The
results of the analysis follow thereafter. Readers interested primarily in those results
may proceed directly to the Section entitled “Populations at Risk: 1965 and 1985.”

The Concept of Attributable Risk

In 1953, Levin estimated that 62 to 92 percent of all male lung cancers were “at-
tributable to cigarette smoking” (Levin 1953). Levin’s computations addressed the
general problem: How many cases of a disease in a given population can be explained
by the presence of a particular hazardous agent or a particular personal trait? Put dif-
ferently, how many cases would have been avoided but for the presence of the agent or
the trait (Doll and Peto 1981)?

In principle, the answer requires an experiment whereby disease rates are measured
before and after the complete elimination of the hazardous agent or particular trait from
the population of interest. Since this type of experiment is usually impractical, the most
widely used approach is to estimate disease rates in representative sample populations
of exposed and unexposed persons. The results are then extrapolated to the population
of interest.
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The phrase “cases attributable to agent A” is often used interchangeably with “cases
caused by agent A.” The latter term is meaningful so long as it is recognized that
“caused” refers to an entire population rather than to any single, predetermined mem-
ber of the population. Thus, the scientific validity of an estimate that 1,000 lives would
be saved by the removal of some hazardous agent does not hinge upon naming the
names of the people to be saved.

The population-based notion of causation is especially important for chronic diseases
with multiple causes. Agent A, for example, may promote or enhance the disease-caus-
ing effect of agent B. A case-by-case analysis of afflicted individuals may never iden-
tify agent A as the primary cause in a single instance. Yet its elimination might sub-
stantially reduce disease incidence in the population under study.

Moreover, the concept of attributable risk generally requires a timeframe. In an as-
sessment of the effects of removing a hazardous agent, aresearcher could ask how many
cases of a specific disease could be avoided in a specified time period, such as 1 year.
When the disease has multiple causes, this quantity may differ from the number of cases
of the disease that may eventually be avoided. By specifying a timeframe, the re-
searcher inquires not whether such cases could be completely prevented, but whether
their premature occurrence could be avoided.

For many diseases, death rates are more accessible and reliable than disease rates.
Accordingly, computations of “attributable deaths” from a disease have been used in
place of “attributable cases” of the disease. Because death from one cause or another
is inevitable, such computations necessarily refer to a specific time period during which
premature mortality may have been prevented.

Mathematics of Attributable Risk

Let d and do, respectively, denote the incidence rates (in terms of new cases per unit
time) of a particular disease among two sample cohorts—one exposed to a hazardous
agent, the other unexposed. The two samples are assumed not to differ materially in
any other respect, so that both would experience disease incidence dg in the absence of
exposure. Accordingly, the difference d\—do measures the increase in disease in-
cidence, or absolute risk, due to the agent. Moreover, the unitless ratio r = d1/dp, termed
the relative risk, measures the degree to which the hazardous exposure multiplies the
baseline incidence rate. It is often employed as a measure of the epidemiologic and
biological significance of an observed association between an agent and a particular
disease (Lilienfeld and Lilienfeld 1980; US DHEW 1979).

In the exposed cohort, the proportion of disease cases attributable to the hazardous
agent is thus equal to s=(d1—dp)d1 (which equals (r—1)/r). This quantity has been
variously termed the assigned share or probability of causation or attributable propor-
tion of risk among the exposed (Bond 1981; Oftedal, Magnus, Hvinden 1968; Black
and Lilienfeld 1984; National Research Council 1984; Cox 1987).

For some hazardous agents, such as cigarette smoke, the disease incidence rates d|
and do and the relative risk  have been estimated directly from prospective longitudinal
studies of exposed and unexposed cohorts. Alternatively, retrospective case—control
studies do not provide estimates of d1 and dp but yield a close approximation to the rela-
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tive risk » when incidence of the disease is low (Cornfield 1951). Both types of studies
provide estimates of the assigned share s.

The estimate of relative risk r, derived from epidemiologic studies, is then applied to
the population of interest. Let p denote the proportion of exposed persons in the sub-
ject population, estimated independently from survey data. Then the quantity f =
priip(r—1)+1] is the fraction of all cases of the disease (in a given time interval) that
occurs among exposed persons in the subject population. This is sometimes called the
“case fraction” (Miettinen 1974). Moreover, if fraction f of all cases occurs among ex-
posed persons, and if fraction s of such exposed cases is attributable to the hazardous
agent, then the fraction of all cases attributable to the agent is a = fs. From the defini-
tions of f and s, the quantity a can be expressed as

a = —_1—7(—7'—2 (1)
p-1)+1

This is Levin’s measure of attributable risk, also termed etiologic fraction (Miettinen
1974), attributable fraction (CDC 1987b), and population-attributable risk (MacMahon
and Pugh 1970). When a is expressed in percentage terms, it is often termed percent
attributable risk or population-attributable risk percentage.

Equation (1) shows how the attributable risk a depends upon both the relative risk r
and the proportion exposed p. Thus, an agent may be significant in the causation of
disease among exposed persons so that its relative risk r greatly exceeds 1. Yet that
agent may cause a small proportion of all cases of the disease because exposure rates
p are low. Conversely, an agent that is widely prevalent (with large p) may contribute
substantially to the total number of cases, even when its relative risk 7 is close to unity,

As a consequence of equation (1). the logistic transformation of a is

a
log o) = log p + log (r-1) (2)
where log denotes the natural logarithm. Equation (2) provides a convenient method
of decomposing the uncertainty in the attributable risk « into two components—uncer-
tainty in the proportion exposed p and uncertainty in the relative risk r.

Levin’s measure of attributable risk can be generalized to cases where there are mul-
tiple levels of exposure, multiple causative agents, or confounding or stratifying vari-
ables, or when an agent can prevent a disease (Walter 1976; Miettinen 1974). In the
case of multiple levels of exposure, it is convenient to let dk denote the incidence rate
and rx = dk/do denote the relative risk for the k-th exposure level. Similarly, let px
denote the proportion of the subject population exposed at the k-th level. Then sk =
(rn—1)/rx 1s the assigned share among cases exposed at the k-th level. Likewise, the
quantity fx=pxri/|Zkpk (rk—1) +1],where Zx denotes summation over exposure levels,
is the fraction of all cases occurring among persons exposed at the k-th level. The
generalized formula for attributable risk becomes Zx fk sk, which can be expressed as

Zipk (=1 .
a= ‘__kp_(_.i__), 3)
Ikpk (ne1) + 1
Let D denote the total number of cases of disease in the population of interest in a
given time interval. Then A = aD is the estimated number of cases in the interval that



are attributable to the agent. The quantity A is sometimes called “attributable cases.”
When relative risks or exposure rates vary by age, sex, or other stratifying variables,
then separate estimates of A can be made for each combination of variables.

When there are multiple causative agents, attributable risks can be computed for each
agent separately and for combined exposures. Thus, if agents X and Y both have a
causal role in the development of a particular disease, then the relative risk for agent X
may depend upon the presence or absence of exposure to agent Y. When X and Y act
synergistically, some portion of the total risk attributable to X will reflect the combined
contribution of X and Y. For example, indoor exposure to radon has recently been es-
timated to account for about 13,300 lung cancer deaths annually in the United States
(Lubin and Boice 1988). Radon exposure and cigarette smoking interact synergistical-
ly in causing lung cancer (National Research Council 1988). Of the estimated 13,000
deaths attributable to radon exposure, about 11,000 would be due to the combined ef-
fect of smoking and radon, while about 2,000 would reflect radon exposure in non-
smokers (Lubin and Boice 1988).

Illustrative Calculation: Smoking and Lung Cancer in Women

Table 1 provides a detailed illustrative application of Levin’s method to female deaths
from lung cancer in the United States during 1985. The population of female smokers
has been divided into ten exposure levels: five categories of current cigarette smokers
based on the number consumed per day; and five categories of former cigarette smokers
based on the length of time since quitting. For each exposure category, the upper panel
shows the estimated prevalence pk, derived from the 1985 NHIS. Also given are es-
timates of relative risk rx derived from the 4-year followup (1982-86) of the second
American Cancer Society prospective study (Garfinkel and Steliman 1988). At each
exposure level, the upper panel also shows the assigned share sx and the case fraction
f.

The computations are summarized in the lower panel of Table 1. For both current
and former smokers, as well as for all females at risk, the estimated prevalences p rep-
resent the corresponding sums Zx pk over the prevalence rates p in the individual sub-
categories. The case fractions f likewise represent sums of individual fractions fk, while
the attributable risks a are derived from the corresponding sums Zk skfk. Attributable
deaths A are derived from the products aD, where D = 38,687 lung cancer deaths among
adult females in 1985.

Table 1 shows that almost two-thirds of all female lung cancer deaths occurred among
women who currently smoke one pack or more daily or who have quit smoking within
the last 5 years. Nine out of ten lung cancer deaths occurred in women with any his-
tory of regular cigarette use. Cigarette smoking accounted for an estimated 82 percent
of lung cancer deaths in women, or 31,600 deaths in 1985. About 9,300 (or 29 percent)
of the 31,600 female lung cancer deaths that were caused by smoking occurred among
former smokers.

Both the prevalence rates and the relative risks in Table 1 are subject to sampling
variability. By a formula analogous to equation (2), a standard error for the logistic
transformation of a can be derived. Under the assumption that D has no sampling
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TABLE 1.—Detailed computation of smoking-attributable lung cancer deaths
among females, United States, 1985

Exposure Prevalence Relativerisk*  Assigned share Case fraction
category p (%) r s (%) f (%)
Current smokers
1-10 per day® 93 55 819 9.4
11-19 per day 3.3 11.3 91.1 6.7
20 per day 9.3 14.2 93.0 24.0
21-30 per day 32 204 95.1 11.8
231 per day 27 223 95.5 10.8

Former smokers

0-2 years® 5.0 18.2 94.1 16.7

3-5 years 25 11.2 91.1 5.0

6-10 years 34 4.9 79.5 3.0

11-15 years 2.0 32 68.5 1.2

216 years 4.0 1.8 434 1.3
Exposure Prevalence Case fractions Atlrirti)sul:able Algél;t&::? le
category p (%) %) a(%) A
Current smokers 278 62.7 57.7 22,300
Former smokers 16.9 27.2 24.1 9,300
Current and former smokers 447 899 81.8 31,600

“Ralio of age-adjusted death rates, where age adjustment was performed by direct standardization 10 the age
distribution of woman-years of exposure among nonsmokers.

"Number of cigarettes smoked per day, as of the dale of enroilment (September 1982).

“Number of years elapsed since last smoked regulatly. as of the date of enrollment (September 1982).

J Attributable deaths A equal aD, where a is attributable risk and D equals 38,687 lung cancer deaths among adult
females in 1985.

SOURCE: Garfinkel and Stellman (1988). NHIS 1985, unpublished tabulations; NCHS, Division of Vital
Statistics, 1985, unpublished.

variability, statistical confidence bounds for A can also be calculated. For the calcula-
tion shown in Table 1, the estimated 95-percent confidence interval on a for all smokers
was 72.1 to 88.6 percent. The corresponding confidence interval for D was 27,900 to
34,300 deaths. Only 2.6 percent of the variance of the logistic transformation of a was
due to sampling variability of prevalence rates.
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Uncertainties in Attributable Risk

Aggregation Bias Versus Statistical Precision

Sampling variation is not the sole source of uncertainty in estimates of attributable
risk. The computations of Table 1 entail the assumption that the relative risks rx depend
only upon the specified indices of current and former smoke exposure.

Thus, for former cigarette smokers in Table 1, the degree of risk after cessation of
smoking is shown as depending only upon the length of cessation. Yet the magnitude
of the residual risk also depends upon the extent of prior cigarette smoke exposure
(Hammond 1968; Lubin et al. 1984) and the reason for stopping (Kahn 1966). Also,
some persons may have quit smoking after lung cancer had been diagnosed. As Table
1 shows, women who had stopped smoking for 16 or more years at the time of enroll-
ment into CPS-1II had a subsequent 4-year relative risk of lung cancer equal to 1.8.
Within this group of long-term quitters, however, those women who had previously
smoked 21 or more cigarettes daily had an estimated relative risk of 4.0 (Garfinkel and
Stellman 1988).

Likewise, for current smokers in Table 1, the degree of lung cancer risk is shown as
depending only upon the current number of cigarettes smoked per day. Yet the risk
depends critically upon the lifetime dosage of cigarette smoking, especially the dura-
tion of cigarette use and the age of initiation of regular smoking (Brown and Kessler
1988; Doll and Peto 1978, 1981; Peto 1986; US DHHS 1982). While the relative risk
r was 22.3 for all women currently smoking 31 or more cigarettes daily (Table 1), it
was 18.9 for heavy smokers of 18 to 30 years’ duration and 38.8 for heavy smokers of
more than 40 years (Garfinkel and Stellman 1988).

A more detailed, multidimensional breakdown of exposure levels may minimize er-
rors of classification, but such disaggregation also increases the sampling variability of
the estimates. Conversely, increased aggregation of exposure levels will reduce sam-
pling variability. Thus, if relative risk were assumed to depend only upon present smok-
ing status (current versus former), then the estimated attributable risk for female lung
cancer deaths in 1985 would be 80 percent, with a confidence range of 77 to 83 per-
cent. The confidence range of attributable deaths A would be narrowed to 29,700 to
32,000.

Age-Standardization

The relative risks in Table 1 were estimated as a ratio of age-adjusted death rates,
where the age adjustment was performed by direct standardization to the age distribu-
tion of nonsmokers’ person-years at risk. In principle, if the relative risk is in fact age
independent, then the estimate of relative risk in large samples should not be very sen-
sitive to the choice of the standard population (Anderson et al. 1980). In practice,
however, the estimates can depend strongly upon the standard population. For the il-
lustrative calculation in Table 1, the use of the entire population of CPS-II woman-years
at risk (rather than nonsmokers only) resulted in an attributable risk for lung cancer of
79 percent, with a confidence range of 75 to 82 percent (see Table 11).
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Potential Biases in Applying the Resulis of Prospective Studies to the General
Population

Subjects enrolled in the CPS-II prospective study constituted over 1.5 percent of all
American adults age 45 and over (Stellman, Boffetta, Garfinkel 1988). Still, they dif-
fered from the U.S. population in a number of ways (Garfinkel 1985; Stellman and Gar-
finkel 1986). CPS-II entrants were more highly educated. The black and Hispanic
populations were underrepresented, though less so than in CPS-1 (Garfinkel 1985). As
in CPS-I, institutionalized and seriously ill persons, as well as illiterate people who
could not complete a questionnaire, were excluded {(Lew and Garfinkel 1984). In both
CPS-1 and CPS-II, the overall mortality rates of the enrollees fell substantially below
those of the general U.S. population (Hammond 1969; Lew and Garfinkel 1988).

These considerations do not by themselves invalidate the use of CPS-II to estimate
smoking-attributable risks for the entire American population. The critical assumption
in Table 1 above is whether the estimated relative risks ri—mnot the absolute death rates
dx—are representative of the general population.

For CHD and for all-cause mortality, CPS-I subjects who were reportedly well at the
time of enrollment showed higher estimated relative risks of cigarette smoking than
those subjects who said they were sick or who gave a recent history of cancer, heart
disease, or stroke (Hammond and Garfinkel 1969; Lew and Garfinkel 1988). A similar
elevation of relative risk in well subjects has been found for lang cancer in CPS-1II (Gar-
finkel and Steliman 1988). Since initially well persons had lower disease rates, the
proportional effect of cigarette smoking appeared to be larger. While CPS-1 and CPS-
IT excluded seriously ill and institutionalized persons, the magnitude of the resulting
bias is unclear. In the 1980 U.S. Census, about 1.5 percent of the U.S. adult popula-
tion was institutionalized. Among persons aged 65 years and over, the proportion was
5.3 percent (U.S. Bureau of the Census 1986).

Cigarette smoking has been found to act synergistically with certain workplace ex-
posures (such as asbestos and ionizing radiation) in the development of lung cancer (US
DHHS 1985; Saracci 1987; National Research Council 1988). Such interactions may
also be present in the etiology of nonneoplastic lung disease. Alcohol and tobacco
likewise interact synergistically in the etiology of oral and esophageal cancer (US
DHEW 1979). Moreover, cigarette smoking has been found to interact synergistical-
ly with elevated serum cholesterol and elevated blood pressure in enhancing the risk of
CHD (US DHHS 1983). Persons of lower socioeconomic status (SES) may be more
likely to receive such workplace exposures, to consume alcohol heavily, or to have un-
favorable CHD risk factors. However, if the effects of cigarette smoking are multi-
plicative, then exclusion of such persons from CPS-I and CPS-II would not bias the es-
timated relative risks of disease due to cigarette smoking. Conversely, if the effects of
cigarette smoking are purely additive, rather than synergistic, then the exclusion of per-
sons with elevated baseline disease rates would bias upward the estimated relative risks
of disease due to smoking.

The estimated relative risks in Table 1 are specific to women and have been stand-
ardized for age. Standardization for other stratifying or confounding variables was not
performed. In principle, failure to control for such variables could bias upward or
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downward the estimated relative risks due to cigarette use. As discussed in Chapter 2,
numerous attempts to control statistically for confounding and stratifying variables have
not materially altered the estimated relative risks for cigarette-related diseases.

In the illustrative computation of Table 1, no distinction among the races has been
drawn. For both sexes, the prevalence of current cigarette use is higher for blacks than
for whites. Conversely, smaller fractions of black men and women are former cigarette
smokers (US DHHS 1988b). Black persons were underrepresented in CPS-11, con-
stituting only 4 percent of entrants (Stellman and Garfinkel 1986). Hence, the relative
risks reported in Table 1 may not be accurate for black women. Among the 38,687
adult female lung cancer deaths in 1985, a total of %392 (8.8 percent) occurred in black
women. Hypothetically, if the attributable risks a among black women had been only
half those of whites, then the smoking-attributable lung cancer deaths in Table 1 would
be reduced from 31,600 to 30,300.

In prospective cohort studies, mortality rates tend to be reduced in the initial year or.
two of followup. This phenomenon of lower initial mortality results from a tendency
to exclude persons who are sick at the outset of the study. In particular, the relative
risks in Table 1 were derived from the 4-year followup (1982-86) of CPS-II subjects.
Accordingly, it is possible that the planned 6-year followup of CPS-II (1982-88) will
reveal somewhat lower relative risks than those reported for the first 4 years.

Conversely, measurements of exposure and other personal characteristics, typically
obtained at the start of a prospective study, become less accurate as the duration of fol-
lowup increases. The relative risks reported in Table 1, for example, have been clas-
sified according to the subjects’ cigarette smoking practices upon enrollment in 1982.
If many women who were current smokers in 1982 had in fact quit smoking by 1986,
then the reported relative risks for “current” smokers are actually those of a mixture of
current and former smokers.

In the analysis reported below, the 4-year followup of CPS-II is to be compared with
the 6-year followup of CPS-1. Such a comparison needs to be interpreted in light of
potential biases arising from short- and long-duration followup in prospective studies.

Uncertainties in Exposure

Potential errors in estimated exposure rates pk are a further source of urcertainty in
the computation of attributable risk a. In the illustrative calculation of Table 1, such
exposure rates were derived from the 1985 NHIS, a large-scale, stratified, face-to-face
household interview survey of the noninstitutionalized civilian population of the United
States. Among the possible errors in NHIS estimates are: underreporting or misreport-
ing of current cigarette use; inaccurate recall of past cigarette smoking; nonresponse
biases due to exclusion of some persons not available for interview; and underrepresen-
tation of certain population segments. These sources of uncertainty are discussed in
Chapter 5. On the whole, NHIS-derived estimates of population smoking rates have
been consistent with other face-to-face interview surveys (CDC 1987a).
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Errors in the Classification of Causes of Death

The estimation of attributable deaths A requires information on total deaths D. For
the computation in Table 1, the latter quantity was defined as deaths in 1985 whose un-
derlying cause was primary lung cancer (International Classification of Diseases, Ninth
Revision [ICD-9], Code 162). Deaths from the larger class of Respiratory Cancers
(ICD-9 Codes 162-165) were not used because they include pleural mesotheliomas and
secondary lung cancers. Still, the use of ICD-9 Code 162 alone may not eliminate all
errors of death certification. In a review of over 1,300 thoracic cancer deaths in Min-
nesota between 1979 and 1981, Lilienfeld and Gunderson (1986) identified four cases
of pleural malignant mesothelioma that had been classified as Code 162.9. Moreover,
it is at least arguable that physicians in recent years have been reluctant to diagnose
primary lung cancer in the absence of a history of cigarette smoking (McFarlane et al.
1986).

While errors in disease classification and death certification of lung cancer in 1985
may be relatively minor, the same cannot be said with assurance about other diseases
caused by cigarette use. Thus, deaths certified as being caused by CHD (1CD-9 Codes
410414) may not adequately reflect the lethal consequences of cigarette use on the
cardiovascular system. Many deaths from Hypertensive Diseases (Codes 401404, in-
cluding Hypertensive Heart Disease, 402, and Hypertensive Disease, 404) may have
been aggravated by cigarette use. Similarly, deaths certified as being caused by COPD
(ICD-9 Codes 490492 and 496) may incompletely reflect the numbers of deaths from
nonneoplastic respiratory disease due to smoking. Many cases of Influenza and
Pneumonia (ICD-9 Codes 480—487) may not have been lethal but for the coexistence
of cigarette-induced lung damage.

The major prospective studies of cigarette smoking and mortality that were initiated
in the 1950s relied upon the International Classification of Diseases, Seventh Revision
(ICD-7) (Hammond 1966; Dorn 1959; Kahn 1966; Rogot 1974; Rogot and Murray
1980; Doll and Hill 1956, 1964, 1966; Doll et al. 1980; Doll and Peto 1976). Coding
conventions have changed considerably since ICD-7 was adopted in 1955 (Klebba
1975, 1982; Klebba and Scott 1980). While ICD-7 Code 162 was reserved for lung
cancer that was “specified as primary,” a separate code 163 was allocated to lung can-
cers ‘“‘not specified as primary or secondary.” In practice, however, epidemiologists
and vital statisticians recognized that the great fraction of lung cancer deaths certified
under ICD-7 Code 163 were primary and that deaths certified under the two codes were
in fact indistinguishable. Accordingly, it was standard procedure to report combined
deaths for Codes 162 and 163—a practice adhered to in the analysis below. Still, the
use of the combined category 162-163 in ICD-7 may have introduced greater diagnos-
tic uncertainty than the current use of Code 162 in ICD-9.

Previous Estimates of Attributable Risk from Cigarette Smoking

Many authors have estimated the number or proportion of deaths attributable to
cigarette use, either from a single cause, a group of causes, or all causes (Ravenholt
1964, 1984; Rice et al. 1986; Mclntosh 1984; Whyte 1976; Hammond and Seidman
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1980; Doll and Peto 1981; Garfinkel 1980a; U.S. Office of Technology Assessment
(US OTA) 1985; Schultz 1986; Goldbaum et al. 1987; CDC 1987b). Doll and Peto
(1981) estimated 83,000 smoking-attributable deaths from lung cancer in 1978. Rice
and colleagues (1986, Table 5) estimated 270,000 smoking-attributable deaths among
U.S. adults in 1980, including 86,000 from CHD, 75,000 from lung cancer, and 14,000
from “emphysema, chronic bronchitis.” The Centers for Disease Control (1987b) es-
timated 315,000 smoking-attributable deaths for 1984, including 77,000 from CHD,
93,000 from lung cancer, and 51,000 from “chronic bronchitis, emphysema” combined
with “‘chronic airways obstruction.”

These studies differ with respect to specific causes of disease, the time period under
consideration, the populations at risk, the sources of epidemiologic data, and the specific
methodology for estimation of risk. Thus, some researchers have directly applied
Levin’s measure of attributable risk, as defined in equations (1) and (3) (Rice et al.
1986; Mclntosh 1984; CDC 1987b; Goldbaum et al. 1987; Whyte 1976). In doing so,
they assumed that estimates of relative risk r, derived from particular epidemiologic
studies, could be extrapolated to the population under consideration. By contrast, Ham-
mond and Seidman (1980) and Garfinkel (1980a) computed attributable risks directly
for the CPS-1 study population.

In an analysis of avoidable deaths from cancer, Doll and Peto (1981) employed a dif-
ferent model. Let N denote the size of the population at risk, while D denotes the total
number of deaths from a specific cause. If do denotes the cause-specific death rate
among unexposed persons, then D—dgN is an estimate of the number of deaths at-
tributable to the exposure. To estimate attributable cancer risks for the United States
in 1978, Doll and Peto (1981) then assumed that the age- and sex-specific cancer mor-
tality rates for nonsmokers do observed in CPS-I during 1959-72 could be applied to
nonsmokers in the general population in 1978. In support of such an assumption, they
note that for men, nonsmokers’ cancer rates in other prospective studies (Kahn 1966;
Doll and Peto 1976) closely matched those observed in CPS-I (Doll and Peto 1981).
Moreover, CPS-I lung cancer rates of nonsmoking women were similar to those of U.S.
women in 1950, before their lung cancer rates began to increase.

Doll and Peto’s method was employed by OTA (1985) to estimate attributable deaths
from CHD (US OTA 1985). For cancer, nonsmoker death rates in CPS-I may well ap-
proximate do for the U.S. population. But the same conclusion does not appear to be
warranted for CHD (Sterling and Weinkam 1987). In fact, the use of CPS-I nonsmoker
death rates yielded an estimate of 142,000 smoking-attributable deaths from CHD in
1982. By contrast, application of the Levin method gave an estimate of 91,000 deaths
(US OTA 1985).

Doll and Peto (1981) rejected the application of relative risks derived from CPS-1to
the U.S. population in 1978. Their central concern was that such relative risks had in-
creased in the two decades since the start of CPS-I in 1959. Among smokers aged 60
years or more in 1965, a much smaller fraction had smoked regularly during early life.
For older women smokers, in particular, only one in eight had begun to smoke regular-
ly as a teenager. This proportion increased markedly in subsequent decades (Chapter
5). In view of the importance of quantity and duration of smoking in determining lung
cancer risk—and especially in view of the critical role of early-life smoking in the etiol-
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ogy of smoking-induced cancers (Peto 1986)—it was highly likely that the relative risks
for smoking-induced cancers would have increased since the early 1960s. (See also
Doll et al. 1980.)

Accordingly, there may be serious biases in the application of relative risks from
1960s prospective epidemiologic studies to 1980s populations. Such potential biases
counstitute the most serious criticism of prior studies of smoking-attributable deaths.
Updated epidemiologic evidence for the 1980s is needed to address this criticism.

Populations At Risk: 1965 and 1985

Table 2 and Figures | through 5 describe the populations at risk in 1965 and 1985.
While Table 2 reports the percentages of smokers, the figures show the absolute num-
bers of U.S. resident adults in each smoking category for each year. Children and young
adults under age 18, who may also sutfer adverse effects from cigarette use, are ex-
cluded from Table 2 and the figures.

In both 1965 and 1985, respondents to the NHIS were asked, “Have you smoked at
least 100 cigarettes in your entire life?” Those who answered affirmatively were then
asked how much they smoked currently or, if they were not current smokers, when they

TABLE 2.—Prevalence of cigarette smoking, persons aged 18 years or more,
United States, 1965 and 1985

1965° 1985"
(%) (%)
Males
Current smokers* 53.4 327
Former smokers 20.8 29.1
Never smoked regularlyd 258 328
Females
Current smokers* 341 27.5
Former smokers 8.1 17.1
Never smoked regularlyd 57.8 554

NOTE: Prevalence estimates for 1965 and [985 have been directly standardized to the age distributions of the U.S.
resident populations in each year, respectively (U.S. Bureau of the Census 1974, 1986},

“Based upon 52,873 self-responses 10 the Cigarente Smoking Supplement to the 1965 National Health Interview Survey.
Standard errors 0.3 10 0.4 percent for males. 0.1 1o 0.2 percent for females. Inclusion of 33,422 additional proxy
responses resulted in the following estimates: male current smokers, 51.9 percent: male former smokers, 19.0 percent:
female current smokers, 33.6 percent: and female former smokers. 7.7 percent.

"Based upon 32.859 self-responses to the Cigarette Smoking Supplement to the 1985 National Health Interview Survey.
Standard errors 0.4 percent for males, 0.3 percent for females.

“In 1965. current smokers included all respondents who reported a current number smoked per day. including "less

than | per day.” In 1985, current smokers included all respondents who answered affirmatively to the question "Do
you smoke now?"

°In both 1965 and 1985, the category “never smoked regularly” included two groups of respondents: (1) those who
answered negatively to the question "Have you ever «moked at least 100 cigarettes in your life?": and (2) those who
answered affirmatively but denied ever smoking cigarettes regularly. In 1965 and 1985, respectively. group 1 accounted
for 99 percent and 97 percent of all respondents in the category "never smoked regularly.”
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last smoked regularly. While the NHIS for 1965 permitted proxy respondents, the es-
timates in both years have been derived from self-respondents only (see Note b of Table
2).

Table 2 shows the percentage distribution among adult men and women in three
categories: current smokers, former smokers, and those who never smoked regularly.
Between 1965 and 1985, the proportions of current smokers declined and the propor-
tions of former smokers increased. The most marked change was the decline in the
prevalence of current cigarette use among adult men.

In Figure 1, the responses have been further divided into four categories: current
smokers of fewer than 25 cigarettes daily: current smokers of 25 or more cigarettes
daily: former smokers who quit within the last 5 years: and former smokers who stopped
for more than 5 years. The weighted proportions in each category, tabulated by age
and sex. were then multiplied by the corresponding estimates of the U.S. resident
population (U.S. Bureau of the Census 1974, 1986).

In 1965, there were an estimated 53.7 million adult current cigarette smokers (stand-
ard error, 0.2 million), which represented about 43 percent of all U.S. residents aged
18 years ormore. By 1985, there were an estimated 53.5 million adult current smokers,
composing 30 percent of U.S. adults. While the total number of current smokers stayed
about the same, there was a shift in their distribution by sex. The number of adult male
current smokers declined from 31.7 million (53.4 percent) in 1965 to 28.2 million (32.7
percent) in 1985, while adult female smokers increased from 22.0 million (34.1 per-
cent) to 25.3 million (27.5 percent) (Figure 1).

In 1965, about 28 percent of adult male smokers who were nonproxy respondents to
the NHIS consumed 25 or more cigarettes per day (Figure 1). By 1985, this proportion
had risen to 32 percent. For women, the proportions of heavier current smokers rose
from 14 percent of nonproxy respondents in 1965 to 21 percent of smokers in 1985.
The true population prevalence of smoking 25 or more cigarettes per day in 1965 is
somewhat uncertain because the elimination of proxy respondents may make the sample
nonrepresentative. As shown in Chapter 5. however, there was no significant change
in the proportion of heavy smokers between 1974 and 1985.

By contrast, the numbers of former smokers increased substantially between 1965
and 1985. Thus, in 1965, there were about 17.6 million adult former smokers (12.4
million men and 5.2 million women). By 1985, this number had risen to 40.9 million
(25.2 million men and 15.7 million women). There was an increase in the proportion
of former smokers who had stopped for more than S years (from 49 to 63 percent of
male former smokers, and from 41 to 57 percent of female former smokers) (Figure 1).

Cigarette Smoking and Other Forms of Tobacco Use

Figure 2 shows the 1965 and 1985 adult populations broken down according to the
type of tobacco used. In 1965, the NHIS included questions on cigar and pipe smok-
ing as well as cigarette use. The 1985 questionnaire inquired only about cigarette smok-
ing. However, questions about all forms of tobacco use, including smokeless tobacco,
were included on a supplement to the 1985 Current Population Survey, performed by
the U.S. Bureau of the Census (see Chapter 5).
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FIGURE 1.—Populations of current and former cigarette smokers, adult men and
women, United States, 1965 and 1985

SOURCE: Estimated from unpublished tabulations, NHISs 1965 and 1985; and estimates of the resident populations of
the United States by age and sex. 1965 and 1985 (US Bureau of the Census 1974, 1986).

Figure 2 shows a marked change over two decades in the forms of tobacco used by
men. In 1965, 5.2 million men (9 percent) had a history of ever smoking pipes or cigars,
but not cigarettes. In 1985, the number using noncigarette tobacco dropped to 2.7 mil-
lion or 3 percent of the men. In 1965, 29 million men had a history of ever smoking
cigarettes and other forms of tobacco, about two-thirds of all cigarette smokers. By
1985, the number had dropped to 5.6 million, only 1 in 10 of all cigarette smokers.

Older Cohorts of Cigarette Smokers

Figures 3 and 4 focus on persons aged 60 years and over, who suffer the highest in-
cidence rates of smoking-related diseases. For 1965 and 1985, respectively, these
groups of older persons were born before 1906 and before 1926. Among older men, as
shown in Figure 3, the two-decade interval witnessed a 136-percent increase in the num-
ber of former cigarette smokers. Among older women, the number of current smokers
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FIGURE 2.—Populations of adult men and women classified by history of tobac-

co use, United States, 1965 and 1985
SOURCE: Estimated from unpublished tabuiations, NH1Ss 1965 and 1985; unpublished tabulations, CPS 1985; and es-
timates of the resident populations of the United States by age and sex, 1965 and 1985 (US Bureau of the Census 1974, 1986).

doubled, while the number of former smokers increased sixfold. Between 1965 and
1985, the population of older women with a history of regular cigarette use, past or
present, increased over threefold.

The NHISs for 1965 and 1985 did not ask about the age of initiation of cigarette use.
However, this information is available from other sources. For 1985, tabulations of the
age of onset of regular cigarette use were made from the Current Population Survey.
About 69 percent of older men with a history of cigarette use, past or present, began to
smoke before age 20 (Figure 4). Among older women, the proportion was 39 percent.

For 1965, three sources of information provide the age of smoking initiation among
cohorts born before 1906: the NHISs of 197880 (Harris 1983), the Current Popula-
tion Survey of 1955 (Haenszel et al. 1956), and the initial 1959 questionnaire to CPS-
I (Hammond 1966, Appendix tables). For older men with a history of cigarette use,
about 60 percent started smoking before age 20 (range, 56 to 62 percent). For older
women smokers, about 12 percent started in their teenage years (range, 9 to 15 percent).
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Accordingly, the period between 1965 and 1985 saw a marked increase in the num-
ber of women smokers who reached the age of 60 years (Figures 3 and 4). Moreover,
the number of such women who started smoking in their teens increased by about ten-
fold (Figure 4). Additional data on age of initiation are presented in Chapter 5.

Overlapping Populations at Risk

In 1965, a total of 71.3 million adults had a history of regular cigarette smoking, past
or present. By 1985, this count had increased to 94.4 million. These two populations
overlapped. Among the adult population at risk in 1985, about 54.8 million were born
before 1948, and therefore they were also aged 18 years or more in 1965. About 95
percent of the latter group began to smoke during 1965 or earlier (Harris 1983; un-
published tabulations from the Current Population Survey 1985). This means that about
51.8 million adults, who had ever smoked in 1985, had also been at risk in 1965.

The overlap is depicted graphically in Figure 5, where the diagonal lines show the
populations common to both years. Among 44.1 million adult men with a history of
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cigarette smoking in 1965, about 30.8 million survived to 1985. The vertical lines show
the remaining 13.3 million men who died before 1985 (standard error, 0.4 million).
Likewise, among 27.2 million adult women with a smoking history in 1965 (diagonal
lines and vertical lines combined), about 6.2 million died before 1985 (vertical lines).
Not all of the decedents, however, died as a consequence of their cigarette use.

The horizontal lines in Figure S show the populations of adults at risk in 1985 who
were not also at risk in 1965. The estimates are 22.6 million men and 20.0 million
women. These counts do not include persons who may have taken up smoking after
1965 but died before 1985. Nor do they include smokers under age 18 in 1965 and
1985. Still, it appears that in the two-decade period following the 1964 Surgeon
General’s Report and the 1965 Federal Cigarette Labeling and Advertising Act, some
43 million Americans took up regular cigarette smoking, either temporarily or per-
manently. About two-thirds of them began to smoke by age 18.
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Changes in the Cigarette Product

The 1965 and 1985 population surveys did not elicit information on the type of
cigarette smoked. However, there was a decline in the average tar and nicotine yield
of cigarettes, at least as measured by the U.S. Federal Trade Commission (FTC) using
smoking machines under standardized conditions (Chapters 2 and 5). Data on ag-
gregate cigarette sales and other population surveys (US DHEW 1979; US DHHS 1980,
1981; Chapter 5) also show that the proportion of persons smoking filter-tipped ciga-
rettes increased substantially. Among entrants into CPS-II in 1982, more than 90 per-
cent were filter-tipped-cigarette smokers. In this group, there was an average of 18
years of filter-tipped-cigarette smoking prior to enrollment (Stellman and Garfinkel
1986). The majority of these persons had smoked nonfilter cigarettes earlier in life.
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It remains problematic whether such changes in cigarette manufacture and patterns
of cigarette smoking have substantially reduced risks to cigarette smokers. There is
considerable evidence that the actual reduction in the dangerous chemicals in cigarette
smoke is much smaller than implied by the FTC machine measurements (US DHHS
1988a). While there is evidence that the long-term use of filter cigarettes and low-tar
cigarettes may somewhat reduce the risk of lung cancers, there are considerably fewer
data on a protective effect for other smoking-induced diseases (Alderson et al. 1985;
Castelli et al. 1981; Hawthorne and Fry 1978; Kaufman et al. 1983; Lee and Garfinkel
1981; Lubin et al. 1984; Hammond et al. 1976; Wynder and Stellman 1979; US DHHS
1981; Wilcox et al. 1988; Stellman 1986a,b).

During the 1965-85 period, numerous chemical treatments and additives have been
applied to cigarettes during tobacco curing and storage, sheet reconstitution, puffing,
casing, and cigarette assembly. The chemicals include humectants, pesticides, flavor-
ings, plasticizers, ash adhesives, and other agents. Cigarette filters, plug wraps, and
tipping papers have evolved. The mix of domestic tobaccos has also changed, and
oriental varieties have been added increasingly to American cigarette blends. The
details of these product changes remain proprietary (US DHHS 1981).

Other Changes in the Cigarette Smoking Population

The present comparison of populations at risk in 1965 and 1985 has been confined
10 sex, age, and history of tobacco use. Still, there may have been other changes in the
characteristics of persons who smoke cigarettes.

Surveys such as the NHIS have censistently shown a socioeconomic gradient in cur-
rent cigarette use, as measured by education, occupation, and other characteristics (US
DHEW 1979; US DHHS 1980; Novotny et al. 1988; US DHHS 1988a; Brackbiil,
Frazier, Shilling 1988; Chapter 5). There is some evidence that socioeconomic dif-
ferentials in smoking rates have widened. The proportionate decline in adult smoking
rates between 1965 and 1985 was highest for people who had graduated from college
and lowest for those who had not completed high school (Chapter 5). Between 1970
and 1980, white-collar men and women showed proportionately greater declines in
smoking rates than their blue-coilar counterparts (US DHHS 1985).

Among the factors that may influence the risks of cigarette smoking are: the coexis-
tence of untreated hypertension; elevated serum cholesterol; consumption of oral con-
traceptives; alcohol use; diabetes mellitus; and workplace exposure to other toxic and
carcinogenic agents such as asbestos and radon daughters. With respect to these fac-
tors, it needs to be determined whether the typical cigaretie user of the 1980s differs
from his or her counterpart of the 1960s,

Cigarette smokers have higher rates of alcohol use, are more sedentary, and are less
likely to wear seat belts (Schoenborn and Benson 1988; Williamson et al. 1986). It is
unknown whether these relationships have strengthened or weakened over the years.
There is evidence in the American population of declines in dietary cholesterol, in
dietary saturated fat as a percentage of total calories, and in serum cholesterol levels
(Havlik and Feinbeib 1979). The prevalence of untreated and inadequately treated hy-
pertension has also declined (Havlik and Feinleib 1979). However, detailed studies of

139



the clustering of cigarette smoking with other risk factors for CHD are unavailable. It
remains unclear whether the observed long-term declines in hypercholesterolemia and
hypertension have been more or less pronounced in cigarette smokers than in non-
smokers. There is some evidence that cigarette smoking reduces therapeutic effective-
ness of new pharmacologic and invasive treatments of CHD (Deanfield et al. 1984;
Galan et al. 1988). Finally, in 19635, oral contraceptives were just coming into
widespread use. By 1985, oral contraceptive use was prevalent among both smokers
and nonsmokers (Goldbaum et al. 1987).

Those Smokers Most at Risk in 1985 Were Also Smokers in 1965

In sum, between 1965 and 1985, there have been major changes in the populations
of smokers at risk for cigarette-related injury. In 1965, most men who smoked ciga-
rettes had also used cigars and pipes. However, by 1985 the great majority smoked
cigarettes exclusively. In 1965, about 40 percent of current smokers were women. By
1985, women numbered almost half of current smokers.

Moreover, the numbers of former smokers increased substantially in both sexes—
especially in men. In 1965, about one-quarter of all living men (self-respondents to
NHIS, age 18 or older) with a history of regular cigarette use were former smokers.
By 1985, former smokers made up almost half of all living men age 18 or older who
ever smoked. Finally, the two-decade interval witnessed a substantial increase in the
number of women smokers reaching the age of 60 years, with a tenfold rise in the
population of older women who had begun to smoke as teenagers.

These changes in the population at risk have also been observed in other, nonrandom
samples of the U.S. smoking population. including a recent comparison of the 1959
entrants into CPS-1 with the 1982 entrants into CPS-1I (Stellman and Garfinkel 1986).
The percentage of male smokers who smoked 20 or more cigarettes per day in CPS 11
(76 percent) was higher than in CPS-1 (69 percent); the percentage of female smokers
who smoked 20 or more cigarettes per day increased even more from CPS-I to CPS-II
(43 percent to 61 percent).

Among the 94.4 million adults in 1985 with a history of cigarette use, about 51.8 mil-
lion smoked cigarettes as adults before 1966. The youngest of these persons is now in
his or her late thirties. This group represents the vast majority of persons who are now
at risk for the fatal and nonfatal consequences of cigarette smoking.

Cancer Prevention Study I and Cancer Prevention Study I1

CPS-1, formerly termed the American Cancer Society 25-State study, began in Oc-
tober 1959 and ended in October 1972. Over 1 million men and women, representing
3 percent of the population over the age of 45 years, were recruited in 1,121 counties
(Hammond 1964a,b, 1966; Garfinkel 1985). Illiterate persons, institutionalized
populations, itinerant workers, and illegal aliens were not recruited. More than 97 per-
cent of enrollees were white. Enrollment was by family; an eligible family had to have
one member over age 45. Once a family was eligible, every family member over the
age of 35 was asked to participate. As a result of family-based recruitment, more than
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three-quarters of CPS-I subjects were married. As a consequence of the eligibility rules,
the age distribution of entrants peaked at 4549 years. More than one-third of par-
ticipants had at least some college education.

CPS-II was instituted in September 1982. The study, conducted in all 50 States, had
the same enrollment plan and organizational structure as CPS-I. Over 1.2 million per-
sons were enrolled. As in CPS-I, subjects were predominantly white and more edu-
cated than the general population. While 2 percent of CPS-I participants were black,
the proportion increased to 4 percent in CPS-1I. Still, black persons were under-
represented. Like CPS-1 participants, CPS-1I enrollees were predominantly over 40
years of age. Unlike CPS-I. the mode of their age distribution was 50 to 59 years (Gar-
finkel 1985; Stellman and Garfinkel 1986).

CPS-I1 is planned to continue through 1988. Preliminary results of the first 4 years
of followup (1982-86) are available. For these 4 years, ascertainment of the fact of
death among enrollees is thought to be virtually complete. However, as of July 1988,
the cause of death had not been ascertained for about 9 percent of male deaths and 13
percent of female deaths,

Comparison of the 6-year followup (1959-65) of CPS-I and the 4-year followup of
CPS-11 is reported below. For computation of relative risks, cause-specific death rates
for CPS-1 males and females have been standardized to the age distributions of man-
years and woman-years of exposure during 1965-69. Relative risks in CPS-II were
likewise computed as the ratios of age-adjusted death rates, where standardization was
performed with respect to the age distributions of man- and woman-years of exposure
during 1982-86.

For comparison of absolute death rates (as opposed to relative risks), the age-specific
rates in both studies were standardized to the age distribution of U.S. resident white
males and females in 1965. For CPS-I1, absolute death rates have been corrected for
underascertainment of causes of death. No such correction was made for CPS-1, where
death certificate retrieval is virtually complete.

No attempt has been made to correct for possible noncomparability between ICD-7
(CPS-I) and ICD-9 (CPS-II). Studies of the transition between the Seventh and Eighth
Revisions of the International Classification of Diseases have shown significant non-
comparability (Klebba 1975, 1982). Similar results have been reported for the transi-
tion between the Eighth and Ninth Revisions (Klebba and Scott 1980). Comparison of
the Seventh and Ninth Revisions, however, suggests that the combined changes have
been self-cancelling (Personal communication, J. Klebba to J. Harris, June 1988).

Both CPS-1and CPS-I1 are more representative of middle-class white Americans than
the U.S. population as a whole. Still, the two cohorts were derived from virtually iden-
tical sampling schemes, and analysis of the entrants has shown similar demographic
characteristics (Stellman and Garfinkel 1986). These considerations enhance the
validity of comparisons between the American Cancer Society studies.

Nonsmokers’ Death Rates

Table 3 reports a comparison of the age-adjusted death rates for the three leading
causes of death from cigarette smoking: CHD; chronic obstructive pulmonary disease
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(COPD); and lung cancer. For COPD and lung cancer, in particular, there has been no
discernible change in nonsmokers’ death rates. The relatively small changes—Iless than
15 percent up or down—are all statistically insignificant. The absence of significant
change in nonsmokers’ lung cancer rates confirms and extends the findings of Doll and
Peto (1981) and Garfinkel (1981). For COPD, the table presents the first information
on trends in nonsmokers’ death rates.

It needs to be emphasized, however, that the statistical test for a change in lung can-
cer or COPD rates is of relatively low power. For COPD, there are sufficient data to
have detected an increase of 53 percent or more in males and an increase of 42 percent
or more in females at the 0.05 level of significance. For lung cancer, increases of more
than 37 and 24 percent for males and females, respectively, were detectable as statisti-
cally significant.

In contrast to lung cancer and COPD, Table 3 shows a very marked decline in CHD
death rates in nonsmokers. Over an approximate 20-year period, nonsmokers’ age-
adjusted death rates dropped by 64 percent in men and 69 percent in women. The ob-
served decline in nonsmokers’ CHD death rates is in keeping with the CHD decline in
the general population. However, the magnitude of the decline is larger in the American
Cancer Society subjects. Among U.S. white males, the age-adjusted death rate from
CHD (standardized to the 1965 population distribution) declined by 41 percent during
1965-85. For U.S. white females, the decline was 40 percent (NCHS 1967 and
unpublished; U.S. Bureau of the Census 1974, 1986).

TABLE 3.—Age-adjusted annual death rates per 100,000 for CHD, COPD, and
lung cancer among males and females, aged 35 years or more, who
never smoked regularly, 6-year followup (1959-65) of CPS-1
compared with 4-year followup (1982-86) of CPS-1I

Males Females
Disease CPS-I cps- P CPS-1 CPS-II*®
CHD 745 270 479 153
420% 410414 (726-775) (256-284) (467-491) (146-159)
COPD 9.5 8.7 40 5.6
500502, 527.15 (7.0-12.9) (6.5-11.7) (3.1-5.3) 4.5-7.0)
490-492, 496°
Lung cancer 15.5 13.6 10.3 11.4
162-163¢; 162° (12.5-19.3) (10.8-17.0) (8.9-11.9) (9.8-13.3)

*For both CPS-1 and CPS-11, age adjustment of rates was performed by direct standardization to the age distributions of
U.S. resident white males and females, respectively, in 1965 (U.S. Bureau of the Census 1974).

®For CPS-11, death rates were corrected for delayed ascertainment of causes of death. Among 4,959 known deaths
during 198286 in male nonsmokers. death certificates had not been received for 439 by June 1988. Among 10.161
known deaths in female nonsmokers, 1,411 had not been received.

‘CPS-1 coding, Intemational Classification of Diseases. Seventh Revision.

YNumbers in parentheses are 95-percent confidence intervals.

*CPS-11 coding, International Classification of Diseases. Ninth Revision.

SOURCE: Unpublished tabulations. American Cancer Society.
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Current Cigarette Smokers’ Death Rates: Lung Cancer

Figures 6 and 7, respectively, show changes in the age-specific lung cancer death
rates of men and women who described themselves as regular cigarette smokers on the
original questionnaire for each prospective study. The death rates, depicted in each
figure on a logarithmic scale, apply to all such current smokers. No adjustment has
been made for differences in the number of cigarettes smoked or duration of cigarette
use.

The age—incidence curves in both figures show a striking crossover effect. Among
older male smokers, especially those aged 70 years or more, lung cancer death rates in
CPS-II exceed those in CPS-I twofold to fourfold. By contrast, among younger male
smokers, especially those less than 50 years old, CPS-1I death rates are about 30 to 40
percent lower. The observed crossover phenomenon appears to be consistent with long-
term changes in cigarette smoke exposure among successive cohorts. The increase in
lung cancer among older male smokers reflects their increased frequency of cigarette
use and increased cigarette smoking in early life. The decline in lung cancer among
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FIGURE 6.—Age-specific death rates (log scale) for lung cancer, male current
cigarette smokers aged 35-84 years; 6-year followup of CPS-1(1959-
65), compared with 4-year followup of CPS-1I (1982-86)

SOURCE: Unpublished tabulations, American Cancer Society. Estimates for CPS-I1 are preliminary.
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younger men may reflect their increased use of filter-tipped and low-tar cigarettes.
Most currently smoking men aged 35 to 39 years in CPS-II, for example, were likely
to have been lifelong filter-tipped cigarette smokers,

An even more striking crossover is shown for female current cigarette smokers in
Figure 7. In particular, the age of crossover comes somewhat earlier. Among women
smokers aged 45 years or more, lung cancer death rates have increased fourfold to
sevenfold. (There were no deaths and a small number of person-years of exposure at
ages 75 or more in CPS-1.) By contrast, lung cancer death rates in the very youngest
cohorts, aged 35 to 44 years, have declined by 35 to 55 percent. As in the case of men,
the crossover appears to reflect differential trends in cigarette smoking among succes-
sive cohorts of women.
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FIGURE 7.—Age-specific death rates (log scale) for lung cancer, female current
cigarette smokers aged 35-84 years; 6-year followup of CPS-I (1959~
65), compared with 4-year followup of CPS-1II (1982-86)

SOURCE: Unpublished tabulations, American Cancer Society. Estimates for CPS-11 are preliminary.

Current Cigarette Smokers’ Death Rates: Coronary Heart Disease

Figure 8 shows the proportional decline from CPS-I to CPS-II in the age-adjusted
CHD death rates of current smokers and nonsmokers. The relative declines are depicted
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separately for men and women, and for persons younger than 65, and 65 and older.
CHD death rates have declined in both cigarette smokers and nonsmokers. For the
predominantly white, middle-class populations under study in CPS-I and CPS-II, the
overall decline among smokers and nonsmokers was greater than observed for the U.S.
white population.

Still, the declines in CHD mortality rates among nonsmokers were notably greater
than among current cigarette smokers. The disparity is seen at all ages, but appears
somewhat greater among younger persons. In contrast to lung cancer (Figures 6 and
7). no crossover in age—incidence curves is observed. The increasing smoker—non-
smoker disparity at younger ages argues against a significant salutary effect of lifelong
filter-tipped cigarette use. The possibility that changes in other coronary risk factors
among cigarette smokers may explain their reduced decline in CHD rates needs further
investigation.
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FIGURE 8.—Percentage decline in age-adjusted death rates for CHD; 6-year fol-
lowup of CPS-I (1959-65), compared with 4-year followup of CPS-
IT (1982--86)

SOURCE: Unpublished tabulations, American Cancer Society. Estimates for CPS-11 are preliminary.
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FIGURE 9.—Age-specific death rates for COPD, male and female current
cigarette smokers aged 45-84 years; 6-year followup of CPS-1 (1959~

65), compared with 4-year followup of CPS-II (1982-86)
SOURCE: Unpublished tabulations, American Cancer Society. Estimates for CPS-11 are preliminary.

Current Cigarette Smokers’ Death Rates: Chronic Obstructive Pulmonary
Disease

Figure 9 gives corresponding changes in age-specific death rates for COPD. In this
figure, the ages are grouped into 10-year rather than 5-year age ranges as in Figures 6
and 7. For male smokers, there has been a reduction in COPD death rates for ages 45
to 74 years. For female smokers over 55 years old, there has been about a twofold to
threefold increase in COPD rates.

Estimated Relative Risks from CPS-I and CPS-II

For men and women, respectively, Tables 4 and S depict estimated relative risks in
the 6-year followup of CPS-I for all-cause mortality and for 14 specific causes of death
(15 causes for women, including cervical cancer). For men in Table 4, the estimated
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relative risks for current and former cigarette smokers are given separately. For women
in Table 5, the numbers of deaths and person-years of exposure among former smokers
were too small to give reliable death rates for many causes. Accordingly, in conformity
with earlier reports of CPS-I mortality, the death rates for current smokers are compared
with those of women with any history of regular cigarette use, past or present.

For both men and women, the estimates in Tables 4 and 5 are in accord with earlier
reports on CPS-I mortality (Garfinkel 1980b; Hammond 1964a,b, 1966, 1972; Ham-
mond and Garfinkel 1969; Hammond and Seidman 1980). Among men, former
smokers have lower mortality ratios. In both sexes, relative risks for CHD are higher
at younger ages. Both sexes, but to a greater extent, men, show elevated risks of other
cardiovascular diseases including stroke, hypertensive heart disease, and aortic
aneurysm. In both sexes, smokers’ death rates are higher for bronchitis and emphysema
and for seven cancers including lung cancer. The relative risk of lung cancer among
current smokers in CPS-1 is about 11.3 for men and 2.7 for women.

The results for CPS-11, given in Tables 6 and 7, show substantial changes in the mor-
tality risk of cigarette smoking over two decades. The all-cause relative risk for men
has increased from 1.8 in CPS-1to 2.3 in CPS-1I. For women, it has risen from 1.2 to
1.9. These increases in overall mortality are not an artifact of the method of age adjust-
ment, because CPS-II contained proportionately fewer person-years of exposure at the
youngest ages than CPS-1.

As reflected in Table 6 and Table 7, the relative risks for CHD death have increased
for both men and women. The relative risks for men, in particular, are consistent with
those reported from recent case—control studies (Kaufman et al. 1983; Rosenberg et al.
1985) and from the followup of the Multiple Risk Factor Intervention Trial (MRFIT)
cohort, as described in Chapter 2. The markedly elevated relative risks for younger
women in Table 7 are consistent with those reported in a recent case—control study
{Slone et al. 1978) and in a prospective study of 120,000 female nurses (Willett et al.
1987). Such consistencies across epidemiologic studies—especially cohort and case—
control studies reported during the 1980s—argue against any appreciable bias in the 4-
year preliminary results of CPS-1I given in Tables 6 and 7.

Tables 6 and 7 show consistently increased relative risks for cerebrovascular lesions
among both men and women, particularly in the younger age groups. Among women
under 65 years old, the estimated relative risk of death from stroke is 4.8, with a 95-
percent confidence range of 3.5 to 6.5. The observed increases in risk for current
smokers are reduced in former smokers.

The finding of an elevated risk of cerebrovascular disease among cigarette smokers
is not new. Elevated death rates from stroke were reported in CPS-I (Hammond 1966;
Hammond and Garfinkel 1969) and are reproduced in Tables 4 and 5. The 1983 Sur-
geon General's Report noted the association between stroke and cigarette use; no data
on the effect of smoking cessation were available (US DHHS 1983). A recent prospec-
tive study of 8,000 men of Japanese origin (Abbott et al. 1986) showed an elevated risk
of thromboembolic and hemorrhagic strokes among cigarette smokers. While there
was no clear trend of increasing risk with higher daily smoking rates, subjects who quit
smoking had reduced risks compared with continuing smokers. In the prospective study
of 120,000 female nurses, Colditz et al. (1988) found a dose-response relationship be-
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TABLE 4.—Estimated relative risks for current and former smokers of
cigarettes, males aged 35 years or more, 6-year (1959-65)
followup of American Cancer Society 25-State study (CPS-I)

Underlying cause Current. Former
of deat smokers® smokers”
All causes 1.80 b 1.38 b
(1.75-1.85) (1.33-1.42)
CHD, age 235 (420)° 1.83 1.42
(1.76-1.91) (1.34-1.49)
CHD, age 35-64' (420) 2.25 1.56
(2.13-2.39) (1.45-1.68)
CHD, age 265 (420} 1.39 1.27
(1.30-1.48) (1.17-1.37)
Hypertensive Heart Disease (440-443) 1.63 1.19
(1.36-1.96) (0.94-1.51)
Cerebrovascular Lesions, age 235 (330-334) 1.37 0.96
(1.25-1.49) (0.85-1.08)
Cerebrovascular Lesions, age 35-64 (330-334) 1.79 1.02
(1.55-2.08) (0.83-1.25)
Cerebrovascular Lesions, age 265 (330-334) 115 093
(1.02-1.30) (0.80-1.08)
Aortic Aneurysm. Non-Syphilitic (451) 4.11 2.40
(3.13-5.40) (1.73-3.34)
Ulcer, Duodenal. Gastric. and Jejunat (540-542) 3.06 149 -
12.24-41%8) (0.98-2.27)
Influenza and Pneumonia (480481, 490-493) 1.82 1.62
) (1.45-2.27) (1.24-2.12)
Bronchitis and Emphysema (500-502, 527.1) 8.81 10.20
(6.40-12.13) (7.34-14.17)
. Cancer, Lip. Oral Cavity. and Pharynx {140-148) 6.33 2.73
(3.60-11.13) (1.36-5.49)
Cancer, Esophagus (15() 3.62 1.28
(2.02-6.48) (0.53-3.08)
Cancer, Pancreas (157) 2.34 1.30
(1.81-3.02) (0.92-1.84)
Cancer, Larynx (161) 10.00 8.60
(3.51-28.51) (2.87-25.74)
Cancer, Lung {162-163) 11.35 4.96
(9.10-14.15) (3.86-6.38)
Cancer. Kidney (180) 1.84 1.79
(1.23-2.76) (1.11-2.87)
Cancer, Bladder, Other Urinary Organs (181} 2.90 1.75
’ (2.01-4.18) (1.07-2.87)

NOTE: Based upon 1,692,652 man-years of exposure among male subjects who never smoked regularly, or who
smoked only cigareties, present or past. Relative risks, estimated with respect to men who never smoked regularly,
have been directly standardized to the age distribution of all man-years of exposure.
“Refers to cigarette smoking status at enrollment (October 1959-March 1960).
"Numbers in parentheses are 95-percent confidence intervals, computed on the assumption that the logarithm of
relative risk was normally distributed. -
© Al disease codes refer to International Classification of Diseases, Seventh Revision.

When an age range is given, it refers to the age at enrollment in 1959.
SOURCE: Unpublished tabulations, American Cancer Society.
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TABLE 5.—Estimated relative risks for current cigarette smokers and for all
subjects with a history of regular cigarette smoking, females aged
35 years or more, 6-year (1959-65) followup of American Cancer
Society 25-State study (CPS-I)

Underlying cause Current Current and fgrmer
of dealﬁ smokers® smokers
All causes 1.23 b 1.24 b
(1.18-1.28) (1.20-1.28)
CHD, age 235 (420)° 1.40 1.38
(1.29-1.51) (1.29-1.74)
CHD, age 35-64° (420) 1.81 1.74
(1.67-1.97) (1.61-1.89)
CHD, age 265 (420) 1.24 1.25
(1.11-1.39) (1.14-1.37)
Hypertensive Heart Disease (440-443) 1.31 1.27
(1.04-1.66) (1.04-1.55)
Cerebrovascular Lesions, age 235 (330-334) 1.19 1.26
(1.06-1.35) (1.13-1.80)
Cerebrovascular Lesions, age 35-64 (330-334) 1.92 1.80
(1.69-2.18) (1.59-2.03)
Cerebrovascular Lesions, age 265 (330-334) 0.97 1.09
(0.81-1.16) (0.95-1.26)
Aortic Aneurysm, Non-Syphilitic {451) 464 3.67
(3.00-7.20) (2.46-5.48)
Ulcer. Duodenal, Gastric, and Jejunal (540-542) 1.37 1.52
(0.81-2.31) (0.96-2.41)
Influenza and Pneumonia (480481, 490-493) 0.91 0.96
. (0.59-1.41) (0.69-1.33)
Bronchitis and Emphysema (500-502, 527.1) 5.89 5.85
(3.97-8.76) (4.02-8.53)
Cancer, Lip, Oral Cavity, and Pharynx (140-148) 1.96 1.89
(1.14-3.39) (1.16-3.08)
Cancer, Esophagus (150) 1.94 2.15
(1.02-3.69) (1.09-4.23)
Cancer, Pancreas (157) 1.39 1.38
(1.04-1.86) (1.07-1.78)
Cancer, Larynx (161) 3.81 3.10
(0.78-18.52) (0.65-14.99)
Cancer, Lung (162-163) 2.69 2.59
(2.14-3.37) (2.04-3.30)
Cancer, Cervix Uteri (171) 1.10 1.32
(0.83-1.47) (1.02-1.71)
Cancer, Kidney (180) 1.43 1.47
(0.89-2.31) (0.97-2.23)
Cancer, Bladder, Other Urinary Organs (181) 2.87 2.31
(1.744.74) (1.45-3.67)

NOTE: Based upon 3,325,989 woman-years of exposure among subjects who never smoked regularly, or who smoked
only cigarettes, present or past. Relative risks, estimated with respect to women who never smoked regularly, have been
directly standardized to the age distribution of all woman-years of exposure.
:Refers to cigarette smoking status at enrollment (October 1959-March 1960).

Numbers in parentheses are 95-percent confidence intervals, computed on the assumption that the logarithm of
relative risk was normally distributed.

All disease codes refer to International Classification of Diseases, Seventh Revision.

When an age range is given, it refers to the age at enrollment in 1959.
SOURCE: Unpublished tabulations, American Cancer Society.
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TABLE 6.—Estimated relative risks for current and former smokers of
cigarettes , males aged 35 years or more, 4-year (1982-86)
followup of American Cancer Society 50-State study (CPS-II)

Underlying cause Current Former
of death smokers” smokers”
All causes 2.34 b 1.58 b
(2.26-2.43) (1.53-1.64)
CHD, age 235 (410-414)° 1.94 1.41
(1.80-2.08) (1.33-1.50)
CHD, age 35-64° (410-414) 2.81 1.75
(2.49-3.18) (1.55-1.99)
CHD, age 265(410-414) 1.62 1.29
(1.48-1.77) (1.20-1.38)

Other Heart Disease® (390-398, 401—405, 1.85 1.32
415-417,420-429) (1.63-2.10) (1.18-1.48)

Cerebrovascular Lesions, age 235 (430-438) 2.24 1.29
(1.88-2.67) (L10-1.51)
Cerebrovascular Lesions, age 35-64 (430-438) 3.67 1.38
(2.51-5.36) (0.91-2.07)
Cerebrovascular Lesions, age 265 (430-438) 1.94 1.27
(1.58-2.38) (1.07-1.50)
Other Circulatory Disease' (440-448) 4,06 2.33
(3.08-5.35) (1.81-3.01)
COPD (490-492,496) 9.65 8.75
(7.00-13.30) (6.48-11.80)
Other Respiratory Diseasef(010-012, 1.99 1.56
480-489,493) (1.52-2.61) (1.25-1.95)
Cancer, Lip, Oral Cavity, Pharynx (140-149) 27.48 8.80
(9.96-75.83) (3.15-24.59)
Cancer, Esophagus (150) 7.60 5.83
(3.81-15.17) (3.02-11.25)
Cancer, Pancreas (157) 2.14 1.12
(1.62-2.82) (0.86-1.45)
Cancer, Larynx (161) 10.48 5.24
(3.61-30.43) (1.83-14.99)
Cancer, Lung (162) 22.36 9.36
(17.77-28.13) (7.43-11.77)
Cancer, Kidney (189) 2.95 1.95
(1.92-4.54) (1.31-2.90)
Cancer, Bladder, Other Urinary Organs (188) 2.86 1.90
(1.85-4.44) (1.28-2.82)

NOTE: Preliminary estimates, based upon 1,491,791 man-years of exposure among male subjects who never smoked
regularly, or who smoked only cigarettes, present or past. Relative risks, estimated with respect to men who never
smoked regular 1y, have been directly standardized to the age distribution of all man-years of exposure.
2Refers to cigarette smoking status at enroliment (September 1982).
Numbers in parentheses are 95-percent confidence intervals, computed on the assumption that the logarithm of
relative risk was normally distributed.
All disease codes refer to International Classification of Diseases, Ninth Revision.
When an age range is given, it refers to the age at enrollment in 1982.
“Includes Hypertensive Heart Disease (401-404).
"Includes Aortic Aneurysm, Non-Syphilitic, and Genera! Arteriosclerosis (440-441).
EInctudes Influenza and Pneumonia (480-487).
SOURCE: Unpublished tabulations, American Cancer Society.
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TABLE 7.—Estimated relative risks for current and former cigarette smokers,
females aged 35 years or more, 4-year (1982-86) followup of

American Cancer Society 50-State study (CPS-1I)

Underlying cause Current Former
of death smokers® smokers*
All causes 1.90 b 1.32 b

(1.82-1.98) (1.27-1.37)
CHD, age 235 (410-414)°

CHD, age 35-64° (410-414)
CHD, age 265 (410-414)
Other Heart Disease® (390398,

401-405, 415417, 420-429)

Cerebrosvascular Lesions, age 235
(430-438)

Cerebrovascular Lesions, age 35-64
(430-438)

Cerebrovascular Lesions, age 265
(430438)

Other Circulatory Discase’ (440—448)
COPD (490-492,496)

Other Respiratory Disease?
(010-012,480-489,493)

Cancer, Lip, Oral Cavity, Pharynx
(140—149)p y. Fhaty
Cancer, Esophagus (150)

Cancer, Pancreas (157)

Cancer, Larynx (161)

Cancer, Lung (162)

Cancer, Cervix Uteri (180)

Cancer, Kidney (189)

Canger, Bladder, Other Urinary Organs (188)

1.78
(1.62-1.97)
3.00
(2.50-3.59)
1.60
(1.42-1.80)
1.69
(1.44-1.99)
1.84
(1.56-2.16)
4.80
(3.52-6.54)
1.47
(1.19-1.81)
3.00
(2.20-4.08)
10.47
(7.78-14.09)
2.18
(1.60-2.97)
5.59
(3.15-9.91)
10.25
(4.94-21.27)
2.33
(1.77-3.08)
17.78
(3.45-91.74)
11.94
(9.99-14.26)
2.14
(1.06-4.30)
141
(0.86-2.30)

2.58
(1.31-5.08)

1.31
(1.19-1.44)
1.43
(1.15-1.77)
1.29
(1.16-1.43)
1.16
(1.00-1.34)
1.06
(0.88-1.27)
141
(0.94-2.13)
1.01
(0.83-1.24)
1.34
(0.95-1.90)
7.04
(5.33-9.30)
1.38
(1.04-1.84)
2.88
(1.57-5.26)
3.16
(1.45-6.85)

1.78
(1.37-2.30)

11.88
(2.46-57.34)

4.69
(3.86-5.70)
1.94
(0.97-3.87)
1.16
(0.72-1.87)

1.85
(1.00-3.42)

NOTE: Preliminary estimates, based upon 2,418,909 woman-years of exposure among female subjects who never
smoked regularly, or who smoked only cigarettes, present or past. Relative risks, estimated with respect to women
who never smoked regularly, have been directly standardized to the age distribution of all woman-years of exposure.
:Refcrs to cigarette smoking status at enroliment (September 1982).

Numbers in parentheses are 95-percent confidence intervals, computed on the ption that the logarithm of
relative risk was normally distributed.
°All disease codes refer to Interational Classification of Diseases, Ninth Revision.

'When an age range is given, it refers to the age at enroliment in 1982.
;lncludes Hypertensive Heart Disease (401-404).

Includes Aortic Aneurysm, Non-Syphilitic, and General Arteriosclerosis (440-441).
#Includes Influenza and Pneumonia (480-487).

SOURCE: Unpublished tabulations, American Cancer Society.
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tween cigarette use and risk of stroke. They also noted a slight increase in risk among
former cigarette smokers, especially for the first 2 years after cessation. The prelimi-
nary results from CPS-II, reported in Tables 6 and 7, further support a causal role for
cigarette smoking in stroke.

The preliminary results of CPS-II also show significantly higher relative risks for
cancers of the lip, oral cavity and pharynx, esophagus, and lung, as compared with CPS-
I. The computed relative risk for lung cancer death has increased to 22 in men and 12
in women. While the relative risks for COPD death have not changed significantly
among men, there is a trend toward increasing risk among women. The available data
from CPS-II do not permit identification of specific mortality risks for hypertensive
heart disease, aortic aneurysm, and influenza and pneumonia, as in CPS-1. However,
among broader categories of cardiovascular and nonneoplastic respiratory disease, in-
creased risks are likewise found in CPS-IL

Endocrine and Sex-Related Cancers in Women

A protective effect of smoking on cancer of the endometrium has been suggested in
a recent case—control study (Lesko et al. 1985). For CPS-I, the relative risk for cancers
of the uterine corpus (ICD-7 Codes 172-174) among current smokers was 0.94 (95-per-
cent confidence interval, 0.57 to 1.53). Preliminary results for CPS-II suggest a reduced
relative risk for endometrial cancer (ICD-9 Code 182).

Recent data on a possible protective effect of smoking for breast cancer have been
contradictory (See Chapter 2; Rosenberg et al. 1984). For CPS-1, the relative risk for
breast cancer (ICD-7 Code 170) among current smokers was 0.88 (95-percent con-
fidence interval, 0.77 10 1.01), while the relative risk among former smokers was 1.20
(95-percent confidence interval, 1.15 to 1.35). Preliminary data from CPS-II have
likewise been contradictory.

An increased risk of cervical cancer among cigarette smokers has been reported in
case~control studies (LaVecchia et al. 1986; Nischan, Ebeling, Schindler 1988). For
CPS-I1, the relative risk for cervical cancer (ICD-7 Code 171) was 1.10 (95-percent con-
fidence interval, 0.83 to 1.47). Data from CPS-II show a twofold increase in cervical
cancer mortality among current smokers (relative risk 2.14, 95-percent confidence in-
terval 1.06 to 4.30).

Summary

The relative risks for current smokers for selected comparable disease categories
causally related to smoking in CPS-I and CPS-1I are summarized and listed side by side
in Table 8. These comparisons show substantial increases in the risk of death due to
smoking for most of the disease categories listed between the years 1959 and 1965 and
1982 and 1986. Statistically significant increases in relative risks occurred in those dis-
ease categories for which 95-percent confidence limits around the estimated relative
risks do not overlap between CPS-I and CPS-I1. Compared with men during this period,
women experienced greater increases in the relative risks of cerebrovascular lesions
(ages 35 to 64 years), COPD, laryngeal cancer, and lung cancer.
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TABLE 8.—Summary of estimated relative risks for chrrent cigarette smokers,
major disease categories causally related to cigarettes, males and
females aged 35 years and older, CPS-I (1959-65) and CPS-II

(1982-86)
Underlying cause : Males Females
of death® _ CPS-I CPS-II CPS-1 CPS-II
CHD, age 235 1.83 1.94 1.40 1.78°
CHD, age 35-64 225 2.81° 1.81 3.00°
Cerebrovascular Lesions, 1.37 2.24° 1.19 1.84°
age 235
Cerebrovascular Lesions, 1.79 367° 192 4.80°
age 35-64
COPD 8.81 9.65 5.89 10.47
Cancer, Lip, Oral Cavity, 6.33 27.48 1.96 5.59
and Pharynx
Cancer, Esophagus 3.62 7.60 1.94 10.25°
Cancer, Pancreas 2.34 2.14 ' 1.39 2.33
Cancer, Larynx 10.00 10.48 3.81 17.78
Cancer, Lung 11.35 2236 2.69 11.94°

*See Tables 4-7 for International Classification of Disease codes.
°95~percenl confidence intervals do not overlap between CPS-I and CPS-IL
SOURCE: Tables 4-7.

Smoking-Attributable Mortality in the United States, 1965 and 1985

Table 9 reports the attributable risks a from cigarette smoking during the year 1965.
Ten causes of death are considered: CHD, COPD, cerebrovascular disease, and can-
cers of seven sites. The computations are based upon the age-adjusted relative risks
reported in CPS-I and the prevalence rates reported in the 1965 NHIS. For men, the
age-adjusted relative risks among present and past cigarette smokers with a history of
pipe or cigar use were slightly lower than those for present and past smokers of ciga-
rettes exclusively. While the latter are reported for comparison in Table 4, the former
were used in the attributable risk computations. In 1965, as shown in Figure 2, about
two-thirds of men with a history of regular cigarette smoking were also exposed to pipe
or cigar smoke. (As noted in Note b of Table 10 below, the use of relative risks derived
from the death rates of men who smoked cigarettes exclusively resulted in about a 5-
percent increase in attributable deaths for 1965.) For women, the computation of at-
tributable risks in 1965 did not distinguish between current and former smokers.
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TABLE 9.—Estimated attributable risks for 10 selected causes of death from
cigarette smoking, males and females, United States, 1965

Males® b
Cause of death (z‘a%e)s Fequles
CHD, age 35-64 42 26
(40-45)° (23-30)
CHD, age 265 11 33
9-14) (2.1-5.1)
COPD 84 67
(79-88) (57-76)
Cancer of lip, oral cavity, and pharynx 74 27
(59-85) (12-51)
Cancer of larynx 84 47
(61-94) (8-90)
Cancer of esophagus 57 14
(36-76) {6-29)
Cancer of lung 86 40
(82-88) (31-50)
Cancer of pancreas 41 14
(30-53) (6-30)
Cancer of bladder 53 36
(39-66) (20-56)
Cancer of kidney 36 17
(19-56) (542)
Cerebrovascular disease, age 35-64 28 28
(21-36) (22-33)
Cerebrovascular disease, age 265 20 13
(0.6-6.6) 0.2-6.5)

*For males, computations based on prevalence rates in Table 2 and relative risks for male current and former cigarette
smokers, with or without a history of pipe and cigar smoking, derived from CPS-1.

PFor females, attributable risks computed from prevalence rates in Table 2 and relative risks for all female smokers,
past and present, in Table 5.

“Numbers in parentheses are 95-percent confidence intervals.

In 1965, as Table 9 reveals, cigarette smoking was responsible for 42 percent of CHD
deaths among younger men and 26 percent of deaths among younger women. For
COPD deaths at all ages, the smoking-attributable risks were 84 percent for men and
67 percent for women. For lung cancer, the respective attributable risks were 86 per-
cent and 40 percent for men and women. With the exception of deaths from stroke
among younger persons, attributable risks were markedly higher for men.

Table 10 reports the corresponding smoking-attributable deaths, A, during the year
1965. Attributable deaths were computed by multiplying the attributable risk percent-
ages in Table 9 by the corresponding cause-specific death rates among persons aged 20
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TABLE 10.—Estimated deaths (in thousands) attributable to cigarette smoking,
10 selected causes, males and females, United States, 1965

Cause of death Males Females
CHD, age <65 S1 9.5
(48-54)° (8.2-10.8)
CHD, age 265 25 6.0
(20-30) (39-94)
COPD 16 2.3
(15-17) 2.0-2.7)
Cancer of lip, oral cavity, and pharynx 36 0.4
(294.2) (0.2-0.8)
Cancer of larynx 1.9 0.1
(14-2.2) (0.02-0.3)
Cancer of esophagus 24 0.1
(1.5-3.2) (0.2-0.8)
Cancer of lung 35 3.1
(34-36) (2.4-3.8)
Cancer of pancreas 38 09
(2.8-4.9) 0.4-2.0)
Cancer of bladder 30 1.0
(2.2-3.7) (0.5-1.5)
Cancer of kidney 1.2 0.3
- 0.7-1.9) 0.1-1.8)
Cerebrovascular disease, age <65 55 4.7
(4.2-7.2) (3.8-5.6)
Cerebrovascular disease, age 265 1.5 1.0
(0.4-4.8) 0.2-59)
Ten causes 150° 30
(143-157) (26-34)

NOTE: Computed from Table 9 and tabulations of deaths at ages 20 years or more by cause for 1965 (NCHS 1967).
Sums may not equal totals because of rounding.

“Numbers in parentheses are 95-percent confidence intervals.

PWhen the attributable risk estimates given in Note a of Table 9 were used, the total attributable deaths for males were
158,000 (95-percent confidence interval, 151,000 to 166,000). Approximately two-thirds of the 8,000 additional deaths

were from CHD.

years or more. For the 10 causes combined, cigarette smoking was responsible for
150,000 deaths among men and 30,000 deaths among women in 1965.

Among men, CHD deaths made up 51 percent of smoking-attributable mortality for
the 10 causes combined. This proportion is consistent with the estimate of 45 percent
reported by the 1964 Advisory Committee to the Surgeon General for excess mortality
from all causes (US PHS 1964). Similarly, lung cancer accounted for 23 percent of the
smoking-attributable mortality for the 10 causes combined—again consistent with the
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1964 Report’s estimate of 16 percent of deaths from all causes. Among women, CHD
deaths made up 52 percent and lung cancer 10 percent of the smoking-attributable mor-
tality from the 10 causes combined.

Table 11 shows the estimated attributable risks a from cigarette smoking for the year
1985. For comparability with the 1965 calculations, the same 10 causes of death are
considered. The computations are based upon the relative risks reported in CPS-II and
the prevalence rates reported in the 1985 NHIS. For men, the computations employed
the relative risks for past and present smokers of cigarettes exclusively, as shown in
Table 6. As Figure 2 indicates, the proportion of male smokers who used other forms

TABLE 11.—Estimated attributable risks for 10 selected causes of death from
cigarette smoking, males and females, United States, 1985

Males Females
Cause of death (%) (%)
CHD, age <65 45 41
(40-50y° (34-48)
CHD, age 265 21 12
(17-26) 9-15)
COPD 84 79
(78-88) - (73-83)
Cancer of lip, oral cavity, and pharynx 92 61
(79-97) (45-76)
Cancer of larynx 81 87
(57-93) (56-97)
Cancer of esophagus 78 75
(62-89) (5787
Cancer of lung 90 79
(88-92) (75-82)
Cancer of pancreas 29 34
(18-43) (25-44)
Cancer of bladder 47 37
(31-63) (18-61)
Cancer of kidney 48 12
(32-64) (3-43)
Cerebrovascular disease, age <65 5t 55
(36-65) (45-65)
Cerebrovascular disease, age 265 24 6
{16-35) (2-14)

NOTE: Computed from Tables 2, 6, and 7. For adult men under 65, the proportions of current and former cigarette
smokers in 1985 were, respectively, 34.7 and 25.8 percent. For men 65 or older, the prevalences of current and former
cigarette smoking were, respectively, 19.4 and 51.1 percent. For adult women under 65, the corresponding proportions
were 30.1 and 16.5 percent; for adult women 65 or older, 12.6 and 19.6 percent.

*Numbers in parentheses are 95-percent confidence intervals.
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of tobacco was too small to affect significantly the results for 1985. For women, rela-
tive risks for current and former cigarette smokers were employed (Table 7).

Comparison of Tables 9 and 11 reveals significant increases in attributable risk from
1965-85. In 1985, smoking accounted for 21 percent of CHD deaths in older men,
compared with 11 percent in 1965. The attributable risks for cancers of the lip, oral
cavity and pharynx, esophagus, and lung increased significantly.

Changes in the attributable risk estimates for women are even more striking. Among
younger women, smoking now accounts for an estimated 4] percent of CHD deaths
and an estimated 55 percent of lethal strokes, compared with 26 and 28 percent, respec-
tively, in 1965. Among women of all ages, 79 percent of lung cancers are attributable
to cigarette use (see Table 11).

Overall, smoking accounted for 86.7 percent of all lung cancer deaths (95-percent
confidence interval 84.9 to 88.4), 81.8 percent of all COPD deaths (95-percent con-
fidence interval 78.3 to 85.3), and 21.5 percent of all CHD deaths (95-percent con-
fidence interval 19.4 to 23.4). In addition, smoking accounted for 18.0 percent of all
stroke deaths (95-percent confidence interval 14.2 to 22.9).

Table 12 reports estimated smoking-attributable deaths for the 10 causes during
1985. Total deaths have increased to 231,000 for men and 106,000 for women. As op-
posed to 1965, CHD in men now accounts for only one-third of the smoking-attributable
mortality from the 10 causes combined. The proportion of these attributable deaths due
to lung cancer has increased to one-third. Likewise, among women, smoking-at-
tributable CHD fatalities now account for one-third of the 10-cause total; the relative
importance of smoking-induced cancer fatalities has also increased.

The total 10-cause smoking-attributable mortality for 1985 was 337,000 deaths, com-
pared with 183,000 in 1965. A portion of the observed 1965-85 increase, however,
was the result of population growth. In addition, there were increases in the proportion
of elderly persons who would be more at risk for smoking-induced death. For men and
women, respectively, Figures 10 and 11 show the results of a correction for population
increase and population aging. In each figure, three quantities are shown for each of
four categories of smoking-attributable mortality: CHD deaths under age 65; CHD
deaths age 65 years or more; COPD deaths; and lung cancer deaths. The first quan-
tity is the estimated smoking-attributable deaths for 1965. The second bar shows smok-
ing-attributable deaths for 1985. The third bar shows the estimated 1985 smoking-at-
tributable deaths if the U.S. populations at each age had remained at 1965 levels. The
latter quantities were computed as aD’, where a is the attributable risk given in Table
andD"isa population-corrected estimate of 1985 U.S. deaths. The latter quantity
was computed by multiplying 1985 age-specific death rates by the populations at risk
in 1965,

Figures 10 and 11 show that population growth and aging cannot explain the chan-
ges in smoking-attributable mortality between 1965 and 1985. In particular, the marked
increases in smoking-attributable deaths from lung cancer and COPD in women are
systematic consequences of the American woman's adoption of lifelong cigarette
smoking, from teenage years onward.

For men, population-corrected deaths due to smoking in 1985 were 165,000, com-
pared with 150,000 in 1965. For women, population-corrected deaths due to smoking
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TABLE 12.—Estimated deaths (in thousands) attributable to cigarette smoking,
10 selected causes, males and females, United States, 1985

Cause of death Males Females
CHD, age <65 34 11
(30-38)* (9-12)
CHD, age 265 44 26
(36-54) (20-34)
COPD ' 37 20
(35-39) (18-21)
Cancer of lip, oral cavity, and pharynx 5.1 1.6
(4.4-54) (1.2-2.0)
Cancer of larynx 23 0.6
(1.6-2.7) (0.4-0.7)
Cancer of esophagus 5.0 1.6
(4.0-5.7) (1.3-1.9)
Cancer of lung 76 30
(74-77) (29-32)
Cancer of pancreas 33 34
2.1-50 (2.8-5.1)
Cancer of bladder V KN 1.1
(2.14.2) (0.6-1.9)
Cancer of kidney 26 04
(1.8-3.5) 0.1-1.5)
Cerebrovascular disease, age <65 5.5 52
(3.9-7.0) (4.3-6.2)
Cerebrovascular disease, age 265 12 4.8
- (8-17) (1.9-11.4)
Ten causes 231 106
(220-242) (98-115)

NOTE: Computed from Table 11 and unpublished tabulations of deaths at ages 20 years or more by cause from
NCHS. 1985. Sum of individual causes may not equal totals because of rounding.
*Numbers in parentheses are 95-percent confidence intervals.

in 1985 were 67,000, compared with 30,000 in 1965. Even if the population had
remained entirely stable during 1965 through 1985, the lethality of cigarette use in
American women would have doubled.

Among men, the total of 231,000 smoking-induced deaths in 1985 represented 41
percent of total deaths from the 10 causes combined and 22 percent of all deaths among
persons aged 20 years or more. Among women, the total of 106,000 smoking-induced
deaths represented 25 percent of deaths from the 10 causes combined and 11 percent
of deaths from all deaths among persons aged 20 years or more.

The computations in Tables 10 and 12 have omitted other causes of death that are
likely to be attributable to cigarette use. If the relative risks given in Tables 6 and 7 for
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FIGURE 10.—Estimated cigarette-smoking-attributable deaths from CHD,
COPD, and lung cancer, males aged 20 years or more, United

States, 1965 and 1985
NOTE: For the bars marked 1985, the estimated smoking-attributable deaths in 1985 have been corrected for population

increases during 1965-85.
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FIGURE 11.—Estimated cigarette-smoking-attributable deaths from CHD,
COPD, and lung cancer, females aged 20 years or more, United

States, 1965 and 1985
NOTE: For the bars marked 1985, the estimated smoking-attributable deaths in 1985 have been corrected for population
increases during 1965-85.
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the broader categories of cardiovascular and nonneoplastic respiratory disease are ap-
plied to deaths from hypertensive heart disease, arteriosclerosis, aortic aneurysm, and
influenza and pneumonia, then smoking-attributable deaths would increase to 256,000
among men and 126,000 among women. Inclusion of deaths among newborns and in-
fants due to smoking during pregnancy would add an additional 2,500 to the total (CDC
1987b; Mclntosh 1984; Kleinman et al. 1988); this does not include fetal loss due to
smoking (Stein et al. 1981). Inclusion of lung cancer deaths among nonsmokers due
to environmental tobacco smoke (NRC 1986) would add 3,800 and inclusion of deaths
from cigarette-caused fires (Hall 1987) would add 1,700 to total attributable deaths. In-
clusion of deaths due to cervical cancer caused by smoking would add 1,500. Includ-
ing these additional causes of death, the smoking-attributable mortality in 1985 is then
estimated to be approximately 390,000. Recent studies have also noted increased risks
among smokers for hepatic cancer (Trichopoulos et al. 1987), penile cancer (Hellberg
et al. 1987), leukemia (Kinlen and Rogot 1988), and anal cancer (Daling et al. 1987).
Among all persons at risk during 1985, an estimated 52 million were also cigarette
smokers in 1965. The remaining 42 million were new cigarette smokers. In 1985, only
about 4,400 deaths occurred among the latter group, which consists of persons in their
teens, twenties, and thirties. Thus, 99 percent of deaths attributable to cigarette use in
1985 occurred among people who started smoking in 1965 or earlier. The vast majority
of these people started smoking before the release of the 1964 Surgeon General’s Report

TABLE 13.—Estimated risks of various activities

Annual fatalities

per 1 million
Activity or cause exposed persons
Active smoking 7,000"
Alcohol 541
Accident 275
Disease 266
Motor vehicles 187
Alcohot-involved 95
Non-alcohol-involved 92
Work 113
Swimming 22
Passive smol('mgb 19
All other air pollutamsb 6
Football 6
Electrocution 2
Lightning 0.5
DES in cattlefeed 0.3
Bee sting 0:2
Basketball 0.02

NOTE: Activities are not mutually exclusive: there are overlaps between categories. Differences in fatalities do not
imply proportionate differences in years of life lost.

*Number of deaths per million smokers who began smoking before 1965.

®Cancer deaths only.

SOURCE: Active smoking, CPS-II; NHISs 1965, 1985: U.S. Bureau of the Census (1974, 1986). Other activities or
causes, U.S. President (1987).
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and before the 1965 Federal Cigarette Labeling and Advertising Act. For this group,
the annual smoking-attributable fatality rate is about 7 deaths per 1,000 at risk, or about
7,000 deaths per 1 million persons. As shown in the Economic Report of the President
(U.S. President 1987), this rate far exceeds the rates for other risks of death (Table 13).

10.

Conclusions

Lung cancer death rates increased two- to fourfold among older male smokers
over the two decades between the American Cancer Society’s two Cancer Preven-
tion Studies (CPS-1, 1959—65, and CPS-II, 1982-86). Lung cancer death rates for
younger male smokers fell about 30 to 40 percent during this period.

Lung cancer death rates increased four- to sevenfold among female smokers aged
43 years or older in CPS-II compared with CPS-I, while lung cancer death rates
among younger women declined 35 to 55 percent.

The two-decade interval witnessed a two- to threefold increase in death rates from
chronic obstructive pulmonary disease (COPD) in female smokers aged 55 years
or older.

There was no change in the age-adjusted death rates for lung cancer and COPD
between CPS-I and CPS-II among men and women who never smoked regularly.
Overall death rates from coronary heart disease (CHD) declined substantially be-
tween CPS-I and CPS-II. The decline in CHD mortality among nonsmokers,
however, was notably greater than among current cigarette smokers.

In CPS-11, the relative risks of death from cerebrovascular lesions were 3.7 and
4.8 for men and women smokers under age 65. Increased risks of stroke were also
observed among older smokers and former smokers. Along with the recently
reported results of other studies, these findings strongly support a causal role for
cigarette smoking in thromboembolic and hemorrhagic stroke.

In 1985, smoking accounted for 87 percent of lung cancer deaths, 82 percent of
COPD deaths, 21 percent of CHD deaths, and 18 percent of stroke deaths. Among
men and women less than 65 years of age, smoking accounted for more than 40
percent of CHD deaths.

The large increase in smoking-attributable mortality among American women be-
tween 1965 and 1985 was a direct consequence of their adoption of lifelong
cigarette smoking, especially from their teenage years onward.

In 1985, 99 percent of smoking-attributable deaths occurred among people who
started smoking before the 1964 Surgeon General's Report. For this group, the
annual smoking-attributable fatality rate is about 7,000 deaths per 1 million per-
sons at risk.

For 10 causes of death, a total of 337,000 deaths were attributable to smoking in
1985. These represented 22 percent of all deaths among men and 11 percent
among women. If other cardiovascular, neoplastic, and respiratory causes of
death were included—as well as deaths among newborns and infants resulting
from maternal smoking, deaths from cigarette-caused residential fires, and lung
cancer deaths among nonsmokers due to environmental tobacco smoke—the total
smoking-attributable mortality was about 390,000 in 1985.
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Introduction

This Chapter analyzes trends in public beliefs, attitudes, and opinions about smok-
ing. Itis divided into three sections. The first describes trends in public beliefs regard-
ing the health effects of smoking, the second describes trends in public attitudes about
smokers and smoking, and the third describes trends in public opinion about smoking
policies.

At the outset, it is important to define and clarify the important terms used in this
Chapter. Terms such as knowledge, awareness, opinions, beliefs, and attitudes have
commonsense meanings to the lay person, but more complex meanings to the secial
scientist. For example, Allport (1935) reviewed many definitions of attitude and con-
structed his own comprehensive definition: “An attitude is a mental or neural state of
readiness, organized through experience, exerting a directive or dynamic influence
upon the individual’s response to all objects and situations with which it is related.”
Entire books have been devoted to the science of defining and measuring public at-
titudes, opinions, and beliefs (e.g., Oskamp 1977).

For sections two and three of this Chapter, which deal with attitudes and opinions,
the commonplace understanding of these terms will suffice. For the first section,
however, which covers beliefs about health effects, a more careful approach is war-
ranted. This Section generally follows the construct described by Fishbein (1977),
which embraces three levels of belief:

1. Level ] (awareness): A person may believe that “the Surgeon General has deter-

mined that cigarette smoking is dangerous to health.”

2. Level 2 (general acceptance): A person may believe that “cigarette smoking is

dangerous to health.”

3. Level 3 (personalized acceptance): A person may believe that “my cigarette

smoking is dangerous to my health.”

Most of the survey data presented in the first section address Level 2 beliefs. At
times, the term public knowledge is used to refer to public beliefs (Level 2 beliefs at
the population level). There are few data regarding Level 1 beliefs; consequently, use
of the terms awareness and public awareness is generally avoided. Data pertinent to
Level 3 beliefs are available from a few surveys in three forms: (1) questions asking
whether smoking “is harmful to your health”; (2) questions asking whether respondents
are “concerned” about the effects of smoking on their health; and (3) questions asking
whether respondents believe that they are less likely, as likely, or more likely than other
people to be adversely affected by smoking. These levels of beliefs are discussed in
more depth later in this Chapter.

Data Sources

The information presented in this Chapter is derived from three principal sources:

1. Nationally representative surveys conducted by the U.S. Public Health Service
from 1964-87, including the Adult Use of Tobacco Surveys (AUTSs) (1964,
1966, 1970, 1975, 1986) and the National Health Interview Surveys (NHISs)
(1985, 1987). The NHIS questions were part of the Health Promotion and Dis-
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ease Prevention Supplement in 1985 and the Cancer Control Supplement in
1987. The surveys for 196475 used, for the most part, the same methods and
questionnaire wording. Different methods and questionnaires were used in sub-
sequent surveys.

2. Nationally representative surveys conducted by private organizations, such as
Gallup and Roper, and sponsored by various organizations.

3. National surveys of population subgroups or local surveys. These surveys were
used, for the most part, only when nationally representative data were unavail-
able.

Data from these surveys are presented in several tables throughout this Chapter, each
of which addresses beliefs or opinions about a particular smoking-related scientific fact
or policy. When one of the primary data sources (e.g., the AUTS) is not included in a
table, it is because the relevant question was not asked in the survey or survey year or
because the data were not available.

Preliminary first-quarter estimates from the Cancer Control Supplement to the 1987
NHIS are provided in some tables (unpublished data, National Cancer Institute). These
data are unweighted. When available, year-end weighted data are cited; in all cases,
these figures are very similar to the first-quarter estimates.

The surveys used in this Chapter and in Chapter 5 are described in the Appendix to
this Chapter. Table 1 provides basic information about the survey methodology. The
amounts of information provided for the different surveys vary because certain

TABLE 1.—Methodology of surveys

Sample Age Response s

Survey Survey firm size (years) rate (%) Mode
AUTS 1964 National Analysts 5,794 221 76 P
AUTS 1966 National Analysts 5,768 72 P
Opinion Research T

AUTS 1970 Chilton 5.200 >21 P(9%")

T91%)

AUTS 1975 Chilton 12,000 T(96%)

P(4%°)
Roper 1978 Roper 2,511 P
NHIS 1985 Census Bureau 33.630 218 90 P
AUTS 1986 Westat 13,031 217 74 T
AMA 1986 Kane, Parsons 1,500 T
AMA 1987 Kane, Parsons 1.500 T
MTF 1975-87 University of Michigan 18 Q

*P, personal interview; T, telephone interview; Q, self-administered questionnaire.
bNonrespondents to personal interviews.

“Nontelephone households.

dMonilor‘mg the Future Project, survey of high school seniors.
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methodological details were available for some surveys but not for others. Additional
information on the methodology of these surveys has been published elsewhere (Mas-
sey et al. 1987).

Issues in Comparing Surveys

When assessing trends from different surveys conducted at different times by dif-
ferent organizations, it is important to consider the following caveats. The response to
each specific question depends upon multiple factors, including the mode of data col-
lection (e.g., in person versus telephone), the sociodemographic representativeness of
the sample, the exact wording of the question (e.g., bold. direct-sounding questions ver-
sus conservative-sounding statements), the type of response allowed or requested (e.g.,
open- versus closed-ended questions), the order of questions within the survey, and the
content and nature of the rest of the survey (e.g., a survey specifically addressing smok-
ing versus another of a general topic). Even minor changes in the survey methods or
questionnaire wording may lead to markedly discrepant results for a specific question,

Additional precautions exist when interpreting surveys that assess public knowledge.
When asked a knowledge question, respondents may attempt to answer it “correctly”
in order to please the interviewer. The Health Promotion and Disease Prevention Sup-
plement to the 1985 NHIS sheds light on this question. In this survey (NCHS 1986),
respondents were asked whether smoking increases the risk of developing cataracts and
gall bladder disease—two conditions not associated with smoking. The extent to which
these types of questions (sometimes called “red herrings”) are answered in the affirm-
ative (and thus incorrectly) may reflect the respondents’ general tendency to respond
in the affirmative. More than 85 percent of respondents reported that smoking causes
emphysema, chronic bronchitis, and laryngeal, esophageal, and lung cancer; however,
11 percent and 16 percent reported that smoking causes gallstones and cataracts, respec-
tively. The responses indicating a connection between smoking and cataracts or gall
bladder disease may represent misinformed beliefs or a bias from attempting to answer
knowledge questions “correctly.” There are other possible explanations, however. For
instance, these responses (as well as other “correct” responses) may represent inferen-
ces that respondents have made, in some cases regarding questions they have never
thought about. In these cases, some persons may be inclined to infer a connection be-
tween a known risk behavior and any disease outcome.

In the case of questions about public knowledge (e.g., “Do you think that smoking is
or is not a cause of lung cancer?”), the “don’t know” response should be included in
the denominator when calculating the proportion of the population that believes a par-
ticular fact. This process was used for calculating unpublished data presented below.

When two surveys produce unexpected or discrepant results, a close inspection of
the methods often explains the findings. Two examples involve surveys of public
opinion about smoking policies. In one case, two separate national surveys conducted
in 1986 regarding support for a ban on cigarette advertising provided apparently dis-
crepant results (American Medical Association (AMA) 1986). A careful review of the
questionnaire wording revealed marked differences in the remarks made just prior to
each question. In a survey conducted for AMA, respondents were first informed about
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the AMA’s support of a policy to ban advertising—67 percent subsequently responded
that they were in favor of such aban. Incontrast, in a survey conducted for the American
Cancer Society (ACS), the American Heart Association (AHA), and the American Lung
Association (ALA), respondents were first informed that “some people feel that as long
as cigarettes are legal, cigarette advertising should be permitted. Others feel that
cigarette advertising should not be permitted.” Thirty-three percent subsequently
responded that cigarette companies should not be permitted to advertise in newspapers
and magazines.

There are at least three reasons these questions might be expected to evoke different
responses. First, the wording prior to each question may have biased the respondents—
one to align with the sponsoring agency’s policy and the other to consider the legal im-
plications of such a ban. Second, the first survey asked whether cigarette advertising
should be banned while the second asked whether cigarette advertising should be per-
misted. To the extent that some respondents may have a general inclination to answer
in the affirmative, such wording differences could influence the results. Third, the word
“ban” may have negative connotations for some respondents. Two national surveys
(including one sponsored by AMA) conducted 1 year later, which provided no intro-
ductory comments, found that 49 percent of adults (Gallup 1987a) and 55 percent of
adults (Harvey and Shubat 1987) were in favor of a ban on tobacco advertising (see
Table 31).

A second example involves two surveys conducted in Michigan in 1986 regarding
public opinion on smoking in public places (Perlstadt and Holmes 1987). A survey
sponsored by the affiliates of ALA and AHA in Michigan revealed that 82 percent of
adults favored restrictions on smoking in public places. Incontrast, a survey conducted
2 months later and sponsored by the Michigan Tobacco and Candy Distributors and
Vendors Association indicated that 82 percent of the public thought the legislature
should refrain from further legislation restricting smoking. After assessing the survey
methods and questionnaires, the Michigan Department of Public Health concluded that
markedly different questionnaire wording and survey methods accounted for the dis-
crepant results.

To assist in the interpretation of the data presented in this Report, data sources are
described in Table 1 and in the Appendix to this Chapter, and the exact (or approximate)
question wording and response choices are provided as a footnote to each table when
available. Response choices, when obvious, are often omitted (e.g., simple yes—no
questions). Although the same question wording may be used in different surveys, other
factors may have important effects on the responses. The reader should therefore in-
terpret with caution observed differences and trends presented in this Chapter because
many of the potential factors that may affect responses are not known.
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Trends in Public Beliefs About the Health Effects of Smoking

Overview

The health consequences of smoking are well documented and widely acknowledged
in the scientific literature (see Chapter 2 in this Report). In 1964, the Surgeon General’s
Advisory Committee on Smoking and Health, after an extensive review of the litera-
ture, reported that cigarette smoking was causally associated with lung and laryngeal
cancer in men, was the most important cause of chronic bronchitis, and was associated
with esophageal cancer, bladder cancer, coronary artery disease, emphysema, peptic
ulcer, and low-birthweight babies (US PHS 1964).

During the 25-year period since 1964, subsequent reports of the Surgeon General
have updated and extended the findings of the Advisory Committee. The purpose of
this Section is to determine the extent to which this information has been disseminated
to and accepted by the U.S. public. Public knowledge of the health risks of smoking
can be considered under three broad categories: whether smoking is harmful to health
in general and whether smokers perceive themselves to be at risk from smoking, as well
as the magnitude of risk from smoking and how this compares to other health risks. Be-
cause health concerns and risks among adolescents differ from those of adults, we have
addressed surveys of their knowledge under a separate heading.

For each specific known health risk noted, the section below includes: (1) a descrip-
tion of the known medical or scientific facts; that is, a brief summary of the informa-
tion known about the health risk (see Chapter 2 for a more detailed description of the
information about health risks), (2) a report on the trends in the public’s knowledge of
this fact (if available), and (3) a brief description of the current status of knowledge
with respect to smoking status. This Section concludes with a summary of the impor-
tant gains in knowledge, the gaps that remain, the factors that may promote or interfere
with change, and the relationship between these trends and the 1990 Health Objectives
for the Nation.

In a few cases, published studies have analyzed public knowledge or beliefs by
sociodemographic groupings (NCHS 1988; Folsom et al. 1988; Fox et al. 1987;
Shopland and Brown 1987; Dolecek et al. 1986). Because these analyses were avail-
able only occasionally, and because some of these studies did not control for smoking
status, sociodemographic correlation data are not presented below. Because smoking
rates and socioeconomic status are inversely correlated (Chapter 5), differences in
public knowledge or beliefs according to smoking status may reflect differences in
socioeconomic status.

Is Cigarette Smoking Harmful to Smokers in General?

In 1964, 81 percent of adults strongly or mildly agreed that smoking is harmful to
health (Table 2). An identical series of questions asked in the AUTSs from 1964-75
demonstrated an increase in this belief to 90 percent of adults. Public knowledge on
this question increased during this period among current smokers (70 to 81 percent), as
well as among never smokers (89 to 95 percent).
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TABLE 2.—Trends in public knowledge about smoking and health

Cigarette smoking is harmful to health
(percentage who agree by smoking status)

Current Former Never All non-
Survey Year Reference smokers smokers smokers smokers All adults
1. AUTS" 1964 US DHEW 1969 70 91 89 89 81
2. AUTS® 1966 US DHEW 1969 78 89 89 89 85
3. AUTS" 1970 US DHEW 1973 79 92 92 92 87
4. AUTS" 1975 US DHEW 1976a 81 95 95 95 90

*Percentages include those who “strongly agree™ or “mildly agree.”
NOTE: Actual questions:

1. Smoking cigarettes is harmful to health (strongly agree, mildly agree, no opinion, mildly disagree, strongly disagree).
2. Cigarette smoking is harmful to health (strongly agree, mildly agree, no opinion, mildly disagree, strongly disagree).
3-4. Smoking cigarettes is harmful to health (strongly agree, mildly agree, no opinion/don't know, mildly disagree, strongly disagree).




TABLE 3.—Trends in public beliefs regarding the relative hazards of different
cigarette brands, 1970, 1975, 1986

Percentage of current smokers

1970 1975 1986
Some kinds of cigarettes are probably more hazardous
to health than others®
Kind I smoke probably more hazardous than others® 6) (10) (8)
Kind I smoke probably less hazardous than others® (25) (25) 20
Kind I smoke probably about the same as others® (14) (14) (13)
Don’t know (2 (2) @
Subtotal 47 51 45
Al cigarettes are probably about equally hazardous® 43 41 50
Cigarettes are probably not hazardous to health at ali 4 5 2
Don’t know or not stated if some are hazardous 6 4 3
Total 100 100 100

*The word “probably” was not used in the 1986 AUTS. The wording in the three surveys was otherwise similar.
SOURCE: AUTSs 1970, 1975, 1986 (US DHEW 1973, 1976a; US DHHS, in press).

Although smokers and nonsmokers acknowledge the health risks from smoking, cer-
tain types of smoking (such as light smoking or smoking low-tar cigarettes) or smok-
ing for a limited period of time may be perceived as less hazardous. In general, there
are few data to assess the degree to which these beliefs are held. According to the
AUTSs in 1970, 1975, and 1986, 45 to 50 percent of current smokers believed that
“some kinds of cigarettes are probably more hazardous than others,” 40 to 50 percent
believed that “all cigarettes are probably about equally hazardous,” and 5 percent or
less believed that “cigarettes are probably not hazardous to health at all” (Table 3).
More specific data are reviewed below.

Heavy Versus Light Smoking

A large body of evidence has shown that light smoking, that is, 1 to 9 cigarettes per
day, is associated with a significantly increased risk of overall morbidity and mortality
from lung cancer, chronic obstructive pulmonary disease (COPD), heart disease, and
other smoking-related diseases compared with never smoking (US DHEW 1979a; US
DHHS 1982, 1983, 1984).

Between 1970 and 1978, national surveys conducted by the Roper Organization ad-
dressed beliefs regarding the health risks of heavy versus light smoking (FTC 1981).
Respondents were asked how hazardous smoking is and were given three possible
responses: any amount, only heavy smoking, and not hazardous. In 1970, 45 percent
of respondents considered only heavy smoking to be hazardous (Table 4); by 1978, 31
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TABLE 4.—Trends in public knowledge about the health hazards of smoking

What amount of smoking is hazardous to health?*P-
(percentage who responded for each amount)

Any Only heavy Not Don't
Survey Year Reference amount smoking hazardous know
1. Roper 1970 Roper 1978 47 45 5 3
2. Roper 1972 Roper 1978 48 42 6 4
3. Roper 1974 Roper 1978 54 39 4 3
4. Roper 1976 Roper 1978 54 38 4 4
5. Roper 1978 Roper 1978 61 3 5 4
6. AUTS 1986 US DHHS, in press 72 20 5 {current smokers)
81 13 4 (former smokers)
85 11 4 (never smokers)
R dents were allowed to choose only one ar . The “not hazardous™ resp was not available for the AUTS.

"Percenuges of responses in Roper surveys refer to all respondents; in AUTS 1986, percentages represent current, former, and never smokers, respectively.
NOTE: Actual questions:

1-5. How hazardous is smoking ? (any amount, only heavy smoking, not hazardous, don’t know),

6. Do you think that only heavy smoking is hazardous or that any smoking is hazardous (only heavy smoking, any smoking, don’t knowﬂ



percent considered only heavy smoking to be hazardous. Corresponding increases oc-
curred in those responding “‘any amount.”

The 1986 AUTS posed a similar question but did not offer “not hazardous” as a pos-
sible response (Table 4). It showed that most respondents, given the two choices of
“any amount” or “only heavy smoking,” chose the former (85, 81, and 72 percent of
never, former, and current smokers, respectively).

When asked, “How many cigarettes a day do you think a person would have to smoke
before it would affect their (sic) health?” 49 percent of current smokers and 40 percent
of never smokers cited 10 or more (Table 5), thus failing to recognize light smoking as
ahealthrisk. Twenty percent of current smokers cited 25 or more cigarettes as the min-
imum number necessary for adverse health effects (Table 5), which is identical to the
proportion of current smokers who indicated, in response to the prior question, that only
heavy smoking is hazardous to health (Table 4).

Tar Yield

Studies have shown that smoking filtered lower tar cigarettes reduces the risk of lung
cancer compared with smoking unfiltered higher tar cigarettes. However, there is no
conclusive evidence that the lower yield cigarettes are associated with reduced risk of
overall mortality, cancers other than lung, COPD, or heart disease. Moreover, com-
pensatory smoking behavior in response to lower nicotine intake might actually increase
the intake of tobacco smoke toxins in some individuals (US DHHS 1981).

Very few surveys have assessed the perceived harmfulness of low-tar cigarettes ver-
sus high-tar cigarettes or never smoking. In the 1980 Roper Survey (FTC 1981),
respondents were presented with the following false statement: “It has been proven
that smoking low-tar, low-nicotine eigarettes does not significantly increase a person’s
risk of disease over that of a nonsmoker.” Nine percent of smokers said they “know
it’s true,” 27 percent said they “think it’s true,” and 32 percent said they did not know
if it was true or not. The complicated wording of this question and use of the word
“proven” make interpretation of these results difficult. Different results may have been
obtained using a question such as, “Do you believe that smoking low-tar cigarettes is
or is not harmful to health?”

The 1980 Roper survey also asked respondents their beliefs about the following state-
ment: “Even if a woman smokes low tar, low nicotine cigarettes during pregnancy, she
still significantly increases her risk of losing the baby before or during birth.” Forty-
three percent of all respondents and 37 percent of smokers said they “know it’s true”
or “think it’s true” (unpublished data, FTC).

The 1987 NHIS asked respondents if they believed that “People who smoke low tar
and nicotine cigarettes are less likely to get cancer than people who smoke high tar and
nicotine cigarettes.” A total of 30 percent agreed with the statement whereas 50 percent
disagreed (year-end data).

Folsom and associates (1988) surveyed 1,252 blacks (aged 35 to 74 years) and 1,870
whites in the metropolitan Minneapolis/St. Paul area during 1985-86. Respondents
were presented with the following statement: “If ‘tar’ and nicotine were removed from
cigarettes, there would be no other chemicals in tobacco smoke that cause disease.”
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TABLE 5.—Public knowledge about the health hazards of smoking in relation to daily cigarette consumption, 1986

How many cigarettes a day you think a person would have to smoke before it would affect their health??
(percentage indicating the following number of cigaretes per day)

Don’t

1 24 59 10-14 15-24 25-39 240 know
Current smokers 14 4 8 12 17 3 17 25
Former smokers 17 6 10 13 19 2 9 22
Never smokers 21 9 10 11 19 1 9 20

“The question was open ended. Responses were grouped in the categories [-9, 10-24, and 225 cigarettes per day to conform to the common definitions of light, moderate, and heavy smoking.

SOURCE: AUTS 1986 (US DHHS, in press).



The percentages of those correctly identifying this statement as false were 59 percent
of black men, 76 percent of white men, 42 percent of black women, and 60 percent of
white women. Those who considered the statement to be true may believe low-tar and
-nicotine cigarettes to be less hazardous.

Duration of Smoking

Overall mortality ratios for smokers compared with nonsmokers increase with the
duration of smoking. Overall mortality rates among smokers are slightly above the
rates of nonsmokers for the first 5 to 15 years of smoking but then increase more rapid-
ly as the years of smoking increase (US DHEW 1979a). Mortality ratios for lung can-
cer, coronary heart disease (CHD), and COPD increase with decreasing age of initia-
tion (US DHHS 1982, 1983, 1984). An increased risk of morbidity (e.g., as measured
by days of hospitalization, bed disability, and work lost) among smokers may occur
much earlier than increases in mortality ratios.

The 1964 AUTS asked respondents, “How many cigarettes a day for how many years
might make a cigarette smoker more likely to get lung cancer?” Most of those who
considered smoking to be a cause of fung cancer believed that smoking would increase
the risk of lung cancer only after at least 10 years of smoking (regardless of the num-
ber of cigarettes smoked per day) (Table 6).

The 1986 AUTS asked respondents, “How long would a person have to smoke (num-
ber) of cigarettes each day before it would affect their (sic) health?” The number of
cigarettes used in this question was the number identified by the respondent (in the pre-
vious question) as that which “a person would have to smoke before it would affect
their (sic) health” (see Table 5). A majority of respondents in all smoking categories
believed that smoking 10 or fewer years would affect a person’s health. A higher per-
centage of never smokers (36 percent) than current smokers (23 percent) believed that
smoking less than 1 year would affect a person’s health. Correspondingly, a slightly
higher percentage of current smokers (10 percent) than never smokers (5 percent)
believed that health effects would occur only after at least 15 years of smoking (Table
7.

The wording in these two questions from the 1964 and 1986 AUTSs is substantially
different, making any comparison difficuit. In particular, the 1986 question may have
favored responses indicating a shorter duration of smoking by referring to general ef-
fects on health (which could be interpreted as nothing more than a cough) whereas the
1964 question asked about the risk of lung cancer.

Does Cigarette Smoking Cause:

Lung Cancer?

Lung cancer, first correlated with smoking more than 50 years ago, is the single
largest contributor to the total cancer death rate (US DHHS 1982). Lung cancer alone
accounted for an estimated 139,000 (28 percent) of the estimated 494,000 total cancer
deaths in the United States in 1988 (ACS 1988a). It is estimated that cigarette smoking

185



981

TABLE 6.—Public beliefs about the health effects of smoking in relation to duration of smoking, 1964

How many cigarettes a day for how many years might make a cigarette smoker more likely to get lung cancer?®
(percentage indicating the following number of years")

Smokers not more

Don’t know/ likely to get lung
<9 10-19 20-29 230 no answer cancer
Current smokers 0 12 12 11 10 43
Former smokers 17 17 16 14 14 22
Never smokers 17 16 10 13 19 24
The denominators for these percentages include all

“Asked only of those who indicated in the previous survey question that smokers are more likely than nonsmokers to develop lung cancer.

respondents.
bRegardlcss of number of cigarettes per day.
SOURCE: AUTS 1964 (US DHEW 1969).
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TABLE 7.—Public beliefs about the health effects of smoking in relation to duration of smoking, 1986

How long would a person have to smoke (number) cigarettes® each day before it would affect their health?
(percentage indicating the following years of smoking)

<l 1-2 35 6-10 11-15 >15 Never Don't
Current smokers 23 15 10 8 3 10 0.6 30
Former smokers 24 13 13 10 3 9 0.4 29
Never smokers 36 16 10 6 2 5 0.1 25

*The number of cigarettes used in this question was the number identified by the respondent (in the previous survey question) as that which “a person would have 10 smoke before it would affect

their health.” (See Table 6).
SOURCE: AUTS 1986 (US DHHS, in press).



causes approximately 90 percent of lung cancer deaths in men and 80 percent in women
(see Chapter 3).

Surveys have addressed public knowledge about the relationship between smoking
and lung cancer since 1954. In 1954, fewer than half of adults (41 percent) thought that
smoking is one of the causes of lung cancer (Table 8). Since that time, public
knowledge of the association between smoking and lung cancer has increased steadi-
ly. By 1964, a majority of aduits (66 percent) believed that smoking causes lung can-
cer; surveys in 1985, 1986, and 1987 showed that this proportion had increased to be-
tween 87 and 95 percent.

Heart Disease?

The 1964 Report of the Surgeon General’s Advisory Committee identified an associa-
tion between smoking and CHD, although it did not consider the available data to be
sufficient to establish a causal relationship (US PHS 1964). Since that time, evidence
from numerous investigations has established cigarette smoking as the most important
modifiable risk factor for CHD in the United States (US DHHS 1983). Cigarette smok-
ing increases the risk of death from CHD approximately threefold in persons less than
65 years old and is responsible for 40 10 45 percent of CHD deaths in this age group
(Chapter 3).

Public beliefs that smoking is associated with the risk of CHD have steadily increased
since 1964, when fewer than half of adults (40 percent) thought that smokers were more
likely than nonsmokers to develop heart disease (Table 9). Surveys in 1985, 1986, and
1987 showed that 77 10 90 percent of adults believed that smoking increases the risk of
developing heart disease. Each of these recent surveys showed that current smokers
were less likely to have this belief than former and never smokers.

In 1986, current smokers were less likely to acknowledge a relationship between
smoking and heart disease (71 percent) than were former smokers {84 percent) and
never smokers (80 percent).

Chronic Obstructive Pulmonary Disease?

The 1964 Report of the Surgeon General’s Advisory Committee identified cigarette
smoking as the most important cause of chronic bronchitis (US PHS 1964). Today,
cigarette smoking has been identified as the major cause of chronic bronchitis and em-
physema in the United States. Eighty to eighty-five percent of deaths from COPD are
attributed to cigarette smoking (Chapter 3; also see US DHHS 1984).

Since 1964, the public belief that smoking is associated with an increased risk of
COPD has increased. In 1964, half of adults (50 percent) thought that smokers were
more likely to get chronic bronchitis and emphysema (Table 10). By 1986, most adults
thought that cigarette smokers were more likely than nonsmokers to develop chronic
bronchitis (81 percent) and emphysema (89 percent). The preliminary first-quarter
1987 NHIS estimates were similar.

In three surveys that asked identical questions regarding emphysema and chronic
bronchitis (NHISs 1985 and 1987, AUTS 1986), there were consistent slightly higher
proportions who believed that smoking is associated with emphysema compared with
chronic bronchitis.

In 1986, smokers were less likely to acknowledge an association between smoking
and chronic bronchitis (73 percent) than were former smokers (84 percent) and never
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TABLE 8.—Trends in public knowledge about smoking and lung cancer

Cigarette smoking causes lung cancer
(percentage who agree by smoking status)

Current Former Never All All
Survey Year Reference smokers smokers smokers nonsmokers adults

1. Gallup 1954 Gallup 1981 41
2. Gallup 1957 Gallup 1981 50
3. Gallup 1958 Gallup 1981 44
4. AUTS 1964 US DHEW 1969 53 75 75 75 66
5. AUTS 1966 US DHEW 1969 57 79 70 72 66
6. Gallup 1969 Gallup 1981 71
7. Gallup 1971 Gallup 1981 71
8. Gallup 1977 Gallup 1981 81
9.  Gallup 1978 Gallup 1978 72 87 81
10. Gallup 1981 Gallup 1981 69 91 83
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TABLE 8.—Continued
Cigarette smoking causes lung cancer
(percentage who agree by smoking status)
Current Former Never All All
Survey Year Reference smokers smokers smokers nonsmokers adults
11. NHIS 1985 NCHS 1986" 92 96 96 96 95
12. AUTS 1986 US DHHS, in press 85 94 95 95 92
13. Gallup 1987 ALA 1987 75 90 94 87
14. NHIS® 1987 83 92 92 89
“And unpublished data.

®Preliminary first-quarter data (unpublished). Year-end percentage for all adults is 89 percent.
NOTE: Actual questions: R
1-3. Do you think that cigarette smoking is or is not one of the causes of lung cancer? (yes, is a cause; no, is not a cause; no opinion)

4-5. Would you say that cigarette smoking is definitely, probably, probably not, or definitely not a major cause of lung cancer, or that you have no opinion either way?‘

6~10. Do you think that cigarette smoking is or is not one of the causes of lung cancer? (yes, is a cause; no, is not a cause; no opinion)

1t Tell_ me if you think cigarette smoking definitely increases, probably increases, probably does not, or definitely does not increase a person’s chances of getting the following problems . . . lung
cancer.

12. Do you think a person who smokes is any more likely to get lung cancer than a person who doesn’t smoke? (much more likely, somewhat more likely, no, don’t know)'

13. Do you think smoking is a cause of lung cancer? (yes, no, don’t know)

14. People have differing beliefs about the relationship between smoking and health. Do you believe cigarette smoking is related to . . . lung cancer?

'Percentages include those who say smoking is “definitely” or “probably” a major cause of lung cancer.

"Percentages include those who believe smoking “definitely” or ““probably” increases the risk.

1Percemages include those who believe smokers are “much more likely” or “somewhat more likely” to get lung cancer.
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TABLE 9.—Trends in public knowledge about smoking and heart disease

Smoking cigarettes causes heart disease
(percentage who agree by smoking status)

Current Former Never All All
Survey Year Reference smokers smokers smokers nonsmokers adults

1. AUTS 1964 US DHEW 1969 32 51 44 46 40
2. AUTS 1966 US DHEW 1969 33 53 43 47 42
3. AUTS 1966 US DHEW 1969 ' 46 65 58 60 54
4. Gallup 1969 Gallup 1981 60
5. Gallup 1977 Gallup 1981 68
6. Gallup 1978 Gallup 1978 63 72 68
7. Gallup 1981 Gallup 1981 59 82 74
8. NHIS 1985 NCHS 1988 88 93 92 92 90

9. AUTS 1986 US DHHS, in press 71 84 80 81 78
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TABLE 9.—Continued
Smoking cigarettes causes heart disease
(percentage who agree by smoking status)
Current Former Never All All
Survey Year Reference smokers smokers smokers nonsmokers adults
10. NHIS? 1987 73 82 77 77

*Preliminary first-quarter data (unpublished). Year-end percentage for all adults is 76 percent.

NOTE: Actual questions:

1-2. Do you think the chances of getting coronary heart disease are the same for people who don't smoke cigarettes as they are for people who do smoke cigarettes? Who would be more likely to
get it, people who don’t smoke cigarettes or people who do smoke cigarettes?

3. Cigarette smokers are more likely to die from heart diseasc than people who don't smoke cigarettes. (strongly agree, mildly agree, no opinion, mildly disagree, strongly disagree)‘

4-7. Do you think that cigarette smoking is or is not one of the causes of heart disease?

8. Do you think cigarette smoking definitely increases, probably increases, probably does not, or definitely does not increase a person's chances of getting heart discase?’
9. Do you think a person who smokes is any more likely to get heart disease than a person who doesn't smoke? (much more likely, somewhat more likely, no, don’t know)”*
10. People have differing beliefs about the relationship between smoking and health. Do you believe cigarette smoking is related to . . . heart disease?

» . 1, {33 [T "
Percentages include those who “strongly agree™ or "mildly agree.

fPercent::lges include those who believe that smoking “definitely” or “probably” increases the risk.
.. . . ., N 33 . H A\ M
Percentages include those who believe smokers are “much more likely” or “somewhat more likely” to get heart disease.
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TABLE 10.—Trends in public knowledge about smoking and emphysema or chronic bronchitis

Percentage who agree by smoking status

Current Former Never All
Survey Year Reference smokers smokers smokers nonsmokers All adults
Smoking is a cause of emphysema/chronic bronchitis
1. AUTS 1964 US DHEW 1969 42 60 S5 56 50
2. AUTS 1966 US DHEW 1969 46 60 52 54 51
Smoking is a cause of emphysema
3. NHIS 1985 NCHS 1986° 89 94 91 92 91
4. AUTS 1986 US DHHS, in press 85 92 90 91 89
5. Gallup 1987 ALA 1987 75 91 90 85
6. NHIS® 1987 79 87 84 84
Smoking is a cause of chronic bronchitis
7. AUTS 1966 US DHEW 1969 50 56 65 56 59
8. NHIS 1985 NCHS 1986° 82 89 88 88 86
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TABLE 10.—Continued
Percentage who agree by smoking status
Current Former Never All
Survey Year Reference smokers smokers smokers nonsmokers All adults
9. AUTS 1986 US DHHS, in press 73 84 83 84 81
10. NHIS? 1987 71 81 79 77

Preliminary first-quarter data (unpublished). Year-end percentages for all adults are 75 percent (chronic bronchitis) and 82 percent (emphysema).
YAnd unpublished data,

NOTE: Actual questions:
1-2. Do you think the chances of getting emphysema and chronic bronchitis are the same for people who don’t smoke cigarettes as they are for people who do smoke cigareties? Who would be
more likely to get it, people who don’t smoke cigarettes or people who do smoke cngarcttes"
3. Tell me nftyou think cigarette smoking definitely increases, probably increases, probably does not, or definitely does not increase a person’s chances of getting the following problems
emphysema.
4. Do you think a person who smokes is any more likely to get emphysema than a person who doesn’t smoke? (much more likely, somewhat more likely, no, don’t know)"*
5. Do you think that smoking is a cause of emphysema? (yes, no, don’t know)
6. Do you believe cigaretie smoking is related to emphysema?
7. Cigarette smoking causes chronic bronchitis. (strongly agree, mildly agree, no opinion, mildly dlsagree strongly dlsagree)
8. Tell me if you think cigarette smoking definitely increases, probably increases, probably does not, or definitely does not increase a person’s chances of getting the foliowing problems .
chronic bronchitis.*
9. Do you think a person who smokes is any more likely to get chronic bronchitis than a person who doesn’t smoke? (much more likely, somewhat more likely, no, don't know)™”
0. People have differing beliefs about the relationship between smoking and health. Do you believe cigarette smoking is related to .
Perccmages are those who believe that smokers are more likely to gel emphysema and chronic bronchitis,
Percentages include those who “strongly agree” or mlldly agree.”
Percemagcs include those who believe smokers are “much more hkely or “somewhat more likely” to get the disease.
Percentages include those who believe that smoking “definitely” or “probably™ increases the risk.

. chronic bronchitis?



smokers (83 percent). Similarly, smokers were less likely to acknowledge an associa-
tion between smoking and emphysema (85 percent) than were former smokers (92 per-
cent) and never smokers (90 percent). Similar patterns were seen in the earlier surveys.

Other Cancers?

Laryngeal and esophageal cancer: By 1964, smoking was identified as a cause of
laryngeal cancer in men; an association between smoking and cancer of the esophagus
was also noted, although the data were not considered sufficient to establish a causal
relationship at that time (US PHS 1964). An estimated 75 to 90 percent of laryngeal
and esophageal cancer deaths are attributed to smoking, and smokers have mortality
rates from these diseases that are approximately 8 to 18 times higher than those of never
smokers (Chapter 3).

Since 1977, public beliefs that smoking increases the risk of developing cancer of the
larynx and esophagus have not changed substantially (Table 11). In 1977, 79 percent
of adults reported that smoking is one of the causes of throat cancer. In 1985, 80 per-
cent of adults thought that smoking increases a person’s risk of developing esophageal
cancer and 88 percent thought that smoking increases the risk of acquiring laryngeal
cancer. Use of different wording to describe the cancer site (throat, laryngeal,
esophageal, “mouth and throat”) makes comparisons among these surveys difficult.

In 1986, current smokers were less likely to acknowledge a relationship between
smoking and laryngeal cancer (82 percent) than were former smokers (91 percent) or
never smokers (91 percent). Similar patterns were seen in the earlier surveys and in the
preliminary 1987 NHIS data (Table 11).

Bladder cancer: The 1964 Report of the Surgeon General’s Advisory Committee
identified an association between smoking and cancer of the bladder, although the
evidence was not considered sufficient to establish a causal relationship (US PHS 1964).
Thirty-seven to forty-seven percent of bladder cancer deaths are now attributable to
smoking (Chapter 3).

Few data are available on public knowledge about the association between smoking
and cancer of the bladder. The 1979 Chilton Survey (Chilton 1980) showed that 25
percent of adult respondents (29 to 31 years of age) believed that “cancer of the blad-
der (has) been found to be associated with cigarette smoking.” In the 1985 NHIS, 36
percent of adults thought that cigarette smoking definitely or probably increases a
person’s risk of developing bladder cancer. In the 1986 AUTS, 33 percent of adults
thought that smokers are more likely than nonsmokers to develop bladder cancer. Cur-
rent smokers were less likely to acknowledge this relationship (25 percent) than were
former smokers (32 percent) and never smokers (38 percent).

What Are the Special Health Risks for Women?

The special health risks for women include effects of smoking on pregnancy out-
come, increased risk of cardiovascular disease (CVD) among smokers who use oral
contraceptives, and increased risk of cervical cancer in women who smoke (Chapters
2 and 3). Data exist on public beliefs regarding the first two of these three categories
of risk.
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TABLE 11.—Trends in public knowledge about smoking and cancer of the mouth/throat/larynx/esophagus

Smoking causes cancer of the mouth/throat/larynx/esophagus

(percentage who agree by smoking status)

Current Former Never All
Survey Year Reference smokers smokers smokers nonsmokers All adults
1. Gallup 1977 Gallup 1981 79
2. Gallup 11978 Gallup 1978 73 82 79
3. Gallup 1981 Gallup 1981 69 87 81
4. NHIS 1985 NCHS 1986" 83 90 90 90 88
S. NHIS 1985 NCHS 1986° 75 83 82 82 80
6. AUTS 1986 US DHHS, in press 82 91 91 91 88
7. NHIS* 1987 73 85 83 80

*Preliminary first-quarter data (unpublished). Year-end percentage for all adults is 80 percent.

"And unpublished data.
NOTE: Actual questions:

1-3. Do you think that cigarette smoking is or is not one of the causes of cancer of the throat?
4-5. Tell me if you think cigarette smoking definitely increases, probably increases, probably does not, or definitely does not increase a person’s chances of getting the following problems . . .
cancer of the larynx or voice box (question 4) . . . cancer of the esophagus (question 5"

6. Do you think a person who smokes is any more likely to get cancer of the larynx or voice box than a person who doesn’t smoke?

7. People have differing beliefs about the relationship between smoking and health. Do you believe cigarette smoking is related to . . . cancer of the mouth and throat?

"Percentages include those who believe that smoking “definitely” or “probably™ increases the risk.



Effects of Smoking on Pregnancy Qutcome

In 1964, knowledge of the health consequences of smoking during pregnancy most-
ly concerned the increased risk of low-birthweight babies (US PHS 1964). Con-
siderable evidence has accumulated since that time. In the 1980 Surgeon General’s
Report. smoking was identified as an important cause of premature births, miscarriages,
and stillbirths, as well as low-birthweight babies (US DHHS 1980).

From the data available, it appears that the public has become more knowledgeable
about the effects of smoking on premature births. In 1966, 34 percent of adults of all
ages thought that women who smoke during pregnancy are more likely to have prema-
ture babies than women who do not smoke (Table 12). Fox and coworkers (1987)
published data on beliefs about the risks of smoking during pregnancy among persons
18 to 44 years of age. By 1985, 70 percent of adults aged /8 to 44 vears thought that
smoking during pregnancy definitely or probably increases the chances of premature
birth.

Only recent data are available on public knowledge of the effects of smoking on spon-
taneous abortion (miscarriage), stillbirth, and low birthweight (Table 12). In 1985, 80
percent of adults (aged 18 to 44 years) thought that smoking during pregnancy definite-
ly or probably increases the risk of having a low-birthweight baby; 74 percent of adults
thought that smoking definitely or probably increases the risk of miscarriage; and 66
percent of adults thought that smoking during pregnancy definitely or probably in-
creases the risk of stillbirth. The 1987 NHIS showed that 89 percent of respondents
believed that smoking during pregnancy “may” harm the baby. The 1966, 1985, and
1987 surveys each showed that current smokers were less likely than nonsmokers to
believe that smoking increases the risk of adverse pregnancy outcomes. The Federal
Trade Commission (FTC) (1981) reviewed data from a 1979 Chilton survey and a 1980
Roper survey on public beliefs concerning the effects of smoking during pregnancy.

Risk of Cardiovascular Disease Among Smokers Who Use Oral Contraceptives

In 1964, the interactive effect of smoking and oral contraceptive use on the risk of
CVD had not been established. The 1977/1978 Surgeon General’s Report cited recent
studies showing that oral contraceptive use potentiates the harmful effects of smoking
on the cardiovascular system (US DHEW 1978). Since 1978, the package inserts for
oral contraceptives have described this risk for users (see Chapter 7). It is now known
that oral contraceptives or cigarettes, when used alone, increase the risk of heart attacks
twofold; however, when used in combination, the increased risk is tenfold (US DHHS
1980). Smoking and oral contraceptive use also appear to interact synergistically to
greatly increase the risk of subarachnoid hemorrhage (US DHHS 1983).

No trend data are available on the knowledge of health risks from the combined use
of cigarettes and oral contraceptives. In 1985, 62 percent of adults aged 18 to 44 years
believed that a woman who both takes oral contraceptives and smokes is more likely
to have a stroke (Table 12). Nonsmokers were only slightly more likely than smokers
to believe this (65 vs. 59 percent). Women were much more likely to believe this than
were men (72 vs. 52 percent). In 1980, 64 percent of women believed that a woman

who takes birth control pills further increases her risk of getting a heart attack if she
also smokes.
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TABLE 12.—Trends in public knowledge about the special health risks for women who smoke

Percentage who agree by smoking status®

Current Former Never All All

Survey Year smokers smokers smokers nonsmokers adults
Smoking during pregnancy increases the chances of premature birth

1. AUTS 1966 25 43 34

2. NHIS 1985 (alb) 64 " 75 70

2. NHIS 1985 (men) 64

2. NHIS 1985 (women) 76
Smoking during pregnancy increases the chances of stillbirth

3. NHIS 1985 (all) 57 67 72 66

3. NHIS 1985 (men) 63

3. NHIS 1985 (women) 68
Smoking during pregnancy increases the chances of miscarriage

4. NHIS 1985 (all) 66 75 79 74

4. NHIS 1985 (men) 72

4. NHIS 1985 (women) 75
Smoking during pregnancy increases the chances of having a low-birthweight baby

5. NHIS 1985 (all) 82 83 80

5. NHIS 1985 (men) 74

5. NHIS 1985 (women) 8s
A woman taking birth control pills is more likely to have a stroke if she smokes

6. NHIS 1985 (all) 59 67 64 65 62

6. NHIS 1985 (men) .48 57 54 55 52

6. NHIS 1985 (women) 70 80 72 74 72
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TABLE 12.—Continued

Percentage who agree by smoking status

Current Former Never All All
Survey Year smokers smokers smokers nonsmokers adults

A woman who takes birth control pills further increases her risk of getting a heart attack if she also smokes
7. Roper 1980 (women) 64

Smoking b{ a pregnant woman may harm the baby
8. NHIS 1987 83 90 93 89

*Data for 1966 include all adults (US DHEW 1969). Data for 1985 are from Fox et al. (1987) and NCHS (1986) and include only those people 18 to 44 years of age. Roper data for 1980 are from
the FTC (1981).
bPreliminary first-quarter data (unpublished). Year-end percentage for all adults is 89 percent.
NOTE: Actual questions:
. -Women who smoke during pregnancy are more likely to have premature babies than women who do not smoke (strongly agree, mildly agree. no opinion, mildly disagree, strongly disagree).‘

. Does cigarette smoking during pregnancy definitely increase, probably increase, probably not or definitely not increase the chances of premature birth?"
. ... of stillbirth?’

1

2

3

4. ...0f miscan‘iage?'
5. ... of low birthweight of the newborn?"

6. If a woman takes birth control pills, is she more likely to have a stroke if she smokes than if she does not smoke?

7. A woman who takes birth control pills further increases her risk of getting a heart attack if she also smokes (know it's true, don't know if it's true, think it's true, think it's not true, know it’s
not true).*

8. Smoking by a pregnant woman may harm the baby. (strongly agree, agree, disagree, strongly disagree)“

*Percentages include those who “strongly agree” or “mildly agree.”

fPercen(ages include those who believe that smoking “definitely” or “‘probably” increases the risk.

tl’ercentage includes those who “know it's true” or “think it’s true.”

**Percentages include those who “strongly agree™ or “agree.”



Other Health Risks Related to Tobacco Use

Involuntary (Passive) Smoking

In 1964, the health effects of environmental tobacco smoke (ETS) exposure were not
established. Today, ETS has been identified as a cause of disease, including lung can-
cer, in healthy nonsmokers. In addition, compared with the children of nonsmoking
parents, children of parents who smoke have an increased frequency of respiratory in-
fections and slightly lower rates of increase in lung function as the lungs mature (US
DHHS 1986a).

From the available data, it appears that the public is more likely to believe that there
are health risks from ETS exposure. The percentage of adults who thought that smok-
ing is hazardous to nonsmokers’ health increased from 46 percent to 58 percent be-
tween 1974 and 1978 (Table 13). By 1986 (AUTS), 81 percent of adults thought that
tobacco smoke is harmful for nonsmokers who live or work with smokers. Similarly,
in 1987 (ACS 1988b), 81 percent thought that people’s smoke is harmful to others near-
by. The 1986 and 1987 surveys used wording corresponding to Level 2 (general ac-
ceptance) beliefs. The 1987 NHIS used wording corresponding to Level 3 (personal-
ized acceptance) beliefs, but nevertheless obtained the same proportion (81 percent)
(Table 13).

In the 1986 AUTS, former and never smokers were more likely to consider ETS to
be generally harmful to health (82 and 87 percent, respectively), compared with cur-
rent smokers (69 percent). Similar patterns were seen in the 1987 NHIS and 1988 Gal-
lup survey. In the 1986 AUTS, when nonsmokers were asked whether they considered
ETS to be harmful to rheir health, 69 percent responded that they thought so (62 per-
cent of former smokers and 74 percent of never smokers).

Is Smoking an Addiction?

In 1964, the Surgeon General’s Advisory Committee came to the following con-
clusion, based on the evidence available at that time: “The tobacco habit should be
characterized as an habituation rather than an addiction.” The Advisory Committee’s
Report, however, did note that tobacco use is “reinforced and perpetuated by the phar-
macologic actions of nicotine on the central nervous system” (US PHS 1964). The
1979 Surgeon General’s Report called smoking “the prototypical substance-abuse de-
pendency” (US DHEW 1979a). The 1988 Surgeon General's Report reaffirmed that
conclusion and provided a detailed review of the evidence (US DHHS 1988).

Only limited data are available to assess public knowledge of the addictive nature of
tobacco use. In a 1978 survey conducted by the Roper Organization, 50 percent of
adults (57 percent of smokers) considered smoking a habit, 29 percent (22 percent of
smokers) thought it an addiction, and 17 percent (15 percent of smokers) believed it to
be both (Roper 1978).

In a 1986 Gallup poll of 1,046 adults 18 years and older conducted in Canada by
household interviews, 76.5 percent of respondents considered “cigarette smoking to be
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TABLE 13.—Trends in public knowledge about the health risks of passive smoking

Smoking is hazardous to nonsmokers " health
(percentage who agree by smoking status)

Current Former Never All

Survey Year Reference smokers smokers smokers nonsmokers All adults
1. Roper 1974 Roper 1978 30 57 46
2. Roper 1976 Roper 1978 38 61 52
3. Roper 1978 Roper 1978 40 69 58
4. AUTS? 1986 US DHHS, in press 69 82 87 85 81
5. NHIS" 1987 68 85 88 81
6. Gallup 1987 ACS 1988b 64 86 89 81

*Percentages presented here are slightly lower than those previously published (CDC 1988) because the latter did not include “don’t know" responses in the denominator.

®Preliminary first-quarter data (unpublished). Year-end percentage for all adults is 81 percent.

NOTE: Actual questions:

1-3. Is smoking hazardous to nonsmokers’ health? (probably is hazardous, probably doesn’t have any real effect, don't know)

4. Think now for a moment about a nonsmoker who lives or works with smokers . . .. Do you think that exposure to tobacco smoke is harmful or not harmful to the nonsmoker’s health?

5. The smoke from someone else’s cigarette is harmful to you. (strongly agree, agree, disagree, strongly disag )
6. If people smoke, do you think that it is harmful or is nor harmful to people who are near them? (yes, harmful; no, not harmful; can’t say/no opinion)
“Percentages include those who “strongly agree” or “agree.”



like a drug addiction.” Of current smokers, 79.6 answered “yes” to the question, “Do
you think you are addicted to cigarettes?” (Canadian Gallup 1986)

Interaction Between Smoking and Other Exposures

The 1985 Surgeons General’s Report (US DHHS 1985) reviewed evidence regard-
ing the interaction between smoking and a variety of occupational exposures in caus-
ing disease. With respect to the interaction between smoking and asbestos, the Report
concluded that these two exposures act synergistically to increase the risk of lung can-
cer. The risk of lung cancer in cigarette-smoking asbestos workers is more than fif-
tyfold the risk in nonsmokers who have not been exposed to asbestos.

Few data are available on public knowledge of these interactions. The 1980 Roper
survey (unpublished data, FTC) asked respondents about their belief concemning the
following statement: “If you smoke and have worked with asbestos you are at least 50
times more likely to get lung cancer than if you have done neither.” Seventy-four per-
cent of respondents (and 69 percent of smokers) said that they “know it’s true” or ““think
it’s true.”

Smokeless Tobacco

Smokeless tobacco (ST) use leads to increased risk of oral cancer and nicotine ad-
diction (US DHHS 1986¢).

No data are available to assess trends in public knowledge of the health risks of ST
use. Inthe 1986 AUTS, 78 percent of adults thought that the use of chewing tobacco
is harmful in any way to a person’s health. Similarly, 73 percent thought that the use
of snuff is harmful to a person’s health. Current smokers were less likely to know about
the health effects of using chewing tobacco and snuff (71 and 66 percent, respective-
ly) compared with former smokers (79 and 75 percent, respectively) and never smokers
(81 and 76 percent, respectively).

According to the 1987 NHIS (preliminary first-quarter estimates), 82 percent of
adults thought that a relationship exists between chewing tobacco use and mouth and
throat cancers. Seventy-seven percent thought that snuff use is related to these cancers
(unpublished data, National Cancer Institute). ‘

Personal Health Risks for Smokers

There have been few attempts to determine smokers’ beliefs regarding their own per-
sonal risk. Several Gallup surveys conducted between 1977 and 1987 asked respon-
dents, “Do you think cigarette smoking is or is not harmful to your health?” (Table 14).
Data are available for current smokers for the years 1981 and 1985. The proportion of
current smokers answering in the affirmative increased from 80 percent in 1981 to 90
percent in 1985. These data, at first glance, suggest that a high percentage of smokers

202



£0C

TABLE 14.—Trends in public beliefs about one’s personal risk from smoking

Cigarette smoking is harmful to YOUR health
(percentage who agree by smoking status)

Current Former Never All

Survey Year Reference smokers smokers smokers nonsmokers All adults
1. Gallup 1977 Gallup 1985 90
2. Gallup 1978 Gallup 1978 83 95 90
3. Gallup 1981 Gallup 1985 80 96 90
4. Gallup 1983 Gallup 1985 92
5. Gallup 1985 Gailup 1985 90 96 96 94
6. Gallup 1987 ALA 1987 94
7. NHIS? 1987 S5

"Preliminary first-quarter data (unpublished). Year-end percentage is 55 percent.
NOTE: Actual questions:

1-6. Do you think cigarette smoking is or is not harmful to your health?

7. Do you believe your smoking has affected your health in any way?



perceive a personalized risk from smoking. However, nonsmokers were asked to
respond to the question, implying that the wording may not be understood by some
respondents as referring to truly personalized health risks. Wording such as, “Do you
think that your cigarette smoking is or is not harmful to your health?”” might elicit dif-
ferent responses.

The 1987 NHIS (unpublished data. National Cancer Institute) showed that 55 per-
cent of current smokers answered *“yes” to the question, “Do you believe your smok-
ing has affected your health in any way?” The principal reason this percentage is sub-
stantially lower than that obtained by the 1985 Gallup survey (90 percent) is probably
that the former was likely to be understood as referring to overt symptoms or disease,
while the latter was likely to be understood as referring to the risk of harm.

Another approach to measure perceptions of personalized risk has been to ask
smokers whether they are “concerned” about the effects of smoking on their health. It
appears that smokers are more likely today to be concerned that smoking is harmful to
their own health. In 1964, 50 percent of current smokers were concerned about the pos-
sible effects of smoking on their own health (Table 15); this proportion increased to 75
percent by 1986. However, in 1986, only 18 percent of smokers were very concerned
about the effects of smoking on their health; 56 percent of smokers were only fairly or
slightly concerned; and 24 percent were not at all concerned.

From 1970-86, the percentage of smokers who were very concerned about the pos-
sible effects of smoking on their health decreased from 29 to 18 percent, while the per-
centage who were only slightly concerned increased from 19 to 34 percent. This
redistribution within the population of smokers having any concern may have occurred
because a much greater proportion of those who were very concerned may have quit
smoking during this period; therefore, they would not have been included in subsequent
surveys.

A third approach to assess personalized risk, or more correctly, the absence of per-
sonalized risk, is to ask smokers if they believe themselves to be at lower risk than other
smokers. In 1986, 21 percent of adults thought that the cigarettes they smoked were
less hazardous than other cigarettes (Table 3).

Other data pertaining to perceptions of personalized risk from ETS and from smok-
ing among adolescents appear in the sections on Involuntary Smoking (above) and
Adolescent Knowledge (below).

How Harmful Is Smoking?

The data presented above reveal that a vast majority of adults agree that smoking is
hazardous to health and correctly recognize the conditions that are associated with
smoking. However, these data do not address the depth of the public’s understanding
regarding the absolute risk of smoking, the relative risks of smoking, the population-
attributable risk of smoking, and the risk of smoking in comparison with other risks. A
more in-depth understanding of the risks of smoking may be much more important in
promoting behavioral change than the more superficial beliefs measured by the data
presented above. Unfortunately, only limited data are available to address the public’s
in-depth understanding of the risks of smoking.
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TABLE 15.—Trends in smokers’ concern about the effects of smoking on their own health

Concern about the possible effects of cigarette smoking on your health
(percentage who responded by level of concern)

Very Fairly Only slightly Not Any

Survey Year concerned concerned concerned concerned concern®
1. AUTS 1964 13 {8 19 50 S0
2. AUTS 1966 12 17 18 53 47
3. AUTS 1970 29 22 19 31 69
4. AUTS 1975 25 23 19 32 68
5. AUTS 1986 18 22 34 24 75

*Very, fairly, or only slightly concerned.

NOTE: Actual questions:

1-5. Are you in any way concerned about the possible effects of cigarette smoking on your health?

SOURCE: US DHEW (1969, 1973, 1976a); US DHHS, in press.



Absolute Risk

Absolute risks can be described by the proportion of those exposed to a given risk
factor who will actually die or develop the particular condition, or by the reduction in
life expectancy caused by exposure. As many as one-third of heavy smokers aged 35
years will die before age 85 of diseases caused by their smoking (Mattson, Pollack, Cul-
len 1987), and 30-year-old smokers will shorten their lives an average of 6 to 8 years
if they smoke a pack a day (US DHEW 1979a).

From 1970-78, the proportion of adults who believed that smoking a pack of ciga-
rettes a day made a great deal of difference in longevity increased slightly from 42 to
50 percent (FTC 1981). However, most adults underestimate the impact of smoking
on longevity, according to a 1980 Roper survey. In this survey, 30 percent of the
population and 41 percent of smokers did not know that a typical 30-year-old smoker
shortened his life expectancy ar all by smoking (FTC 1981). Among those who did
know that smoking reduces one’s life expectancy, many underestimated the degree to
which this is true. On average, nonsmokers underestimated the loss in life expectancy
by about 2 years and smokers underestimated it by more than 4 years.

Relative Risk

Relative risk describes the risk of dying or developing discase for a person exposed
to a particular risk factor compared with someone not exposed. For example, male
smokers are 22 times more likely and female smokers are 12 times more likely to
develop lung cancer compared with nonsmokers of the same sex (Chapter 3).

In the 1980 Roper study, respondents were asked if smokers were specifically 10
times more likely to die from lung cancer (the estimated relative risk derived from the
data available at that time); 23 percent of the general population and 39 percent of
smokers did not believe this statement. Some of this lack of belief may be due to the
use of a specific figure. However, using more general terms, 16 percent of adults and
25 percent of smokers did not think that smokers were “many times” more likely than
nonsmokers to develop lung cancer (FTC 1981).

Attributable Risk and Smoking-Attributable Mortality

Attributable risk refers to that proportion of a disease that can be “attributed” to (or
is caused by) a particular risk factor, such as smoking. For example, smoking accounts
for about 80 to 90 percent of lung cancer deaths and 80 to 85 percent of deaths from
COPD (Chapter 3).

Much of the information regarding the public’s understanding of the magnitude of
the risks of smoking comes from the Roper survey conducted in 1980. In this survey,
43 percent of adults and 49 percent of smokers did not know that smoking causes most
of the cases of lung cancer and 22 percent of adults and 27 percent of smokers did not
know that smoking even causes many cases of lung cancer (FTC 1981). In the 1987
NHIS (unpublished data, National Cancer Institute), 28 percent (preliminary first-
quarter estimate) of smokers and 16 percent (year-end figure) of the general population
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disagreed with the statement, “Most deaths from lung cancer are caused by cigarette
smoking.”

Attributable risk figures can be used to calculate smoking-attributable mortality. The
1979 Surgeon General’s Report (US DHEW 19794, p. ii) attributed approximately
350,000 deaths each year to cigarette smoking. In 1985, an estimated 390,000 deaths
in the United States were attributable to smoking (Chapter 3). In the 1979 Chilton sur-
vey, adults aged 29 to 31 years were asked: “In the United States, two million people
die each year. About how many of these deaths are probably related to cigarette smok-
ing?” The responses offered by the interviewer, along with the percentages chosen,
were: 10,000 deaths, 22 percent; 50,000, 16 percent; 100,000, 16 percent; 300,000, 17
percent; don’t know, 31 percent (Chilton 1980).

Comparative Risk

The risk of dying from smoking can be compared with the risk of dying from other
behavioral risk factors, such as living under stress, eating high-cholesterol foods, or
drinking heavily. The public’s perception of these comparative risks was assessed by
Roper surveys from 1970-78 (Table 16). In 1970, living under a lot of tension and
stress and not getting regular exercise were considered by more adults to make a great
deal of difference in longevity than was smoking a pack of cigarettes daily. In contrast,
fewer adults considered regularly eating food high in cholesterol, consuming three or
four drinks of liquor a day, or being 20 Ib overweight to have an effect on longevity.
In 1978, only stress was considered by more adults to make a great deal of difference
on longevity.

In 1983, Louis Harris and Associates conducted a national telephone survey of 1,254
randomly selected adults for Prevention magazine (Harris 1983). Respondents were
asked to rank 24 health and safety factors on a 1-to-10 (low-to-high) scale of impor-
tance. A sample of 103 health experts (medical school chairmen of preventive
medicine, public health school deans, government officials, journal editors, and others)
was also interviewed and was asked to make the same rankings. All of the public’s
mean rankings were in the top half of the scale; thus, none of the factors were seen as
trivial in importance. “Not smoking” was ranked near the middle, below “keeping
water quality acceptable,” “having smoke detectors in the home,” ““taking steps to con-
trol stress,” and “getting enough vitamins and minerals” (Figure 1). In contrast, the
panel of experts ranked “not smoking” at the top of the list (Figure 2).

The 1986 AUTS asked five questions comparing the perceived risk of cigarette smok-
ing with the perceived risk of drinking alcoholic beverages, smoking marijuana, being
exposed to air pollution, driving without a seat belt, and being 20 1b overweight (Table
17). In each of the comparisons, never smokers were more likely to disagree than to
agree that cigarette smoking is less harmful than the other risks. Only in the case of
marijuana smoking are the percentages of those agreeing and disagreeing similar. On
the other hand, current smokers were more likely to agree than to disagree that cigarette
smoking is less dangerous than marijuana smoking and air pollution.

Dolecek and coworkers (1986) surveyed 973 adults in Chicago from a sample of
family members of students who participated in AHA’s Chicago Heart Health Cur-
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TABLE 16.—Trends in public knowledge about the health risks of smoking compared to other risks, 1970-78

It makes a great deal of difference in longevity if a person . . .

(percentage who agree by year)

Question 1970 1972 1974 1976 1978
tives under a lot of tension and stress 69 72 74 76 74
doesn’t get regular exercise 49 38 38 33 34
smokes a pack of cigarettes a day 42 42 44 45 50
regularly eats a lot of food with high cholesterol 3t 34 38 39 43
drinks 3 or 4 highballs a day 29 34 35 37 39
is 20 pounds overweight 23 26 25 24 24

SOURCE: Roper (1978).
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Q.: In helping peopie In general to live a long ana neanny hie, NOW woulu
you rate the importance of . . .

0f Utmost 0f Low
10 Importance 9 8 7 6 5 3 Importance 1
I 1 1 1 1 1 |
e Never driving after drinking 9.25 (.05)
o

Keeping air quality acceptable 9.11 (.05)
(aal

Keeping water quality acceptable 8.95 (.05)
e

Having smake detectors in home 8.89 (.06)
e

Keeping close to recommended weight 8.54 (.05)
aa! Having blood pressure reading annually 8.51 (.06)
-

Taking steps to controf stress  8.38 (.06)
o

Getting enough vitamins, minerals 8.37 (.06)
- Exercising regularly  8.32 (.06)

—o— Not smoking 8.25 (.08)

e~ Having friends, relatives, neighbors 8.18 (.06)
o Inheriting genes from parents for long life  8.16 (.06)
o Receiving advice from doctor on health habits 8.13 (.06)
la ol Not eating too much sodium 8.10 (.06)
e Getting 7-8 hours sleep 8.04 (.06)

o Eating enough fiber 7.98 (.06)

o Wearing seatbelts all the time in front seat 7.89 (.07)

e~ Not eating too much fat 7.88 (.07)

e~  Getting enough calcium 7.84 (.06)

—o—

Not eating too much sugar 7.81(.07)

F-e— Eating breakfast daily 7.61(.08)
e~  Not getting too much cholesterol  7.42 (.07)
+—e—{  Drinking aicohol moderately 6.53 (.09}

F—e—{ Orinking no alcohol 6.42 (.09)

FIGURE 1.—Adult public’s rating of 24 health and safety factors

NOTE: Shown above is the mean importance rating for each factor given by 1,254 adults usinga 1 to 10 scale. Givenin

as a band or range consisting of + two standard error values.

parentheses is the standard error of the mean. The 95-percent confidence interval around each mean is graphically displayed

SOURCE: Harris (1983).
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Q.: Thinking about the overall health of the general population, how important
is it for adults to . . .

0f Utmost 0Of Low
10 Iimportance g 8 7 importance

[ | | | T T T T /\/—I

——y Not smoke 9.78 (.09)
—eo— Wear seatbelts all the time in front seat 9.16 (.12)
—a— Never drive after drinking 9.03 {.18)
] Have smoke detectors in home 8.53 (.17)
————q Live where drinking water is of acceptable quality 8.41(.17)
—e—{ Have friends, relatives, neighbors 8.31 (.16)
p—a—ry Exercise regularly 8.20 (.16)
p——— Drink alcohol moderately 8.15 (.19)
—o——ro Not eat too much fat  7.82 (.15)
—eo—i Keep close to recommended weight  7.71 (.15)
—— Receive advice from doctor on heaith habits J 7167 (.22)
—— Have biood pressure reading annually 7.62 (.21)
——q Inherit genes from parents for long life 7.62 (.28)
p——— Take steps to control stress 7.58 (.18)
—e— Eat enough fiber 7.41 (.17)
—e— Get enough calcium (for women) 7.28 (.19)
e———ef Not get too much cholesterol 7,15 (.19)
——— Live where air is acceptable 7.12 (.22)
————y Get enough vitamins and minerals 7.12 (.22)
——e— Not eat too much sodium 7.04 (.19)
F——e——1  Not eat too much sugar 6.90 {.19)
——e—— Get 7-8 hours sleep 6.71 (.20)
}———e——— Eat breakfast daily 6.16 (.25)
Drink no aicohot 3.15(.23) |p———t———oy

o
wm
S

o

FIGURE 2.—Experts’ rating of 24 health and safety factors
NOTE: Shown above is the mean importance rating for each factor given by 103 experts using a 1 to 10 scale. Given in

p heses is the standard error of the mean. An indicator of the variability of individual ratings around each mean is graphi-
cally displayed as a band or range consisting of + two standard error values.
SOURCE: Harris (1983).
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TABLE 17.—Public knowledge about the harmfulness of cigarette smoking compared with other risks, 1986

Percentage who agree Percentage who disagree
Current Former Never Current Former Never
smokers smokers smokers smokers smokers smokers
Moderate use of cigarettes is less harmful to health than 32 21 20 54 63 63
moderate use of alcoholic beverages.
Smoking cigarettes is less harmful to health than smoking 48 38 37 33 34 40
marijuana.
Air pollution is a greater health risk than cigarettes. 48 30 28 41 54 57
Smoking cigarettes is less dangerous than driving without a 36 25 26 52 58 68
seat belt.
Smoking is less harmful than being 20 pounds overweight. 31 19 18 59 69 71

NOTE: Percentages of those who agree include those who “strongly agree™ or “somewhat agree.” Percentages of those who disagree include those who “strongly disagree™ or “somewhat disagree.”
SOURCE: AUTS 1986 (US DHHS, in press).



riculum Program during the 1980-81 school year. Respondents were asked to select
the three major risk factors for CVD from a list of nine. The percentage responses for
these risk factors were: high blood pressure, 25 percent; overweight, 22 percent;
stress/tension/worry, 14 percent; cigarette smoking, 13 percent; heredity/family history,
7 percent; eating too much cholesterol (fat), 7 percent; not enough rest/working too
hard, 6 percent; not enough exercise, 4 percent; and diabetes, 2 percent.

From 1982-86, Becker and Levine (1987) surveyed 90 adults with no known CHD
who were siblings of patients hospitalized for recently documented CHD. Patients and
siblings were all less than 60 years old. The siblings were randomized into an assess-
ment group (interviewed within 2 weeks of the index patients’ discharge and again 4
months later) and a control group (received only one interview at 4-month followup).
Participants were asked in an open-ended question to name factors thought to cause or
be associated with CHD. Smoking was identified by 81 percent of the control group
(after stress, 91 percent) and was the risk factor most often cited by the assessment
group (97 percent).

Folsom and others (1988) conducted two surveys in the metropolitan Minneapolis/St.
Paul area during 1985-86. One survey sampled blacks aged 35 to 74 years, while the
other sampled a primarily white population. Subjects were asked the open-ended ques-
tion, “What do you think are the most important causes of cardiovascular diseases (heart
attack or stroke)?” The percentage of blacks (total sample size=1,252) who identified
smoking as one of the most important causes of CVD was 32 percent; stress/worry (54
percent) and improper diet (45 percent) ranked higher. Among whites (total sample
size=1,870), smoking and improper diet were both ranked highest (54 percent).

In a survey conducted in 1987 by the Gallup Organization for ACS, 90 percent of
adults reported that smoking cigarettes contributes to a higher risk of cancer. Lower
percentages reported that a higher cancer risk is associated with suntan and sunburn (73
percent), alcohol (34 percent), high-fat diet (33 percent), and smoked and nitrite-cured
meats (31 percent) (ACS 1988b).

For the studies reviewed above on comparative risk, data stratified by smoking status
were available only from the 1986 AUTS.

Knowledge Among Adolescents About the Health Risks of Smoking

Because most regular cigarette smokers begin to smoke before age 21 (Chapter 5), it
is important to consider teenagers” knowledge about the health effects of smoking. This
knowledge can be addressed in the following categories: (1) general health effects of
smoking, (2) personalized risk of smoking-related diseases, (3) risks of smoking com-
pared with other health risks, (4) beliefs about addiction, and (5) health effects of ST
use.

General Health Effects

Since 1975, beliefs among adolescents that cigarette smoking is harmful have in-
creased. National data on knowledge of high school seniors about the health risks of
smoking are available from the Monitoring the Future Project (sponsored by the Na-
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TABLE 18.—Knowledge about the health risks of smoking among high school seniors, 1975-86, Monitoring the Future Project,
National Institute on Drug Abuse

How much do you think people risk harming themselves (physically or in other ways), if they sroke one or more packs of cigarettes per day?
(percentage responding in each category)

Survey year Don’t know No risk Slight risk Moderate risk Great risk Any risk *
1975 2 3 9 35 51 95
1976 2 2 9 31 56 96
1977 2 2 9 29 58 96
1978 2 2 8 30 59 97
1979 1 2 7 27 63 97
1980 1 1 7 27 64 98
1981 1 1 6 28 63 98
1982 2 2 7 30 61 97
1983 1 2 7 29 61 97
1984 1 2 6 27 64 97
1985 2 2 6 24 67 97
1986 1 i 5 26 66 97

#Slight, moderate, or great risk of harm combined.
SOURCE: Bachman, Johnston, O'Malley (1980a.b, 1981, 1984, 1985, 1987); Johnston and Bachman (1980); Johnston, Bachman, O'Malley (1980a.b, 1982, 1984, 1986).



TABLE 19.—Perceived harmfulness of drugs among high school seniors, 1986;
Monitoring the Future Project, National Institute on Drug Abuse

How much do you think people risk harming themselves (physically or in other ways), if they...
(percentage of people responding)

Great risk
try one or two drinks of an alcoholic beverage (beer, wine, liquor)? 5
try marijuana (pot, grass) once or twice? 15
take one or two drinks nearly every day? 25
smoke marijuana occasionally? 25
try amphetamines (uppers, pep pills, bennies, speed) once or twice? 25
try barbiturates (downers, goofballs, reds, yellows, etc.) once or twice? 25
use smokeless tobacco regularly (chewing tobacco, plug, dipping tobacco, snuff)? 26
try cocaine once or twice? 34
have five or more drinks once or twice each weekend? 39
try LSD once or twice? 42
try heroin (smack, horse) once or twice? 46
take cocaine occasionally 54
smoke one or more packs of cigarettes per day? 66
take amphetamines regularly? 67
take barbiturates regularly? 67
take four or five drinks nearly every day? 67
take heroin occasionally? 68
smoke marijuana regularly? 71
take cocaine regularly? 82
take LSD regularly? - 83
take heroin regularly? 87

NOTE: Possible responses included great risk, moderate risk, slight risk, no risk, don’t know.
SOURCE: Bachman, Johnston, O'Malley (1987).

tional Institute on Drug Abuse) forevery year since 1975. Although nearly all teenagers
recognize some risk of harm from smoking, the proportion who think that smoking a
pack or more a day causes great risk of harm increased from 51 percent in 1975 to 67
percent by 1985 (Table 18).

A 1975 survey (US DHEW 1975a) of teenagers who smoked revealed that many
thought that the dangers of smoking were exaggerated for their age group (52 percent
of girls; 54 percent of boys); that there was too much talk about things that were bad
for them (43 percent of girls; 48 percent of boys); and that air pollution was just as im-
portant a cause of lung cancer as cigarettes (67 percent of girls; 51 percent of boys). In
1986, only 16 percent of high school seniors agreed with the statement, “The harmful
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effects of cigarettes have been exaggerated” (see Table 24; Bachman, Johnston,
O’Malley 1987) (data stratified by smoking status were not published).

Personalized Risk

In a survey of 895 students in grades 2 through 12 in 134 public schools in Milwaukee,
WI, during the 197980 academic year, Leventhal, Glynn, and Fleming (1987) assessed
the degree to which the students personalized the health risk from smoking. When
asked, “Do you think that smoking can injure or hurt the body?” 98 percent answered
affirmatively and were able to accurately name one or more body parts that are
adversely affected by smoking. A subsample of 622 subjects (smokers and non-
smokers) was asked whether they “would be less likely, about as likely, or more like-
ly to get sick from smoking than other people.” Those answering “less likely” ac-
counted for 47 percent of the smokers but only 36 percent of the nonsmokers, 47 percent
of those who intended to become adult smokers versus 36 percent of those who did not
intend to become adult smokers, and 41 percent of those from smoking families versus
28 percent of those from nonsmoking families. These findings suggest that although
children and adolescents recognize smoking as harmful, they may not personalize the
risk. This failure to personalize the perception of risk may play a role in the initiation
of smoking.

Some teenagers may minimize or deny their personal risk because of a belief that cer-
tain smoking patterns are safe. In the 1974 and 1979 Teenage Smoking Surveys con-
ducted by the Department of Health, Education, and Welfare (US DHEW 1976b,
1979b), about one-quarter of teenagers agreed with the statement, “There’s nothing
wrong with smoking cigarettes if you don’t smoke too many.” About one-third agreed
with the statement, “Cigarette smoking is harmful only if a person inhales.”

Comparative Risk

In the 1979 Chilton Survey (Chilton 1980), teenagers were asked which of the fol-
lowing caused the most deaths during the past year: traffic accidents, fires, cigarette
smoking, or drug overdose. Traffic accidents were cited by 44 percent of teenagers,
followed by drug overdose (21 percent), cigarette smoking (19 percent), and fires (6
percent).

The High School Seniors Survey includes questions about the risks associated with
using a variety of licit and illicit drugs at different levels of intake. In 1986, 66 percent
of high school seniors thought that smoking one or more packs of cigarettes per day
causes great risk of harming oneself. More students saw great risk in the regular use
of marijuana, cocaine, LSD, and heroin (Table 19). In contrast, more teenagers saw
great risk in regular smoking compared with trying amphetamines, barbiturates,
cocaine, or LSD; in trying or using occasionally marijuana or cocaine; or in trying al-
cohol, having one to two drinks per day, or having five or more drinks one or two times
per week.

The Weekly Reader magazine includes a survey twice a year in the periodical, which
is distributed throughout the country to more than 10 million children in grades 2
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through 9. Surveys are filled out in class by students under a teacher’s supervision.
The topics addressed are rotated so that the same survey is repeated every 4 years. The
Spring 1986 survey covered safety and health (Weekly Reader 1986). Of an estimated
400,000 student responses for grades 2 through 6, 128,000 were randomly chosen for
analysis. Although the respondents do notrepresent arandomly selected sample, results
pertaining to tobacco are presented here because of the large sample size and the paucity
of data available for young children.

The survey included the following question: “Many people say the following things
are harmful for kids to do. How harmful do you think each is for kids your age? (very
harmful, somewhat harmful, not harmful) . . . overeating, eating junk food, listening to
very loud music, smoking, chewing tobacco, staying up late, failing to get enough ex-
ercise.” Grade-specific results for students in grades 4 through 6 showed that smoking
(90 to 95 percent) and chewing tobacco (80 to 90 percent) were much more likely to
be perceived as “very harmful” compared with the other choices, ail of which were con-
sidered to be “very harmful” by less than 40 percent of respondents (except for loud
music, among fourth graders—70 percent). However, these results should be inter-
preted with caution because of the possibility of sampling bias and the leading nature
of the question.

Addiction

Of particular concern are teenagers who are unaware of the addictive nature of
cigarette smoking, and who, therefore, may be tempted to “experiment” with smoking.
In the 1974 and 1979 DHEW Teenage Smoking Surveys (US DHEW 1976b, 1979b),
about one-quarter of the teenagers agreed with the statement, “Teenagers who smoke
regularly can quit for good any time they like.” About 60 percent agreed that “It’s okay
for teenagers to experiment with cigarettes if they quit before it becomes a habit.” In
the 1979 survey, teenagers were asked, “What would you say is the possibility that 5
years from now you will be a cigarette smoker?”" Fifty percent of the current regular
smokers (48 percent of boys and 52 percent of girls) answered “definitely not” or
“probably not.” These findings suggest that a large proportion of new smokers are un-
aware of or underestimate the addictive nature of smoking.

In 1975, 56 percent of girls aged 13 to 17 years and 62 percent of young women aged
18 to 35 years thought that smoking was as addictive as illegal drugs (US DHEW
1975a).

In the study by Leventhal, Glynn, and Fleming (1987) of 895 students in grades 2
through 12 in Milwaukee, W1, subjects were asked how hard it is for heavy smokers
and for light smokers to quit smoking, and how heavy and light smokers feel when they
quit. Answers were used to construct a “knowledge of addiction” scale. The inves-
tigators found that young people who smoke or who have smoking family members
have lower “knowledge of addiction” scores. The authors speculate that these in-
dividuals may be “defending against the thought that either they or a parent has an un-
controllable problem.”

Information on teenage beliefs concerning the addictiveness of ST use is discussed
below.
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Smokeless Tobacco Use

In 1985, the Office of the Inspector General, Department of Health and Human Ser-
vices, surveyed a nonrandom sample of 399 students in 1 junior high or middle schools
and 20 high schools in 16 States regarding ST use (US DHHS 1986d). ST users were
oversampled based on identification of users and nonusers by school officials. The
sample was composed of 290 current ST users (73 percent) and 109 nonusers (27 per-
cent). Eighty percent of junior high school users and 92 percent of high school users
acknowledged that dipping snuff and chewing tobacco can be harmful to a person’s
health (Table 20). When asked about the extent of physical harm that may result from
ST use, however, about half of users believed that there is no risk or only slight risk
from regular use. One-third of junior high school users and only 5 percent of high
school users thought that ST use may lead to mouth cancer. There was poor under-
standing of the effects of ST use on gum and dental conditions. One-quarter of junior
high school users believed that regular ST use is not addictive, and more than one-third
did not know that snuff contains nicotine. In summary, these findings suggest that users
are substantially uninformed about the health effects and addictiveness of smokeless
tobacco use. However, the degree to which these results can be generalized national-
ly is limited by the nonrepresentative nature of the sample.

Data from the Monitoring the Future Project showed that in 1986, a total of 59 per-
cent of high school seniors believed that regular ST use poses a great (26 percent) or
moderate (33 percent) risk of harm, compared with 36 percent who believed that ST
use poses slight (28 percent) or no (8 percent) risk (Bachman, Johnston, O’Malley
1987).

Constituents of Tobacco Smoke -

The estimated number of known compounds in tobacco smoke exceeds 4,000, in-
cluding some that are pharmacologically active, toxic, mutagenic, carcinogenic, and
antigenic (Chapter 2). One of these is carbon monoxide, whose presence in cigarette
smoke is cited in one of the four health warnings rotated on cigarette packages and ad-
vertisements since 1985 (Chapter 7).

In a 1979 survey conducted by Chilton Research Services for the Federal Trade Com-
mission (FTC 1981), respondents were asked, “Does cigarette smoke contain carbon
monoxide?” Fifty-one percent of teenagers (aged 13—18) either did not know (21 per-
cent) or said “no” (29 percent); 45 percent of adults (aged 29-31) either did not know
(26 percent) or said “no” (19 percent).

In a 1980 Roper survey (FTC 1981), 53 percent of all respondents and 56 percent of
smokers did not know or believe that “Cigarette smoke contains carbon monoxide,
which is a dangerous gas.”

In the 1986 AUTS, 62 percent of current smokers answered “yes” to the question,
“As far as you know, does cigarette smoke contain carbon monoxide?” Thirteen per-
cent said “no,” and 25 percent did not know. Former and never smokers were not asked
this question.
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TABLE 20.—Beliefs about the health effects of smokeless tobacco (ST) use
among 399 junior and senior high school students (percentage who
agree) in 16 States, 1986

Users Nonusers
Junior high school High school _ '
(N =76) (N=214) (N = 109)
ST use can be harmful 80 92 97
Risk from ST use
None or slight 57 . 42 32
Moderate to great 43 58 68
Regular ST use may lead to 33 5 S
mouth cancer
Gum and mouth problems among 64 41 33
uSers are very rare
ST use increases risk of tooth 24 11 16
stains, wear, and loss
Snuff does not contain nicotine 38 20 32
Regular ST use is not addictive 25 15 10
ST use is much more safe than 81 81 59

cigarettes

NOTE: ST user defined as follows: has dipped or chewed more than 100 times, currently uses daily or at least 3

days per week, dipping at least three times on days of use. Nonuser defined as follows: has never dipped or chewed, or
has only tried it a few times or more than a few times but fewer than 100 times.

SOURCE: US DHHS (1986d).
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Health Benefits of Smoking Cessation

The overall mortality ratio of former smokers (compared with never smokers)
declines with increasing years of abstinence. According to data reviewed in the 1979
Surgeon General’s Report (US DHEW 1979a) from the U.S. Veterans Study and the
British Doctors Study, overall mortality rates of former smokers are similar to those of
never smokers 15 years after quitting (US DHEW 1979a). With respect to lung cancer
mortality, the increased risk diminishes substantially by 5 to 9 years after quitting, but
remains above the risk of never smokers for many more years except for those with
fewer than 30 years of cigarette smoking (Chapter 2). A reduction in CHD mortality
occurs within the first few years after cessation (US DHHS 1983). The risk of COPD
mortality decreases eventually after smoking cessation but does not decline to equal
that of never smokers, even after 20 years of cessation (US DHHS 1984).

In the 1986 AUTS, respondents were asked how long it takes before former smokers’
chances of developing a disease return to normal. Slightly more than half believed that
the risks return to normal within 5 years (Table 21). Results were similar when stratified
by smoking status.

The 1987 NHIS included questions regarding the health benefits of quitting in terms
of specific disease risks. These data were not available for inclusion in this Report.

Discussion

It has been 25 years since the release of the first Surgeon General’s Report on smok-
ing and health. During that time, a major public health effort has been made to educate
the public regarding the health consequences of smoking (see Chapters 6-8).

Public knowledge of the health risks of smoking has improved as a result of this mas-
sive public health education campaign. The belief that smoking is harmful to health
has increased since 1964. In 1964, a majority of adults acknowledged the general health
risk of smoking and believed that smoking is a major cause of lung cancer, but a minority
believed that smoking increases the risk of COPD, heart disease, and premature birth.
By the mid-1980s, a substantial majority of adults (including nonsmokers and smokers)
recognized the general health risks of smoking and believed that smoking increases the
risk of lung cancer, COPD, and heart disease, and prematurity, low birthweight, mis-
carriage, and stillbirths.

Knowledge of the risks of exposure to ETS has also increased markedly since 1974;
in fact, this high level of belief preceded the release of the 1986 Surgeon General’s
Report on the health consequences of involuntary smoking.

Current Gaps in Public Beliefs About the Health Effects of Smoking

Despite the growing level of public knowledge noted above, a substantial number of
Americans are still uninformed about or do not believe the health risks of smoking.
These gaps in knowledge or beliefs are more evident when one considers the propor-
tion of adults who do not acknowledge certain health risks rather than the proportion
who do. For example, among smokers—for whom this information is particularly
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TABLE 21.—Public knowledge about the health benefits of smoking cessation in relation to years of abstinence, 1986

If someone gives up smoking completely, how long do you think it will take
before their chances of developing a disease return to normal?
(percentage indicating the following number of years)

<1 1-2 35 6-10 11-15 15 Never o
Current smokers 17 23 16 8 1 1 7 27
Former smokers 14 23 20 8 1 1 7 26
Never smokers 16 23 16 6 | 1 12 25

SOURCE: AUTS 1986 (US DHHS, in press).



relevant—10 percent in 1985 did not believe that smoking is harmful to health. In 1986,
15 percent did nor think that a person who smokes is more likely than a person who
does not smoke to get lung cancer. Similar proportions of smokers did not believe that
smokers are more likely to get heart disease (29 percent), chronic bronchitis (27 per-
cent), emphysema (15 percent), and laryngeal cancer (18 percent). These percentages
correspond to 8 million to 15 million adult smokers in the United States,

Another gap exists in the public’s understanding of the special health risks of women
who smoke. Compared with 1964, in 1985 smokers were more than twice as likely to
recognize smoking as a cause of premature delivery. However, in 1985, 24 percent of
all women (smokers and nonsmokers combined) 18 to 44 years of age did not recog-
nize the risk of prematurity; 15 percent did not recognize the risk of low birthweight;
25 percent did not recognize the risk of miscarriage; and 32 percent did not recognize
the risk of stillbirth (Table 12; Fox et al. 1987).

The fact that in 1985 10 percent of smokers did not indicate that smoking is harmful
to health (Table 2), despite all efforts designed to impart such information (Chapters
6-8), suggests that this group of smokers may resist accepting any information on the
health effects of smoking. This finding has important implications for smoking con-
trol efforts and for setting public health objectives. It implies that other techniques be-
sides providing information (e.g., policy incentives—see Chapter 7) are necessary to
persuade some smokers to quit. It also suggests that it is unrealistic to set a goal above
90 percent of smokers for public knowledge about any health effect of smoking.

Another gap in public knowledge involves teenagers. Youth may understand that
smoking is generally harmful to health, but many may not appreciate the addictive na-
ture of smoking or may deny a personal susceptibility (Leventhal, Glynn, Fleming
1987). In addition, data from one study (US DHHS 1986¢) suggest that many ST users
are not aware of the health effects and addictiveness of the product.

Fishbein (1977) described three different ways in which individuals may be informed
of a given piece of information: (1) they may become aware that the information ex-
ists; (2) they may accept the information in general; or (3) they may accept the infor-
mation at a personalized level. These three ways of being informed correspond to three
levels of belief mentioned at the beginning of this Chapter: Level 1 (awareness), Level
2 (general acceptance), and Level 3 (personalized acceptance).

Persons may have knowledge or beliefs at one level, but not at another. For example,
some smokers may be aware of the Surgeon General’s Reports and accept the general
fact that smoking is dangerous, but do not believe that they will be harmed by smok-
ing. The data presented in this Report support this concept. Whereas in 1975 ap-
proximately 90 percent of smokers believed that smoking is harmful to health (Table
2), in 1986 only 75 percent were concerned about the effects of smoking on their health
(Table 15). The recognition of a general risk but disbelief in a personal risk may result
from several factors, including a belief that using low-tar cigarettes (see Table 3), smok-
ing fewer cigarettes daily (see Table 5), or having certain genetic factors eliminates the
personal risk.

In order to make a fully informed decision, a person should have complete and ac-
curate Level 3 beliefs about the outcomes of each alternative action (Fishbein 1977).
The personalization (perception of the personal relevance) of abstract information has
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been shown to be an important aspect of behavior change in general (Mahoney 1974)
and of health-related behavior change in particular (Ben-Sira 1982; Schinke and
Gilchrist 1984).

Factors Interfering With Changes in Knowledge

There is a vast body of literature pertaining to the acquisition of knowledge and the
process of leaming. Research in this area has identified many factors that enhance or
interfere with this acquisition. The brief discussion below does not attempt to provide
a comprehensive review of this literature, but rather attempts to identify a few of the
more salient factors that may impede the development of accurate beliefs about the
health risks of smoking. The importance of beliefs in determining smoking behavior
is discussed in Part [T of Chapter 5 (sections on Cognition and Decisionmaking).

Informing the public about the health risks of smoking is difficult to accomplish. Risk
assessment is a complex discipline, not fully understood by its practitioners, much less
the lay public (Slovic 1986). Risk judgments are influenced by the memorability of
past events; as a result, any factor that makes a risk memorable—such as a recent dis-
aster or heavy media coverage—seriously distorts the perception of risk. Risks from
dramatic and sensational causes of death, such as injuries, homicides, and natural dis-
asters, tend to be greatly overestimated. Risks from undramatic causes, such as
bronchitis, emphysema, or cancer, which take one life at a time and which may be more
common in nonfatal form, tend to be underestimated (Slovic 1986). News media
coverage of health risks has been found to be biased in the same direction, thus con-
tributing to the difficulties of obtaining proper perspective on risks (Slovic 1986).

The fact that perceptions of risk are often inaccurate may indicate the need for wam-
ings and educational programs. Such programs, however, face the obstacle that infor-
mation based on probability is likely to have less impact on recipients than information
based on certainty. For example, the data presented herein indicate that the majority
of smokers believe that smoking increases the chance of getting lung cancer. However,
not all smokers develop lung cancer, and on occasion, a well-publicized case of lung
cancer occurs in an individual who never smoked. These “exceptions” may provide
smokers with a rationale to continue smoking despite their abstract belief of risk.

In addition to their difficulty with understanding risks, smokers may deny personal
risk with respect to health effects of smoking and addiction. Some smokers incorrect-
ly believe that while smoking may be hazardous to others, it is not hazardous to them-
selves because of the particular type of cigarette they smoke, the amount they smoke,
or their family history of disease. Persons who are exposed to a health risk, such as
smokers, may attempt to reduce the anxiety generated in the face of that risk by deny-
ing the existence or magnitude of the risk, thus making the risk seem so small that it
can be safely ignored (Slovic 1986).

Teenagers pose a special challenge for sharing knowledge of the health risks of
smoking. As mentioned above and as shown in Table 18, the majority of high school
seniors do believe that smoking is generally harmful. However, the fact that the health
risks are in the distant future for teenage smokers may make it difficult for them to fully
appreciate those risks. In other words, this lag may reduce teenagers’ likelihood to
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transform Level 2 beliefs to Level 3 beliefs. This is one reason smoking prevention ef-
forts now tend to emphasize social influence approaches and to deemphasize com-
munication of the long-term health risks of smoking (Chapter 6).

Although empirical evidence is sparse, tobacco industry activities in the form of ad-
vertising and promotion, public relations, and lobbying may interfere with public beliefs
and personalized acceptance of the health risks of smoking. Because most individuals
may not understand how smoking causes the diseases with which it is associated, many
persons may be vulnerable to information that attempts to cast doubt on such relation-
ships. These industry activities are reviewed in Chapters 6 and 7.

The 1990 Health Objectives for the Nation

In 1980, the U.S. Public Health Service established the 1990 Health Objectives for
the Nation (US DHHS 1980). A midcourse review of progress toward meeting these
objectives was published in 1986 (US DHHS 1986b). These objectives included five
goals for public knowledge of the health consequences of smoking:

Objective 1: By 1990, the share of the adult population aware that smoking is one of the
major risk factors for heart disease should be increased to at least 85 percent.

Objective 2: By 1990, at least 90 percent of the adult population should be aware that smok-
ing is a major cause of lung cancer, as well as multiple other cancers including laryngeal,
esophageal, bladder, and otHer types.

Objective 3: By 1990, at least 85 percent of the adult population should be aware of the
special risk of developing and worsening chronic obstructive lung disease, including
bronchitis and emphysema, among smokers.

Objective 4: By 1990, at least 85 percent of women should be aware of the special health
risks for women who smoke, including the effect on outcomes of pregnancy and the excess
risk of CVD with oral contraceptive use.

Objective 5: By 1990, at least 65 percent of 12-year-olds should be able to identify smok-
ing cigarettes with increased risks of serious disease of the heart and lungs.

For the purposes of these objectives, the term aware was not defined and no distinc-
tion was made between Level 1, Level 2, and Level 3 beliefs (see above).

Progress toward meeting the first two objectives cannot be assessed reliably because
they refer to smoking as “one of the major risk factors” for heart disease and “a major
cause” of lung cancer and other cancers. On the other hand, most surveys have assessed
public beliefs about whether smoking increases the risk of or “is related to” heart dis-
ease or lung cancer (Tables 8 and 9). As mentioned above, such wording changes can
markedly affect results of surveys assessing public beliefs.

The third objective appears to have been met in the case of emphysema and nearly
met in the case of chronic bronchitis (Table 10). In 1985, the percentages of adults 18
to 44 years of age who acknowledged the various effects of maternal smoking on the
fetus were generally 10 to 20 percentage points below the goals listed in the fourth ob-
jective, except that 85 percent of women believed that smoking during pregnancy in-
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creases the risk of having a low-birthweight baby (Table 12). The percentage who
knew of the interactive effects of smoking and oral contraceptive use on CVD was alsg
below the 1990 goal. No data exist to assess progress toward achieving the fifth objec.-
tive.

Trends in Public Aftitudes About Smoking and Smokers

This Section describes trends in public attitudes about smoking in general and aboyt
smokers.

Involuntary Smoking as an Annoyance

Since 1964, the population has become increasingly annoyed by exposure to ETS,
In 1964, less than half of adults (46 percent) thought that it was annoying to be near a
person smoking cigarettes (Table 22). Identical questions asked in surveys conducted
in 1964, 1966, 1970, and 1975 reveal an increase in the proportion of adults who were
annoyed by being near a person who is smoking (from 20 to 35 percent among smokers
and from 64 to 77 percent among nonsmokers). By 1986, 42 percent of smokers and
80 percent of nonsmokers reported that they were annoyed by the smoke from another
person’s cigarette. The 1987 NHIS (preliminary first-quarter data) obtained results
similar to those of the 1986 AUTS.

Nonsmokers’ Rights

According to Gallup surveys, the proportion of adults who feel that smokers should
refrain from smoking in the presence of nonsmokers increased slightly between 1983
and 1987. In 1983, 69 percent of adults thought that smokers should refrain from smok-
ing in the presence of others (Table 23). By 1987, 77 percent of adults (64 percent of
smokers and 86 percent of nonsmokers) thought that smokers should refrain from smok-
ing in front of others.

In the 1987 Gallup survey, respondents were asked where smokers should refrain
from smoking when nonsmokers are present. The proportions who believed that
smokers should not smoke in the presence of nonsmokers were 62 percent with respect
to public places, 34 percent with respect to work, and 19 percent with respect to the
home (ALA 1987).

In a 1987 survey conducted for AMA, respondents were asked, “Which do you feel
is a more important individual right, the right of smokers to smoke anywhere, or the
right of nonsmokers to a smoke-free environment?” Three-quarters of respondents (76
percent) thought that nonsmokers had the right to a smoke-free environment (49 per-
cent of smokers and 86 percent of nonsmokers), compared with 10 percent who thought
that smokers had the right to smoke anywhere (25 percent of smokers and 5 percent of
nonsmokers) (Harvey and Shubat 1987).
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TABLE 22.—Trends in public attitudes about exposure to environmental tobacco smoke

It is annoying to be near a person who is smoking cigarettes
(percentage who agree by smoking status)

Current Former Never All
Survey Year Reference smokers smokers smokers nonsmokers All adults
1. AUTS 1964 US DHEW 1969 20 49 69 64 46
2. AUTS 1966 US DHEW 1969 26 52 70 438
3. AUTS 1970 US DHEW 1973 34 63 78 73 59
4. AUTS 1975 US DHEW 1976 35 72 79 77 63
5. Roper 1978 Roper 1978 5 60
6. AUTS 1986 US DHHS, in press 42 73 83 80 69
7. NHIS? 1987 34 73 85 67

“Preliminary first-quarter data (unpublished).

NOTE: Actual questions:

1-4. It is annoying to be near a person who is smoking cigarettes. (strongly agree, mildly agree, no opinion, mildly disagree, strongly disag )

6. Is the smoke from someone else’s cigarette very annoying to you, somewhat annoying to you, or not annoying at all?’

7. In general, would you say the smoke from other people’s cigarettes is very annoying to you, somewhat annoying to you, or not at all annoying?*
*Percentages include those who "strongly agree” or "mildly agree."

"Percentages include those who state that smoke from someone else’s cigarette is "very annoying” or "somewhat annoying.”
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TABLE 23.—Trends in public attitudes about smoking in the presence of nonsmokers

Smokers should refrain from smoking in the presence of nonsmokers
(percentage who agree by smoking status)

Current Former Never All
Survey Year Reference smokers smokers smokers nonsmokers All adults
1. Gallup 1983 ALA 1987 55 70 82 69
2. Gallup 1985 ALA 1987 62 78 85 75
3. Gallup 1987 ALA 1987 64 76 86 77
4. NHIS* 1987 65 81 89 80

*Preliminary first-quarter data (unpublished). Year-end percentage for all adults is 80 percent,

NOTE: Actual questions:
1-3. Should smokers refrain from smoking in the presence of nonsmokers? (strongly agree, agree, disagree, strongly disagree, no opinion)”
4. If people want to smoke, they should not do so in indoor public places where it might disturb others. (strongly agree, agree, disagree, strongly disagree)'

‘Percemages include those who "strongly agree” or "agree.”



Actions When Smokers Light Up

Surveys conducted by the Roper Organization in 1974, 1976, and 1978 (Roper 1978)
assessed actions of smokers when they are, indoors with other people and want a
cigarette, and actions of nonsmokers in response. Although these questions technical-
ly pertain to smoking behavior, the subject of the next chapter, they are indicators of
attitudes toward smoking.

Smokers were asked, “Do you light up a cigarette without really thinking about it, or
do you look around and then decide whether it’s okay, or do you ask if others would
mind, or do you just not smoke?” In 1978, a total of 57 percent either looked around
and then decided (27 percent), or asked others (26 percent), or did not smoke (4 per-
cent). Slightly lower total percentages for these three actions were reported in 1976
(55 percent) and 1974 (53 percent). The 1987 NHIS indicated that 21 percent of
smokers would light up in a public place, while 26 percent would look around first, 15
percent would ask others, and 31 percent would refrain from smoking.

A total of 58 percent of nonsmokers in 1978 said that when someone is smoking in-
doors, they either ask the smoker to stop smoking (6 percent), indicate disapproval
without saying so (10 percent), or try to move away (42 percent). In both 1974 and
1976, the total percentage for these three actions was 53 percent; other possible respon-
ses were: “doesn’t matter,” “enjoy it,” “it depends,” “and “‘don’t know.” According to
the 1987 NHIS, fewer than 5 percent of nonsmokers would ask a smoker in public not
to smoke (preliminary first-quarter data).

Opinions of Teenagers

According torecent surveys from the Monitoring the Future Project, most high school
seniors think that smokers their age are trying to appear mature and sophisticated, and
about half of teenagers think that smoking makes them look insecure (Table 24). Only
5 to 10 percent of respondents thought that smokers look cool, calm, in control; rugged,
tough, independent; or mature and sophisticated. Most teenagers prefer to date people
who do not smoke. Most also consider smoking a dirty habit and think that becoming
a smoker reflects poor judgment. In 1986, 45 percent of teenagers strongly disliked
being near people who were smoking while 37 percent did not mind being around
people who were smoking. There appears to have been little change in these attitudes
from 1981-86.

In summary, smokers and nonsmokers, adults and teenagers alike, generally believe
that smokers should refrain from smoking in the presence of others and that it is annoy-
ing to be near a person who is smoking. In addition, teenagers are more likely to as-
sociate smoking and smokers with negative attributes than positive ones.
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TABLE 24.—Trends in attitudes about smoking and smokers among high school seniors, 1981-86, Monitoring the Future Project,
National Institute on Drug Abuse

In my opinion, when a guy my age is smoking a cigarette, it makes him look . . .
(percentage who agree)

1981 1986
like he’s TRYING to appear mature and sophisticated 61 63
insecure 42 44
conforming 25 21
rugged, tough, independent 9 10
cool, calm, in control 6 6

mature, sophisticated

In my opinion, when a girl my age is smoking a cigarette, it makes her look . . .
(percentage who agree)

1981 1986
tike she’s TRYING to appear mature and sophisticated 65 65
insecure 47 50
conforming 27 22
independent and liberated 11 10

mature, sophisticated

cool, calm, in control 6 5
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TABLE 24.—Continued

Do you agree or disagree .

(percentage who agree)

1981 1986
1 prefer to date people who don’t smoke 66 71
Smoking is a dirty habit 66 69
I think that becoming a smoker reflects poor judgment 57 59
1 strongly dislike being near people who are smoking 45
I personaily don’t mind being around people who are smoking 38 37
The harmful effects of cigarettes have been exaggerated 16 16
Smokers know how to enjoy life more than nonsmokers 3 2

NOTE: Possible responses included agree, mostly agree, disagree, mostly disagree, neither. Percentages include those who “agree” or “mostly agree.”
SO'JRCE: Johnston, Bachman, O’Malley (1982); Bachman, Johnston, O’Malley (1987).



Trends in Public Opinion About Smoking Policies
Overview

Background

This Section describes trends in public opinion about smoking policies. Public
opinion information is helpful to legislators, public health officials, and other
policymakers who often wish to know the degree of public support for an issue under
consideration. The results presented in this Section are taken primarily from public
opinion polls sponsored by a variety of private health organizations (Appendix).

This Section uses the categorization of policies employed in Chapter 7, including the
following categories: (1) smoking restrictions, (2) restrictions on the sale and distribu-
tion of cigarettes, (3) policies pertaining to information and education, and (4) economic
policies. Each section reviews trends in public opinion toward the policy and briefly
describes the current status of opinions toward the policy with respect to the smoking
status of the respondents.

Limitations of the Surveys in Assessing Public Opinion About Smoking Policies

Assessing trends in public opinion regarding smeking policies is more difficult in
some ways than assessing trends in public knowledge regarding the health effects of
smoking. For instance, surveys that ask about public opinion often refer to the “cur-
rent” situation. However, the “current” situation may change from year to year and
from survey to survey. For example, in 1964, 52 percent of adults thought that smok-
ing should be allowed in fewer places than it was at that time. By 1975, 70 percent of
adults thought that smoking should be allowed in fewer places than it was at that time.
However, the “current” situation changed from 1964~75, making the survey results dif-
ficult to compare. Because smoking was already allowed in fewer places by 1975, the
results of the 1975 survey reveal even greater support for limitations on smoking than
indicated by the difference in percentages.

Restrictions on Smoking

General

Between 1964 and 1975, adults increasingly favored restrictions on smoking. In
1964, about half (52 percent) thought that smoking should be allowed in fewer places
than it was at that time, compared with 70 percent by 1975 (Table 25). Comparable
questions have not been asked to assess more recent trends since 1975. However, in
1986, 50 percent of adults disagreed that there were already enough restrictions on
where people can smoke.
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TABLE 25.—Trends in public opinion about restrictions on smoking in public places

Smoking should be allowed in fewer places than it is now
(percentage who agree by smoking status)

Current Former Never All
Survey Year Reference smokers smokers smokers nonsmokers All adults
1. AUTS 1964 US DHEW 1969 34 56 68 65 52
2. AUTS 1966 US DHEW 1969 35 58 67 65 52
3. AUTS 1970 US DHEW 1973 42 61 68 66 57
4. AUTS 1975 US DHEW 1976a 5l 77 82 80 70
There are already enough restrictions on where people can smoke
(percentage who DISAGREE by smoking status)
Current Former Never All
Survey Year Reference smokers smokers smokers nonsmokers All adults
5. AUTS 1986 US DHHS, in press 23 53 63 59 50

NOTE: Actual questions:

1-4. The smoking of cigarettes should be aliowed in fewer places than it is now. (strongly agree, mildly agree, no opinion, mildly disagree, strongly disagrce)‘
S. There are already cnough restrictions on where people can smoke. (strongly agree, somewhat agree, neutral, somewhat disagree, strongly disagree) '
'Percenmées include those who “strongly agree™ or “mildly agree.”

fPercentages include those who “strongly disagree” or “somewhat disagree.”



Public Places

Table 26 presents data from five surveys conducted since 1978 that asked about
opinions regarding restrictions on smoking in public places. Differences in the word-
ing of the questions make comparisons among the surveys difficult. Two surveys
solicited opinions about three mutually exclusive options (total ban on smoking,
separate sections for smokers and nonsmokers, and no restrictions at all), two surveys
asked for an opinion only about a total ban, and the fifth asked for an opinion only about
“no smoking” sections.

The 1978 Gallup survey and the 1987 Harris survey both presented three options.
The proportion of respondents favoring either a total smoking ban or separate sections
was 84 percent in both. However, the percentage favoring a total ban increased from
16 to 23 percent. The 1987 and 1988 Gallup surveys showed that the percentages
favoring a total ban were 55 and 60 percent, respectively (69 and 75 percent of
nonsmokers, respectively); the option of separate sections was not presented in these
surveys (Table 26).

Workplace

Questions used to assess opinions regarding smoking restrictions in the workplace
have varied from year to year. It is not possible, therefore, to identify a clear trend, but
the public has consistently shown support for policies that limit smoking in the
workplace.

In 1966, 92 percent of adults thought that an employer had a right to tell employees
when or where they can smoke while on the job (US DHEW 1969). In 1975, 78 per-
cent of adults thought that management had the right to prohibit smoking in a place of
business (US DHEW 1976a). By 1985, 87 percent of adults thought that companies
should have a policy on smoking (80 percent of current smokers, 92 percent of non-
smokers). Most adults (79 percent) preferred assigning certain areas for smoking and
nonsmoking as opposed to totally banning smoking at work (8 percent) (Gallup 1985).

Airplanes

Since 1978, it appears that more adults favor restricting smoking on airline flights.
In a 1978 Gallup survey, 43 percent of adults thought a smoking ban should be imposed
on commercial airline flights (Table 27). A 1987 AMA survey reported that 67 per-
cent of adults thought that cigarette smoking should not be allowed on commercial air-
line flights. A 1987 survey conducted by the American Association for Respiratory
Care (AARC) of 33,242 airline passengers in 39 States and 89 airports in the United
States yielded similar results (AARC 1987) (Table 27).

According to the 1986 AUTS, 61 percent of respondents (82 percent of never
smokers, 69 percent of former smokers, and 14 percent of current smokers) ask to be
seated in the no-smoking sections of airplanes, restaurants, and other public places when
given a choice (CDC 1988).
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TABLE 26.—Trends in public opinion about restrictions on smoking in public places

Smoking in public places”

% favoring % favoring Total % favoring
Surve Year Reference total ban separate sections ban or sections
y
{. Gailup 1978 Gallup 1978 16(22/8) 68 (67/70) 84 (89/78)
2. Lieberman 1986 Lieberman 1986 94 (95/93)
3. Harris 1987 Harris 1988 23 61 84
4. Gallup 1987 Gallup 1987a 55 (69/25)
5. Gallup 1988 Gallup 1988b 60 (75/26)

“Percentages in parentheses refer to nonsmokers and current smokers, respectively.

NOTE: Actual questions:

1. In your opinion, which of the policies on this card should be followed with regard to smoking in such places as trains, buses, airplanes, restaurants, and offices? (There should be no restrictions
at all on smoking in public places such as these; Special sections for smokers should be set aside in public places such as these; Smoking should not be allowed at all in public places such as these.)
2. Should public places have “no smoking” sections? (yes, no, no opinion)

3. Do you think that laws should prohibit smoking in public places, or should they require separate smoking and nonsmoking sections, or should smoking in public places not be regulated by law?
4-5. Would you favor or oppose a complete ban on smoking in all public places?
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TABLE 27.—Trends in public opinion about restrictions on smoking in airplanes

Smoking should not be allowed on commercial airline flights
(percentage who agree by smoking status)

Current Former Never All
Survey Year Reference smokers smokers smokers nonsmokers All adults
1. Gallup 1978 Gallup 1978 55 23 43
2. AMA 1987 Harvey and Shubat 1987 40 78 67
3. AARC* 1987 AARC 1987 30 74 64

“Survey of 33,242 airline passengers conducted in 39 States and 89 airports in the United States.

NOTE: Actual questions:

L. Do you think that cigarette smoking on commercial airplanes should or should not be banned comple\ely'."
2. Do you feel that cigarette smoking should or should not be allowed on commercial airline ﬂights?"
‘Pcrcentages are those who believe that cigarette smoking should be banned on flights.

“*Percentages are those who believe that cigarette smoking should not be allowed on flights.



Restaurants

In four surveys, conducted between 1976 and 1987, approximately 20 percent of
respondents favored a total ban on smoking in restaurants (Table 28). In contrast, most
adults are in favor of limiting smoking in restaurants. A 1976 Roper poll indicated that
57 percent believed smoking should be restricted to certain areas in restaurants, while
22 percent favored a total ban on smoking. In a 1987 Gallup survey conducted for
ALA, 74 percent of adults thought that certain areas should be set aside for smoking
and 17 percent thought that smoking should be banned completely (ALA 1987; Gallup
1987a).

As mentioned above, 61 percent of respondents to the 1986 AUTS choose no-smok-
ing sections of restaurants and other public places when given a choice (CDC 1988).
In a survey conducted by the Gallup Organization for the National Restaurant Associa-
tionin 1987, adults were asked about various opinions regarding smoking in restaurants:
61 percent overall said that they prefer to sit in a no-smoking section (83 percent of
never smokers, 65 percent of former smokers, and 20 percent of current smokers) (Gal-
lup 1987d).

Other Places

A Gallup survey conducted for the ALA in 1983 showed that 54 percent of adults
favored setting aside certain areas for smoking in hotels and motels and 12 percent
favored a total smoking ban. In a similar survey in 1987, these percentages were 67
percent and 10 percent, respectively, and were slightly higher for nonsmokers than for
current smokers (Gallup 1988a).

Restrictions on the Sale and Distribution of Cigarettes

Complete Ban on Sales

The questions used to assess opinion regarding the outright ban of cigarette sales have
varied considerably in wording. In 1964, respondents were asked if they agreed that
“The selling of cigarettes should not be stopped completely.” In 1970, respondents
were asked if they agreed that “The selling of cigarettes should be stopped complete-
ly.” Despite these differences, the responses consistently indicated little sympathy for
this most stringent policy: approximately 30 percent of adults supported a ban in 1964,
compared with 20 percent in 1981 (Table 29).

Limiting Sales to Minors

Most adults favor limiting cigarette sales to minors. In 1964, only 9 percent of adults
thought that sales of cigarettes to people under a certain age should not be against the
law. In 1970, 88 percent thought that such sales should be against the law (Table 30).
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TABLE 28.—Trends in public opinion about restrictions on smoking in restaurants’

Smoking should be banned (or limited) in restaurants®

(percentage who agree by smoking status)

Current Former Never All
Survey Year Reference smokers smokers smokers nonsmokers All adults
1. Roper 1976 Roper 1978 22(57)
2. Roper 1978 Roper 1978 23(73)
3. Gallup 1983 ALA 1987 12(74) 19(71) 26 (65) 19 (69)
4. Gallup 1987 ALA 1987 7(79) 19(74) 23(71) 17(74)

*Percentages represent those who favor a total smoking ban. Percentages in parentheses represent those who favor setting aside certain areas for smoking.

NOTE: Actual questions:

1-2. Should smoking be permitted only in separate sections or should it be permitted anywhere . . . in ealing places?
3-4. What is your opinion regarding smoking in these public places . . . restaurants? (set aside certain areas, totally ban smoking, or no restrictions)
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TABLE 29.—Trends in public opinion about banning the sale of cigarettes

Percentage who agree by smoking status

Current Former Never All
Survey Year Reference smokers smokers smokers nonsmokers All adults

The selling of cigarettes SHOULD BE stopped completely

1. AUTS 1970 US DHEW 1973 27 36 48 44 38
2. Roper 1970 Roper 1978 15
3. Roper 1972 Roper 1978 13
4. Roper 1974 Roper 1978 12
5. Roper 1976 Roper 1978 12
6. Roper 1978 Roper 1978 16
7. Gallup 1977 Gallup 1981 19
8. Gallup 1978 Gallup 1978 11 23 19
9. Gallup 1981 Galiup 1981 10 26 20
The selling of cigarettes should NOT be stopped completely
10. AUTS 1964 US DHEW 1969 83 74 57 61 70
11. Gallup 1978 Gallup 1978 75

NOTE: Actual questions:

1. The selling of cigarettes should be stopped completely. (strongly agree, mildly agree, no opinion, mildly disagree, strongly disagrec)‘
2-6. A law should be passed against the sale of all cigarettes (agree, disagree, don’t know)

7-9. Do you think the sale of cigarettes should or should not be banned completely?

10. The selling of cigarettes should not be stopped completely.

11. Cigarette sales should not be banned completely.

‘Percentages include those who “strongly agree” or “mildly agree.”
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TABLE 30.—Trends in public opinion about restrictions on the sale or distribution of cigarettes

Percentage who agree by smoking status

Current Former Never All
Survey Year Reference smokers smokers smokers nonsmokers All adults

Sales of cigarettes 10 people under a certain age should NOT be against the law

1. AUTS 1964 US DHEW 1969 12 7 7 7 9
Sales of cigarettes to people under a certain age SHOULD BE against the law

2. AUTS 1970 US DHEW 1973 87 87 90 89 88

Cigarette companies should not be permitied to dvistribute free cigarettes on public streets
3. Lieberman 1986 Lieberman 1986 48 67 61

NOTE: Actual questions:

L. Sales of cigarettes to people under a centain age should nor be against the law. (strongly agree, mildly agree, no opinion, mildly disagree, strongly disagree)‘
2. Sales of cigarettes to people under a certain age should be against the law. (strongly agree, mildly agree, no opinion, mildly disagree, strongly disagree)‘

3. Should cigarette companies be permitted to distribute free cigarettes on public streets?’

'Percemages include those who “strongly agree” or “mildly agree.”

'Percemages are those who believe cigarette companies should not be permitted to distribute free samples.



Banning Free Samples

In a 1986 survey conducted by Lieberman Research, Inc. (1986) (New York City)
for ACS, AHA, and ALA, 61 percent of adults said that the distribution of free cigarette
samples should not be permitted (67 percent of nonsmokers, 48 percent of smokers)
(Table 30).

Policies Pertaining to Information and Education

Restricting or Prohibiting Tobacco Advertising

Since 1964, several surveys have investigated public opinion regarding a cigarette
advertising ban, with marked differences in the wording of questions. Taken together,
they do not seem to indicate any trend in public opinion (Table 31). However, separate
examinations of surveys using identical questions over time indicate increasing support
for an advertising ban. A series of identical questions from the AUTSs from 1964 and
1975 showed an increase in support for a complete ban between 1964 and 1970. In
1964, 36 percent of adults thought that cigarette advertising should be stopped com-
pletely. This increased to 61 percent in 1970 and 56 percent in 1975 (Table 31). Sup-
port for an advertising ban may have increased by 1970 because Congress had already
banned cigarette advertising on television and radio in 1969 (effective on January 2,
1971) (see Chapter 7). Another series of identical questions used in Gallup surveys
after the broadcast advertising ban showed an increase in the proportion of the public
favoring a cigarette advertising ban, from 36 percent in 1977 to 43 percent in 1981 to
49 percent in 1987 to 55 percent in 1988.

Since 1975, surveys have provided conflicting results regarding public support for a
complete ban, most likely as a result of differences in the wording of questions. In the
two Gallup surveys conducted in 1977 and 1981, support for a complete ban on
cigarette advertising increased from 36 to 43 percent (Gallup 1987a). In a 1985 Gal-
lup survey, adults were asked which statement best described the respondent’s opinion
regarding cigarette advertising: “There should be a total ban on cigarette advertising.”
“There should be a curb on some types or forms of cigarette advertising.” “There should
be no ban whatsoever on cigarette advertising in newspapers, magazines, or billboards.”
The public was divided in their responses: about a third favored each option (32, 36,
and 31 percent, respectively) (Gallup 1985).

As mentioned at the beginning of this Chapter, two surveys conducted in 1986
reported different results. One, conducted by AMA, reported that almost two-thirds of
adults favored such a ban whereas another, sponsored by ACS, AHA, and ALA,
reported that only one-third of Americans supported such a ban for newspapers and
magazines (see the earlier discussion of these discrepant results). Four more recent sur-
veys, conducted in 1987 and 1988, revealed that about half of adults favor a complete
ban on advertising (Table 31).
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TABLE 31.—Trends in public opinion about!restricting or banning cigarette advertising

Cigarette advertising should NOT be permitted (percentage who agree by smoking status)

Current Former Never All

Survey Year Reference smokers smokers smokers nonsmokers All adults
1. AUTS 1964 US DHEW 1969 23 37 46 44 36
2. AUTS 1970 US DHEW 1973 50 64 68 67 61
3. AUTS 1975 US DHEW 1976a 43 59 64 63 56
4. Gallup 1977 Gallup 1987a 28 41 36
S. Gallup 1978 Gallup 1978 28 41 36
6. Gallup 1981 Gallup 1987a 27 53 43
7. Lieberman 1986 Lieberman 1986 21(23) 38(38) 33(33)
8. AMA 1986 Harvey and Shubat 1986 48 71 64
9. AMA 1987 Harvey and Shubat 1987 42 61 55"
10. Gallup 1987 Gallup 1987a 30 57 49?
11. Gallup 1987 ACS 1988 37 ‘ 53 59 57 51?
12. Gallup 1988 Gallup 1988b 34 64 55°

*The percentages who believe that cigarette advertising should be permitted were 36 percent (Harvey and Shubat 1987), 47 percent (Gallup 1987a), 33 percent (ACS 1988), and 40 percent (Gallup

1988b). Remaining respondents indicated no opinion.

NOTE: Actual questions:

1-3. Cigarette advertising should be stopped completely. (strongly agree, mildly agree, no opinion, mildly disagree, strongly disagree)”

4-6,10,12. Do you think there should ar should not be a complete ban on cigarette advertising?

7. Some people feel that, as long as cigarettes are legal, cigarette advertising should be permitted. Others feel that cigarette advertising should not be permitted. Should cigarette companies be

permitted to advertise . . . in magazines? .. . in ncwspapers?'

8. The American Medical Association called for a ban on tobacco advertising. Do you favor or oppose such an advertising ban?

9. Do you favor or oppose a ban on advertising of all tobacco products?

11. Some people feel that cigarette advertising should be permitted; others feel that cigarette advertising should not be permitted. Do you feel that cigarette advertising should be or should not be
rmitted?

P;erccntages include those who "strongly agree” or "mildly agree."

*Pcrcentagcs in parentheses are for newspapers (otherwise for magazines).



Warning Labels for Cigarettes

Recent data are not available on public opinion about warning labels. However, from
1964-70, support for these appeared to increase. In 1964, 28 percent of adults thought
that cigarette advertising or commercials should rnot be required to carry a warning state-
ment to the effect that smoking may be harmful to health; in 1970, 88 percent thought
that cigarette advertising or commercials should be required to carry such a warning
statement (Table 32).

Several surveys have assessed opinions regarding the need to strengthen the then ex-
isting health warning on packages and/or advertisements (e.g.. Roper 1978). Some of
these surveys tested specifically worded warnings that had been produced as an alter-
native to the existing warning. Because these data over time are difficult to compare
and were most relevant at the time of the survey, they are not presented here.

Survey data from Lieberman Research, Inc. (1986) pertaining to recall of warning
statements are presented in Chapter 7.

Economic Policies

Taxation

Questions regarding taxation of cigarettes are referenced to the taxation level at the
time of the interview. This level varies with time, so it is difficult to delineate trends
in opinion regarding taxation. Nevertheless, national surveys indicate an increase in
public acceptance of increased cigarette taxation (Table 33).

In 1964, 30 percent of adults thought that taxes on cigarettes should be much higher
than they were at the time of the interview. Similar questions asked in 1977 and 1981
revealed an increase in this proportion to 39 and 46 percent, respectively (Gailup 1981)
(Table 33). In 1987, 79 percent of adults (75 percent of smokers and 80 percent of non-
smokers) favored an increase in the tax on tobacco products if the money from the in-
crease went to medicare (Harvey and Shubat 1987). These recent data are of particular
interest in light of the prevailing sentiment opposing increases in taxes in general.

Hiring

A minority of adults feel that employers should be allowed to refuse to hire cigarette
smokers. In the 1978 Roper survey, 22 percent of adalts thought that an employer has
the right to refuse to hire someone who smokes cigarettes. In a 1986 survey (Lieber-
man Research 1986), 21 percent of adults (27 percent of nonsmokers, 7 percent of cur-
rent smokers) believed that employers should be allowed to turn down job applicants
who smoke.
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TABLE 32.—Trends in public opinion concerning cigarette warning labels

Percentage who agree by smoking status

Current Former Never All
Survey Year Reference smokers smokers smokers nonsmokers All adults

Cigarette advertising should NOT be required to carry a warning statement

t. AUTS 1964 US DHEW 1969 38 27 19 21 28

Cigarette packages should NOT be required to carry a waming statement

2. AUTS 1964 US DHEW 1969 42 27 21 22 30
Cigarette advertising SHOULD BE required to carry a warning statement
91 9l 88

3. AUTS 1970 US DHEW 1973 83 90

NOTE: Actual questions:
1. Cigarette advertising or commercials should not be required to carry a warning statement to the effect that smoking may be harmful to health. (strongly agree, mildly agree, no opinion, mildly

disagree, strongly disagree)'
2. Cigarette manufacturers should nof be required to put on the outside package a warning labet like “Cigarette smoking is dangerous to health.” (strongly agree, mildly agree, no opinion, mildly

disagree, strongly disagree)‘
3. Cigarette advertising or commercials should be required to carry a warning statement to the effect that smoking may be harmful to-heaith.”

'Percemages include those who “strongly agree™ or “mildly agree.”
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TABLE 33.—Trends in public opinion about increasing cigarette taxes

Taxes on cigarettes should be increased
(percentage who agree by smoking status)

Current Former Never All
Survey Year Reference smokers smokers smokers nonsmokers All adufts
1. AUTS 1964 US DHEW 1969 14 33 44 42 30
2. Roper 1970 Roper 1978 20 46 36
3. Roper 1972 Roper 1978 13 44 32
4. Roper 1974 Roper 1978 14 42 31
5. Roper 1976 Roper 1978 12 46 33
6. Gallup 1977 Gallup 1981 39
7. Roper 1978 Roper 1978 16 50 38
8. Gallup 1978 Gallup 1978 45 57 45
9. Gallup 1981 Gallup 1981 23 59 46
10. AMA 1987 Harvey and Shubat 1987 75 80 79

NOTE: Actual questions:

1. Taxes on cigarettes shouid be much higher than they are now. (strongly agree, mildly agree, no opinion, mildly disagree, strongly disagrce).
2-5, 7. The tax on cigarettes should be sharply increased to reduce their sale. (agree, disagree, don’t know)

6.,9. Do you think federal and state taxes on cigarettes should or should not be increased?

8. Do you think the present 8 cents/pack federal tax on cigarettes should or should not be increased?
10. Would you favor or oppose an increase in the tax on tobacco products if the money from the increase went to Medicare?

"Percentages include those who “strongly agree” or “mildly agree.”
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Conclusions

In the 1950s, 40 to 50 percent of aduits believed that cigarette smoking is a cause
of lung cancer. By 1986, this proportion had increased to 92 percent (including
85 percent of current smokers).

Between 1964 and 1986, the proportion of adults who believed that cigarette
smoking increases the risk of heart disease rose from 40 to 78 percent. A similar
increase occurred among smokers, from 32 to 71 percent.

The proportion of adults who believed that cigarette smoking increases the risk
of emphysema and chronic bronchitis rose from 50 percent in 1964 to 81 percent
(chronic bronchitis) and 89 percent (emphysema) in 1986. These proportions in-
creased among current smokers from 42 percent in 1964 to 73 percent {chronic
bronchitis) and 85 percent (emphysema) in 1986.

Despite these impressive gains in public knowledge, substantial numbers of
smokers are still unaware of or do not accept important health risks of smoking,.
For example, the proportions of smokers in 1986 who did not believe that smok-
ing increases the risk of developing lung cancer, heart disease, chronic bronchitis,
and emphysema were 15 percent, 29 percent, 27 percent, and 15 percent, respec-
tively. These percentages correspond to between 8 and 15 million adult smokers
in the United States.

In 1985, substantial percentages of women of childbearing age did not believe
that smoking during pregnancy increases the risk of stillbirth (32 percent), mis-
carriage (25 percent), premature birth (24 percent), and having a low-birthweight
baby (15 percent). Of women in this age group, 28 percent did not believe that
women taking birth control pills have a higher risk of stroke if they smoke.
Some smokers today do not recognize their own personal risk from smoking or
they minimize it. In 1986, only 18 percent of smokers were “very concerned”
about the effects of smoking on their health, and 24 percent were not at all con-
cerned.

In 1986, about half of current smokers and 40 percent of never smokers incorrect-
ly believed that a person would have to smoke 10 or more cigarettes per day before
it would affect his or her health.

A national survey conducted in 1983 by Louis Harris and Associates found that
the public underestimates the health risks of smoking compared with many other
health risks.

Many smokers underestimate the population impact of smoking. In 1987, 28 per-
cent of smokers (and 16 percent of the general population) disagreed with the
statement, “Most deaths from lung cancer are caused by cigarette smoking.”
The proportion of high school seniors who believe that smoking a pack or more
of cigarettes per day causes great risk of harm increased from 51 percent in 1975
to 66 percent in 1986.

In 1986, about three-quarters of adults believed that using chewing tobacco or
snuff is harmful to health.

The social acceptability of smoking in public is declining, as measured by the
proportion of adults who find it annoying to be near a person smoking cigarettes.
This proportion increased from 46 percent in 1964 to 69 percent in 1986.



13. A majority of the public favors policies restricting smoking in public places and
worksites, prohibiting the sale of cigarettes to minors, and increasing the cigarette
tax to fund the medicare program. Recent surveys indicate that about half the
public supports a ban on cigarette advertising.
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Appendix
Description of Primary Data Sources for Chapters 4 and 5§

Adult Use of Tobacco Survey, 1964

This was the first AUTS sponsored by the U.S. Public Health Service. The survey
was conducted by National Analysts, Inc., under contract with the National Clearing-
house for Smoking and Health in the fall of 1964. The data for this survey were col-
lected using area probability sampling techniques and stratifying by the type of popula-
tion and geographic area. Approximately 5,794 adults 21 years and older were
interviewed in person. The response rate was 76 percent. Detailed methods have been
published elsewhere (US DHEW 1969).

Adult Use of Tobacco Survey, 1966

This was the second AUTS sponsored by the U.S. Public Health Service. The sur-
vey was conducted by two research firms: National Analysts, Inc., and Opinion Re-
search Corporation, under contract with the National Clearinghouse for Smoking and
Health in the spring of 1966. The data were collected using area probability sampling
techniques and stratifying by the type of population and geographic area. The 1964
AUTS questionnaire was used with minor changes. Approximately 5,768 adults were
interviewed. Interviews were primarily in person, although telephone interviews were
used for nonrespondents. The response rate was 72 percent. Detailed methods have
been published elsewhere (US DHEW 1969).

Adult Use of Tobacco Survey, 1970

This was the third AUTS sponsored by the U.S. Public Health Service. The survey
was conducted by Chilton Research Services under contract with the National Clearing-
house for Smoking and Health in the spring of 1970. The data were collected from a
probability sample of households in the contiguous United States. Approximately
5,200 individuals were surveyed; 91 percent were interviewed by telephone and 9 per-
cent, from nontelephone households, were interviewed face to face. Of the total num-
ber of respondents, 44 percent were male and 56 percent were female; all were at least
21 years old. The methods have been described elsewhere in detail (US DHEW 1973).

Adult Use of Tobacco Survey, 1975

This was the fourth AUTS sponsored by the U.S. Public Health Service. The survey
was conducted by Chilton Research Services under contract with the National Clearing-
house for Smoking and Health in 1975. The data were collected from a probability
sample of telephone numbers in the contiguous United States, with a separate survey
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of nontelephone households. Approximately 12,000 individuals were surveyed. The
methods have been described elsewhere in detail (US DHEW 1976a).

Adult Use of Tobacco Survey, 1986

In 1986, 13,031 members of the civilian, noninstitutionalized population of the
United States 17 years of age and older were surveyed by telephone on their smoking
history, attitudes, and beliefs (CDC 1986).

A 2-stage sampling procedure was used within a computer-assisted telephone inter-
view format. The first stage involved selecting a random sample of telephone exchan-
ges within the United States. The sampling procedure was balanced for the number of
telephones within the exchange. Clusters of between 10 and 15 households within each
exchange were contacted using random-digit dialing. Households were enumerated
and smoking status of members ascertained. Up to 27 callbacks were made to obtain
a total of 36,405 households, with a response rate of 85.5 percent.

A further stratified random sampling procedure was used to provide an approximate
equal proportion of respondents in each smoking category (current, former, never). The
stratification variable was the number of smokers in the household. Up to 10 callbacks
were made to interview the selected respondent, with a response rate of 86.9 percent.
The overall response rate from the two stages of sampling was 74.3 percent (85.5 per-
cent times 86.9 percent).

Quality control procedures in the survey involved 26 hours of survey-specific train-
ing and practice for interviewers and a silent monitoring of 10 percent of all interviews
by supervisory staff. Data obtained were weighted to reflect the U.S. population in 2
stages. A base weight was calculated, which was the product of the weighting for
cluster (completed screeners within cluster), household (telephone numbers within
household), and person (to account for selection based on smoking status).
Poststratification weighting was then undertaken for region, education, race, sex, and
age.

American Medical Association, 1986, 1987

The data were gathered in telephone interviews with approximately 1,500 adults, con-
ducted during May-June 1986 and January-February 1987. The surveys were con-
ducted by Kane, Parsons and Associates of New York City. The samples were
generated by Survey Sampling, Inc. (Westport, Connecticut) using a multistage prob-
ability method to provide a random sample of all residential telephones in the United
States. Sampling error was an estimated plus or minus 2.5 percentage points at the 95-
percent confidence level (Harvey and Shubat 1986, 1987).

Behavioral Risk Factor Surveillance System

Between 1981 and 1983, the U.S. Centers for Disease Control (CDC) collaborated
with 29 State health departments (including the District of Columbia) to conduct one-
time random-digit-dialed telephone surveys of adults 18 years of age and older. Stand-
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ard methods and questionnaires were used to assess the prevalence of personal health
practices and behaviors related to the leading causes of death, including cigarette smok-
ing. Beginning in 1984, the surveys evolved into an ongoing surveillance system when
States began collecting data throughout the year. For each State, approximately 1,200
(range 600-3,000) interviews are completed each year. The raw data are weighted to
the age, race, and sex distribution for each State from the 1980 Census. This weight-
ing accounts for the underrepresentation of men, blacks, and younger persons (18-24
years of age). A detailed review of the survey design and methods of analyzing the
data has been published (Remington et al. 1985).

Chilton Survey, 1979

This survey was conducted by Chilton Research Services (Radnor, PA) for the FTC
from December 21, 1978 through February 4, 1979. A random-digit-dialing procedure
was used to collect interviews from 1,211 teenagers aged 13 to 18 years and from 407
adults aged 29 to 31 years in a national probability sample of telephone households.
The 1,618 completed interviews represented 81 percent of the number of usable
household telephone numbers (Chilton 1980).

Current Population Surveys

The U.S. Bureau of the Census regularly collects information as part of its Current
Population Survey (CPS). Households are selected for survey via a sampling proce-
dure designed to accurately reflect the U.S. population, and information is collected in
person during a home visit. In 1955, 1966, 1967, 1968, and 1985, the CPS included a
supplement that asked questions on current smoking practices. For 1985, 114,342 in-
dividuals, 16 years and older, were surveyed on smoking and smokeless tobacco use.
Approximately 55 percent of the sample consisted of self-respondents while the remain-
ing 45 percent were proxy respondents. The 1985 CPS sample was initially selected
from the 1980 census files with coverage in all 50States and the District of Columbia.
This sampling methodology allows for State-specific analysis of smoking practices.

The estimation procedure used in this survey involves the inflation of the weighted
sample results to independent estimates of the total civilian, noninstitutional popula-
tion of the United States by age, race, sex, and Hispanic/non-Hispanic categories. These
independent estimates are based on statistics on births, deaths, immigration, and emigra-
tion, as well as statistics on the strength of the Armed Forces. Based on the use of a
special weighting algorithm developed by the Bureau of the Census, the CPS household
sample estimates are considered to be representatitve of the United States. However,
one potential problem with the CPS is the effect of proxy reports on sample estimates
of smoking status. This may result in an underreporting bias.

Gallup Surveys

Gallup surveys are conducted using personal (face-to-face) or telephone interviews.
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Personal surveys. The design of the sample for personal surveys is that of a repli-
cated area probability sample down to the block level in the case of urban areas and to
segments of townships in the case of rural areas.

After the Nation has been stratified geographically and by size of community accord-
ing to information derived from the most recent census, more than 350 different sam-
pling locations are selected on a mathematically random basis from within cities, towns,
and counties that have in tumn been selected on a mathematically random basis.

The interviewers are given no leeway in selecting the areas in which they are to con-
duct their interviews. Each interviewer is given a map on which a specific starting point
is marked, and is instructed to contact households according to a predetermined travel
pattern. Ateach occupied dwelling unit, the interviewer selects respondents by follow-
ing a systematic procedure. This procedure is repeated until the assigned number of
interviews has been completed.

Telephone surveys. The national Gallup telephone samples are based on the area
probability sample used for personal surveys. Ineach of the sampling locations selected
(as described above for personal surveys), a set of telephone exchanges that falls within
the geographic boundaries of the sampling location is first identified. Listed telephone
numbers in these exchanges are selected randomly and used as “seed numbers” for ran-
domly generating telephone numbers. The result of this procedure is a sample of listed
and unlisted telephone numbers assigned to households within telephone exchanges
serving the sampling locations. The final sample of numbers thus reflects the stratifica-
tion and selection of sampling locations.

After the survey data have been collected and processed, each respondent is assigned
aweight so that the demographic characteristics of the total weighted sample of respon-
dents match the latest estimates of the demographic characteristics of the appropriate
adult population available from the U.S. Census Bureau. Telephone surveys are
weighted to match the characteristics of the adult population living in households with
access to a telephone. The weighting of personal interview data includes a factor to
improve the representation of the kinds of people who are less likely to be found at
home. The procedures described above are designed to produce samples approximat-
ing the adult civilian population (18 and older) living in private households (excluding
those in prisons, hospitals, hotels, and religious and educational institutions, and those
living on reservations or military bases)—and in the case of telephone surveys,
households with access to a telephone (Gallup 1987a).

Lieberman Research Inc., 1986

The study was based on telephone interviews in a nationwide sample of 1,025 per-
sons 18 years of age and older in the contiguous United States (Alaska and Hawaii were
not included). A random-digit-dialed sample was used. Interviews were conducted
from June 26 through July 10, 1986. The study was jointly sponsored by the American
Cancer Society, the American Heart Association, and the American Lung Association;
neither interviewers nor respondents were aware of the sponsors.
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National Adolescent Student Health Survey, 1987

The National Adolescent Student Health Survey was initiated in 1985 by three na-
tional health organizations: the American School Health Association, the Association
for the Advancement of Health Education, and the Society for Public Health Educa-
tion. Funding for the survey was provided by the following agencies of the Public
Health Service: the Office of Disease Prevention and Health Promotion (Office of the
Assistant Secretary for Health), the Center for Chronic Disease Prevention and Health
Promotion (CDC), and National Institute on Drug Abuse (Alcohol, Drug Abuse, and
Mental Health Administration).

A two-stage cluster sampling procedure was used to survey 5,859 8th graders and
5,560 10th graders from 112 public and private schools. Twenty-four percent of the
original sample of schools did not agree to participate and each was replaced by another
randomly selected school from the same geographic area. Parents were informed of
the content and purpose of the survey and were provided the opportunity to exclude
their children from the survey. Students were informed that participation was voluntary
and that all information provided would be strictly confidential. Parental requests for
exclusion, student absenteeism, and voluntary nonparticipation reduced the survey
response rate to 87.5 percent (88.9 percent for 8th grade and 86.0 percent for 10th
grade).

During October to December 1987, trained survey administrators collected data from
three randomly selected classes of 8th or 10th grade students at each participating
school. Each student responded to one of three survey forms. The 30-day prevalence
of cigarette smoking and smokeless tobacco use appeared on all survey forms. The
item nonresponse on these questions was 0.2 percent of those who were surveyed.

National Health Interview Surveys

The National Health Interview Survey (NHIS), which is conducted regularly by the
National Center for Health Statistics, uses a sampling frame developed by the U.S,
Bureau of the Census and is based on amultistaged random probability sampling design.
Information is collected in face-to-face household interviews using one adult per
household and using proxy reporting for other members of the household. Since 1974,
information on smoking has been obtained only by self-report. This has entailed
telephone followup to selected household members who were not personally inter-
viewed. Basic smoking information has been collected for several years, including
1965, 1966, 1970, 1974, 1976-80, inclusive, 1983, 1985, and 1987 (data prior to 1974
are based on both self-reports and proxy reporting; all of the more recent surveys were
based on self-reports). Sample sizes for smoking data have ranged from 10,000 to
50,000 persons. There has been an overall consistency in the smoking questions asked
in the different surveys. Beginning in 1985, an adequate sample of blacks was ensured
by the survey design (using the technique of oversampling). The NHIS generally has
a response rate of 96 percent (NCHS 1987). However, the extra step in converting
proxy response 1o self-report leads to a decrease in the response rate to approximately
90 percent. ;
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The data presented in this Chapter were taken from the Health Promotion and Dis-
ease Prevention Supplement to the 1985 NHIS and the Cancer Control Supplement to
the 1987 NHIS.

National Health and Nutrition Examination Survey and Hispanic Health and Nutri-
tion Examination Survey

Since 1960, the National Center for Health Statistics has conducted periodic health
surveys that have included physical examinations and laboratory tests. Initially called
the National Health Examination Survey (NHES), the name of this survey was changed
to the National Health and Nutrition Examination Survey (NHANES) in 1970 when a
nutrition component was added. The NHES was conducted in 1960, 1963, and 1966,
and the NHANES in 1971, 1976, and 1988.

Although the NHANES as a population survey included all of the Nation’s major
subpopulations including Hispanics, the sample sizes were insufficient to produce reli-
able estimates of health status, particularly if the three major Hispanic subgroups—
Mexican-Americans, Cuban-Americans, and Puerto Ricans—were considered
separately. Therefore, the Hispanic Health and Nutrition Examination Survey
(HHANES) was developed by the National Center for Health Statistics. The HHANES
was designed to provide sufficient samples of each Hispanic subgroup. The survey not
only produces reliable estimates of health status for each subgroup but also permits
cross-cultural comparisons within the broader Hispanic cultural context.

The HHANES was a probability-based survey of three distinct subgroups of a major
U.S. minority group rather than of a national sample. The sampling methodology used
complex, multistaged, stratified, clustered samples of the defined population. When
weighted, the sample data represent the targeted population. For HHANES, the tar-
geted population consisted of three groups of civilian, noninstitutionalized persons,
aged 6 months to 74 years from three areas of the country that had a sufficient number
or proportion of Hispanics to render it economically feasible to screen households and
to operate an examination center: (1) Mexican-Americans residing in selected areas of
Texas, California, Colorado, New Mexico, and Arizona; (2) Cuban-Americans resid-
ing in Dade County, Florida; and (3) Puerto Ricans residing in the New York City area.
Data were collected from 1982 through 1984 via in-person household interviews and
Via examination at a local examination center. Information was collected regarding a
number of health issues, including the use of tobacco.

NIDA High School Seniors Surveys on Drug Use

Each year since 1975, the Monitoring the Future project has conducted surveys of
representative national samples of high school seniors in the United States (Johnston,
O’Malley, Bachman 1987). Monitoring the Future is conducted by the University of
Michigan Institute for Social Research and receives its core funding from the Nation-
al Institute on Drug Abuse.

Each year, a multistage sampling procedure is used to identify approximately 135
public and private schools (the number of private schools has varied from 14 to 22) that
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represent an accurate cross-section of high school seniors throughout the coterminous
United States. The first stage involves the use of 74 primary sampling units developed
by the University of Michigan Survey Research Center for use in its nationwide inter-
view surveys.

The second sampling stage involves choice of a single high school from most
geographic areas (more than one is chosen in major metropolitan areas). The prob-
ability of selection of any school is proportional to the size of the senior class. When
a sampled school is unwilling to participate, a replacement school is selected from the
same geographic area. Response rate of schools has been from 66 to 80 percent
throughout the survey period.

Up to 400 seniors are surveyed from each school. In schools with more than 400
seniors, a random sampling system convenient for the school (provided it results in an
unbiased sample) is used to choose the 400 students to be interviewed. Most schools
use the classroom as the basis for this selection. The total number of students inter-
viewed each year has been between 15,700 and 19,000. The student response rate has
varied from 77 percent to 84 percent throughout the survey period.

The questionnaire administration in each school is carried out by local Survey Re-
search Center representatives and their assistants following standardized procedures
detailed in a project manual. Questionnaires are generally delivered in classrooms
during normal class periods, although in some instances larger groups are used. Be-
cause of the range of topics, five different questionnaire forms are used in the survey.
These are distributed to participants in an ordered sequence to produce identical sub-
samples. All five forms contain core data on demographics and some drug use (about
one-third of the form); all other questions are asked of subsamples of the total respon-
dents. Basic questions on cigarette usage have been included in the core for all years.

Followup surveys by mail are conducted annually using representative subsamples
from each of the previously participating classes, that is, the classes of 1976 through
1987. Thus, long-term panel data are collected on individuals, and analyses aimed at
separating secular, age, and cohort effects are possible. (See O’Malley, Bachman,
Johnston 1988.) ‘

NIDA National Household Surveys on Drug Abuse

NIDA conducted household surveys on drug use in 1979, 1982, and 1985. Data were
obtained from a stratified random sample of 8,000 U.S. households; approximately
2,000 in-person interviews were conducted with respondents in the 12- to 17-year-old
age group. Questions included whether any cigarettes were smoked within 30 days as
well as within the previous year.

Roper Survey, 1978

This survey was conducted for the Tobacco Institute via face-to-face interviewing
with 2,511 subjects. Other methodological details are unavailable.
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Roper Survey, 1980

The 1980 Roper Survey used face-to-face interviews to test a nationally repre-
sentative sample of 2,000 adults for knowledge about the health hazards of smoking.
The study was commissioned by the FTC and was conducted in November 1980. The
total sample was split into two halves, and one set of questions was varied between the
two. Thus, the sample size for several of the questions on the health effects of smok-
ing was approximately half the total sample size.

US DHEW Teenage Smoking Surveys

In 1968, 1970, 1972, 1974, and 1979, random samples of teenagers aged 12 to 18
years were surveyed by telephone in December—January (US DHEW 1972, 1976b,
1979b). The first stage of the 3-stage sampling plan involved grouping and selecting
telephone exchanges and was designed to eliminate geographic bias. Within the
selected exchanges, equal numbers of random-digit-dialed telephone numbers were
generated and contacted. Household enumeration was undertaken with an adult respon-
dent and if more than one person aged between 12 and 18 years lived in the house, ran-
dom selection was used to choose the study participant.

In 1968, the sample size was 4,931, 89 percent of whom were interviewed by
telephone. The other 11 percent lived in nontelephone households and were interviewed
in their homes. As exclusion of the nontelephone households did not substantially af-
fect prevalence estimates, later surveys did not include household interviewing of non-
telephone households. The sample size in 1970 was 2,640; in 1972, it was 2,790; in
1974, it was 2,553; and in 1979, it was 2,639. In 1979, a followup survey was also un-
dertaken of 1,194 (46.8 percent) of the 1974 respondents. Approximately 12,000
households were contacted in 1979, from which 2,639 people aged 12 to 18 years were
interviewed. In no survey was there any attempt to validate the smoking status indi-
cated.
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INTRODUCTION

This Chapter reviews two major aspects of smoking behavior since release of the first
Surgeon General’s Report on smoking and health in 1964: (1) changes in smoking be-
havior in the United States (Part I) and (2) changes in our knowledge about the deter-
minants of smoking during this period (Part II).

During the past 25 years, the prevalence of cigarette smoking has declined in virtual-
ly every major sociodemographic group, including men and women, adults and adoles-
cents, blacks and whites, and persons with and without college education. This decline
has been particularly evident among men, in whom the prevalence of smoking declined
from 50 percent in 1965 to 32 percent in 1987. The first part of this Chapter analyzes
trends in smoking prevalence, cessation, and initiation, and examines smoking patterns
among different sociodemographic groups and other special populations. These
analyses are based, for the most part, on cross-sectional population-based data collected
periodically since 1964.

At the same time, our knowledge about determinants of smoking has increased sub-
stantially. Physiological, behavioral, and social factors that may influence the initia-
tion and maintenance of smoking have been extensively researched. Many important
predictors of initiation, quitting, and relapse have been identified. The development of
this body of knowledge is reviewed in the second part of this Chapter. Information
reviewed in that part of the Chapter is primarily derived from research studies and in-
tervention trials that employ smaller sample sizes than the population-based surveys
used in Part I. These studies, however, usually collect more detailed information and
often obtain longitudinal followup data.

PART 1. CHANGES IN SMOKING BEHAVIOR
Trends in Cigarette Smoking

Introduction

Accurate information on trends in smoking prevalence in the major
sociodemographic groups in the United States is of interest to public health officials,
policymakers, researchers, clinicians, and news media. These data are important for
estimating the magnitude of the problem of smoking and for targeting public health in-
terventions to those at highest risk of smoking. ‘

Accurate data on trends in smoking (including initiation and quitting) are necessary
to be able to project future smoking patterns. Accurate projections must be available,
in turn, to set appropriate but realistic goals for key future years (e.g., 1990, 2000). This
Section analyzes trends in smoking prevalence, quitting, and initiation during the past
quarter century. Data on smoking prevalence in the 1940s and 1950s from Gallup sur-
veys and the Current Population Survey have been cited elsewhere (CDC 1987a; US
DHHS 1988, Appendix A).
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Changes in measures of smoking behavior (e.g., prevalence, quitting, initiation), like
any quantitative variables, can be calculated as absolute or relative changes. For chan-
ges in percentages, the absolute change would be in percentage points; the relative (per-
cent) change would be calculated by subtracting the “new” percentage from the base
percentage, dividing the difference by the base percentage, and multiplying the quotient
by 100. Each measure of change has advantages and disadvantages. Throughout Part
I of this Chapter, changes in smoking prevalence, quitting, and initiation are described
primarily in terms of absolute changes.

Nature and Quality of Data

A number of sources of information provide insight into smoking behavior in the
United States. These sources fall into two main categories: those based on excise taxa-
tion of cigarettes and those based on population surveys of self-reported smoking.

Excise Tax and Sales Data

The Economic Research Service of the U.S. Department of Agriculture (USDA) has
estimated total and adult per capita consumption of cigarettes for a number of years.
These estimates are based on data from the Bureau of Alcohol, Tobacco and Firearms
(Department of Treasury), the Bureau of Commerce (Department of Commerce), the
Tobacco Institute, and other private and industry sources.

The Tobacco Institute reports the number of packs of cigarettes on which State taxes
are paid; the Bureau of Alcohol, Tobacco and Firearms reports the number of cigarettes
on which Federal taxes are paid; and the Bureau of Commerce reports the number of
cigarettes imported into the United States. Both Federal and State taxes are excise taxes
collected at the wholesale level (on removals) and are not standard sales taxes.

The estimated level of consumption is based on both Federal and State taxes on
removals, as well as on imports, and is adjusted for estimated inventory changes. Adult
per capita consumption is customarily calculated in the United States by dividing total
consumption by the total estimated population 18 years of age and older. (The World
Health Organization (1988) has published per capita cigarette consumption figures for
countries throughout the world based on the population 15 years of age and older.)

Self-Reported Survey Data

A number of different data sources are available to assess national trends in smoking
during the past 25 years. These surveys differ on the basis of sample size, method of
data collection (telephone interview versus face-to-face household interview versus
questionnaire administered in school), population (adults versus adolescents), sampling
frame (national versus State based), and the extent of information collected on tobac-
co use. Details of the methodology for the various surveys are provided in the Appen-
dix to Chapter 4 and in Table 1 of that chapter. The amount of information provided
varies from survey to survey depending on the availability of information.
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Validity of Self-Reported Survey Data

The validity of self-reports of smoking status from surveys may affect the usefulness
of these data in reporting historical trends. Respondents’ sensitivity to the social stig-
ma associated with smoking has been cited as a reason persons might underreport their
smoking status (Wamer 1978; Kozlowski 1986). Whereas biochemical assessment is
generally more reliable than self-report in assessing level of nicotine intake (US DHHS
1988), self-reported data appear valid for estimating prevalence of smoking in the
population. Forexample, studies of patients in several settings (Petitti, Friedman, Kahn
1981; Pojer et al. 1984), as well as two large community studies (Fortmann et al. 1984;
Pierce, Dwyer et al.1987b),have shown that measurement of smoking by self-report or
by biochemical markers gives approximately the same estimates of prevalence. A more
recent study of 1,317 Hispanics, however, showed that self-reported cigarette use un-
derestimated biochemically validated use (Coultas et al. 1988).

It is possible that the accuracy of self-reported data will vary depending on whether
the data collection method is face to face or by telephone interview. Although
biochemical-validation data do not exist to aliow the quantification of such a difference,
comparisons of smoking prevalence estimates derived from surveys using telephone
versus in-person interviews have shown that the former are generally 1 to 3 percentage
points below the latter (CDC 1987a; see below and NCHS 1987). In addition, concerns
have been expressed about the validity of data reported by one person on behalf of
another (“proxy response”) (NCHS 1985, p. 54). For adults, these concerns relate more
to measures of the number of cigarettes smoked per day than to the classification of
whether a person is a current smoker (US DHEW 1969, p. 794; Rogot and Reid 1975;
National Research Council 1986, pp. 110-112). For adolescents, proxy reporting may
also affect prevalence estimates (Millar 1985).

Correlation Between Self-Reported Survey Data and Sales Data

Warner (1978) compared self-reported data on cigarette consumption with USDA
consumption data for the years 1964-75. He found that self-reported cigarette con-
sumption increasingly underestimated the USDA estimates, possibly because of the in-
creasing social stigma associated with smoking. Changing social acceptability of
smoking would not be expected to affect the USDA estimates. To the extent thata “*so-
cial acceptability” bias in self-reported data may have increased in recent years, the
dramatic decrease in smoking prevalence observed during the past 25 years could be
in part artifactual.

Hatziandreu et al. (in press) analyzed more recent data to determine whether the trend
reported by Warner (1978) has continued. Self-reported consumption data for adults
and teenagers were obtained from the National Health Interview Survey (NHIS) (Na-
tional Center for Health Statistics (NCHS)) and the National Household Survey on Drug
Abuse (National Institute on Drug Abuse (NIDA)). Self-reported cigarette consump-
tion was estimated based on the smoking prevalence, the average self-reported number
of cigarettes smoked per day, and the U.S. population size each year. A “consumption
ratio” was calculated by dividing self-reported consumption by USDA estimates ob-
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tained from cigarette tax data. This ratio has been relatively stable recently, varying
from 0.73 in 1974 10 0.69 in 1976 with a mean of 0.72 (Table 1). A least-squares regres-
sion analysis was used to identify any trend. The slope of the regression line was not
significantly different from zero (p=0.85), countering the hypothesis that self-reported
data are increasingly underestimating actual cigarette consumption. These results sug-
gest that national surveys provide a reliable estimate of U.S. smoking trends. The
reasons for the consistent difference between cigarette consumption based on excise
tax data versus self-reported data are unclear; one possible explanation would be a sys-
tematic bias from “rounding down™ of self-reported daily consumption to the nearest
multiple of a half-pack (see Table 14 and related discussion and Kozlowski 1986).

TABLE 1.—Estimates of cigarette consumption in the United States, based on
cigarette excise taxes and self-reports, 1974-85

Excise taxes Self-reported
Year (billions) (billions) Fraction
1974 599.0 4349 0.73
1976 613.5 4244 0.69
1978 616.0 438.4 0.71
1979 621.5 441.2 0.71
1980 631.5 459.1 0.73
1983 600.0 46738 0.78
1985 594.0 414.4 0.70
NOTE: Estimated by the U.S. Department of Agriculture. Self-reported cc ption includes esti d consumption

for adults (NHIS, NCHS) and estimated consumption for adolescents (National Household Survey on Drug Abuse,
NIDA).
SOURCE: Hatziandreu et al.. in press.

The difference in the findings reported by Hatziandreu et al. (in press) and Wamer
(1978) may relate to differences in methodology. For example, Warner used data from
the 1964, 1966, 1970, and 1975 Adult Use of Tobacco Surveys (AUTSs). He found
that the major decrease in the consumption ratio occurred between 1966 and 1970. This
may have occurred because the 1964 and 1966 AUTSs were in-person surveys, whereas
the 1970 and 1975 AUTSs were telephone surveys. As mentioned above, telephone
surveys generally provide slightly lower estimates of smoking prevalence than in-per-
son surveys. On the other hand, Hatziandreu et al. (in press) used only in-person inter-
view data (NHIS) for adults and the NIDA Household Interview Survey on Drug Use
for adolescents. The consumption ratios obtained by Warner for 1964 and 1966 (0.73
and 0.72, respectively) using in-person survey data were similar to the mean ratio (0.72)
reported by Hatziandreu et al. for the period 1974-85. In addition, the 1974 in-person
estimate was 0.73 (Hatziandreu et al., in press), whereas the 1975 telephone estimate
was 0.64 (Wamer 1978). This difference provides further evidence that the decrease
in the consumption ratio reported by Warner was an artifact of the change in the AUTS
methodology.
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Trends in Cigarette Sales

Total cigarette consumption in the United States (as estimated by sales data) increased
steadily from 1900 until 1981, when an estimated total of 640 billion cigarettes were
smoked (Table 2). Since 1981, there has been a steady decline in consumption despite
increasing population size. The number of cigarettes smoked in 1987 is estimated at
574 billion.

These figures refer to manufactured cigarettes and do not include roll-your-own
cigarettes. Roll-your-own cigarettes have accounted for a declining proportion of total
cigarettes consumed through the 20th century. By 1950, the estimated per capita con-
sumption of roll-your-own cigarettes was 126, or 3.4 percent of total cigarettes con-
sumed; in 1987, these figures were 23 and 0.7 percent, respectively (USDA, un-
published data).

Cigarette consumption data are divided by the population of adults 18 years of age
and older to give an estirnate of adult per capita consumption. This estimate represents
the average number of cigarettes sold per aduit in the population, not per smoker. It
should be noted that trends in adult per capita consumption are somewhat biased be-
cause there has been a trend over time for more people to start smoking regularly under
age 18 (see section below on Trends in the Initiation of Smoking).

Per capita consumption of manufactured cigarettes increased dramatically from its
level of 54 cigarettes in 1900 to 4,171 cigarettes in 1960 (Table 2). From 1960-73, this
figure remained relatively stable (compared with the previous rates of change) at about
4,000 cigarettes per year. Since 1973, there has been a yearly decline in per capita con-
sumption. From 197387, this figure fell more than 23 percent to 3,196 cigarettes per
year. Although there has been a decline in every one of these 15 years, the rate of
decline has varied. From 1974-79, the magnitude of the yearly change increased rapid-
ly until it reached a 2-percent decrease per year. Inthe 10 years since 1979, this decrease
has fluctuated with a mean of 2.4 percent per year (standard deviation (S5.D.) = 1.9).
The large drop from 1982-83 (7.2 percent) was more than two standard deviations
above the mean and is thought to be related, to a significant degree, to the March 1983
increase in the Federal cigarette excise tax from 8 cents per pack to 16 cents per pack
(see Chapter 7).

Trends in cigarette sales are also presented in Chapter 8 (Figure 3).

Trends in Smoking Prevalence Among Adults

Cigarette Smoking by Sex, Race (Whites and Blacks), and Educational Attainment
(National Health Interview Surveys: 1965-87)

Table 3 presents smoking prevalence from NHIS data for the years 1965, 1966, 1970,
1974, 1976-80 inclusive, 1983, and 1985, and preliminary data for 1987. These data
are presented for the total adult population (aged 20 years and older) and by sex, race
(whites and blacks), and educational attainment. They differ slightly from estimates
published by NCHS (NCHS 1988c) because the data presented here are adjusted to the
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TABLE 2.—Total manufactured U.S. cigarette consumption and per capita
consumption, adults aged 18 years and older, 1900-87

. Percentage change in per
Total consumption Per capita capita consumption
Year (billions) consumption from previous year

1900 2.5 54

1910 8.6 151 +10.8*
1920 4.6 665 +16.0°
1930 1193 1,185 +5.9°
1940 181.9 1,976 +5.2°
1950 369.8 3,552 +6.0°
1960 434.4 4,171 +1.6°
1961 502.5 4,266 +2.3
1962 508.4 4,266 0
1963 523.9 4,345 +19
1964 511.3 4,194 -3.5
1965 528.8 4,258 +1.5
1966 541.3 4,287 +0.7
1967 549.3 4,280 0.2
1968 545.6 4,186 2.2
1969 528.0 3,993 4.6
1970 536.5 3,985 -0.2
1971 555.2 4,037 +13
1972 566.8 4,043 +0.1
1973 589.7 4,148 +30
1974 599.0 4,141 -0.2
1975 607.2 4,123 -04
1976 613.5 4,092 -0.8
1977 617.0 4,051 -1.0
1978 616.0 3,967 -2.1
1979 621.5 3861 -2.7
1980 631.5 3,844 -04
1981 640.0 3.836 -0.2
1982 634.0 3,739 -2.6
1983 600.0 3,488 -7.2
1984 600.4 3,446 -1.2
1985 594.0 3,370 23
1986 583.8 3,274 -29
1987 (estimate) 574.0 3,196 -24

?Annualized rate of change during preceding decade.
SOURCE: USDA (1987).
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TABLE 3.—Trends in smoking prevalence (%), NHISs, United States, 196587, adults aged 20 years and older

Sex Race Educational level
Less than High

Year pgglﬁl;ii)n Males Females Whites Blacks h'ggrg 33:&0 ! g?.gg‘g;g:e c%(l)l[:gee g(x:'ggﬁf;:
1965% 404 50.2 319 40.0 430
1966 40.7 50.8 320 404 429 36.5 41.1 425 33.7
1970 37.0 443 308 36.5 414 348 38.3 36.7 28.1
1974 36.9 434 314 36.1 440 36.5 376 36.9 283
1976 36.1 42.1 313 35.6 41.2 35.8 378 364 274
1977 35.6 409 314 349 41.8 358 384 352 25.6
1978 34.0 39.0 29.6 336 38.2 353 36.5 327 238
1979 335 384 29.2 332 36.8 349 354 333 234
1980 33.3 385 29.0 329 37.2 355 35.7 31.2 24.6
1983 31.8 355 28.7 314 36.6 347 356 30.0 19.9
1985 30.4 332 28.0 299 36.0 35.7 342 28.1 18.4
1987° 29.1 317 26.8 28.8 340 35.7 331 26.1 16.3
Trend information (1965-85)
Change®/year -0.50 -0.84 -0.21 -0.50 ~-0.39 -0.06 -0.32 -0.70 -0.76
Standard error 0.03 0.04 0.03 0.03 0.08 0.03 0.05 0.07 0.08
R? 0.97 0.98 0.81 0.97 0.74 NAY 0.87 0.94 0.93

*For 1965, data stratified by education were not available.

PProvisional data only.

“In percentage points.

The slope of the regression line was not significantly different from zero, making the R? computation inappropriate.
SOURCE: NHISs 1965-87; unpublished data, Office on Smoking and Health.



1985 age distribution, whereas the previously published figures were adjusted to the
1970 age distribution.

For each group, observed smoking prevalence for each survey year is reported. Ad-
ditionally, to assess time trends from 1965-85, weighted least-squares regression
analyses have been applied to these data. The 1987 data were not included in the regres-
sion analyses because these data are preliminary estimates. These estimates can be used
to provide a measure of predictive validity of the model; in general, the preliminary
1987 esllmates are similar to projections from the model (Pierce, Fiore et al. 1989a).

The R statistic was used for each trend analys1s and is a measure of how well the
linear model fits the observed data values. R values may range from O (no linear trend)
to 1.0 (a perfect fit between the observed values and a linear model).

The data on overall smoking prevalence, as well as for each sex and racial group
presented in Table 3, demonstrate linear trends with R values ranging from 0.74 to
0.98; thus, the models fit the data very well. Trends for three of the four educational
categories are also fitted well by a linear model. For one category, less than high school
graduation, no R? value is reported because the rate of change is very close to zero
(making the R? statistic inappropriate as an index of the amount of variation explained
by the model). The change (in percentage points) per year is the slope of the line of
best fit calculated by the model. The standard error of the slope allows confidence
limits to be placed around the estimate of change per year. Ninety-five-percent con-
fidence limits around the estimate of a slope are approximately equal to the slope plus
or minus two times the standard error.

Overall smoking prevalence declined from 40.4 percent in 1965 to 29.1 percent in
1987. The trend from 1965-85 is fitted almost exactly by a linear model (R =0.97).
Smoking prevalence in the United States adult population is decreasing at a rate of 0.50
percentage points per year with a standard error of 0.03. Thus, the 95-percent con-
fidence interval for the change per year is 0.44 to 0.56. There is no evidence of any
sudden deviations from the identified trend such as that seen in the per capita consump-
tion data in 1983 (Table 2).

The prevalence of smoking among men has decreased steadily from 50.2 percent in
1965 to 31.7 percent in 1987. The rate of decline between 1965 and 1985 was 0.84 per-
centage points per year (95-percent confidence limits, 0.76, 0.92). Female smoking
prevalence remained stable at 31 to 32 percent from 1965-77. Subsequently,
prevalence began to decline slowly and reached 26.8 percent in 1987. The overall rate
of decline from 1965-85 was 0.21 percentage points per year (95-percent confidence
limits, 0.15, 0.27). Fiore and coworkers (1989) have examined more recent trends
in smoking by gender in greater detail. This analysis showed a rate of decline in
prevalence among women of 0.33 percentage points per year between 1974 and 1985
(95-percent confidence limits, 0.21, 0.45) (R —0 88).

Although there has been a difference in smoking prevalence between blacks and
whites, it may be explained by socioeconomic status (Novotny, Warner et al. 1988),
and the rate of change in smoking prevalence in recent years has been similar between
the races (Fiore et al. 1989). Smoking among whites decreased from 40.0 percent
in 1965 to 28.8 percent in 1987. The rate of decline from 1965-85 was 0.50 percent-
age points per year (95-percent confidence limits, 0.44, 0.56; R2=0. 97).
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For blacks the R? value for the simple linear model is 0.74, suggesting that the data
should be reviewed more carefully. In 1965, 43.0 percent of blacks smoked. This
number had changed little by 1977 when 41.8 percent smoked. From 1977-87, there
was a considerable drop in smoking prevalence to 34.0 percent. Thus, the data suggest
that there may be two trends among blacks.  Fiore et al. (1989) fitted a linear model
to the data for 1974-85 and reported a rate of change among blacks of —0.67 percent-
age points per year with 95-percent confidence limits of 0.37 and 0.97 (R2=O.80). This
rate of change was not significantly higher than that among whites for the same period
(-0.57 percentage points per year). However, smoking prevalence among black men
was decreasing at a faster rate than among white men (1.15 percentage points per year
compared with 0.87, p=0.03). There were no significant differences noted in the rates
of decrease among women of either race (blacks, 0.26 percentage points per year;
whites, 0.32).

Trends in smoking among the various educational groups have differed markedly
since 1966 (Pierce, Fiore et al. 1989b). College graduates have decreased their
smoking level from 33.7 percent in 1966 to 16.3 percent in 1987. The rate of decline
from 1966-85 was 0.76 percentage points per year (95-percent confidence limits, 0.60
to 0.92). Smoking prevalence in respondents who reported having attended some col-
lege decreased from 42.5 percent in 1966 to 26.1 percent in 1987 at a slightly lower
rate of change (-0.70 percentage points per year) than that of college graduates. High
school graduates who did not attend college reduced their smoking from 41.1 percent
in 1966 to 33.1 percent in 1987 at a rate (-0.32 percentage points per year) less than
half that for respondents who had attended college. Smoking prevalence in those
respondents without a high school dipioma did not change appreciably from 1966 (36.5
percent) to 1987 (35.7 percent); the rate of decline between 1966 and 1985 was only
0.06 percentage points per year. Thus, there is a twelvefold difference in rate of decline
in smoking prevalence between the most and least educated groups in our society. The
increasing gap in smoking prevalence by educational attainment is particularly evident
when comparing the difference in smoking prevalence between the most and least edu-
cated groups in 1966 with the difference in 1987. In 1966, the prevalence rates were
similar (33.7 and 36.5 percent, respectively); in 1987, prevalence in the most educated
group (16.3 percent) was less than half that in the least educated group (35.7 percent).

Adult Use of Tobacco Surveys: 1964-86

In 1964, 1966, 1970, 1975, and 1986, the Office on Smoking and Health (formerly
the National Clearinghouse for Smoking and Health) conducted detailed surveys of a
representative sample of the U.S. adult population. The purpose of these surveys has
been to study the population’s knowledge, attitudes, and practices regarding the use of
tobacco. The first two surveys primarily used in-person household interviews while
the last three used telephone interviews. Prevalence of cigarette smoking in the United
States as measured by the AUTSs has declined from 40.3 percent in 1964 to 26.5 per-
cent in 1986 (Table 4). This decrease represents an overall decline in smoking of more
than 34 percent during this 22-year period.
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TABLE 4.—Trends in smoking prevalence (%), AUTS versus NHIS

Estimated Difference
Survey year AUTS* NHIS® (NHIS-AUTS)
1964 403 40.4 0.1
1966 42.2 39.4 -2.8
1970 36.2 37.4 1.2
1975 338 349 1.1
1986 26.5 294 29

?For all survey years. includes respondents aged 21 years and older except 1986, which includes respondents aged
17 years and older. All data weighted.

®Includes respondents aged 20 years and older. Values for each year are determined by extrapolating expected
prevalence values based on regression analysis from Table 3.

SOURCE: Office on Smoking and Health (US DHEW 1969, 1973a, 1976; CDC 1987a).

Unlike the NHIS, for which data are collected during an in-person household inter-
view, AUTSs collected data via telephone interviews in 1970, 1975, and 1986. The
three AUTSs conducted since 1970 all produced prevalence estimates below those es-
timated (by regression analysis) from the NHISs (Table 4). The largest difference be-
tween the two surveyswas 2.9 percentage points in 1986. The 95-percent confidence
limits around the NHIS projection for 1986 are 27.8 to 31.7 compared with limits of
25.8 to 27.3 from the 1986 AUTS; thus, the difference in estimates between the two
surveys is statistically significant. A difference in sampling modalities is among the
most likely explanations for this discrepancy in prevalence estimates. A similar find-
ing has been noted in State-specific prevalence estimates (see below). Telephone sur-
veys have a small sampling bias by excluding households lacking telephones and may
have a greater nonresponse bias because of generally lower response rates compared
with household surveys (CDC 1987a).

Cigarette Smoking Among Different Occupational Groups

NHIS data have been published on smoking prevalence by occupation for the years
1970, 1978-80 combined, and 1985 (Table 5). There is a consistent pattern of higher
smoking rates among blue-collar and service workers than among white-collar workers
for all these survey years. For example, in 1985, the prevalence of smoking among
blue-collar and white-collar workers was 40 and 28 percent, respectively. This dif-
ference was greater among males (14 percentage points) than among females (6 per-
centage points). Detailed data on smoking prevalence, percentage of former smokers,
quitting attempts, and age of initiation within specific occupational categories for 1978~
80 were published in the 1985 Surgeon General’s Report (US DHHS 1985). Weinkam
and Sterling (1987) also provided a detailed analysis of smoking by occupation using
the 1970 and 1979-80 NHIS data.

Novotny, Warner, and colleagues (1988) performed multivariate logistic regression
analyses on data from the 1985 NHIS (ages 25 to 64 years) to examine the independent

272



£LT

TABLE 5.—Prevalence of smoking (%) by occupation, 1970, 1978-80, and 1985

1970° 1978-80" 1985°
Occupation Males Females Males Females Males Females Total
Currently employed 479 36.5 399 333 338 30.0 32.1
White collar 40.8 36.1 33.0 319 26.4 28.0 27.5
Blue collar 55.0 37.7 47.1 38.1 40.1 339 39.7
Service 533 394 47.5 374 40.3 354 37.2
Unemployed 55.9 423 53.1 39.6 44.3 28.0 36.1

*Aged 20 to 64 years.
"Aged 20 years and older.
SOURCE: NHISs 1970. 1978-80 (combined), and 1985, NCHS (US DHHS 1985, 1988).



effects of socioeconomic status (SES) and selected demographic factors on the odds of
ever smoking (versus never smoking) and current smoking (versus former smoking),
The SES/demographic factors included in the models were: sex, employment status,
occupation, education, marital status, and poverty status. The investigators found that
when they simultaneously controlled for the effects of these factors, unemployed per-
sons were more likely than employed persons to be ever smokers or current smokers.
However, blue-collar and service workers were not found to have significantly in-
creased odds of ever or current smoking compared with white-collar workers.
Employed persons were more likely to have quit smoking than unemployed persons.

Special Populations: Hispanics

Information on smoking among Hispanics was collected as part of the Hispanic
Health and Nutrition Examination Survey (HHANES) between 1982 and 1984. This
was a geographically based sample of Hispanics from three areas of the United States
designed to represent three large Hispanic groups (Puerto Ricans in the New York City
area; Cuban-Americans in Dade County, Florida; and Mexican-Americans in the South-
west). Sample sizes were 9,000 Mexican-Americans, 4,000 Puerto Ricans, and 1,500
Cuban-Americans.

According to the HHANES, the age-adjusted smoking rates for males aged 20 to 74
years were 43 percent for Mexican-Americans, 42 percent for Cuban-Americans, and
40 percent for Puerto Ricans. Among females, the smoking prevalence was 24 percent
for Mexican-Americans and Cuban Americans and 30 percent for Puerto Rican
Americans (Haynes 1987). A birth-cohort analysis of these data showed that smoking
rates have decreased among successive cohorts of men, but increased among succes-
sive cohorts of women (Escobedo and Remington 1989),

These rates are higher than those obtained from the NHISs for the years 1979 and
1980 (Marcus and Crane 1985; Rogers and Crank 1988) and 1985 (Marcus and Crane
1987). However, the number of Hispanics in these NHIS samples was small, making
prevalence estimates less reliable. Haynes (1987) suggests that NHIS data may under-
estimate smoking prevalence among Hispanics because questions about smoking were
not asked in Spanish. The first estimates of smoking behavior among Hispanics that
are both national and statistically reliable will be available from the 1987 NHIS, which
oversampled for this population group.

Special Populations: American Indians and Alaskan Natives

There are no reliable national estimates of smoking prevalence among American In-
dians. Several surveys have assessed smoking rates among specific Indian tribes or on
certain Indian reservations (CDC 1987b). Smoking prevalence is highest among North-
ern Plains Indians (42 to 70 percent) and Alaskan Natives (56 percent), where rates
greatly exceed the rate in the general U.S. population. Much lower rates have been
reported for Indians from the Southwest (13 to 28 percent). High rates of smokeless
tobacco use have also been reported among some American Indian groups, especially
in Indian youth. According to a survey of approximately 5,000 children 5 to 18 years
of age in rural Alaska conducted by the Indian Health Service, 28 percent of girls and
34 percent of boys reported using smokeless tobacco products (CDC 1987¢). Similar
findings were obtained in other surveys of Native Americans (Schinke et al. 1987; CDC
1988; Hall and Dexter 1988).
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Special Populations: Asian Americans

There are no reliable national estimates of smoking prevalence among Asian
Americans. A few local surveys provide estimates of smoking prevalence among Asian
Americans in specific geographic regions.

The State of Hawaii has a population composed of 29 percent Caucasian, 26 percent
Japanese, 15 percent Hawaiian, and 15 percent Filipino. The State conducted a Be-
havioral Risk Factor Survey (see below) of 1,002 people by telephone in 1984. Smok-
ing prevalence estimates were 28 percent for Caucasians, 27 percent for both Hawaiians
and Filipinos, and 23 percent for Japanese (Hawaii State Department of Health 1984).
A similar survey of 1,557 residents of the State was completed in 1986. Prevalence es-
timates from this second survey were 29.3 percent for Caucasians, 28.8 percent for
Hawaiians, 25.1 percent for Filipinos, and 20.6 percent for Japanese (Chung 1986).

Special Populations: Pregnant Women

National data on smoking during pregnancy are scarce, especially prior to 1980.
Since 1980, several national surveys have directed smoking questions to previously
pregnant women, but survey methodologies vary widely and it is not possible to study
secular changes in behavior.

Probably the best source of national data on smoking among pregnant women has
been the National Natality Surveys (NNSs), which were conducted among national
samples of married mothers of live infants born in 1967 and 1980. Data from these sur-
veys were used by Kleinman and Kopstein (1987} to document changes in smoking be-
havior during pregnancy over that period of time. Among teenagers, smoking rates
remained fairly constant over time at about 38 percent among whites and 27 percent
among blacks. Among women over age 20, there were decreases in smoking
prevalence that varied markedly by race and by educational attainment of the mother.
Smoking prevalence among white women over age 20 declined from 40 percent in 1967
to 25 percent in 1980; among black women over age 20, it declined from 33 percent to
23 percent. Among white women over age 20, there was an increase in the proportion
quitting smoking during pregnancy (11 percent to 16 percent), while among blacks the
proportion quitting actually decreased (17 percent to 1 1 percent). Among white women
with less than 12 years of education, the prevalence of smoking during pregnancy
declined from 48 percent to 43 percent, while for women with 16 or more years of
education, it declined from 34 percent to 11 percent. Among white smokers with less
than 12 years of education, there was relatively little change in the pfoportion quitting
during pregnancy (11 percent to 9 percent), but among smokers with 16 years or more
of education, the proportion more than doubled (12 percent to 27 percent). Insufficient
numbers of black women were sampled to study trends by education among blacks.

A study similar to the NNS, the National Maternal and Infant Health Survey, was
begun in 1988. Data from that study will provide the best estimates of smoking during
pregnancy for the late 1980s. At this time, however, no comparable national data exist
to study women after 1980. Studies that have asked about smoking behavior during
pregnancy have not asked about behavior during specific years, so it is not possible to
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calculate estimates of the prevalence of smoking in any particular time period.
However, it is possible to use these data sources to examine general patterns of smok-
ing during pregnancy. In general, women in the lowest age and socioeconomic
categories have the highest likelihood of smoking during pregnancy.

The earliest data available to examine these patterns are from the Collaborative
Perinatal Study (Niswander and Gordon 1972), which included women who obtained
prenatal care at selected university centers in the early 1960s. White women were more
likely to smoke than black women (53 percent versus 43 percent), and among smokers,
whites smoked more cigarettes per day than blacks. By comparison, the national
prevalence of smoking among women 25 to 44 years of age was 44 percent in 1965
(NCHS 1988c).

The National Survey of Family Growth (NSFG) collected data in 1982 on the smok-
ing behavior of women, 15 to 44 years of age, during their most recent pregnancy,
regardless of when the pregnancy occurred (NCHS 1988a). Of these women, 32 per-
cent smoked during the pregnancy. Women who were aged 15 to 19 years when preg-
nant, who had less than 12 years of education, who were at 149 percent or less of pover-
ty level, or who were unmarried had the highest smoking rates.

In the 1985 NHIS, questions related to smoking were asked of women aged 18 to 44
years who had given birth within the past 5 years (NCHS 1988b). Of these women, 32
percent reported having smoked during the 12 months preceding the birth; 21 percent
of smokers reported quitting smoking and 36 percent reported reducing the number of
cigarettes smoked after learning they were pregnant. Women under 25 years of age,
with low income, of black race, unmarried, or unemployed were more likely to smoke
than others. These same groups of women were less likely to quit smoking or to reduce
the number of cigarettes smoked.

The 1990 Health Objectives for the Nation (US DHHS 1980a) state that “The propor-
tion of women who smoke during pregnancy should be no greater than one-half the
proportion of women overall who smoke.” At the time of the midcourse review of the
objectives (US DHHS1986¢), no data were available to evaluate progress directly. Ac-
cording to the 1985 NHIS, approximately 31 percent of women aged 18 to 44 years
smoked cigarettes in 1985 (31.7 percent of 18- to 29-year-olds and 31.2 percent of 30-
to 44-year-olds) (NCHS 1988c¢). In the same survey, as mentioned above, 32 percent
of women who had given birth in the preceding 5 years reported smoking in the 12
months preceding the birth, 21 percent of whom reportedly quit after learning they were
pregnant. This indirect evidence seems to indicate that the smoking prevalence among
pregnant women was much more than half the prevalence among nonpregnant women
in the early 1980s. Unless major changes in smoking behavior have occurred in the
latter half of the decade, the 1990 objective will not be met. Analysis of data from the
Behavioral Risk Factor Surveillance System supports this conclusion (Williamson et
al. 1989).

Special Populations: Military Personnel

In 1980, 1982, 1985, and 1988, the Department of Defense (DOD) performed
worldwide surveys of alcohol and nonmedical drug use among military personnel.
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These surveys assessed cigarette smoking among personnel by asking, *“During the past
30 days, how many packs of cigarettes did you usually smoke during a typical day?”
(The 1980 survey question used the phrase “in one day.”) There were five possible
responses: 3 or more packs; 2 or more, but less than 3 packs; | or more, but less than
2 packs; less than 1 pack, but smoked some; did not smoke in the past 30 days. Sample
sizes ranged from 15,000 to 21,000. The number of military installations participating
in the surveys ranged from 58 to 81. The surveyed population was proportionally rep-
resentative of all DOD active duty members for sex, race/ethnicity, marital status,
education, and age (Herbold 1987; US DOD 1987, 1988).

Overall smoking prevalence among military personnel declined steadily from 53 per-
cent in 1982 to 46 percent in 1985 to 42 percent in 1988 (Table 6). These prevalence
figures, although declining, are considerably higher than among all males or young
males in the general population (Tables 3 and 18). This disparity may reflect
socioeconomic differences between military personnel and the general population, al-
though one study suggests that smoking initiation may often occur among recruits after
entering the military (see below). The 1988 estimates for the individual military
branches were: Air Force, 37 percent; Marine Corps, 42 percent; Army, 44 percent;
and Navy, 45 percent (US DOD 1988).

TABLE 6.—Prevalence of cigarette smoking among U.S. military personnel, 1980,

1982, 1985, and 1988
Percentage of current smokers”
1980 1982 1985 1988°

Rank® (N=15,016) -~ (N=21412) (N=17.328) (N=18,673)
El-3 55 56 47 47
E4-6 55 55 52 45
E7-9 56 61 56 48
Wi-4 40 34
01-03 i9

01-02 24 25 17

03 23 24 18
04-010 21 20

04-06 27 28

Total s2 53 46 42

*Persons who had smoked cigarettes during the past 30 days.

®In ascending rank, from enlisted personnel (E1-9) to warrant officers (W 1-4) to commissioned officers (O1-010).
“Preliminary data (not adjusted for nonrespondents).

SOURCE: Herbold (1987); US DOD (1986, 1987, 1988).
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Smoking prevalence rates among enlisted personnel (ranks E1-9) are at least twice
the rates among commissioned officers in each survey year (Table 6). In 1988, for in-
stance, smoking prevalence estimates ranged from 47 percent for the lowest ranks of
enlisted personnel (E1-3) to 20 percent for the higher ranks of commissioned officers
(04-010). The proportion of smokers smoking a pack or more a day was 55 percent;
there was no consistent association between this proportion and military rank (US DOD
1988).

Cronan and Conway (1987) collected smoking information from 687 recruits enter-
ing the Navy and from 1,357 Navy servicemen stationed aboard ships in the San Diego
area. The prevalence of smoking was 27.6 percent among recruits and 49.8 percent
among shipboard men. The investigators concluded that the Navy is not attracting a
higher than expected percentage of smokers from the U.S. population, but that many
men start to smoke after they enter the Navy.

Reasons for higher smoking rates among military personnel include the inexpensive
price of cigarettes in military facilities, peer pressure heightened by conditions of group
living, stress, boredom, and lack of other forms of recreation (Cronan and Conway
1987; Blake 1985). In addition, there has been a historical connection between ciga-
rettes and the military: cigarettes have been a part of the K-rations and C-rations
provided to soldiers and sailors, and cigarette advertisements on radio and in the print
media during World War II commonly featured military themes (Blake 1985).
Cigarette advertising continues to appear in military-oriented publications (Davis
1987). In September 1988, Philip Morris Tobacco Company began to publish a month-
ly newsletter, “Military Smoker,” which features articles opposing restrictions on smok-
ing and on cigarette sales in military facilities; readers are urged to call a toll-free
“Military Smoker” hotline telephone number (Philip Morris 1988).

Recent DOD initiatives to reduce smoking among military personnel are described
in Chapter 6.

State-Specific Smoking Prevalence
Behavioral Risk Factor Surveillance System: 1982-87

The Behavioral Risk Factor Surveillance System (BRFS) has provided State-specific
smoking prevalence estimates for adults 18 years of age and older for about half of the
States since 1982 (Table 7). Data are collected through random-digit-dialed telephone



interviews. Since 1984, the number of States participating in this surveillance system
has increased steadily. For reporting States, median prevalence declined from 37 per-
cent in 1982 to 24 percent in 1987. This decline exceeded the decline in national
prevalence in the NHIS (Table 3), probably because of the nonrepresentative mix of
States included in the BRFS in different years. In 1987, prevalence ranged from 15
percent in Utah to 32 percent in Kentucky.

Current Population Survey: 1985

In 1985, the Current Population Survey (CPS), a population-based, in-person
household survey of more than 114,000 adult Americans, conducted by the U.S. Bureau
of the Census, collected information about smoking and smokeless tobacco use. About
45 percent of interviews were conducted with proxy respondents. The survey estimated
adult smoking prevalence (20 years of age and older) at 29.5 percent. Table 8 presents
estimates of prevalence of cigarette smoking according to region of the country, cen-
sus division, and State. Among the nine census divisions, prevalence was lowest in
the Pacific (26.3 percent) and Mountain (27.2 percent) divisions and was highest in the
East South Central (31.8 percent) and South Atlantic (31.3 percent) divisions.

Overall gender-specific prevalence was reported as 32.9 percent for males and 26.5
percent for females. Prevalence of smoking among males exceeded that among females
in all States except Oregon and Wyoming (where the prevalence rates among men and
women were either very similar or the same). Overall education-specific prevalence
was 35.4 percent for persons with 12 years or less education (high school diploma
or less) and 22.2 percent for persons with 13 or more years of education (some college
or more education). Persons with 13 or more years of education reported lower smok-
ing prevalence rates than those with 12 years or less education in all S0 States by a range
of 20.2 percentage points in Tennessee to 5.7 percentage points in Hawaii.
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TABLE 7.—State-specific smoking prevalence (%), Behavioral Risk Factor
Surveillance System, adults aged 18 years and older, 1982-87

State 1982 1984 1985 1986 1987
Alabama 31 25 27
Alaska 36 34

Arizona 32 28 26 24 26
Arkansas 27

California 28 26 26 25 21
Colorado 34

Connecticut 27

Delaware 31

District of Columbia 33 38 26 27 24
Florida 32 27 28 28
Georgia 29 37 29 27 25
Hawait 25 23
Idaho 25 24 23 21
Iilinois 34 26 28 26
Indiana 33 28 32 27 29
Towa 30

Kansas 22

Kentucky 37 29 35 32
Maine 28
Maryland 25
Massachusetts 27 25
Michigan 3

Minnesota 27 28 25 24
Missouri 26 29
Montana 26 29 25 23 22
Nebraska 23

New Hampshire 29

New Jersey 32

New Mexico 29 26 21
New York 31 27 23
North Carolina 38 31 27 27 26
North Dakota 28 26 26 24
Ohio 30 29 29 28 27
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TABLE 7.—Continued

State 1982 1984 1985 1986 1987
Pennsylvania 34

Rhode Island 3 29 39

South Carolina 26 29 27 25
South Dakota 25
Tennessee 32 32 28 28 28
Texas 30

Utah 16 16 18 15
Virginia 34

Washington 24
West Virginia 32 33 27 29 29
Wisconsin 27 25 26 26
Minimum 22 16 16 18 15
Maximum 38 38 32 35 32
Median 37 29 27 26 24
Number of States® 27 19 22 26 29

“Includes the District of Columbia.
NOTE: No data were available for the following States: LA, MS, NV, OK, OR, VT, and WY.
SOURCE: CDC (1986a,b, 1987f, unpublished data).

BRFS and CPS Comparison

In 1985, both the BRFS and the CPS collected State-specific information on adult
smoking prevalence. Among the 22 States (including the District of Columbia) where
comparisons can be made, the CPS (an in-person household survey) estimated higher
smoking prevalence in 13 States and lower prevalence in 8 States than the BRFS (a
telephone survey) The median difference in smoking nrevalence between the CPS and
the BRFS was +1.8 percentage points. This pattern is similar to that observed in com-
parisons between the in-person NHIS and the telephone AUTS (see above).
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TABLE 8.—Smoking prevalence rates according to region of the country,
census division, and State, adults aged 20 years and older, by gender
and education, United States, CPS, 1985

Education

<12 >12

Overall Males Females years years
United States 295 329 26.5 35.4 222
Northeast Region 28.9 313 26.8 345 221
New England Division 295 30.6 28.6 36.3 225
Maine 303 31.8 29.1 370 17.3
New Hampshire 30.7 352 26.7 374 21.0
Vermont 30.7 318 299 37.7 214
Massachusetts 28.2 284 28.1 350 229
Rhode Island 344 35.8 333 399 26.3
Connecticut 296 309 28.5 363 231
Mid-Atlantic Division 28.7 316 26.2 34.0 220
New York 28.7 34 26.3 34.1 223
New Jersey 279 31.0 25.2 336 21.7
Pennsylvania 293 323 26.6 34.0 217
North Central Region 30.2 324 28.1 36.2 222
East North Central Division 31.0 33.0 293 375 225
Ohio 322 344 30.3 386 220
Indiana 328 357 30.1 384 238
Illinois 287 315 263 350 227
Michigan 340 344 337 409 247
Wisconsin 26.3 27.6 25.2 32.6 17.9
West North Central Division 28.1 311 254 33.1 217
Minnesota 287 30.0 274 346 216
lowa 28.1 33.0 23.7 31.8 222
Missouri 277 31.1 24.6 320 214
North Dakota 26.4 283 247 313 218
South Dakota 28.6 30.7 268 345 210
Nebraska 249 26.6 236 29.2 19.4
Kansas 30.2 346 26.6 37.1 23.1
South Region 31.2 364 26.8 36.5 23.3
South Atlantic Division 313 36.3 27.1 36.6 240
Delaware 31.8 349 29.1 39.1 19.0
Maryland 29.7 315 28.1 36.3 20.1
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TABLE 8.—Continued

Education
<12 >12
Overall Males Females years years
District of Columbia 31.4 342 29.3 385 242
Virginia 32.7 37.8 285 38.5 263
West Virginia 340 386 30.0 38.1 229
North Carolina 316 397 246 370 240
South Carolina 271 342 215 31.7 18.4
Georgia 318 385 26.5 36.4 25.1
Florida 317 35.5 284 36.8 25.4
East South Central Division 31.8 37.6 26.9 373 21.8
Kentucky 353 378 334 40.2 22,5
Tennessee 30.8 36.6 26.0 38.6 18.4
Alabama 30.6 385 235 353 23.6
Mississippi 311 388 248 349 253
West South Central Division 306 35.5 26.3 359 228
Arkansas 31.3 37.2 26.5 348 25.0
Louisiana 29.1 354 23.8 34.1 21.1
Oklahoma 33.0 357 304 41.5 227
Texas 306 355 263 359 228
West Region 26.5 293 239 328 209
Mountain Division 27.2 30.1 24.6 34.7 20.2
Montana 259 26.1 259 322 19.3
Idaho T 241 26.6 21.7 29.6 178
Wyoming 31.7 319 319 40.9 21.0
Colorado 28.6 30.6 26.9 379 219
New Mexico 285 326 243 32.8 244
Arizona 295 343 253 374 21.5
Utah 14.1 18.2 10.2 225 8.0
Nevada 357 376 339 39.0 314
Pacific Division 26.3 290 227 ‘32.0 21.1
Washington 28.6 299 274 36.1 218
Oregon 27.1 26.8 275 347 21.2
California 256 28.9 225 28.3 20.8
Alaska 343 40.9 28.0 41.1 272
Hawaii 216 30.7 247 306 249

NOTE: Percentages are age adjusted to the total U.S. population,
SOURCE: Office on Smoking and Health, unpublished data.
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Summary

A number of national and State-based surveys provide information on cigarette smok-
ing. These surveys have varying methodologies and response rates. The data of highest
quality (large sample size, high response rate) are from the NHIS, and this source also
has the best series of data for analyzing trends in smoking prevalence since 1965. Trend
analysis demonstrates that smoking prevalence among adults overall is declining by
0.50 percentage points per year and this rate of decline has been consistent since 1965,
If this rate of change continues for the next few years, overall prevalence will be 27 to
28 percent in 1990, which is higher than the 1990 Health Objective for the Nation (less
than 25 percent) (US DHHS 1980a; see Chapter 1). Although there are differences be-
tween whites and blacks in smoking prevalence, the rate of change within each race has
been similar in recent years. The decline has been much higher in men than in women
and much higher in the more educated than in the less educated.

The consistency of the trends in these smoking prevalence data contrasts with the
lack of year-to-year consistency in the consumption (excise tax) data presented in an
earlier section. Given that both data sets report cigarette usage in the population,
reasons for this difference need to be addressed. Each data set has its advantages. Ex-
cise tax data have the advantage of being an objective measure of manufactured-
cigarette sales and are not subject to questions of validity that must be addressed with
self-reported smoking from survey data. On the other hand, survey data provide infor-
mation on smoking behavior in specific subpopulations within society.

Cigarette sales data, and trend analyses of these data, reflect both the number of
people who smoke and the number of cigarettes each smoker consumes (plus a wastage
and stock error term). On the other hand, trend analyses of self-reported smoking
prevalence reflect only the number of people who smoke. Antismoking interventions
may affect an individual’s smoking status or daily cigarette consumption. For example,
worksite smoking restrictions may induce some smokers to quit, whereas others who
continue to smoke may smoke fewer cigarettes per day because of fewer opportunities
to smoke. Similarly, increases in cigarette price (e.g., mediated by increased excise
taxation) may induce price-sensitive smokers to quit or to reduce daily consumption.

While consumption data are often used as a more sensitive index of the relative im-
pact of differing antismoking strategies, the primary goal of these strategies is a change
in smoking prevalence. Smokers who reduce their daily cigaretie consumption will
reduce their health risks, but to a lesser extent compared with quitting entirely (see
Chapters 2 and 3).
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Trends in Quitting

Introduction

As the 1988 Surgeon General’s Report documented (US DHHS 1988), cigarettes and
other forms of tobacco are addicting. This addiction, including both pharmacologic
and behavioral components, helps to explain the difficulty that most smokers ex-
perience in quitting and then maintaining abstinence. Smokers can be on a quitting
cycle in which they are abstinent for a while, followed by a relapse to smoking for a
period of time, after which they may quit again, and so on. Given this pattern, no single
statistic can fully describe trends in quitting activity. Three interrelated statistics are:

1. Percentage of former smokers. The percentage of the population who are former
smokers has been used as one indicator of quitting activity. For example, the
total number of living persons who have quit smoking is often cited and is cal-
culated by multiplying the proportion of the population who are former smokers
by the size of the population. This figure, as calculated from the 1986 AUTS,
is 43.2 million adults 17 years of age and older. However, the prevalence of
former smokers is of limited value in assessing quitting activity because it does
not take into account the number of people in the population who have ever
smoked, because it does not include former smokers who have died, and be-
cause of marked differences in the initiation of smoking between males and
females in different birth cohorts (Harris 1983; Warner and Murt 1982).

2. Quit ratio. This statistic is defined as the proportion of people who have ever
smoked who are former smokers at a specific point in time; that is, the number
of former smokers divided by the number of ever smokers (Pierce et al.1987a).
Thus, this statistic is to quitting activity what smoking prevalence is to smoking
activity. Both statistics consider the size of the population undertaking a be-
havior as a proportion of those who could undertake that behavior.

However, the quit ratio does not provide all the information needed when
describing quitting activity. It does not distinguish between a person who has
been a former smoker for 3 days and a person who has been off cigarettes for
10 years. It does not distinguish between a current smoker who has just relapsed
after 6 years of abstinence and a current smoker who has never tried to quit. In
addition, the quit ratio does not reflect the magnitude of smoking prevalence;
for example, a group in which 10 percent are current smokers and 10 percent
are former smokers has the same quit ratio as a group in which 30 percent are
current smokers and 30 percent are former smokers.

3. The smoking continuum. This is a 10-category index of the total population
derived from the smoking status variable (current, former, or never smoker) and
timing and duration of quit attempts. This index is particularly relevant for
describing which segments of the population are trying to quit.

Trends in the quit ratio using NHIS data and an analysis of the smoking continuum

using data from the 1986 AUTS are presented below.
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Trends in the Proportion of Smokers Quitting (Quit Ratio) (NHIS)

Quit ratios for the total U.S. adult population and stratified by sex, race, and educa-
tion, as derived from the 1965-87 NHISs, are presented in Table 9. Linear regression
analyses of the weighted data from those surveys conducted between 1965 and 1985
are also provided to assess time trends. The 1987 data are not used in the regression
analyses because they are preliminary. The linear models for the observed data in the
subpopulations defined by sex, race, and education had R? values all between 0.78 and
0.95.

In 1965, 29.6 percent of ever smokers had quit. By 1987, this proportion had increased
to 44.8 percent. The rate of increase in the quit ratio between 1965 and 1985 is 0.68
percentage points per year. Almost half (48.7 percent) of male smokers had quit by
1987 compared with 40.1 percent of female smokers. The rate of increase in the quit
ratio is the same among men and women.

Regarding racial differences, 46.4 percent of whites who had been smokers had quit
by 1987 compared with 31.5 percent of blacks. For whites, the rate of change in the
quit ratio from 1965-85 was 0.72 percentage points per year, and the linear model fits
the data exceedingly well. For blacks, the rate of change during this period was 0.43
percentage points per year. As with smoking prevalence, the quit ratio for blacks did
not change between 1965 and 1974 but did change between 1974 and 1985. Fiore and
colleagues (1989) have reported trends from 1974-85; during this period the rate of
increase in the quit ratio among blacks (0.75 percentage points per year) was similar to
that among whites (0.77). However, this similarity masks a difference between the
sexes. The change in the quit ratio among blacks from 1974-85 was mainly seen in
males, where the rate increased at 1.04 percentage points per year (compared with 0.67
in white males). Among black females, the quit ratio increased at 0.46 percentage
points per year from 1974-85 (compared with 0.95 in white females). Thus, in recent
years, black males have been quitting smoking at a significantly higher rate of change
than white males (p=0.01). The difference in the rate of change between black and
white females is in the opposite direction but is not statistically significant (p=0.31) be-
cause of the reduced linearity of the trends and smaller sample sizes of ever smokers
among females than among males.

In 1966, about 40 percent of college graduates who had ever been smokers had quit.
This proportion was 20 to 40 percent higher than the other educational groups. By
1987, the quit ratio among college graduates had risen to 61 percent, and the rate of
change from 1966-85 (+0.85 percentage points per year) was greater than in any other
educational category. Quitting has been increasing in all the other educational
categories, with the slowest rate of change (0.41 percentage points per year) among per-
sons without a high school diploma.

Smoking Continuum (AUTS)

The process of quitting smoking has been categorized by Prochaska and DiClemente
(1983) according to smokers’ intention to quit and the status of their most recent quit
attempt. They labeled five stages of the quitting process as follows: precontemplation,
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TABLE 9.—Trends in smoking quit ratio (%), NHISs, United States, 1965-87, adults aged 20 years and older

Sex Race Educational level
Overall Less than High
Year population Males Females Whites Blacks high school school Some College
graduate graduate college graduate
1965* 29.6 314 24.6 30.5 22.8
1966 29.5 314 242 30.4 226 333 28.0 28.7 39.7
1970 353 379 292 36.7 23.2 38.1 33.6 349 48.2
1974 36.3 39.3 30.8 38.0 21.8 38.0 352 36.6 47.9
1976 37.1 399 321 384 26.3 395 350 37.2 46.1
1977 36.8 40.3 313 382 248 383 340 36.8 48.6
1978 385 413 338 39.9 275 387 36.3 41.0 49.7
1979 39.0 41.5 340 40.3 28.0 40.8 36.7 375 50.6
1980 39.0 41.5 34.0 40.4 27.7 39.4 36.5 40.6 48.7
1983 41.8 44.1 37.6 433 29.3 42.1 38.7 41.2 549
1985 45.0 490 40.0 46.7 31.8 41.3 40.5 46.0 61.1
1987° 44.8 48.7 40.1 46.4 315 39.7 409 46.9 61.4
Trend information (1965-85)
Change®/ year +0.68 +0.73 +0.73 +0.72 +0.43 +0.41 +0.57 +0.73 +0.85
Standard error () 0.05 0.06 0.05 0.06 0.07 0.06 0.07 0.10 0.16
R? 0.95 0.94 0.96 0.94 0.82 0.85 0.89 0.88 0.78

NOTE: Quit ratio = (Former Smokers/Current + Former Smokers)

“For 1965, data stratified by education were not available.

PProvisional data only.

“In percentage points.

SOURCE: NHISs 1965-87; unpublished data, Office on Smoking and Health.



contemplation, action, maintenance, and relapse. This categorization has proven use-
ful in longitudinal research studies (see Part II of this Chapter and also Chapter 6);
however, for cross-sectional population studies, this process of quitting can be analyzed
according to current smoking status and the timing and duration of previous quit at-
tempts. Thus, everyone can be classified on a smoking continuum.

This continuum is presented in Table 10. It is based on questions from the AUTS
(see Appendix to this Chapter). Ten different categories are presented as percentages
of the total population and as percentages of ever smokers. Categories of current
smokers can also be described as percentages of all current smokers. These percent-
ages are not provided below because of the possibility of misinterpretation.In particular,
the percentage of those attempting to quit during the past year should not be calculated
using current smokers as the denominator because this percentage excludes those who
successfully quit during the past year. Instead, a more appropriate denominator (used
below) would be those who were smokers at any time during the past year (including
former smokers who quit during the past 12 months).

TABLE 10.—Smoking continuum, adults aged 17 years and older, United States,

1986
Percentage of Percentage of
population ever smokers

Category 1 Never smokers : 473

Category 2 Former smokers who had quit 5 14.7 279
OF TNOTE years ago _

Category 3 Former smokers who had been 5.7 10.8
abstinent for | to 5 years : )

Category 4 Former smokers who had been 20 ' 38
abstinent for 3 to 12 months :

Category 5 Former smokers who had quit 32 6.1
within the last 3 months

Category 6 Current smokers who had quit ) 3.9 74
for 7 or more days in the past
year

Category 7 Current smokers who had quit ’ 2.0 38
for 1-6 days in the past year

Category 8 Current smokers who had quit 11.6 220
previously but not in the last year

Category 9 Current smokers who had never 54 10.2
tried to quit but who had thought
about it or would quit if there
was an easy way to do so

Category 10 Current smokers who had never 45 85

tried to quit, had not thought

about it, and would not try to
quit even if there was an easy
way to do so

SOURCE: AUTS 1986 (US DHHS, in press, a).
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The first category on this continuum includes those who have never smoked ciga-
rettes. In 1986, 47.3 percent of the U.S. population 17 years of age and older was in
this category. Former smokers who had quit smoking 5 or more years previously made
up 14.7 percent of the population and 27.9 percent of ever smokers. Those in this
category can be considered to be confirmed ex-smokers who are unlikely to relapse.
Former smokers who had been abstinent for 1 to 5 years represented 10.8 percent of
ever smokers. Former smokers who had been abstinent for less than a year represented
9.9 percent of ever smokers (categories 4 and 5 combined). Current smokers who had
quit smoking for 7 or more days during the past year made up 7.4 percent of ever
smokers. Another 3.8 percent of ever smokers had quit during the past year but were
not able to stay off cigarettes for a week or more. Combining categories 4 through 7,
21.1 percent of ever smokers stopped smoking for at least 1 day during the year prior
to the 1986 survey. This is 34 percent of all those who smoked that year.

Of ever smokers, 22.0 percent were current smokers who had previously made a
serious quit attempt but not during the past year. Approximately 19 percent of ever
smokers were current smokers who had never tried to quit; 45 percent of these have
never thought about quitting and say that they would not quit even if there was an easy
way to do so. Of those who had smoked during the past year, 70 percent had made at
least one quit attempt (categories 4 through 8 divided by categories 4 through 10).

For the sake of convenience, category 10 is referred to below as the *“hard-core
smokers” category. However, it should be noted that others might also use this term to
describe smokers who have failed to quit despite repeated attempts.

Tables 11 and 12 give the distribution for this smoking continuum by gender, educa-
tion, race, and age. There are large differences between the subgroups in the propor-
tion of ever smokers who are long-term abstainers (category 2). Males are more like-
ly to be in this category than females, whites more than blacks, older people more than
younger people, and the most highly educated more than the less well educated. The
percentages of ever smokers in the categories reflecting recent quitting activity (4
through 7) and no recent quitting activity (8 through 10) were slightly higher for women
than for men, probably resuiting from the higher percentage of men in the combined
categories 2 and 3 (abstinence for a year or more).

Educational differences in the smoking continuum are generally consistent with
educational differences in smoking prevalence and quit ratio mentioned above. The
proportion of ever smokers who have not tried to quit during the past year (categories
8 through 10) is 43.5 percent for the least educated group compared with 29.1 percent
for the most educated group. The proportion in the hard-core smokers category is 9.8
percent for the least educated group compared with only 5.7 percent for the most edu-
cated group. However, the proportion of those who have made a quit attempt during
the past year (categories 4 through 7) is also higher for the least educated group than
for the most educated group (21.8 percent and 17.2 percent, respectively); this latter
difference may reflect a lower success rate for quitting attempts among the least edu-
cated group. The differences between the least and most educated in these categories
(4 through 7) become progressively smaller and then disappear as one moves from
failed quit attempts during the past year (categories 6 and 7) to successful quit attempts
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TABLE 11.—Smoking continuum by sex and education, percentage of ever smokers, United States, 1986

Sex Education
Males Females <11 years 12 years 13-15 years 216 years
(%) (%) (%) (%) (%) (%)
Smoking continuum
Smokers who never tried to 8.3 (8.3)b 91 9.1 9.8 (9.8) 9.5 (9.5) 7.7 (1.7 57 (5.7
quit (10)*
Smokers who never tried to 9.1(17.4) 9.6 (18.7) 9.8 (19.6) 9.5 (19.0) 10.9 (18.6) 57(1.4)
quit (9)
Smokers not quitting in the last 21.5 (38.9) 239 41.7) 23.9 (43.5) 22.5(41.5) 22.5(41.1) 17.7 (29.1)
year (8)
Smokers quitting 1-6 days in 3.4 (423) 4.6 (46.3) 44479 49 (46.4) 26437 1.5 (30.6)
the last year (7)
Smokers quitting 7 or more 6.5 (48.8) 8.6 (54.9) 7.4 (55.3) 7.9 (54.3) 8.6 (52.3) 5.0 (35.6)
days in the last year (6)
Ex-smokers 0—3 months (5) 6.8 (55.6) 5.2 (60.1) 6.6 (61.9) 5.4 (59.7) 6.0 (58.3) 7.0 (42.6)
Ex-smokers 3—12 months (4) 3.6 (59.2) 4.3 (644) 3.4 (65.3) 4.1 (63.8) 4.7 (63.0) 3.7 (46.3)
Ex-smokers 1-5 years (3) 10.9 (70.1) 10.7 (75.1) 7.8 (73.1) 10.7 (74.5) 12.8 (75.8) 14.0 (60.3)
Ex-smokers 25 years (2) 30.1 (100) 25.1 (100) 27.2 (100) 25.3 (100) 24.4 (100) 39.2 (100)

*Category on the smoking continuum (see Table 10 for definitions).
*Numbers in p h are < lative perc 2
1 SOURCE: AUTS 1986 (US DHHS, in press, a).
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TABLE 12.—Smoking continuum by race and age, percentage of ever smokers, United States, 1986

Race Age
Whites Blacks 18-24 years 25-44 years 45-64 years 265 years
(%) (%) (%) (%) (%) (%)
Smoking continuum
Smokers who never tried 8.7 (8.7)b 8.6 (8.6) . 9.1 9.1) 6.9 (6.9) 83 (83 74 (1.4)
to quit (10)°®
Smokers who never tried 8.9 (17.6) 12.3 (20.9) 18.4 (27.5) 10.6 (17.5) 7.5 (15.8) 3.6(11.)
to quit (9)
Smokers not quitting in the last 22.2 (39.8) 22.2 (43.1) 16.3 (43.8) 26.4 (43.9) 21.6 (37.4) 14.5 (25.5)
year (8)
Smokers quitting 1-6 days in 3.6 (43.4) 6.9 (50.0) 7.2 (51.0) 4.4 (48.3) 3.2 (40.6) 2.1 (27.6)
the last year (7)
Smokers quitting 7 or more 7.0 (50.4) 10.7 (60.7) 19.3 (70.3) 8.6 (56.9) 4.7 (45.3) 2.0 (29.6)
days in the last year (6)
Ex-smokers 0—3 months (5) 5.9 (56.3) 7.5 (68.2) 7.2(71.5) 5.8 (62.7) 6.2 (51.5) 8.2 (37.8)
Ex-smokers 3-12 months (4) 4.0 (60.3) 3.3(71.5) 9.0 (86.5) 4.3 (67.0) 32(54.7) 2.5 (40.3)
Ex-smokers 1-5 years (3) 10.8 (71.1) 9.4 (80.9) 10.3 (96.8) 11.4 (78.9) 9.9 (64.6) 10.1 (50.4)
Ex-smokers 25 years (2) 28.8 (100) 19.0 (100) 3.0 (100) 20.6 (100) 35.6 (100) 49.7 (100)

“Category on the smoking continuum (see Table 10 for definitions).
®Numbers in parentheses are curnulative percentages.
SOURCE: AUTS 1986 (US DHHS, in press, a).



during the past year (categories 4 and 5). For prolonged abstinence (1 or more years)
(categories 2 and 3), the proportions then become greater for the more educated.

Among ever smokers, about two-fifths of both blacks and whites have not tried to
quit during the past year, with 9 percent in the hard-core smokers category. Twenty-
one percent of white ever smokers have made a quit attempt during the past year com-
pared with 28 percent of blacks.

A person’s likelihood of being in different categories of the smoking continuum dif-
fers considerably with age. About 44 percent of ever smokers between the ages of 25
and 44 years are smokers who have not made an attempt to quit during the past year,
compared with 26 percent of those 65 years of age and older. However, there are rough-
ly equal proportions of each age group in the hard-core smokers category. The propor-
tion of ever smokers who made a quit attempt in the last year was highest (42.7 per-
cent) in the youngest age group (18 to 24 years old) and is progressively smaller for
each older age group (23.1 percent, 17.3 percent, and 14.8 percent, respectively, in those
aged 25 to 44 years, 45 to 64 years, and 65 years and older).

Summary

As with trends in smoking status, trends in quitting activity have exhibited a consis-
tent pattern since 1965. Almost half of the population who have ever been smokers
have quit. Although the proportion of males who have quitis higher than that of females
and the proportion of whites who have quit is higher than that of blacks, the rate of in-
crease in the quit ratio is similar between these categories. The only diverging trend
over time is the quitting activity for the less educated compared with the more educated.

One-third of those who smoked during the year prior to the 1986 AUTS quit smok-
ing for at least 1 day during that year. Health education and motivational campaigns
targeted at these individuals could help maintain them in “contemplation” and “action”
stages (Prochaska and DiClemente 1983) and move them toward repeated quit attempts
(see Part II).

Trends in the Proportion of Smokers Who Are Heavy Smokers

Although all the NHISs have included information on the number of cigarettes
smoked per day, respondent rules on this question changed in 1974. Prior to that date,
smoking information was obtained from either the sampled individual or a proxy adult
living in the same household. For each survey since the 1974 NHIS, smoking informa-
tion has been accepted only from the sampled individual. Proxy respondents have been
shown to be less accurate in reporting daily cigarette consumption than self-respon-
dents (US DHEW 1969, p. 794; Rogot and Reid 1975; National Research Council 1986,
pp. 110-112). Proxy responses can be eliminated from analyses of the pre-1974 data
to examine long-term trends in daily cigarette consumption. However, excluding proxy
responses may make the sample nonrepresentative (see Chapter 3). Accordingly, in
considering trends in the proportion of the smoking population who smoke 25 or more
cigarettes per day, only NHIS data from 1974-85 are used here.
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The proportion of smokers who smoked 25 or more cigarettes per day in each survey
is presented in Table 13 and is shown in Figure 1. This proportion ranged from 25.5 to
29.8 percent and did not change significantly from 1974 through 1985 (p=0.4). In ad-
dition, this proportion did not change among sex- and race-specific subgroups of the
smoking population (Figure 2) or in different age groups (NCHS 1988c). Heavy smok-
ing has been consistently more common among whites compared with blacks, and
among men compared with women; the differential by race has been greater than the
differential by sex (Figure 2).

TABLE 13.—Self-reported cigarettes smoked per day (percentage of current
smokers), United States, aged 20 years and older, 1974-85

Number of cigarettes smoked per day

Year 1-14 15-24 225
1974 30.8 432 26.0
1976 30.1 44.4 255
1977 30.3 432 26.5
1978 28.1 428 29.1
1979 282 43.0 28.8
1980 27.6 42.6 20.8
1983 28.5 449 26.6
1985 310 419 27.1

SOURCE: NHISs 1974-85; unpublished data, Office on Smoking and Health.

It is theoretically possible that the proportion of the “heaviest” smokers is increasing
even though the proportion of “heavy” smokers (25 or more cigarettes per day) has not
changed. However, no major increase occurred from 1974-85 in the proportion of
smokers smoking 40 or more cigarettes per day (Table 14). The overall proportion
smoking 40 or more cigarettes per day was 12.6 percent in 1974 and 13.2 percent in
1985. Table 14 also demonstrates respondents’ inclination to report their daily cigarette
consumption in round numbers related to the size of a cigarette pack (e.g., 10 or 20
cigarettes per day) (see Kozlowski 1986).

Because the sales-weighted average nicotine yield declined from 1974-83 (see Figure
14 in Chapter 2), one might expect to have observed an increase in average daily
cigarette consumption. Compensatory changes in smoking behavior to maintain rela-
tively constant nicotine intake have been shown to occur when smokers switch from
high-yield to lower yield cigarettes (US DHHS 1988). Although daily cigarette con-
sumption did not increase from 1974-85, other compensatory changes may have oc-
curred (e.g., increased frequency of puffing or depth of inhalation) as the smoking
population moved toward lower yield brands.
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FIGURE 1.—Percentage of current smokers smoking >25 cigarettes per day,

adults aged 20 years and older, United States, 1974-85
SOURCE: NHISs 1974-85; unpublished data, Office on Smoking and Health.
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FIGURE 2.—Percentage of current smokers smoking =25 cigarettes per day, by
race and gender, adults aged 20 years and older, United States, 1974~
85
SOURCE: NHISs 1974-85; unpublished data, Office on Smoking and Health.
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TABLE 14.—Self-reported cigarettes smoked per day (percentage of current smokers) b
years and older, 1974 and 1985

y sex and race, United States, aged 20

Females

Cigarettes

per day 1974 1985 1974 1985 1974 1985 1974 1985 1974 1985
1-9 15.0 15.0 12.0 12.5 183 17.7 300 28.1 12.7 12.8
10 12.6 12.6 99 10.2 15.6 15.1 219 213 11.4 1.2
11-19 109 11.3 10.0 10.9 12.0 11.7 14.8 14.1 10.3 10.9
20 3541 3R29 355 324 345 3358 239 26.1 36.7 339
21-39 13.8 15.0 16.8 17.2 10.7 12.6 5.1 5.8 15.1 16.6
40 10.1 9.5 12.3 119 75 7.0 37 30 11.0 10.6
241 25 3.7 35 49 1.4 24 0.6 1.6 2.8 4.0

SOURCE: NHISs 1974, 1985 (unpublished data, Office on Smoking and Health).



Trends in the Initiation of Smoking

Information on smoking patterns during adolescence is important because smoking
initiation usually occurs during this age. Presented below are data concerning three
measures of smoking behavior during adolescence: (1) age of smoking initiation; (2)
trends in smoking prevalence among persons 20 to 24 years of age, used as an indicator
of smoking initiation; and (3) smoking prevalence among adolescents.

Data on age of initiation provide information on the ages during which initiation
usually occurs, but provide no information on the extent of tobacco use within the
adolescent population. The prevalence of smoking among those 20 to 24 years of age
serves as an indicator of smoking initiation among adolescents during the several years
preceding a particular survey. This measure offers the advantages that smoking initia-
tion is relatively complete by the time one enters this age group, and a survey sample
representative of the total age-specific population can be obtained readily. However,
these data offer no information on the ages during which smoking initiation actually
occurred and do not necessarily reflect the most current initiation patterns among
adolescents. Data on smoking prevalence among adolescents provide direct and cur-
rent information on smoking behavior in the population of concem. However, inter-
pretation of adolescent survey data is complicated by the use of different definitions of
regular and experimental smoking in different surveys and by the failure of some sur-
veys (e.g., school surveys of high school seniors) to include groups known to smoke at
higher rates (e.g., high school dropouts).

Age of Initiation

Age of smoking initiation is a critical variable in targeting prevention efforts. Infor-
mation on self-reported age of initiation is available from surveys of adolescents and
adults. Adolescent surveys offer the advantage of providing current information on age
of initiation without concerns of recall bias. However, these surveys cannot provide
complete information on age of initiation because the samples exclude those who may
start smoking at older ages. Adult surveys provide complete information on age of in-
itiation, but recall bias may occur because adults are asked about an event (smoking in-
itiation) that typically occurred decades earlier. A major value of an adult survey is
that, by using birth cohorts, one can assess whether smoking initiation has changed over
time.

In the 1986 High School Seniors Survey sponsored by NIDA (see below), seniors
who had ever smoked were asked the grade in which they had smoked their first
cigarette. About one-quarter of seniors smoked their first cigarette by grade 6, one-half
by grade §, three-fourths by grade 9, and 94 percent by grade 11 (Table 15). Males and
whites were more likely to smoke their first cigarette at earlier grades than females and
blacks, respectively. The pattern of smoking initiation was similar for those with and
without plans for higher education.

In addition, the 1987 National Adolescent Student Health Survey (NASHS) (see
below) collected information on the grade in which 8th and 10th grade students had
smoked their first cigarette. Data are presented in Table 16 for 10th graders only. Ap-
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TABLE 15.—Grade by which ever smokers smoked their first cigarette (%),
reported by high school seniors, United States, 1986

Higher education plans

Grade Total Males Females Whites Blacks Yes No
6 258 311 20.7 26.8 233 253 25.7
57.3 595 55.3 59.0 50.2 56.5 58.0

9 725 721 725 74.0 65.8 70.8 75.3
10 84.2 83.8 84.7 85.0 78.4 83.0 86.7
1 94.3 93.8 95.0 95.3 89.9 935 95.9
12 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Sample size 3,079 1,423 1,526 2,308 302 1,791 972

SOURCE: Institute for Social Research, University of Michigan (Bachman, Johnston, O'Malley 1987).

proximately one-quarter of smokers reported that they had started smoking by grade 6
and approximately one-half of smokers had started by grade 7 or 8. Males were some-
what more likely than females to start smoking prior to grade 7, but females caught up
by grade 9 due to their higher initiation rates in grades 7 to 9.

TABLE 16.—Recall of grade at smoking initiation by 10th-grade students, United

States, 1987
Males Females
% Cumulative % % Cumulative %
By grade 4 11.0 11.0 8.5 8.5
Grades Sor 6 17.9 289 140 22.5
Grades 7 or 8 24.1 53.0 26.1 48.6
Grade 9 6.9 59.9 109 59.5
Grade 10 2.1 62.0 4.6 64.1
Not smoking by grade 10 38.1 100.0 359 100.0

SOURCE: National Adolescem Student Health Survey 1987 (US DHHS, in press, b).

Information on age of initiation is available for adults from NHISs conducted in 1978,
1979, 1980, and 1987. The 1987 data were not available for inclusion in the data
presented below. The 197880 data are derived from responses to the question, “About
how old were you when you first started smoking cigarettes fairly regularly?” These
data have been used in previously published analyses of age of smoking initiation(US
DHHS 1985; Harris 1983; McGinnis, Shopland, Brown 1987) and are again used
below. The populations from the three NHISs were combined and grouped by 5-year
birth cohorts. In the total sample, the average age of initiation among ever smokers
{aged 20 to 64 years) was 17.2 for men and 19.1 for women (US DHHS 1985). The
proportion of ever smokers (20 years of age and older) within each birth cohort who
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had started smoking before different ages is presented separately for males and females
in Table 17 and Figures 3 and 4.

Among smokers born since 1935, more than four-fifths started smoking before age
21 and almost half started before age 18. The data reveal few differences across birth
cohorts in age of initiation before age 16. However, for more recent birth cohorts, there
has been a tendency for a higher percentage of ever smokers to have initiated smoking
before age 18 or 21. The proportion starting before age 18 has increased from 38 per-
cent of ever smokers born from 1910-14 to approximately half of ever smokers born
between 1950 and 1954. The proportion starting before age 21 has increased between
these two birth cohorts from 66 to 87 percent (Table 17). Stratifying by sex shows that
this tendency for more recent birth cohorts to initiate smoking at a younger age has oc-
curred among both sexes but has been more striking among females (Figures 3 and 4).

The data from the earliest birth cohorts may be biased somewhat by differential mor-
tality among smokers with different ages of initiation. Mortality rates for smoking-re-
lated diseases are higher for smokers with younger ages of initiation (US DHHS 1982,
1983, 1984). Thus, the age of initiation data may be biased upward among, for ex-
ample, the 1910-19 birth cohort, whose members were 61 to 70 years old in the last
survey year included in these data (1980). However, the trend noted above toward
declining age of initiation, especially among females, is still apparent when consider-
ing only those born since 1930. As pointed out above, the decline in age of initiation
among males is only seen in the proportion of ever smokers starting before age 21.

In summary, these data indicate that uptake of smoking is now a phenomenon that
occurs almost entirely during the teenage years and that the initiation of smoking is oc-
curring at younger ages among more recent birth cohorts, especially among females.
Data from the 1986 AUTS on age of initiation of smokeless tobacco use are presented
in the Section on Smokeless Tobacco later inthis Chapter.

Prevalence in 20- to 24-Year Age Group

The most complete ascertainment of smoking initiation would involve the collection
of longitudinal data on children from the ages of about 9 to 21 years. Such complete
population-based information for the United States is not available. However, trends
in smoking prevalence in the 20- to 24-year age group (Table 18), as determined by the
NHIS, provide an indirect measure of trends in smoking initiation. Using this measure
has the advantage that smoking initiation is relatively complete by age 20. However,
there is a lag of several years between actual initiation during adolescence and
prevalence in this group. The R? values for the regression lines derived from these data
are above 0.70 for sex-, race-, and education-specific groups, except for females over-
all, among whom initiation rates varied considerably. '

From 1965-87, smoking initiation, as measured by prevalence among those aged 20
to 24 years, decreased from 47.8 percent to 29.5 percent, at a rate of decline from 1965-
85 of 0.69 percentage points per year. There are marked gender differences in this
measure of initiation. Smoking prevalence among young males has fallen from 56.3
percent in 1965 to 31.1 percent in 1987 at a rate of change (1965-85) of —1.19 percent-
age points per year. In contrast, smoking prevalence among young females has fallen
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TABLE 17.—Proportion of ever smokers (%) who started smoking before various ages, by gender, birth cohorts from NHISs

Age at smoking Year of birth
initiation 1910-14 1915-19 1920-24 1925-29 1930-34 1935-39 1940-44 194549 1950-54
<14 Overall 89 11.0 92 8.1 88 83 85 8.5 8.6
Male 13.0 16.3 12.5 11.7 12.8 11.1 1.1 10.1 10.3
Female 26 34 42 2.7 37 47 5.1 6.1 6.6
<16 Overall 200 216 19.5 19.1 222 213 230 23.7 238
Male 28.4 303 25.7 255 30.1 259 2717 28.2 26.8
Female 72 9.5 9.7 9.8 119 15.6 17.1 179 202
<18 Overall 383 42.1 40.0 429 450 46.0 48.5 47.2 52.0
Male 499 53.1 48.7 54.0 56.9 538 55.6 522 56.6
Female 20.6 26.7 26.2 26.8 29.8 356 40.1 40.9 46.7
<21 Overall 66.2 70.8 70.7 76.5 75.6 817 83.1 83.8 87.3
Male 76.5 78.8 79.9 85.4 83.1 85.9 86.1 87.3 90.3
Female 50.3 59.5 56.0 63.5 66.3 75.9 79.5 79.1 83.8
<25 Overall 78.0 832 86.9 88.8 90.0 92.7 938 95.5 97.7
Male 88.7 90.4 93.8 95.2 95.0 95.0 96.3 97.8 98.5
Female 61.9 726 758 79.5 83.7 89.5 90.9 92.7 96.7

SOURCE: NHISs 1978, 1979, 1980 combined (unpublished data, Office on Smoking and Health).
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TABLE 18.—T'rends in smoking initiation, NHISs, United States, 1965-87

Smoking prevalence (%), ages 20-24

Education level

Overall Sex Race High school graduate or less Some college or more
Year population Males Females Whites Blacks Males Females Males Females
1965 478 56.3 40.5 475 50.8 63.6 42.6 427 345
1966 47.7 57.7 395 48.2 455 65.1 41.3 43.5 34.7
1970 41.5 48.5 358 41.2 45.2 60.0 40.2 332 26.8
1974 39.5 443 354 38.6 47.1 52.7 40.1 347 26.4
1976 39.6 459 342 395 423 54.1 410 344 23.0
1977 38.8 40.4 374 385 41.5 52.2 43.0 24.0 275
1978 354 38.5 325 35.7 34.8 46.8 393 259 21.1
1979 358 317 34.0 35.6 36.7 47.1 41.9 23.8 22.1
1980 36.1 40.0 325 359 379 50.1 40.3 20.1 19.4
1983 36.9 369 37.0 36.8 38.7 49.1 455 16.2 229
1985 318 31.0 325 325 28.2 43.0 43.6 15.5 17.2
1987* 295 311 28.1 30.5 25.6 438 37.6 16.3 15.1
Trend information (1965-85)
Changeb/year -0.69 -1.19 -0.28 -0.68 -0.79 -1.00 0.10 ~1.51 -0.72
Standard error 0.09 0.10 0.12 0.09 0.17 0.13 0.10 0.13 0.15
R? 0.86 0.94 0.40 0.85 0.71 0.87 NAS 0.95 0.75

*Provisional data only.
®ln percentage points.
“The slope of the regression line was not significantly different from zero, making the R computation inappropriate.

SOURCE: NHISs 1965-87; unpublished data, Office on Smoking and Health.



only from 40.5 percent in 1965 to 28.1 percent in 1987 at a rate of change (1965-85)
one-quarter that of young males (-0.28 percentage points per year). The slower rate of
decline among women is due, in large part, to the increase in initiation rates in less edu-
cated young women (Pierce, Fiore et al. 1989b). '

Smoking initiation patterns among whites and blacks have been similar during the
past 20 years. From 1965-87, smoking prevalence among whites aged 20 to 24 years
has decreased from 47.5 percent to 30.5 percent, while for blacks the decline has been
from 50.8 percent to 25.6 percent. The rates of change between 1965 and 1985 among
whites and blacks were similar (—0.68 and —0.79 percentage points per year, respective-
ly). The prevalence of smoking had been higher among young blacks than among
young whites for most survey years between 1965 and 1983, but whites had a higher
prevalence in 1985 and 1987.

Marked differences in smoking initiation rates based on educational level have oc-
curred. From 1965-87, the smoking initiation rate as measured by prevalence, ages 20
to 24, fell among males with 12 or fewer years of schooling (high school graduate or
less) from 63.6 percent to 43.8 percent (—1.00 percentage point per year from 1965~
85). In contrast, for males with 13 or more years of schooling (some college or more),
prevalence has fallen from 42.7 percent to 16.3 percent, at a rate of decline (1965-85)
of 1.51 percentage points per year. A similar difference in initiation rates by education
was seen among women, although the rate of decline between 1965 and 1985 was less
among women than among men of equivalent education. In the overall sample (men
and women combined), the rate of decrease in initiation among persons with 13 or more
years of education (1.10 percentage points per year) was three times that among per-
sons with 12 or fewer years of education (0.35).

Trends in Adolescent Smoking

Several surveys have provided national estimates of smoking prevalence among
adolescents. Because these surveys differ in terms of the definitions of smoking, ages
of respondents, sample size, method of data collection (household versus school ver-
sus telephone interview), years in which the surveys were conducted, and overall
results, the findings of the major surveys are presented below.

NIDA High School Seniors Surveys on Drug Use, 197687

Data from the NIDA-sponsored High School Seniors Surveys have been collected
annually since 1975 and are presented in Table 19. These surveys have been carried
out by the University of Michigan Institute for Social Research (Johnston, O’Malley,
Bachman 1987). This data set is most useful for examining trends in smoking. In-
dividual prevalence figures probably underestimate actual adolescent smoking
prevalence because the survey does not include high school dropouts, who are known
to have much higher smoking rates (Pirie et al. 1988; Yates et al. 1988).

Reported daily smoking of cigarettes has decreased among high school seniors from
a peak prevalence of 29 percent in 1976 to 19 percent in 1987. However, the trend has
not been linear. The majority of the change occurred between 1978 and 1980, after
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TABLE 19.—Smoking status (%) of high school seniors, United States, 1975-87

Daily Less than Previous smokers, Never
Year smokers daily smokers not in last month smokers
1975 27 10 37 26
1976 29 10 36 25
1977 29 10 38 24
1978 28 9 38 25
1979 26 9 40 26
1980 21 9 41 29
1981 20 9 42 29
1982 21 9 40 30
1983 20 9 41 29
1984 18 11 41 30
1985 19 il 39 31
1986 18 11 38 32
1987 19 i1 38 33

SOURCE: Institute for Social Research, University of Michigan (Bachman, Johnston, O’Malley 1980a,b, 1981, 1984, 1985,
1987; Johnston and Bachman 1980; Johnston, Bachman, O'Malley 1980a,b, 1982, 1984, 1986, and unpublished data, 1987).

which prevalence has remained relatively stable. The proportion of high school seniors
who have smoked within the last month, although not on a daily basis, has not changed
substantially during this period. There is also rather little change in the proportion of
this population who has previously smoked but not in the last 30 days. The proportion
of high school seniors who have never smoked increased from 26 percent to 33 percent
between 1975 and 1987.

Trends in smoking status by sex, race, and educational plans are presented in Table
20. The prevalence of daily smoking decreased in all major subcategories of high
school seniors between 1976 and 1987. Daily smoking among males decreased from
a peak prevalence of 28 percent in 1976 to 16 percent in 1987; most of this drop oc-
curred between 1977 and 1980. Daily smoking among females decreased from a peak
prevalence of 30 percent in 1977 to 20 percent in 1987, with the largest decrease oc-
curring from 1979-81. Since 1981, the prevalence of daily smoking among high school
students has remained fairly constant for both males and females. In each year since
1977, the prevalence of daily smoking has been higher in females than in males (median
difference=4 percentage points).

The prevalence of daily smoking fell substantially among blacks, from 26 percent in
1976 to 8 percent in 1987. During the same period, prevalence declined among whites
from 29 percent to 20 percent. The reasons for the dramatic decline among blacks are
unclear. It does not appear to be due to increasing sampling bias over time—survey
methods and sample sizes by race have been consistent. A substantial decrease in smok-
ing initiation among blacks also occurred, as measured in the NHIS by prevalence in
persons 20 to 24 years of age, between 1983 (38.7 percent) and 1985 (28.2 percent)
(Table 18). This figure declined further to a preliminary estimate of 25.6 percent in
1987.

Students with plans to pursue higher education were much less likely to be daily
smokers in 1976 than those without such plans (21 percent versus 37 percent). The ab-
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TABLE 20.—Smoking status (%) of high school seniors by sex, race, and educational plans, United States, 1975-87

Daily smokers Less than daily smokers
Sex Race Plans for higher education Sex Race Plans for higher education

Year M F w B Yes No M F w B Yes No
1975 27 26 10 10

1976 28 28 29 26 21 37 10 10 10 13 10 10
1977 28 30 28 25 20 38 10 10 9 11 10 9
1978 26 29 27 22 18 36 9 10 9 9 9 9
1979 2 28 26 19 17 35 9 9 9 9 9 9
1980 18 24 22 16 14 31 8 10 9 10 9 10
1981 18 22 20 13 13 30 8 10 9 9 9 9
1982 18 24 23 12 13 30 9 9 9 9 9 9
1983 19 23 22 12 14 30 9 10 9 9 10 9
1984 16 21 20 8 1t 29 10 11 1 9 1 1t
1985 17 21 20 11 13 31 10 11 11 8 10 11
1986 17 20 21 8 12 29 11 11 12 7 11 10
1987 16 20 20 8 14 30 1 1 12 6 1 1
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TABLE 20.—Continued

Previous smokers, not in last month Never smokers
Sex Race Plans for higher education Sex Race Plans for higher education
Year M F w B Yes No M F w B Yes No
1975 38 36 24 28
1976 38 36 37 36 39 35 24 25 25 24 31 19
1977 39 35 37 49 41 35 24 25 25 26 30 19
1978 40 38 38 40 42 35 26 24 25 29 31 20
1979 42 38 39 41 42 37 27 25 26 30 32 20
1980 43 39 40 45 44 37 30 28 29 30 34 23
1981 43 41 41 45 45 38 31 27 29 33 33 24
1982 41 39 40 43 43 37 32 28 29 36 35 24
1983 41 40 40 45 43 38 3t 28 29 34 34 24
1984 41 39 40 42 42 38 33 29 29 40 35 24
1985 39 39 38 42 41 36 33 30 30 39 36 24
1986 38 38 38 41 39 37 34 31 30 44 37 25
1987 38 38 38 4] 39 35 35 3 30 45 37 25

SOURCE: Institute for Social Research, University of Michigan (See Table 19 for citations).



solute difference (in percentage points) between the two groups remained constant be-
tween 1976 and 1987. In 1987, the prevalence of daily smokers among those with plans
for higher education was less than half the prevalence among those without such plans
(14 percent versus 30 percent).

The percentage of blacks who smoke on less than a daily basis exceeded the percent-
age of whites in 1976 (13 and 10 percent, respectively) but was lower than the percent-
age of whites in 1987 (6 and 12 percent, respectively). The percentage who have pre-
viously smoked but not in the past month has consistently been slightly higher among
blacks than among whites and among those with plans for higher education than among
those without college plans. Besides these findings, there have been few differences
between subgroups and few changes between 1976 and 1987 in the proportion of high
school seniors who are in these categories.

As mentioned above, the decrease in the proportion of high school seniors who smoke
on adaily basis is reflected by a complementary increase in the proportion of high school
seniors who have never smoked. This increase has been more marked among males
compared with females and among blacks compared with whites.

1987 National Adolescent Student Health Survey

The 1987 NASHS collected data on prevalence of smoking within the last 30 days
(US DHHS, in press,b). Respondents to this survey composed a random sample of the
Nation’s students in 8th and 10th grades. Sixty-three percent of the 8th graders were
13 years old and 27 percent were 14 years old. Sixty-two percent of the 10th graders
were 15 years old and 28 percent were 16 years old. For each grade, 68 percent were
white, 17 percent were black, and 9 percent were Hispanic.

Prevalence data are presented in Table 21. Eighty-four percent of the eighth graders
reported that they had not even puffed on a cigarette in the last 30 days, with little dif-
ference between the sexes. Forty-nine percent of all eighth graders reported never
having smoked a cigarette, with no difference between the sexes. Among 10th graders,
the proportion not having puffed on a cigarette in the last 30 days was slightly lower:
76 percent among males and 71 percent among females. Thirty-eight percent of males
and 36 percent of females in this grade reported that they had never had a cigarette.

TABLE 21.—30-day prevalence of smoking (%), United States, 1987, 8th and

10th grades
8th grade 10th grade
Males Females Males Females
Not even a puff 84.9 83.0 759 71.3
14 cigarettes 7.1 8.2 7.8 10.4
5-19 cigarettes 27 34 438 S.1
1-5 packs 2.4 35 5.6 14
More than S packs 29 [ 6.0 58

SOURCE: National Adolescent Student Health Survey 1987 (US DHHS, in press, b).
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Approximately equal proportions (7 to 8 percent) of males and females in the eighth
grade reported smoking a pack or more in the last month. Among 10th graders, this
proportion was more than twice as high, with 17 percent of males and 19 percent of
females reporting that they smoked a pack or more in the last month.

US DHEW Teenage Smoking Surveys, 1968-79

Detailed questions on smoking were asked in five national telephone surveys of
adolescents (ages 12 to 18 years) conducted by Chilton Research Services for the U.S.
Department of Health, Education, and Welfare from 1968 through 1979 (US DHEW
1979b). Adolescents were classified by smoking status as follows: never smokers, had
not taken even a few puffs of a cigarette; experimental smokers, had had a few puffs
but had not smoked as many as 100 cigarettes; ex-smokers, had smoked at least 100
cigarettes but no longer smoked; current occasional smokers, smoked less than one
cigarette per week; and current regular smokers, smoked at least one cigarette per week.
In published results for these surveys, data for never smokers and experimental smokers
were generally aggregated.

Summary data from each of the surveys are presented in Table 22 (males) and Table
23 (females). The proportion of both males and females of each age group who are
classified as either never smokers or experimental smokers is substantially higher than
the proportion of never smokers reported by other surveys. For example, the 1979
Teenage Smoking Survey showed that 75 percent of males and 82 percent of females
aged 15 to 16 years had never smoked or had only experimented with cigarettes; in con-
trast, the 1987 NASHS (above) showed that only 38 percent of males and 36 percent
of females in the 10th grade (15 to 16 years old) had never had a cigarette. Similarly,
the 1979 Teenage Smoking Survey showed that 68 percent of males and 64 percent of
females aged 17 to 18 years were either never smokers or experimental smokers; in
contrast, the 1979 High School Seniors Survey showed that 27 percent of males and 25
percent of females were never smokers.

There are at least two possible explanations for the consistently and surprisingly high
proportion of teenagers in the categories of never smokers and experimental smokers.
First, 100 cigarettes may be too high a cutoff to use for classifying teenagers as never
smokers or experimenters. Second, telephone interviewing may lead to more under-
reporting of cigarette smoking behavior than other survey modalities. Underreporting
may be more important for some smoking categories than others—for instance, oc-
casional smokers might be particularly sensitive about their smoking behavior and
might be more likely to underreport the total number of cigarettes they have ever
smoked.

Current smoking rates can also be compared between the Teenage Smoking Surveys
and the High School Seniors Surveys. In the 1979 telephone survey, teenagers were
classified on their reported smoking on a weekly basis. Of males aged 17 to 18 years,
19.3 percent were classified as current regular smokers (one or more cigarettes per
week) and another 0.3 percent were classified as current occasional smokers (less than
one cigarette per week). For females aged 17 to 18 years, these figures were 26.2 per-
cent and 0.8 percent, respectively. In the High School Seniors Survey, students are
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TABLE 22.—Cigarette smoking among teenage males, United States, 1968-79

Age
17-18 years Total
Smoking status Year N % N % N % N %
Never smoked or 1968 876 93.1 465 75.2 344 54.7 1,685 77.0
experimented only 1970 512 90.5 268 70.5 178 48.1 958 72.8
1972 533 91.1 273 68.3 211 54.4 1,017 74.1
1974 496 90.7 253 69.5 202 55.3 951 74.5
1979 527 928 284 75.3 254 68.1 1,065 80.8
Former smoker 1968 25 27 34 55 71 11.3 130 59
1970 21 37 35 9.2 52 14.1 108 8.2
1972 20 34 50 12,5 56 14.4 126 9.2
1974 28 5.1 45 124 4 12.1 117 9.2
1979 23 40 38 10.1 46 12.3 107 8.1
Current occasional 1968 13 1.4 14 23 24 38 51 23
smoker 1970 i 0.2 3 08 2 0.5 6 0.5
1972 5 09 6 1.5 4 1.0 s 1.1
1974 0 0.0 0 0.0 6 1.6 0.5
1979 0 0.0 4 1.1 1 0.3 5 04
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TABLE 22.—Continued

Age
12-14 years 15-16 years 1718 years Total
Smoking status Year N % N % N % N %
Current regular 1968 27 29 105 17.0 190 30.2 322 14.7
smoker 1970 32 5.7 74 19.5 138 373 244 18.5
1972 27 4.6 71 17.8 117 30.2 215 157
1974 23 4.2 66 18.1 113 31.0 202 15.8
1979 18 32 51 135 72 19.3 141 10.7
Total 1968 941 100 618 100 629 100 2,188 100
1970 566 100 380 100 370 100 1,316 100
1972 585 100 400 100 388 100 1,373 100
1974 547 100 364 100 365 100 1,276 100
1979 568 100 377 100 373 100 1,318 100

SOURCE: US DHEW Teenage Smoking Surveys, 1968, 1970, 1972, 1974, 1979 (US DHEW 1979b).
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TABLE 23.—Cigarette smoking among teenage females, United States, 1968-79

Age
12-14 years 15-16 years 17-18 years Total
Smoking status Year N % N % N % N %
Never smoked or 1968 919 97.9 552 844 462 73.0 1,933 86.8
experimented only 1970 536 95.0 312 81.5 264 70.0 1,112 84.0
1972 569 95.3 312 77.0 277 66.7 1,158 81.7
1974 495 90.2 250 69.3 228 62.1 973 76.2
1979 514 923 319 81.8 239 63.9 1,072 81.2
Former smoker 1968 7 0.7 25 38 38 6.0 70 3.1
1970 8 1.4 15 39 22 5.8 45 34
1972 11 1.8 26 6.4 30 7.2 67 4.7
1974 26 4.7 33 9.1 42 11.4 101 79
1979 19 34 23 59 34 9.1 76 58
Current occasionat 1968 7 0.7 14 2.1 15 24 36 1.6
smoker 1970 3 0.5 1 0.3 5 1.3 9 0.7
1972 0 0.0 1 0.2 3 0.7 4 0.3
1974 1 02 5 1.4 2 0.5 8 0.6
1979 0 0.0 2 0.5 3 0.8 5 04
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TABLE 23.—Continued

Age
12-14 years 15-16 years 17-18 years Total
Smoking status Year N % N % N % N %
Current regular 1968 6 0.6 63 9.6 118 18.6 187 84
smoker 1970 17 30 55 144 86 228 158 11.9
1972 17 2.8 66 16.3 105 253 188 133
1974 27 49 73 20.2 95 259 195 153
1979 24 43 46 11.8 98 26.2 168 12.7
Total 1968 939 100 654 100 633 100 2,226 100
1970 564 100 383 100 377 100 1,324 100
1972 597 100 405 100 415 100 1,417 100
1974 549 100 361 100 367 100 1,277 100
1979 557 100 390 100 374 100 1,321 100

SOURCE: US DHEW Teenage Smoking Surveys, 1968, 1970, 1972, 1974, 1979 (US DHEW 1979b).



classified based on their reported smoking during the past 30 days. In the 1979 High
School Seniors Survey (Table 22), 22 percent of males were classified as daily smokers
and another 9 percent reported having smoked in the last month but not on a daily basis.
In the same year, 29 percent of females were daily smokers and 9 percent smoked on
less than a daily basis.

Comparing these two data sets shows that the telephone survey obtained lower es-
timates for weekly smoking than the school survey obtained for daily smoking (19 vs,
22 percent for males, 26 vs. 28 percent for females). The remaining current smokers
(defined as less than one cigarette per week in the telephone survey and less than one
per day in the school survey) were also estimated at lower rates in the telephone sur-
vey (0.3 vs. 9 percent for males, 0.8 vs. 9 percent for females). This suggests that the
telephone survey underestimated both the number of daily smokers and the number of
less-than-daily smokers. Most of the discrepancy appears to be due to a failure to iden-
tify the latter. It is unclear whether this difference is related to the system of classifying
smokers or the telephone survey methodology.

NIDA National Household Surveys on Drug Abuse, 1979-85

NIDA conducted household surveys on drug abuse in 1979, 1982, and 1985. For
each of these surveys, data were obtained from a stratified random sample of 8,000 U.S.
households; approximately 2,000 in-person interviews were conducted with respon-
dents in the 12- to 17-year-old age group. Questions included whether any cigarettes
were smoked within 30 days as well as within the previous year. These surveys indi-
cated that approximately 26 percent of the teenage population surveyed smoked at least
one cigarette at some time during 1985 (Table 24). In 1985, 15.6 percent of this popula-
tion had smoked within the previous month. Comparisons between data from the 1979
household survey and data from the more recent surveys are not appropriate, because
in 1979 prevalence of use within the past year or past month was reported only for those
who had smoked 100 cigarettes in their lifetime; this lifetime cutoff was not used in the
later surveys. :

TABLE 24.—Prevalence (%) of cigarette use among youth 12 to 17 years of age,
1979, 1982, and 1985, United States

Any use in Used in last
Survey year last year 30 days
1979* . 133 12.1
1982 248 14.7
1985 ’ 26.0 15.6

“The 1979 estimates are not necessarily comparable to later estimates because the 1979 survey asked questions only of
those who had smoked 100 cigarettes in their lifetime.
SOURCE: NIDA National Household Surveys on Drug Abuse 1979, 1982, 1985 (US DHHS 1988).
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Summary

Several national surveys provide information on adolescent smoking. These surveys
vary substantially in sample size, methodology, definitions of smoking, ages of respon-
dents, and other factors that may appreciably affect prevalence estimates.

The best trend data are available from the annual high school seniors survey. This
survey shows that prevalence of daily cigarette consumption declined from 29 percent
of seniors in 1976 to 21 percent in 1980, after which prevalence leveled off at 18 to 21
percent. Smoking prevalence among females has consistently exceeded that among
males since 1977. The leveling off of smoking prevalence among high school seniors
raises concern that the steadily declining initiation rates as determined by prevalence
among adults aged 20 to 24 (NHIS) may soon level off as well.

Smoking prevalence has been consistently lower for high school seniors with plans
to pursue higher education than for those without such plans. In 1987, smoking rates
were 14 and 30 percent in these two groups, respectively.

Differences in prevalence of smoking and smokeless tobacco use (see below) be-
tween young males and young females suggest that the prevalence of any tobacco use
is similar in these two groups. Whereas the prevalence of smoking is higher among
female high school seniors than among males, the prevalence of smokeless tobacco use
is higher among young males than among young females.

Changes in the Types of Cigarettes Smoked

Data on the market share of filter and nonfilter cigarettes, cigarettes of different
machine-determined “tar” and nicotine yields, menthol and nonmenthol cigarettes, and
cigarettes of different length have been published by the Federal Trade Commission
(FTC) from information supplied to the agency by the major cigarette companies.

Filtered Cigarettes

Filters are the design characteristic of commercial cigarettes that most affects their
machine-measured yield of harmful constituents (US DHHS 1981). Filters selectively
remove nitrosamines and semivolatile phenols from smoke. Thus, filters affect not only
the absolute amounts of these constituents delivered in smoke but also their relative
concentrations in cigarette “tar. ”

Since the early 1950s, the proportion of cigarettes in the United States sold as filtered
cigarettes has increased steadily. In 1950, less than 1 percent of cigarettes sold in the
United States were filtered. That proportion rose to 19 percent in 1955, 51 percent in
1960, and 94 percent in 1986 (Table 25).

Low-Tar, Low-Nicotine Cigarettes

Trends in the sales-weighted average yield of tar and nicotine for cigarettes sold in
the United States are shown in Figure 14 of Chapter 2. The sales-weighted average is
based on the tar and nicotine yield of specific brands (as measured by the FTC machine-
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TABLE 25.—Domestic market share of filter cigarettes as a proportion of total
cigarettes sold, United States, 1950-86

Year Market share (%) Year Market share (%)
1950 0.6 1969 77
1951 0.7 1970 80
1952 1 1971 82
1953 3 1972 84
1954 9 1973 85
1955 19 1974 86
1956 28 1975 87
1957 38 1976 88
1958 45 1977 90
1959 , 49 1978 90
1960 51 1979 91
1961 52 1980 92
1962 S§ 1981 92
1963 58 1982 93
1964 61 1983 93
1965 64 1984 93
1966 68 1985 94
1967 72 1986 94
1968 74

SOURCE: FTC (1988).

testing method) multiplied by the quantity of sales for those brands. The sales-weighted
average yield of tar fell from 35 mg in 1957 to 13 mg in 1987. For nicotine, the sales-
weighted average fell from 1.3 mg in 1968 to 1.0 mg in 1985. However, the sales-
weighted average yield of tar and nicotine leveled off between 1981 and 1987. As
pointed out in Chapter 2, modifications in the makeup of commercial cigarettes have
profoundly influenced these yields; for example, the steepest declines occurred in the
late 1950s after introduction of filter tips.

Trends in the percentage of domestic sales of cigarettes yielding lower tar levels are
shown in Table 26. The domestic market share of cigarettes yielding 15 mg or less tar
increased from 2.0 percent in 1967 to 56.0 percent in 1981. Since 1981, this propor-
tion has fallen slightly and has stabilized at 51 to 53 percent. About two-thirds of these
cigarettes have tar yields between 9 and 15 mg.

It should be noted that the parameters used in the FTC machine-testing method
(developed in the 1960s) do not necessarily reflect current smoking patterns. For ex-
ample, the FT'C method uses one puff per minute (Pillsbury et al. 1969), whereas human
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TABLE 26.—Domestic market share of cigarettes with reduced tar, percentage
of total cigarettes sold, United States, 1967-86

Tar Yield
Year <15mg <12mg <9mg <6mg <3mg
1967 20
1968 2.5
1969 30
1970 3.6
1971 3.8
1972 6.6
1973 8.9
1974 89
1975 13.5
1976 15.9
1977 227
1978 275
1979 409 10.6 5.8 27
1980 448 16.8 73 33
1981 56.0 24.6 9.6 3.7
1982 522 438 27.8 8.9 29
1983 53.1 449 279 9.4 3.1
1984 51.0 434 263 9.4 29
1985 519 43.1 253 84 23
1986 526 445 223 9.9 2.6

SOURCE: FTC (1988); Kozlowski (1989).
studies of smoking patterns show an average interpuff interval of 34 seconds (that is,
about two puffs per minute) (US DHHS 1988, Chapter 4, Table 2).

According to the 1986 AUTS, 41 percent of smokers smoke cigarettes yielding 15
mg or less tar (Table 27). The proportion of smokers smoking cigarettes yielding more
than 15 mg tar is higher among males, blacks, and persons with less education com-
pared with females, whites, and more educated persons, respectively. This proportion
decreases with age; the higher proportion among those 17 to 19 years of age probably
reflects the popularity of the higher tar Marlboro brand among adolescents (Hunter et
al. 1986; Goldstein et al. 1987; Glantz 1985).

Increased consumer demand for lower yield cigarettes during the past two decades
is probably attributed to consumer beliefs that lower yield brands are less hazardous.
This impression may have resulted in part from cigarette advertising implying that low-
yield brands are less hazardous or are safe (Davis 1987). According to the 1986 AUTS,
45 percent of current smokers believe that some kinds of cigarettes are probably more
hazardous than others (see Chapter 4).

315



TABLE 27.—Percentage of current smokers, aged 17 years and older, who use
cigarettes of varying tar yields and who use menthol cigarettes,
by sex, race, and education, 1986

Percentage of current smokers

Tar yield (mg/cigarette) Menthol
cigarette
<10 >10-15 >15 i Total smokers
Total 29.6 11.6 58.8 100 29.2
Sex
Males 26.8 8.0 65.2 100 299
Females 327 15.6 51.7 100 34.0
Age
17-19 317 2.7 65.6 100 29.3
20-24 304 49 64.8 100 24.1
25-44 3LSs 8.8 59.7 100 344
45-64 26.3 17.8 559 100 237
265 26.3 226 51.1 100 21.1
Race
White 31.8 12.3 559 100 231
Black 14.5 7.6 78.0 100 75.5
Other 26.2 5.3 68.5 100 249
Education
<11 years 235 11.6 64.8 100 276
12 years 294 11.9 58.7 100 29.7
1315 years 36.8 9.7 53.5 100 320
216 years 364 132 50.4 100 271

SOURCE: Self-reported data on cigarette brand use, AUTS 1986 (US DHHS, in press, a). Sample sizes for each
stratum are shown in Table 34.

The 1981 Surgeon General’s Report (US DHHS 1981) concluded that although
smoking lower yield cigarettes appears to reduce the risk of lung cancer, the benefits
are minimal compared with giving up cigarettes entirely. Moreover, there is no defini-
tive evidence that smoking lower yield cigarettes is associated with reduced risks of
other cancers, cardiovascular disease, and fetal damage. Switching to low-yield brands
may even increase the health risk for smokers who compensate for reduced nicotine in-
take by increasing the number of cigarettes smoked per day, the frequency of puffing,
and the depth and duration of inhalation (US DHHS 1988).
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The leveling off of sales-weighted tar and nicotine yields may be related to one or a
combination of the following factors (US DHHS 1988): (1) a persistent brand loyalty
of some smokers to moderate- or high-yield brands because of brand image; (2) a
diminishing perception that low-yield brands are less hazardous (see Chapter 4); and
(3) atendency of some smokers to smoke cigarettes of such low tar and nicotine yields
that further reductions in those yields may be unacceptable; that is, the “lower bound-
ary” of comfortable cigarette use has been reached (Kozlowski 1987, 1989).

Menthol Cigarettes

From 1963-76, the domestic market share of menthol cigarettes increased gradually
from 16 percent to 28 percent. Since 1976, this proportion has remained at 28 percent
(FTC 1988). According to the 1986 AUTS, 29 percent of current smokers smoke men-
thol cigarettes. Seventy-six percent of black smokers smoke menthol cigarettes com-
pared with 23 percent of whites (Table 27). Similar findings were reported by Cum-
mings and colleagues (1987).

Menthol in cigarettes provides a sensation of cooling, which may promote deeper,
prolonged inhalation of cigarette smoke. This may help to explain why blacks {who
are much more likely to smoke menthol cigarettes) have higher mortality rates from
certain smoking-related diseases (e.g., lung cancer, heart disease, and cerebrovascular
disease) than whites despite smoking fewer cigarettes per day (Novotny, Warner et al.
1988). Increased lung cancer mortality rates among blacks may also relate to increased
occupational or environmental exposures among blacks that promote the carcinogenic
effects of smoking, or to the fact that blacks are more likely to smoke higher tar brands
(Table 27), which are associated with higher lung cancer mortality rates (US DHHS
1981). There does not appear to be a positive correlation between the presence of men-
thol and higher tar yields in cigarette brands: in the FTC’s 1985 list of 207 brands (FTC
1985), 67 percent (51/76) of menthol brands had tar yields of less than 13 mg, com-
pared with 56 percent (73/131) of nonmenthol brands.

Cigarette Length

From 1967-86, the domestic market share of cigarettes 68 to 88 mm in length
decreased from 91 percent to 60 percent. During the same time, the domestic market
share of cigarettes 94 to 101 mm in length increased from 9 to 37 percent (Table 28).

Because of the dose—response relationship between smoking and risk of disease (see
Chapter 2), this increase in the average length of cigarettes has potentially important
public health implications. However, smokers tend to compensate for changes in
cigarette length by changing the number of cigarettes smoked per day, puffing frequen-
cy, and other measures of smoking behavior so as to minimize the change in overall
nicotine intake (US DHHS 1988).
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TABLE 28.—Domestic market share of cigarettes (%), by cigarette length,
percentage of total cigarettes sold, United States, 1967-86

Year 68-72 mm 79-88 mm 94-101 mm 110-121 mm
1967 14 77 9

1968 12 74 13

1969 11 74 16

1970 9 73 18

1971 8 72 20

1972 8 T 21

1973 7 71 22

1974 6 7 23¢

1975 6 69 24 1
1976 5 69 24 2
1977 5 67 26 2
1978 5 65 27 2
1979 4 65 30 2
1980 3 63 32 2
1981 3 62 33 2
1982 3 61 34 2
1983 3 60 34 2
1984 3 59 36 2
1985 3 58 37 2
1986 2 58 37 3

NOTE: Because of rounding, the total of the individual percentages may not equal 100 percent in some instances.
“The 110- to 12{-mm length was combined with the 94- to 10]-mm length.
SOURCE: FTC (1988).

Summary and Comment

During the past 40 years, filtered cigarettes have virtually replaced nonfiltered
cigarettes in the United States. The domestic market shares of lower (15 mg or less)
tar cigarettes and menthol cigarettes have increased during the past two decades but
have leveled off in recent years. The domestic market share of longer (94-101 mm)
cigarettes has increased substantially since the mid-1960s and still appears to be rising
slowly.

Continued health concerns among smokers are likely to encourage the cigarette in-
dustry to continue to design new cigarettes that are perceived as less hazardous. Be-
sides filtered, low-yield cigarettes, other “high-tech” cigareites have been marketed that
may appear to smokers to be less hazardous. These include one brand with a recessed
filter and another with a “flavor-control filter” that apparently allows the smoker to
regulate the tar yield of individual cigarettes (Davis 1987). The R.J. Reynolds Tobac-
co Company announced in September 1987 plans to market a new product that heats
rather than burns tobacco. R.J. Reynolds asserts that the product is a cigarette, and it

318



has commonly been referred to in the press as a “smokeless cigarette.” In a press
release, the company’s chief executive officer stated that “a majority of the compounds
produced by burning tobacco are eliminated or greatly reduced, including most com-
pounds that are often associated with the smoking and health controversy” (R.J.
Reynolds 1987). The American Medical Association (1988) and the Coalition on
Smoking OR Health (1988) have filed petitions with the U.S. Food and Drug Ad-
ministration (FDA) seeking FDA regulation of this new product as a drug or medical
device based on implicit health claims, among other reasons. As of November 1988,
these petitions were under review by the FDA. In October 1988, R.J. Reynolds began
test marketing the product, named Premier, in three cities (Phoenix and Tucson, AZ,
and St. Louis, MO). (See Chapter 7.)

Other Types of Tobacco Use

Smokeless Tobacco Use

Smokeless tobacco (ST) use, including snuff and chewing tobacco, became a subject
of concern in the United States during the 1980s (US DHHS 1986). Cross-sectional
national surveys and various regional surveys have identified several demographic
categories at high risk for the use of these products, including young white males, per-
sons living in the Southern and North Central United States, American Indians, and
Alaskan Natives (Rouse, in press; Boyd et al. 1987; CDC 1987c¢, 1988; Schinke et al.
1986). Trend data on ST use are available primarily through the AUTSs, which
included persons aged 21 years or older in 1964, 1966, 1970, and 1975 (US DHEW
1969, 1973a, 1976), and persons aged 17 years and older in 1986 (Novotny, Pierce et
al., in press). In addition, the 1970 and 1987 NHISs included data on ST use among
persons aged 17 years and older and aged 18 years and older, respectively. The
Behavioral Risk Factor Surveillance System of the Centers for Disease Control
collected State-specific data on ST use among persons aged 18 years and older
beginning in 1986 (CDC 1987d). The 1985 CPS of the U.S. Bureau of the Census
included questions about ST use among persons aged 17 years and older (Marcus et al.,
in press). This survey also produced State-specific estimates for prevalence of use of
these products. Definitions of ST use and questions asked about ST use in these surveys
are listed in the Appendix to this Chapter.

Figure 5 compares age-specific data for men from the 1970 NHIS and the 1986
AUTS. Between 1970 and 1986, snuff use increased fifteenfold and chewing tobacco
use more than fourfold among males aged 17 to 19 years. Smaller increases were ob-
served among the middle-aged groups, and a decrease in the use of both products was
noted for older men (age 50 and above). The NHIS used household interviews, and the
AUTS used telephone interviews as their primary mode of data collection; however,
this difference in methodology is unlikely to account for the substantial increase in ST
use among teenage males.

Data on ST use among persons aged 21 years or older are presented below from the
196486 AUTSs. These surveys were based on in-person interviews in 1964 and 1966
and telephone interviews in 1970, 1975, and 1986. State-specific data from the 1985
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FIGURE 5.—Prevalence of chewing tobacco and snuff use among men, 1970

(NHIS) and 1986 (AUTS)
SOURCE: US DHHS (1986a); Novotny, Pierce et al. , in press.

CPS are reported. Finally, data from a more detailed analysis of ST use from the 1986
AUTS for men aged 17 years and older (Novotny, Pierceet al., in press) are described.

The prevalence of current ST use from 196486 among persons aged 21 years and
older, stratified by product and sex, is shown in Figure 6. For both products, there has
been a steady overall decline in use by both men and women. It is possible that this
decline is due in part to the change in the AUTS interview technique from in-person
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SOURCE: AUTSs (Novotny, Pierce et al., in press).

interview (1964 and 1966) to telephone interview (1970, 1975, 1986); telephone sur-
veys generally provide slightly lower smoking prevalence estimates than in-person sur-
veys (see above). The prevalence of ST use among women has consistently been very
low. However, the use of snuff by older black women in the South is much more com-
mon than among women in the general population (Rouse, in press).

In 1986, the weighted prevalence of snuff use was 2.2 percent for men and 0.5 per-
cent for women, and of chewing tobacco use, 3.1 percent for men and 0.1 percent for
women among adults aged 21 years and older. For 1986, overall prevalence of ever
and current use of ST among males, aged 17 years and older, is shown in Table 29.
More than 10 percent of male respondents had ever used ST products; chewing tobac-

TABLE 29.—Prevalence (%) of ever use and current use of smokeless tobacco,
males aged 17 years and older, United States, 1986

Product used Ever use Current use
Any smokeless tobacco 12.6 5.2
Snuff® 58 24
Chewing tobacco® 9.9 33
Both 31 0.5

*Includes those who also use chewing tobacco.
PIncludes those who also use snuff.
SOURCE: AUTS 1986 (Novotny, Pierce et al., in press).
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co appears to be used slightly more commonly than snuff. Few men (0.5 percent) use
both products.

The prevalence of ever use and current use of any ST product by males, stratified by
selected sociodemographic variables, is shown in Table 30. The prevalence of both
current and ever use was highest among younger men, whites, men living in the
Southeast, less educated men, men below the poverty level, unemployed men, and lower
income men. Among males 17 to 19 years of age, 8.2 percent were current ST users.
In a multivariate model using the sociodemographic variables as predictors of ST use
(Table 31), white men were more than twice as likely to use ST as black men; men
employed in blue-collar or service/laborer jobs or who were unemployed were 3 times
more likely to use ST than white-collar workers; and men in the Southeast and West
were more likely to use ST than men in other regions.

Two-thirds of men who ever used ST began use before age 21; more than one-third
began before age 16 (Table 32). The median age of initiation of ST use for both snuff
and chewing tobacco is 19 years (Novotny, Pierce et al., in press).

The State- and region-specific prevalence of current snuff and chewing tobacco use
among men aged 16 years and older is shown in Table 33. These data are from the
1985 CPS. As mentioned earlier, 45 percent of interviews in the CPS were with proxy
respondents. Proxy responses are known to affect the accuracy of information on smok-
ing behavior, especially daily cigarette consumption (see above). The effect of proxy
responses on data relating to ST use is unknown.

Overall prevalence for males in the 1985 CPS was 1.9 percent for snuff and 3.9 per-
cent for chewing tobacco. Use of ST was lowest in the Northeast and highest in the
South, with intermediate values reported for the North Central and Western regions.
Among women, the overall prevalence of snuff use was only 0.5 percent, with all
regions having prevalence rates of 0.5 percent or less except the South (1.4 percent).
Prevalence of chewing tobacco use among women was 0.2 percent overall.

In summary, ST use is increasing among adolescent males and is decreasing slight-
ly overall among men aged 21 years and older in the United States. It continues to be
a rare behavior among women. According to national surveys, sociodemographic cor-
relates of use include blue-collar and service/laborer employment, unemployment, and
residence in the South. Local surveys have also shown high usage rates among
American Indian youth (CDC 1987c, 1988; Schinke et al. 1987; Hall and Dexter 1988).
Because ST use is more common among young males than among young females, while
the prevalence of smoking among high school seniors is higher among females than
among males (see above), the prevalence of any tobacco use may be similar among
young males and young females.

Cigar and Pipe Smoking

Table 34 presents data from the 1986 AUTS for cigar and pipe smoking. Cigar and/or
pipe smoking mainly occurs among men, in whom prevalence of use is 8.7 percent.
The highest proportion of users are between the ages of 45 and 64 years. Usage is slight-
ly higher in the most and least educated groups than in the intermediate education
categories.
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TABLE 30..—Prevalence (%) of smokeless tobacco use by sociodemographic
categories, males aged 17 years and older, United States, 1986

Category Ever use Current use
Age group
17-19 12.3 82
20-29 11.4 59
30-39 73 4.1
40-49 9.7 5.0
250 11.5 4.8
Race
White 11.1 5.6
Black 6.6 30
Other 7.3 29
Geographic area
Southeast 14.5 7.5
West 9.6 4.5
Midwest 9.5 43
Northeast 5.5 3.0
Completed years of school
<11 14.6 7.3
12 11.1 5.6
13-15 9.1 3.8
216 4.8 29
Poverty level
Below 16.1 8.5
Above 99 49
Employment
Unemployed 13.0 83
Service/laborer 123 6.4
Blue collar 7.0 3.6
White collar 23 1.0
Household income (dollars per year)
<10,000 16.1 8.6
10,000-29,999 47 22
230,000 3.0 1.6
SOURCE: AUTS 1986 (Novotny, Pierce et al., in press).
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TABLE 31.—Significant sociodemographic correlates of current use of any
smokeless tobacco, males aged 17 years and older, United States, 1986

Parameter Odds ratio 95% confidence limits

Region
Southeast 3.0 18,48
West 19 11,33
Midwest 14 0.8,2.5
Northeast Referent

Race
White 24 1.3,43
Black Referent

Employment
Unemployed 38 1.9,7.6
Service/laborer 29 18,46
Blue collar 3.0 2.1,43
White collar Referent

SOURCE: AUTS 1986 (Novotny, Pierce et al., in press).

TABLE 32.—Reported age of initiation and median age of initiation of smokeless
tobacco use among ever users, males aged 17 years and older, United

States, 1986
Age group at initiation (percentage reporting)
Product <16 16-18 19-20 221 Median
Any smokeless tobacco 37.1 7.8 21.4 33.8 19
Snuff* 35.5 8.6 23.0 328 19
Chewing tobacco® 36.6 6.7 203 36.3 19

“Includes those who also use chewing tobacco.
®Includes those who also use snuff.
SOURCE: AUTS 1986 (Novotny. Pierce et al., in press).
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TABLE 33.—Prevalence (%) of current use of snuff and chewing tobacco by
region, division, and State, males aged 16 years and older, United

States, 1985
Chewing tobacco Any smokeless
Snuff use use tobacco use

United States 1.9 39 5.5
Northeast Region 1.0 1.4 23
New England Division 04 0.8 1.2
Maine 0.9 1.5 23
New Hampshire 12 15 27
Vermont 0.9 4.7 55
Massachusetts 0.2 04 0.5
Rhode Island 0.5 0.6 0.9
Connecticut 0.3 0.5 0.8
Mid-Atlantic Division 1.2 1.6 2.7
New York 0.5 1.2 1.6
New Jersey 0.1 0.6 0.7
Pennsylvania 30 29 5.6
North Central Region 2.1 34 53
East North Central Division 1.8 29 4.4
Ohio 22 32 5.0
Indiana 2.6 32 5.6
linois 1.1 25 33
Michigan 0.8 27 34
Wisconsin 29 29 5.8
West North Central Division 29 4.7 75
Minnesota 35 28 6.1
Iowa 1.8 4.6 6.4
Missouri 3.1 3.6 6.7
North Dakota 6.1 5.1 10.7
South Dakota 1.9 6.1 79
Nebraska 1.4 6.8 8.0
Kansas 33 8.6 11.7
South Region 2.7 6.0 8.3
South Atlantic Division 1.8 5.2 6.7
Delaware 0.6 2.4 30
Maryland 0.4 2.1 24
District of Columbia 0.0 04 04
Virginia 2.3 6.2 78
West Virginia 115 135 23.1
North Carolina 18 8.6 9.8

325



TABLE 33.—Continued

Chewing tobacco Any smokeless
Snuff use use tobacco use

South Carolina 0.7 5.3 6.1
Georgia 1.4 7.3 8.7
Florida 1.1 1.9 29
East South Central Division 2.7 9.4 11.6
Kentucky 32 112 13.6
Tennessee 1.7 93 103
Alabama 1.7 6.6 8.3
Muississippi 5.7 11.4 16.5
West South Central Division 4.0 55 9.1
Arkansas 6.0 9.5 147
Louisiana 2.5 58 8.0
Oklahoma 48 6.7 11.0
Texas 4.0 4.6 8.2
West Region 1.4 33 4.5
Mountain Division 23 5.4 7.5
Montana 5.5 8.3 13.7
Idaho 23 6.7 8.7
Wyoming 34 13.0 15.8
Colorado 1.2 6.4 7.5
New Mexico 53 5.2 10.2
Arizona 2.0 38 54
Utah 0.9 30 3.7
Nevada L5 28 43
Pacific Division 1.0 26 34
Washington 1.8 6.1- 7.1
Oregon 27 5.4 7.6
California 0.7 1.7 23
Alaska 25 6.3 88
Hawaii (.2 0.4 0.7

SOURCE: CPS 1985 (Marcus et al., in press.)

From 196486, there was an 80-percent decline in prevalence of both cigar and pipe
smoking among men (Figure 7). The prevalence of cigar smoking declined from 29.7
to 6.2 percent; the prevalence of pipe smoking declined from 18.7 to 3.8 percent.
Reasons cited to explain the drop in cigar sales include the effects of the antismoking
campaign (several airlines have completely banned cigar and pipe smoking on all flights
for many years, but only one airline has done so for cigarette smoking), declining image
of cigar smoking, failure to attract new smokers, insufficient free-sample distribution,
mediocre advertising and promotional activities, and declining quality of the product
(Lazarus 1979).
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TABLE 34,—Cigar/pipe smoking status (%) by major sociodemographic

variables, United States, 1986

Cigar/pipe smoking status

Sample
Currentuser  Former user Never user Total size
Total 4.3 222 735 100 13,031
Sex
Male 8.7 418 49.6 100 6,377
Female 0.3 45 952 100 6,654
Age
17-19 1.5 13.6 85.0 100 560
20-24 2.0 16.6 81.4 100 1,086
2544 44 222 733 100 5,802
45-64 . 59 26.5 67.6 100 3,616
265 39 22.6 73.5 100 1,967
Race
White 44 23.4 722 100 11,563
Black 3.7 13.9 82.4 100 1,096
Other 35 19.4 77.1 100 372
Region
Midwest 48 226 72.6 100 3,236
Northeast 4.6 19.6 75.7 100 2,968
Southeast 38 23.2 73.0 100 4,301
West 4.1 227 73.2 100 2,526
Marital status
Married/cohabiting 4.8 25.3 69.9 100 8,364
Widowed 1.8 8.9 89.2 100 1,011
Divorced/separated 5.6 20.1 743 100 1,446
Never married 2.8 17.7 79.4 100 2,179
Unknown 12.4 275 60.1 100 31
Education
<11 years 49 228 723 100 2,431
12 years 36 20.0 76.5 100 4872
1315 years 39 225 73.6 100 3,118
216 years 53 26.0 68.7 100 2,610
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TABLE 34.—Continued

Cigar/pipe smoking status
Sample
Current user  Former user Never user Total size
Household income (dollars per year)
<10,000 3.1 16.8 80.1 100 1,220
10,000-19,999 4.0 21.2 74.9 100 2,204
20,000-29,999 43 23.1 72.6 100 2,853
30,000-39,999 5.0 24.2 70.8 100 1,735
240,000 5.5 28.1 66.4 100 2,947
Unknown 33 17.1 79.6 100 2,072
Poverty level’
Above 47 239 71.4 100 9913
Below 3.0 18.6 78.3 100 1,046
Unknown 33 17.1 79.6 100 2,072

*Poverty level is based on the definition provided by the U.S. Bureau of the Census.
SOURCE: AUTS 1986 (US DHHS, in press, a).

804 D Cigarette
70 — Cigar

P
60 —1 pe

50 —

Percentage

40 —

30 —

20 —

1964 1966 1970 1975 1986

Year

FIGURE 7.—Trends in prevalence of using cigarettes, cigars, and pipes, adult
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SOURCE: AUTSs (US DHHS 1988).
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PART II. CHANGES IN KNOWLEDGE ABOUT THE DETERMINANTS
OF SMOKING BEHAVIOR

Introduction: Historical and Conceptual Overview

This Section reviews the past 25 years’ growth in scientific knowledge of the deter-
minants of smoking. Broad conceptual shifts in understanding smoking are first
reviewed by comparing current knowledge, as reflected in the 1988 Surgeon General’s
Report as well as in more recent investigations, with that reflected in two previous Sur-
geon General’s Reports during the past 25 years: the 1st Report, issued in 1964, and
the 15th Anniversary Report, issued in 1979.

1964 Surgeon General’s Report

The first Surgeon General’s Report devoted a chapter to the psychosocial aspects of
smoking and another to the issue of smoking as drug addiction or drug habituation.
These topics continue to receive contemporary attention. A third chapter in the 1964
Report discussed morphological characteristics of smokers as important determinants
of smoking (e.g., physique, somatotype, and weight). With the exception of body
weight, there has been a decline in the attention paid to these variables. The relation-
ship between body weight and smoking cessation, especially among women, has
received much recent attention (US DHHS 1988).

The 1964 Report’s Chapter on Psychosocial Aspects of Smoking related smoking to
a variety of demographic factors including socioeconomic status (smoking being more
prevalent among “lower or working classes” but less prevalent among extremely poor,
e.g., unemployed groups) and gender (smoking being more prevalent among men).
With regard to gender, the Report anticipated contemporary concemns about smoking
by women (US DHHS 1980b), noting that “The proportion of women smokers has in-
creased faster than that of men smokers in recent years” (US PHS 1964, p. 363).

The 1964 Report’s chapter on psychosocial aspects also linked smoking to such broad
personality factors as extraversion and orality. While some research continues to show
relationships with extraversion (e.g., Eysenck 1980; Mangan and Golding 1984), most
contemporary research focuses on more specific psychological, biclogical, and social
variables and their interactions. The 1964 Report noted that smoking might function
to reduce tension but reported little research related to this possibility. In contrast, the
1988 Report on nicotine addiction reviews considerable laboratory and field research
on the relationship between smoking and stress and concludes that stress increases
cigarette consumption among smokers and is related to initiation of smoking among
adolescents and relapse among abstainers (e.g., US DHHS 1988).

The 1964 Report devoted much attention to the role of nicotine in smoking behavior,
an issue that continues to be of central interest, as reflected in the 1988 Report. Both
reports concluded that nicotine is a critical and substantial determinant of smoking. The
focus in 1964, however, centered on whether smoking fit the World Health
Organization’s (WHO) definition of addiction, which emphasized the importance of
physical dependence (WHO 1957). The Report concluded that there was no proof of
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physical dependence and that smoking was a habit, as was use of cocaine, am-
phetamines, and other drugs. More recent perspectives (e.g., Pomerleau and Pomer-
leau 1984), culminating in the 1988 Report, have integrated psychosocial and phar-
macologic processes into a single model of addiction or dependence. The 1988 Report
demonstrated that there have been substantial data amassed since 1964 that confirm
that by the criteria defining addiction, nicotine should be categorized as addicting.

Although the 1964 Report did conclude that . . . there is no single cause or explana-
tion of smoking . ..” (US PHS 1964, p. 376), its discussion of research reflected an ex-
pectation that one or a very few key causes of smoking might be found. Along these
lines, the Report emphasized the extent to which evidence demonstrated a cause to be
sufficient. For example, in discussing evidence that smoking as a sign of masculinity
may motivate many men to smoke, it labeled as “troublesome” the fact that “ . . . some,
but not so many others choose this particular means [that is, smoking] of giving
evidence of their masculinity” (US PHS 1964, p. 373). Since the 1964 Report, models
of causal inference in the behavioral sciences have changed to emphasize multiple
causes interacting to bring about complex behavior patterns, and not one cause in itself
that is necessary or sufficient.

1979 Surgeon General’s Report

The 1979 Report gave much attention to prevention and to the determinants of smok-
ing and smoking cessation, devoting 9 of 23 chapters to these topics. Thus, there was
recognition of different stages of smoking behavior and of determinants varying as the
stages change. Since the 1979 Report, researchers have continued to elaborate on mul-
tiple stages in the development and cessation of smoking.

The 1979 Report also recognized that multiple factors interact to encourage and sup-
port smoking. The Chapter “Behavioral Factors in the Establishment, Maintenance and
Cessation of Smoking™ posited smoking as . . . a behavior—a highly complex act . . .
based on various biochemical and physiological processes .. .”” (US DHEW 1979a, pp.
16-25). It included research on drug and nondrug factors and called smoking “the
prototypical substance-abuse dependency.” The Chapter “Smoking in Children and
Adolescents: Psychosocial Determinants and Prevention Strategies” explicitly viewed
the initiation of smoking as determined by an array of factors. Likewise, the Chapter
“Psychosocial Influences on Cigarette Smoking” linked multiple factors to main-
tenance and cessation of smoking, including personality characteristics, multiple drug
use, coexisting chronic disease, price “elasticity” of consumer demand for cigarettes,
and differences among cultures in their attitudes toward smoking as personal gratifica-
tion. The importance of identifying multiple, interacting factors had been enunciated
by Schwartz and Dubitzky in 1968 in their research on smoker profiles and the influence
of multiple variables on smoking cessation, maintenance of cessation, and relapse
(Schwartz and Dubitzky 1968).

The 1979 Report’s recognition of an array of determinants was reflected in a recom-
mendation for future research: “There are multiple psychosocial influences on cigarette
smoking. Multivariate research is needed . . .”” (US DHEW 1979a, pp. 18-25). Multi-
ple regression analyses and causal modeling have now become much more common in
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smoking research (e.g., McAlister, Krosnick, Milburn 1984; Mosbach and Leventhal
1988).

The 1979 Report also was noteworthy in focusing attention on systematic cessation
efforts, taking both pharmacologic and psychosocial factors into account. The exten-
sive treatment of cessation research in a separate chapter was a first for the Surgeon
General’s Report and set a precedent for reviewing the intervention literature in sub-
sequent reports.

Current Views

Current explanations assume that smoking is determined by multiple causes, no one
of which is sufficient. The interplay of psychosocial and pharmacologic forces con-
tinues to occupy investigators of nicotine addiction as it does investigators of other drug
addictions. While the 1964 Report tended to see such factors as mutually exclusive,
the 1988 Report (US DHHS 1988) viewed these various pharmacologic, biochemical,
and psychosocial processes, such as conditioning, as interacting in the determination
of nicotine addiction. In fact, conditioned drug-taking behavior is now thought to be
central to the concept of addiction; physical dependence is neither necessary nor suffi-
cient (US DHHS 1988). The biological power of nicotine may make the learned be-
haviors that form smoking patterns stronger and more resistant to change. At the same
time, the plentitude of daily circumstances, activities, and emotions to which smoking
is conditioned ties this behavior to numerous rituals of daily life and contributes to the
difficulty of breaking this addiction (Fisher, Bishop et al. 1988a; Pomerleau and Pomer-
leau 1987; Russell, Peto, Patel 1974; US DHHS 1988). This interplay between be-
havior and the pharmacologic effects of nicotine is mirrored in research on smoking
cessation, in which nicotine-containing chewing gum and behavioral interventions have
been shown to enhance one another (e.g., Hall et al. 1985; Killen, Maccoby, Taylor
1984; Schneider et al. 1983). Inreviewing the evidence for defining smoking as an ad-
diction, the 1988 Report made the important point that the interplay between social, be-
havioral, and pharmacologic factors that define tobacco addiction is similar to that seen
with other drug addictions.

The continuum of smoking behavior can be viewed as occurring in different stages.
The 1964 Report identified two stages (or processes): *“Taking Up” and “Discontinua-
tion.” Current work identifies three major stages—development, maintenance of
regular smoking, and cessation. Several investigators have offered descriptions of
various smaller stages within smoking development (e.g., Leventhal and Cleary 1980;
Flay et al. 1983). These include, for example, preparation, initiation, experimentation,
and transition to regular smoking (Flay et al. 1983). Similarly, the process of cessa-
tion has been specified in smaller stages (e.g., Marlatt 1985; Prochaska and DiClemente
1983; Rosen and Shipley 1983). These include, for example, precontemplation (not
yet considering quitting), contemplation, action, and maintenance or relapse (Prochas-
ka and DiClemente 1983).

Evolution of theoretical models of stages in smoking over the past 25 years is depicted
in Figure 8, indicating the stages described around three periods of time, the 1960s,
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FIGURE 8.—Evolving theoretical concepts of the natural history of smoking,
1964-89

1970s, and 1980s. In 1964, only two broad stages were noted, while in 1989, as many
as nine can be observed.

Stages are not explanations of attitudes or behaviors. For example, precontempla-
tion is a description of the attitudes toward smoking and likely responses to antismok-
ing messages of the individual uninterested in stopping. It is not an explanation or a
cause of that lack of interest. Neither the sequence of stages nor the boundaries among
them are rigid. For example, a young experimenter may stop smoking without ever
making the transition to regular smoking. A smoker in the regular smoking stage is, at
the same time, a precontemplator or contemplator in the cessation stage. The regular
smoking stage is abandoned when the smoker moves into action and stops smoking.
Although the boundaries among stages and their sequence may be blurred, the concept
serves as a framework for understanding the determinants of smoking behavior. Dif-
ferent determinants are operative to different degrees during each stage.

The three broad stages of smoking and their multiple interacting determinants provide
the organization for the remainder of this Chapter. Within the stage framework, his-
torical trends in determinants are discussed primarily within three general domains.
The three domains do not constitute a model; they are a useful way to organize the deter-
minants of smoking. The first domain is composed of pharmacologic processes and
conditioning, the basic factors that interact to support smoking. The combining of these
into one domain reflects present awareness that pharmacologic processes and con-
ditioning interact to produce addiction (US DHHS 1988). The second domain includes
cognition and decisionmaking. The stages of smoking reflect appraisals of oneself, of
social experiences, and of information, such as that presented in campaigns to deter
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smoking. The ways in which individuals process such information and make choices
about smoking have been the foci of substantial research. The third domain includes
personal characteristics (e.g., personality and demographic factors) and social context, -
which includes the important influences of the social, cultural, and economic environ-
ment. Personal characteristics themselves are affected by these environmental influen-
ces and mediate their effect rather than independently determine smoking.

Table 35 presents some of the determinants, within each of the domains, that have a
strong effect on the indicated stage of smoking. As such, the table provides an outline
of the discussion that follows.

Development of Smoking

Pharmacologic Processes and Conditioning

Historically, little attention was paid to the role of pharmacologic effects of nicotine
and conditioning in the initial development of smoking behavior. For example, among
teenagers, psychosocial determinants have been assumed to play a dominant role (Table
35), as for other dependence-producing substances. Once a smoker starts to inhale,
however, it is possible that the pharmacologic properties of nicotine contribute to
continued smoking (Kozlowski 1988). A few studies have investigated the potential
role of individual-specific psychophysiological résponses to nicotine and the
development of smoking (Kozlowski and Harford 1976; Silverstein et al. 1982).
Reactions to initial cigarettes and the interpretation of these reactions may predispose
individuals to continuing or not continuing smoking. Hirschman, Leventhal, and Glynn
(1984), for example, found that the initial early physical reaction was predictive of con-
tinued smoking. Dizziness was related to a rapid progression to a second cigarette,
while coughing and a sore throat were related to discontinuation.

It is not clear how long it takes for the transition from experimental to regular smok-
ing, and there is likely to be much variation (e.g., Hirschman, Leventhal, Glynn 1984).
However, results from several recent studies suggest that teenagers become more ad-
dicted to smoking than was previously believed. Survey data (Green 1979; Johnson
1986) indicate that teenagers make frequent and often unsuccessful quit attempts. Other
studies confirm that teenagers have difficulty stopping and report reasons for the dif-
ficulty—social pressure, urges, withdrawal symptoms—similar to those seen with
adults (Biglan and Lichtenstein 1984; Hansen et al. 1985; Weissman et al. 1987). Be-
cause smoking among children and adolescents is generally confined to relatively few
situations, the level of nicotine dependence is limited in this group. Nevertheless, the
reports of withdrawal symptoms and relapses among teenage smokers attest to the
strength of nicotine dependence even among those still in the early stages of smoking.

More work is needed in this area to facilitate our understanding of the development
of smoking addiction. Research on adolescent initiation has not applied the same bio-
behavioral concepts and measurement tools (e.g., plasma nicotine or cotinine levels) as
have been applied to adult smoking. Sensitive human subjects issues related to work-
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TABLE 35.—Determinants of smoking within each domain by stage

Stage
Domain Onset/development Regular use Cessation
Pharmacologic processes Initial psychopharmacologic effects en- Numerous conditioned associations among Withdrawal symptoms and conditioned

and conditioning

Cognition and decision-
making

Personal characteristics
and social context

courage transition from experimental to
regular use

Poor awareness of long- and short-term
health consequences and addictive na-
ture of smoking

Positive characteristics are attributed to
smokers and smoking

Inclination toward problem behaviors
Extraversion

Peer and family norms and values sup-
port smoking

Youth-oriented advertising

smoking, environmental events, and phar-
macologic effects of nicotine

Health consequences are minimized or
depersonalized

Positive characteristics are attributed to
smokers and smoking

Stress/negative affect are reduced by
nicotine

Social acceptability and peer and family
norms support continued smoking

Cigarette marketing encourages and
legitimizes smoking

and reinforcing effects of nicotine
encourage relapse

Increased awareness of smoking-related
symptoms or illness

Perceived benefits of cessation

Belief in one’s ability to stop

Social norms and support for stopping and
maintained abstinence

Skills for coping with stimuli associated
with smoking

Economic, educational, and personal
resources to minimize stress and maintain
cessation



ing with minors must be resolved; these have slowed understanding of how depend-
ence develops.

Cognition and Decisionmaking

Knowledge of the health effects of smoking is likely to influence initiation for some
teenagers. Teenagers reported that one-third of their earliest refusals of cigarettes were
based on fear of the effects of smoking on health, attractiveness, or athletic performance
(Friedman, Lichtenstein, Biglan 1985). In early adulthood, British medical students’
rating of smoking as a “major” or “not major” health risk was associated with their
smoking status as reflected by surveys in 1972 and 1981 (Elkind 1982). Heavy smokers
among college women evaluated health outcomes of smoking less negatively than did
nonsmokers (Loken 1982). The latter two cross-sectional studies, however, may pos-
sibly reflect the effect of behavior on cognition rather than the effect of cognition on
behavior.

Cognitive appraisals of the attractiveness or desirability of smoking or of smokers
are associated with current smoking or intentions to smoke (Barton et al. 1982;
McAlister, Krosnick, Milburn 1984), as are belief’s or attributions of the functional role
of smoking (Murray and Perry 1984). Tenth graders inclined to smoke indicated greater
congruity between the value they place on interest in the opposite sex and the extent to
which they ascribe such interest to smokers (Barton et al. 1982). Intentions to smoke
were also associated with congruity between the personal value of a characteristic and
its attribution to smokers. Murray and Perry’s analyses (1984) of the functional mean-
ing of substance use by youth elucidated a variety of attributions correlating with young
people’s substance use. The report that smoking was useful for relieving boredom was
most highly correlated with smoking. Data from England (Charlton 1984) demonstrate
that children who smoke compared with nonsmoking children are more likely to agree
that “Smoking keeps your weight down.” This attribution was especially prominent
among older girls.

School health education programs to discourage smoking have traditionally assumed
that knowledge of the health consequences of smoking would deter adolescents from
smoking (Chapter 6). This assumption has received limited support in the prevention
literature (Thompson 1978). Despite school health education programs, children, espe-
cially those who smoke, continue to harbor several misconceptions about smoking.
These misconceptions include overestimating the prevalence of both peer and adult
smoking, underestimating the negative attitudes of their peers, and minimizing the ad-
dictive nature of smoking (Leventhal, Glynn, Fleming 1987). The overestimating of
prevalence may represent the combined influence of social context and cognitive fac-
tors in determining smoking.

Contemporary smoking prevention programs (“psychosocial prevention curricula”)
emphasize knowledge of short-term consequences of smoking likely to be more per-
tinent to adolescents who have limited future orientations (Glasgow et al. 1981), and
knowledge about the variety of social influences (parental, peer, and media) that affect
the development of smoking (Flay 1985; Evans et al. 1978; Chapter 6). Decisionmak-
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ing skills (Botvin and Wills 1985) and analysis of cigarette marketing strategies (Evans
et al. 1978) also are now taught to help youth make more informed choices.

Personal Characteristics and Social Context

Personal Characteristics

The 1964 Surgeon General’s Report described as “one of the best designed studies”
(US PHS 1964, p. 365) an investigation in which heavy smokers were found to be more
extraverted than were medium smokers, who were in turn more extraverted than were
light smokers (Eysenck et al. 1960). The 1964 Report also cited two other papers with
similar findings (McArthur, Waldron, Dickinson 1958; Schubert 1960). More recent
work by Cherry and Kiernan (1976, 1978) found that neuroticism and extraversion
measured at age 16 were positively related to smoking status at age 25, suggesting a
causal relationship. Their combined effects showed substantial ability to predict sub-
sequent cigarette use. Eysenck (1980) has argued that the association between smok-
ing and the personality dimensions of extraversion and neuroticism implies a constitu-
tional predisposition for smoking analogous to that seen with other drug addictions (US
DHHS 1988). Work on extraversion and smoking does seem to reflect a consistent
relationship between them (US DHEW 1979a; Ashton and Stepney 1982).

Studies have linked initiation of smoking with rule breaking in school, general delin-
quency, age at first intercourse, inadequate contraceptive use, low levels of child com-
pliance within the family, low levels of responsibility, nonconventionality, impulsivity,
rebelliousness, and previous use of alcohol and other substances (Brook et al. 1983;
Chassin etal. 1984; Jessor and Jessor 1977; Mittelmark et al. 1987; Russell 1971; Zabin
1984). Academic success, as measured by grade point average, is strongly linked to
the rate of smoking (Johnson 1986). High school dropouts (Pirie, Murray, Luepker
1988) and high school seniors not planning to go to college (Johnston, O’Malley, Bach-
man 1987) are much more likely to smoke than are those planning higher education,
and this difference has increased over the past 10 years (Table 20). Similar factors are
observed with other drug addictions (US DHHS 1988). Jessor (1987) views this
covariation as reflecting a problem behavior syndrome. Biglan and Lichtenstein (1984)
questioned this interpretation, arguing against the inference of underlying personality
factors to explain the acknowledged covariation among smoking and other problem be-
haviors.

Peer and Family Influences

The influences of peers and parents were considerations in the 1964 Report and
remain a major contemporary issue (e.g., Krosnick and Judd 1982). Understanding of
the effect of peers has increased since the 1964 Report noted little available evidence
of their influence on the onset of smoking. It acknowledged that imitation “. . . may
play arole in inducing some, and perhaps many children to take up smoking” (US PHS
1964, p. 372). Studies noted that children of smoking parents were more likely to smoke
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than children of nonsmoking parents (NIH 1975; Wohlford 1970); and smoking
teenagers were more likely to have friends who smoked than were nonsmoking
teenagers (Gordon and McAlister 1985; Levitt and Edwards 1970). The chapter on
children and adolescents in the 1979 Report (US DHEW 1979a) reviewed the influence
of social learning theory on models of the initiation of new behavior. More recent
studies have supported the importance of peer models (e.g., Antonuccio and Lich-
tenstein 1980; Kniskern et al. 1983). The 1988 Report discussed similar factors in the
determination of other drug dependence.

The impact of peer smoking on adolescent smoking has been identified in a number
of studies (e.g., Chassin et al. 1984; Hundleby and Mercer 1987; McAlister, Krosnick,
Milburn 1984; Mittelmark et al. 1987), including their impact on initial smoking
episodes (Friedman, Lichtenstein, Biglan 1985) and continuation of smoking among
those who already have experimented with cigarettes (Biglan and Lichtenstein 1984).
These influences seem to rest on the importance of modeling of smoking, as well as on
the setting of norms among subgroups of adolescents. The importance of bidirection-
al influences in smoking and smoking cessation among young people has been noted
by Chassin, Presson, and Sherman (1984). In some cases, a young person’s member-
ship in a particular peer group may expose him or her to the example to smoke or to
quit; however, in other cases, a young person may actively seek membership in a peer
group that represents or is consistent with his or her established intentions about smok-
ing.

More recent research has both reaffirmed the importance of parent and peer influen-
ces and attempted to explore the points at which they exert their influence during the
process from onset—the initial smoking episode—to regular use (e.g., Friedman et al.
1985; Hirschman, Leventhal, Glynn 1984). The literature has tended to underscore the
role of parental example and influence for initiation of smoking by young children and
adolescents, and the primacy of peer influences among older youth. In application, this
emphasis has often translated into an almost exclusive intervention focus on the social
influences of peers for older adolescents (see Chapter 6). Some of the intervention
programs include peer leaders chosen by their classmates (Murray et al. 1987). Kros-
nick and Judd (1982) found no evidence for decreases in parental influences on smok-
ing during adolescence, although they did find that peer influence increases during this
period. These studies often include important methodological advances wherein
interviews and self-monitoring are used to augment questionnaire data.

A growing body of literature implicates family climate or family interaction patterns
in smoking. Family characteristics such as indifference, low levels of trust, parental
restrictiveness, and low levels of parental involvement are associated with smoking as
well as with marijuana and alcohol use (Hundleby and Mercer 1987). Other research
has demonstrated that low levels of adolescent involvement in family decisionmaking
predict subsequent experimentation with cigarettes among adolescents (Mittelmark et
al. 1987). A variety of characteristics in fathers, including harsh criticism, impulsivity,
stereotyped male interests, poor ego integration, and lower levels of interpersonal re-
latedness has also been demonstrated to be associated with a greater likelihood of sons’
smoking (Brook et al. 1983). A decreased likelihood of sons’ smoking was associated
with paternal affection, emotional support, attentiveness, participation in meaningful
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conversations, and higher expectations for the sons. It appears that adolescent smok-
ing is more likely in restrictive, punitive, and unempathetic families in which children
are uninvolved in decisionmaking. On the other hand, families who provide muitiple
avenues for identity formation and expression of feelings may obviate the utility of
smoking or other problem behaviors as a mode of identity expression (Jessor 1987).

Personal characteristics and attitudes may mediate peer influence on smoking as well
as other drug dependencies (US DHHS 1988). Research indicates greater impact of
peer smoking among adolescents scoring low on a measure of obedience to parental
authority and high on a measure of rebelliousness (McAlister, Krosnick, Milburn 1984),
The interactions among social influences, personality, and smoking were highlighted
in a study in which seventh and eighth graders described the informal reference or af-
filiation groups they observed among their schoolmates and identified the group with
which they felt the closest affiliation (Mosbach and Leventhal 1988). Two of the four
groups that emerged, “hot-shots” (78 percent female, popular leaders in academic and
extracurricular activities) and “‘dirts” (63 percent male, characterized by problem be-
haviors such as drinking, poor academic performance, and cutting classes), were iden-
tified as primary reference groups by only 14.7 percent of respondents but accounted
for 55.6 percent of the smokers. In discriminant function analyses, a “macho” dimen-
sion was highly associated with one high smoking prevalence group, the “dirts,” but
not with the “hot-shots.” In contrast, academic and social leadership was associated
with the “hot-shots” but not with the “dirts.” As were the “dirts,” the “jocks” were also
63 percent male and high on the macho dimension but low on use of both hard liquor
and cigarettes. Adolescent smoking, then, is closely related to individual identification
with groups, but these groups differ markedly in their association with other problem
behaviors and psychosocial characteristics. Depending on group affiliation, different
personality and attitudinal characteristics may be related to smoking.

Social class differences in the onset of smoking continue to be observed as noted in
Part [ of this Chapter. Racial differences in onset and prevalence and historical shifts
in these differences are also well demonstrated in the first part of this Chapter. Sussman
and colleagues (1987) in their study of psychosocial predictors of cigarette smoking
onset by approximately 1,000 white, black, Hispanic, and Asian adolescents in Southern
California demonstrated that different variables predict onset in these different groups.
A good predictor for whites but not for other ethnic groups was adult and peer models
of smoking behavior, while for blacks, risk-taking preference was a good predictor.
These findings possibly reflect unique cultural and social contexts and suggest that
tailoring socially relevant treatment components to adolescent subgroups may be
beneficial (Sussman et al. 1987).

Cigarette Marketing

Beyond the family and peer group, an important social context determinant of the
onset of smoking is the marketing of cigarettes. There have been longstanding con-
cerns about the impact of cigarette advertising on both children and adults as evidenced
by the ban on radio and television advertisements, effective in 1971. Yet, “cigarette
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advertisements continue to appear in publications with large teenage readerships”
(Davis 1987, p. 730).

Marketing campaigns seem designed to appeal to specific personality characteristics
of groups of potential buyers. In this respect, they exemplify interactions between per-
sonal characteristics and the environment. The Marlboro brand was the leading choice
of a group of white adolescent male (48 percent) and female (38 percent) smokers sur-
veyed in Louisiana in 1981 (Hunter et al. 1986). In a sample of 306 high school stu-
dents in Georgia, Marlboro was the preferred brand of 76 percent of smokers who iden-
tified a single preferred brand (Goldstein et al. 1987). Similar findings were reported
by Glantz (1985). These figures contrast with the overall domestic market share of
Marlboro, which was 24 percent in 1987 (Ticer 1988). Given the associations of rebel-
liousness and behavioral problems with adolescent smoking, as reviewed above, there
may be a relationship between the noted disparity of overall brand preference and the
emphasis on the tough independence of the “Marlboro Man.” In fact, this pattern may
be a reflection of extensive market segmentation, in which specific brands are marketed
for specific gender or ethnic groups, often with campaign messages and symbols aimed
at those groups (Davis 1987). Teenage girls, relative to boys, are more likely to believe
that smoking controls weight (Charlton 1984) and are good targets for advertisements
that emphasize the desirability of being slender (Gritz 1986).

Some market segmentation appears more subtle, guided by smoker characteristics
not as apparent as race and gender. McCarthy and Gritz (1987) surveyed students in
grades 6, 9, and 12 regarding their attitudes about cigarette advertisements. Among
their findings was the closer relationship, for those youth more likely to be smokers,
between personality self-ratings and personality ratings assigned to models in cigarette
advertisements. Thus, the way adolescents see themselves appears to be related to their
attraction to certain advertisements. This congruity among psychological correlates of
teenage smoking, marketing themes, and teenage preferences is especially striking
when one considers that the tobacco industry denies that campaigns are aimed at
teenagers (Davis 1987).

Summary

The increased understanding of the multiple and interacting determinants of the
development of smoking and of the relation of these determinants to the stages of
development of smoking is a reflection of progress over the last 25 years. The delinea-
tion of stages—from onset to regular use—has been an especially influential develop-
ment (Figure 2). The development of the addictive processes in teenagers has recent-
ly become better appreciated and understood (Biglan and Lichtenstein 1984;
Hirschman, Leventhal, Glynn 1984). While information about the long-term disease
consequences of smoking has an important role in adolescent smoking initiation, aware-
ness of the short-term health consequences and the influence of peers and advertising
are now seen as more critical for adolescent decisionmaking. The effects of peers and
family are both supported. Cigarette marketing appears to target teenagers despite the
cigarette companies’ reported policy efforts to restrict such advertising.
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Regular Smoking

Pharmacologic Processes and Conditioning

Pharmacologic processes and conditioning play complementary and major roles in
maintaining regular smoking. Early theories of smoking tended to view pharmacologic
processes and conditioning as separate explanations of regular smoking (e.g., Hunt
1970; Table 35). They are now viewed as complementary and interacting processes
(US DHHS 1988). The 1988 Surgeon General’s Report on nicotine addiction affirmed
the critical role of nicotine and its varied and powerful pharmacologic effects on the
central nervous system (CNS) in the development and maintenance of regular smok-
ing. This acknowledgment and its implications for intervention represent a sig-
nificant shift in perspective over the 25-year history of the Surgeon General’s Reports.
Concurrently, increased knowledge of smoking as an addiction has clarified the impor-
tant role of conditioning in addiction. Conditioning and related processes link the
biological effects of nicotine to the many behaviors that make up smoking and to the
many concurrent physical and environmental stimuli that guide it.

Nicotine Addiction

The 1964 Report distinguished between drug addiction and drug habituation (US PHS
1964; Table 36) and concluded that smoking is habituation. As noted in the 1988
Report, the addiction/habituation distinction was dropped in 1964 by the WHO short-
ly after the release of the 1964 Report (US DHHS 1988).

The 1988 Surgeon General’s Report on nicotine addiction noted the following three
major conclusions: (1) cigarettes and other forms of tobacco are addicting; (2) nicotine
is the drug in tobacco that causes addiction; (3) the pharmacologic and behavioral
processes that determine tobacco addiction are similar to those that determine addic-
tion to drugs such as heroin and cocaine (US DHHS 1988, p. 9). These conclusions
were based on a thorough review of research on addictive aspects of smoking extend-
ing over nearly a century.

The criteria that guided the 1988 Report’s conclusion that smoking is an addiction
are summarized in Table 36. As documented by extensive research cited in the Report,
smoking meets all the criteria. Smoking is continued despite a desire to quit and, in
many cases, despite clear harm to the individual. A central criterion concemns psychoac-
tive effects of a drug on the CNS. Rapid absorption of nicotine into the bloodstream
and consequent delivery to the CNS are features common to all popular forms of tobac-
co use. Recent evidence confirms that nicotine is absorbed by the brain, which con-
tains receptors specific for this agent (e.g., London et al. 1985; London, Waller,
Wamsley 1985); has euphoric effects and perhaps sedative or other anxiolytic effects
mediated by neurohormonal processes (e.g., Henningfield, Miyasato, Jasinski 1985);
and reinforces behavior, even among animals or human subjects blind to whether they
received saline placebo or nicotine (Henningfield, Chait, Griffiths 1983, 1984). As with
other addictive drugs, prolonged ingestion of nicotine leads to tolerance, a tendency to
consume increasing amounts of a drug, presumably to achieve a desired euphoric or
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TABLE 36, —Comparison of characteristics of addiction, habituation, and dependence in 1964 and 1988 Surgeon General’s Reports
Characteristics of drug addiction in
Characteristics of drug addiction and habituation in 1964 Surgeon General's Report® 1988 Surgeon General’s Repoﬂb
Drug addiction Drug habituation Primary Criteria

A state of periodic or chronic intoxication produced
by the repeated consumption of a drug (natural or
synthetic).

Its characteristics include:

(1) an overpowering desire or need (compulsion) to
continue taking the drug and to obtain it by any means;

(2) a tendency to increase the dose;

(3) a psychic (psychological) and generally a physical
dependence on the effects of the drug; and

(4) detrimental effects on the individual and on
society.

A condition resulting from the repeated consumption of
adrug.

Its characteristics include:

(1) a desire (but not a compulsion) to continue taking the
drug for the sense of improved well-being it engenders;

(2) little or no tendency to increase the dose;

(3) some degree of psychic dependence on the effect of
the drug, but absence of physical dependence and hence
of an abstinence syndrome; and

(4) detrimental effects, if any, primarily on the
individual.

Highly controlled or compulsive pattern of drug use.

Psychoactive or mood-altering effects involved in
pattern of drug taking.

Drug functioning as reinforcer to strengthen behavior
and lead to further drug ingestion.

Additional Criteria

Tolerance (increased doses either tolerated without
discomfort or needed to achieve desired effects).

Physical dependence (withdrawal syndrome upon
termination of drug taking).

Use despite harmful effects.
Pleasant (euphoric) effects.
Stereotypic patterns of drug use.
Relapse following drug abstinence.

Recurrent drug cravings.

*SOURCE: US PHS (1964, p. 351).
®SOURCE: US DHHS (1988, pp. 194, 250-253).
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other effect. Prolonged use also leads to physical dependence, as indexed by various
psychological and physical withdrawal symptoms following cessation of smoking. The
inclusion of tobacco dependence as a disorder in the Diagnostic and Statistical Manual
of Mental Disorders III, the official diagnostic reference for the American Psychiatric
Association (1980), was another major marker in the shift of scientific opinion about
the addictive nature of cigarette smoking.

Central to the 1964 view was the distinction between compulsive use (addiction) and
the less compulsive “desire” (habituation). The difference was noted to rest primarily
on the source of the desire or compulsion. The 1964 Report emphasized “serious per-
sonality defects from underlying psychologic or psychiatric disorders” (US PHS 1964,
p- 351) as a defining factor in compulsive use and therefore in addiction. Evidence
gathered since the early 1960s contradicts the assumptions that underlying pathology
drives the compulsive use seen in addiction. Drugs commonly viewed as addictive,
e.g., heroin, may be abandoned with little apparent effort as with many Vietnam
veterans addicted to heroin who gave it up after their return to the United States (Robins,
Helzer, Davis 1975; US DHHS 1988). On the other hand, the extent to which smok-
ing can be highly compulsive is suggested by its continuance in the face of substantial
awareness of its harm, as by cardiac patients (Baile et al. 1982; Burling et al. 1984;
Ockeneetal. 1985; US DHHS 1984). The generality of nicotine’s effects argues against
its compulsive use resting on individual psychopathology; the basis for nicotine addic-
tion rests on the interaction of conditioning processes and nicotine action in the brain.

Mechanisms of Nicotine Action

Much research in the 1970s on the behavioral effects of nicotine has been guided by
the nicotine regulation (or titration) model put forth over the years by Jarvik (1977),
Jarvik, Glick, and Nakamura (1970), Russell (1976), and Schachter, Silverstein and col-
leagues (1977). According to this model, smokers regulate their smoking to maintain
a certain level of blood nicotine within a range of upper and lower limits (Herman and
Kozlowski 1979; Kozlowski and Herman 1984). This includes the avoidance of
withdrawal symptoms or anticipated withdrawal by maintaining a nicotine level above
a lower limit and avoidance of toxicity by maintaining it below an upper limit.

This formulation has been criticized as failing to explain the self-perceived positive
effects or benefits of smoking that may promote use (Pomerleau and Pomerieau 1984;
Leventhal and Cleary 1980). Interestingly, the 1964 Surgeon General’s Report devoted
only 1 1/2 pages to such effects. In the last few years, several investigators (e.g., Ock-
ene et al. 1988; Pomerleau and Pomerleau 1984) have proposed that smoking, by vir-
tue of the varied actions of nicotine, provides several positively perceived effects and
is employed by many smokers as a responsive and effective coping strategy. This im-
plies that smokers can be reinforced for continued smoking without maintaining a min-
imum blood nicotine level. The 1988 Report devoted an entire chapter to this topic.

An influential and historically important model of perceived positive effects of smok-
ing stressed the psychological effects of nicotine and other pharmacologic aspects of
smoking (Pomerieau and Pomerleau 1984). This model holds that nicotine increases
the release of a number of neuroregulatory hormones, conferring on smoking the ability
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to act as stimulant or sedative depending on level of ingestion, background hormone
levels, and the like. Nicotine thus can serve to reduce anxiety or produce euphoria (US
DHHS 1988) and enhance vigilance for certain cognitive tasks (e.g., Warburton et al.
1986). The work of Grunberg (1986; US DHHS 1988) also suggests that nicotine may
aid smokers in maintaining lower body weight. Although objective judgment indicates
that the health effects of smoking are more important than the weight maintenance ef-
fects (Abrams et al. 1987), the latter seem to be of particular importance to some women
(Klesges and Klesges, in press; US DHHS 1988). This growing recognition that
smokers may value several effects of cigarettes can be used not so much to justify the
behavior but rather to direct intervention strategies (e.g., physical activity) that might
help people meet needs previously served by cigarettes. Interventions also are likely
to be seen as more credible to smokers if the coping value of cigarettes is recognized
(Ockene et al. 1988).

Conditioning and Smoking

What most distinguishes recent analyses of the conditioning of smoking from earlier
views (e.g., Hunt 1970) is their emphasis on the conditioning of the biological effects
of nicotine. The occurrence of stimuli previously associated with the effects of nicotine
will tend to evoke responses related to those effects or cues for further consumption
(e.g., Abrams et al., in press; Herman 1974; Niaura et al. 1988; Rickard-Figueroa and
Zeichner 1985). Such conditioned effects may link smoking to aversive states al-
leviated by nicotine. For example, investigations described earlier (e.g., Schachter, Sil-
verstein et al. 1977) suggested that smoking covaries with stress, which is hypothesized
to deplete nicotine. Leventhal and Cleary (1980) suggested that stress as well as other
emotions may be alleviated by nicotine and would then come to serve as cues for smok-
ing. Pomerleau and Pomerleau (1984, 1987) identified neurohumoral effects of
nicotine as the paths of its impact and elaborated on the ways such effects might be con-
ditioned to circumstances surrounding smoking so as to regulate it in the future.

Two influential theories of addiction emphasize the role of relief of withdrawal or
anticipated withdrawal in smoking. Assuggested by Wikler’s classic work with opioids
(Wikler 1973; Wikler and Pescor 1967), withdrawal symptoms may be conditioned to
the circumstances in which they occur. This would set the stage for stimuli associated
with prior drug taking to elicit withdrawal symptoms and urges. With smoking, greater
withdrawal symptoms have been noted when cessation occurs in natural rather than ar-
tificial environments, presumably because those natural environments contain
numerous cues associated with prior smoking (Hatsukami, Hughes, Pickens 1985).
Within this model, return to smoking after brief or extended abstinence is reinforced
by the reduction in such conditioned withdrawal symptoms.

Opponent-process theory (Solomon and Corbit 1973) suggests that the reduction of
aversive withdrawal symptoms may be the result of the interaction of the immediate
response to a drug, called the “A” state, and the delayed response, the “B” state. The
B state is “opposed” to or opposite the A—hence “opponent process”; if the A is
pleasurable, the B will be aversive. Initially, the A state is stronger. While initial,
pleasurable responses to nicotine may encourage increased smoking, regular smoking
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leads the aversive B state to become stronger, which in turn may be reduced or avoided
by the A-state consequences of further smoking. After regular smoking has been es-
tablished, the A state serves only to avoid or reduce the aversive B state. Thatis, regular
smoking is pursued to reduce displeasure rather than to bring about the pleasure that
may have been its initial appeal. It is important to note that there is little evidence on
the validity of the Wikler theory or opponent-process theory as applied to smoking.

In contrast to models emphasizing relief of withdrawal, a recent review (Niaura et al.
1988) proposes an “appetitive” model of responses to cues associated with smoking.
Evidence indicates that cues surrounding smoking are more strongly conditioned to its
positively perceived effects than to withdrawal symptoms. That s, cues associated with
intake of nicotine (e.g., holding a cigarette or inhaling) come to elicit conditioned
responses similar to the effects of nicotine (e.g., relaxation, heightened arousal). These
effects are strong reinforcers and encourage continued efforts to obtain or ingest the
drug. These reinforcing effects may be more critical than the reduction of withdrawal
symptoms after periods of abstinence.

Critical to understanding the appetitive model is the idea that negative emotions are
not necessarily withdrawal symptoms. However, negative emotions previously al-
leviated by nicotine may serve as cues for seeking repetition of smoking’s reinforcing
effects (Stewart, DeWit, Eikelboom 1984). For example, social anxiety may be the oc-
casion for smoking, which is then reinforced by nicotine’s ability to reduce anxiety.
The anxiety, however, is aresponse to a stressful situation, not a symptom of withdrawal
from cigarettes. Smoking is reinforced by the anxiety reduction, not by reduction of
withdrawal symptoms.

The many ways smoking is conditioned to circumstances around it may explain *“the
thorough interweaving of the smoking habit in the fabric of daily life” (Pomerleau and
Pomerleau 1987, p. 119). The sheer repetition of smoking also strengthens such inter-
weaving. It is estimated that the average pack-a-day smoker of 20 years’ duration has
inhaled cigarette smoke over 1 million times (Fisher and Rost 1986; Pomerleau and
Pomerleau 1984), each inhalation providing an opportunity for conditioning smoking
to numerous circumstances of daily life. Moreover, with years of smoking, the emo-
tional states and daily circumstances conditioned to it may continue to increase, result-
ing in urges to smoke being conditioned to almost every circumstance encountered and
complicating the task of maintaining abstinence.

Cognition and Decisionmaking

Cognitive and decisionmaking processes play a lesser role in the maintenance of
regular smoking relative to the other factors discussed here. Smokers have long
believed that they derive positive effects from smoking. The “pros” of smoking have
been embodied in the instruments used in decisionmaking studies (Mausner and Platt
1971; Velicer et al. 1985) and in the Horn and Waingrow (1966) Reasons-for-Smok-
ing Scale.

As documented in Chapter 4 of this Report, public knowledge of the health conse-
quences of smoking has increased steadily over the past 25 years. Eighty-seven per-
cent of current smokers now report that they understand that smoking is harmful to their
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health (ALA 1985) and two-thirds of high school seniors report “great risk” being as-
sociated with pack-a-day smoking (Johnston, O’Malley, Bachman 1987). Why, then,
do so many persist in regular smoking? One reason may be that they do not appreciate
just how dangerous smoking is. For example, 75 percent of current smokers agreed
that smoking is a cause of lung cancer (ALA 1985), while 94 percent of nonsmokers
and 90 percent of former smokers agreed to this. For emphysema, the parallel figures
were 75 percent of current smokers compared with 91 percent and 90 percent of former
smokers and nonsmokers, respectively (ALA 1985). Surveys indicate a general insen-
sitivity to the relative level of risk associated with smoking. Health professionals rated
nonsmoking as the first priority among things Americans can do to protect their health.
The public rated nonsmoking as 10th, behind such worthy but, for most Americans,
less critical behaviors as consuming adequate vitamins and minerals and drinking water
of acceptable quality (Fisher and Rost 1986). As discussed below, the health belief
mode] (Rosenstock 1974) requires that smokers believe they are personally vuinerable
to a threat before they will be motivated to attempt change. It has been suggested that
personalized acceptance (“Cigarette smoking is dangerous to my health”) always lags
behind general acceptance (“Cigarette smoking is dangerous to health™) (Fishbein
1977; Lichtenstein and Bernstein 1980; Shiffman 1987) (See Chapter 4). These con-
siderations suggest that many smokers still find it possible to discount the riskiness of
their behavior.

Another possible reason for some smokers’ insensitivity to smoking risks is that they
have not always been given the full message, or they have been given mixed messages,
including prosmoking messages (advertising) from the cigarette industry. Factors that
impede public awareness and acceptance of the health hazards of smoking include
cigarette advertising and promotion and cigarette companies’ public relations and lob-
bying activities, which are also reviewed in Chapters 6 and 7.

Other issues related to persistence of smoking will be covered in the Section on Quit-
ting and Relapse.

Personal Characteristics and Social Context

Personal Characteristics

The 1964 Surgeon General’s Report linked smoking in adulthood and adolescence
to extraversion, or as it defined it, a tendency “to live faster and more intensely” (US
PHS 1964, p. 366), and this relationship has been confirmed in later studies (e.g., Ash-
ton and Stepney 1982). However, reviews indicate that there is no consistent evidence
relating smoking to neuroticism or emotional instability (Smith 1970; US DHEW
1979a). More recent studies have continued to find relationships with smoking and be-
haviors linked to extraversion: coffee and alcohol consumption (Istvan and Mataraz-
zo 1984); circadian phase differences, being an “evening type” as opposed to a “mom-
ing type” (Ishihara et al. 1985); alcohol consumption, driving accidents, divorce,
frequent job changes, low levels of vocational success, and impulsivity (Eysenck 1980).
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Another personality construct that received a great deal of attention earlier in the
smoking literature was Rotter’s (1966) internal versus external locus-of-control dimen-
sion (e.g., Foss 1973; Best and Steffy 1975; Best 1975; Straits and Sechrest 1963). Two
general hypotheses characterized work in this area. The first noted that smokers tended
to have a more external locus of control, that is, perceive that things occur because of
fate, not because of one’s own actions, compared with nonsmokers. The second held
that smokers with a greater internal locus of control, that is, a perception that things
happen because of one’s own actions, would be more successful in quitting. A review
of this literature revealed inconsistent support for both hypotheses (Baer and Lich-
tenstein 1988b).

The multidimensional health locus of control scale (Wallston, Wallston, DeVellis
1978) was an attempt to anchor the locus of control construct specifically to health be-
havior consistent with the trend away from broad, dispositional traits (Mischel 1973).
Most studies using this scale examined the effect of health locus of control on cessa-
tion attempts. Three investigations reported small but significant prospective relation-
ships between subscales of the Health Locus of Control Scale and maintenance of
abstinence (Kaplan and Cowles 1978; Rosen and Shipley 1983; Shipley 1981).

A popular approach to understanding social or psychological problems has been
through typologies. Tomkin’s typology of smoking and affect regulation was very in-
fluential in the 1960s and early 1970s (Ikard and Tomkins 1973; Tomkins 1966, 1968).
Tomkins originally proposed a fourfold typology including positive affect, negative af-
fect, habitual, and addictive smoking. This model gave rise to the Reasons-for-Smok-
ing Scale (Horn and Waingrow 1966), which continues to be used widely in public
education and cessation programs despite receiving little empirical support (Shiffman
1988). Validity studies have yielded the most consistent support for the negative af-
fect smoking construct (Ikard and Tomkins 1973; Pomerleau, Adkins, Pertschuk 1978;
Joffe, Lowe, Fisher 1981).

The support demonstrated for negative affect smoking is also consistent with recent
reviews’ emphasis on stress reduction as being among those biological effects of
nicotine that maintain regular smoking (e.g., Leventhal and Cleary 1980, Pomerleau
and Pomerleau 1987). Much evidence for such effects comes from the retrospective
reports of relapsers and smokers attempting to stop, which are reviewed later in this
Chapter. However, relatively few data demonstrate that heightened stress leads to
greater smoking. Among them are Ikard and Tomkin’s observations (1973) of greater
incidence among race track spectators during horse races—presumed to be times of
stress—than in the periods before and after races, and Silverman’s observations of
nicotine-induced reductions in aggression among rats (1971). A number of other
studies reviewed in the 1988 Surgeon General’s Report link smoking and negative af-
fect but, as noted in that review, are not conclusive as to whether reduction of negative
affect makes a substantial contribution to regular smoking. Design problems include
comparisons of smokers smoking with smokers who are deprived, leaving unclear, for
instance, whether smoking reduces negative affect or whether, for regular smokers, not
smoking merely causes an aversive, deprivation state. As concluded inthe 1988 Report,
‘... caution must be exercised in generalizing about smoking and nicotine’s effects on
stress and mood . . .” (US DHHS 1988, p. 405).
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Less direct support for effects of stress on smoking lies in studies of smoking
prevalence among groups who are disadvantaged in our society, including psychiatric
outpatients (Hughes et al. 1986) and male users of soup kitchens (McDade and Keil
1988). Of the 38 subgroups defined by gender and economic, educational, vocational,
or marital status listed in the 1988 Report, divorced or separated men had the highest
prevalence of smoking, 48.2 percent (US DHHS 1988). Other social problems such as
alcoholism and suicide are also more prevalent in this group (Kaplan and Sadock 1985).

Beyond those groups with significant disadvantages such as psychopathology and
very low income, the more general effects of income and education are quite substan-
tial. For instance, preliminary data from the 1987 NHIS indicate a 35-percent smok-
ing prevalence among adults with less than a high school education, more than twice
the 16.3 percent prevalence among those with postgraduate college training (see Part
I). Prevalence among both women and men declines with increases in income range.
Among unemployed men, the prevalence is 44.3 percent (US DHHS 1988). Such trends
indicate that the social and economic context affects the relationship of personal charac-
teristics with smoking. Consistent with this, trends presented in Part I of this Chapter
indicate that observed differences of race and sex are attributable to effects of income
and education (see also Novotny, Warner et al. 1988).

Social Context Influences

The arrival at regular use roughly corresponds to the period of transition from adoles-
cence to adulthood. At leastuntil very recently, the social changes that accompany this
passage—entering a university, the military, or the workforce—have been associated
with a marked change in the acceptability of smoking. For high school students, smok-
ing is often prohibited on school property, even if the prohibition is poorly enforced.
In the workforce, community college, and university setting, smoking has been wide-
ly accepted. The military until recently had supported smoking among its men and
women, as reflected in low prices for cigarettes at military exchanges and commissaries
and by the announcement of breaks with “The smoking lamp is lit.”” The extent to which
smoking is a part of the role of the serviceman was shown in a survey of Navy enlisted
men with a mean age of 22.6 years and a mean of 3.9 years’ service. Seventy-two per-
cent were self-reported smokers (Burr 1984). That the military has an effect on creat-
ing rather than attracting smokers is suggested by a comparison of prevalence among
naval recruits, 27.6 percent, and shipboard men, 49.8 percent (Cronan and Conway
1988). The military has recently recognized the enormous costs attendant to the high
prevalence of smokers within its ranks and has begun efforts directed at reducing the
percentage of smokers among its personnel (See Chapters 6 and 7).

Cigarette marketing, discussed above and in Chapter 7, continues to be an important
influence encouraging adult smoking, with several possible direct and indirect influen-
ces on smoking patterns (Warner 1985).
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Summary

The past 25 years have seen a deepening appreciation of the importance of nicotine
in maintaining regular smoking. In contrast to the 1964 Surgeon General’s Report,
cigarette smoking is now defined as an addiction (US DHHS 1988). Earlier emphasis
on the maintenance of blood nicotine levels as a means to avoid withdrawal has been
balanced by the awareness that nicotine’s varied effects make smoking an efficient
coping strategy for affect regulation and perhaps weight regulation. Conditioning
models of smoking have become more sophisticated and firmly integrated with the
pharmacologic actions of nicotine to explain addiction. While the public is now better
informed about the health consequences of smoking, many smokers still minimize their
perception of their vulnerability amid extensive marketing of tobacco products. Broad,
dispositional traits or motives are now seen to be of limited value in understanding
smoking. The role of social settings and social influence in encouraging regular smok-
ing is also better understood.

Cessation and Relapse

A large body of literature on determinants of cessation has evolved, driven by the
need to provide empirical and theoretical guidelines for intervention programs. All
three sets of determinants—pharmacologic processes and conditioning, cognition and
decisionmaking, and personality and social context—play an important role in the ces-
sation stage (Table 39). It is with respect to cessation, especially, that the concept of
stages—treating stopping as a process over time—has evolved (Figure 8) and now
guides research and interventions (e.g., Marlatt 1985). The influential and well-articu-
lated cessation stage model of Prochaska and DiClemente (1983) defines four stages
of cessation. Precontemplation is the stage in which the smoker is neither considering
stopping nor actively processing smoking-and-health information. During the con-
templation stage, smokers are thinking about stopping and are processing information
about the effects of smoking and ways to stop. In the action or cessation stage, the
smoker is no longer smoking and has been without cigarettes for less than 6 months.
The maintenance phase involves establishment of long-term abstinence, while relapse
is the resumption of smoking. When relapse occurs, the smoker recycles to any one of
the three previous stages.

Specific cognitive and behavioral processes are employed during the different stages
of cessation (Prochaska and DiClemente 1983). Determinants of each stage are also
different. Thus, factors that affect an initial decision to stop smoking may not predict
success in stopping or sustained maintenance after stopping. Working from a related
but different stage model—initial decision, initial control, maintenance—Rosen and
Shipley (1983) used health locus of control, desire to stop, and self-esteem to predict
self-initiated smoking reduction. Using regression analysis, a different set of predic-
tors was demonstrated at each stage, suggesting the possible need for different inter-
vention techniques at each stage of the smoking reduction process.

An important implication of a stage model is that interventions may need to address
cessation’s several stages. The precontemplator’s tendency to ignore quitting strategies
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may need to be met with continued personalized information on smoking and health;
the contemplator may need social support to attempt cessation; and the abstainer may
need help that emphasizes the development of relapse prevention skills. There are as
yet no data available to demonstrate the effect of interventions tailored to specific stages
of cessation. Thus, a model like the Prochaska and DiClemente stage model is best
viewed as a tentative conceptualization, useful for guiding research and interventions.
The next section considers changes in our understanding of the determinants of cessa-
tion in relation to the stages in the cessation process.

Pharmacologic Processes and Conditioning

Pharmacologic processes and conditioning exert a strong influence on the process of
quitting. One indicator of the role of addiction is that heavier, more dependent smokers
in intervention programs are less likely to quit than are lighter, less dependent smokers
(e.g., Hall et al. 1984; Ockene et al. 1982b), especially when smokers with much
variability in baseline smoking are studied, as in the Multiple Risk Factor Intervention
Trial (MRFIT) (Hughes et al. 1981). As is noted in the 1988 Surgeon General’s Report,
“Withdrawal symptoms, whether elicited by acute deprivation or by conditioned
stimuli, are hypothesized to be the link between dependence and relapse” (p. 523), al-
though some analyses (e.g., Niaura et al. 1988) place greater emphasis on positive ef-
fects of smoking in motivating relapse. Further evidence of the influence of addiction
comes from intervention studies evaluating nicotine-containing gum. Several studies
have found that nicotine polacrilex gum is more effective when used with nicotine-de-
pendent smokers (as measured by the Fagerstrom (1978) addiction questionnaire) than
with less dependent smokers (Hall et al. 1985; Killen et al. 1984; Schneider et al. 1983).
Nicotine polacrilex gum most likely is effective because it reduces withdrawal
symptoms frequently noticed in the first days and weeks of abstinence (Hughes et al.
1984; West et al. 1984). Recently, more work has focused on nicotine replacement
strategies or other pharmacologic treatment adjuncts reflecting the importance of
biological factors in smoking and cessation (Grabowski and Hall 1985; US DHHS
1986b; US DHHS 1988).

Conditioning mediates the role of the pharmacologic effects of nicotine in cessation.
As noted in the discussion of regular smoking, numerous conditioned environmental
stimuli are likely to evoke urges or cues to smoke. Recent work by Abrams and col-
leagues demonstrates that former smokers manifest psychophysiological reactivity to
smoking cues long after they have quit (Abrams et al., in press; Abrams 1986). Con-
ditioned reactivity to environmental cues, then, may be more decisive in the later stage
of maintenance after withdrawal symptoms have subsided.

Research on relapse triggers reflects current interest in specific, situational vari-
ables. Primary triggers include stress, interpersonal conflict, dysphoria, presence of
other smokers, and alcohol consumption (Marlatt and Gordon 1980; Shiffman 1982).
Although the data are primarily retrospective reports from relapsed or tempted subjects,
there is convincing consistency on the importance of stress and negative affect in deter-
mining maintenance or relapse (Baer and Lichtenstein 1988a; Marlatt and Gordon
1980; Ockene et al. 1982a; Shiffman 1982; US DHHS 1988). The mechanism whereby
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a lapse becomes a full return to smoking has also recently been analyzed as a series of
stages (Marlatt 1985). These include a high-risk occasion that triggers a smoking lapse
(that is, a brief return to smoking) and a subsequent interpretation of the lapse that may
lead to abandoning the cessation effort and a return to regular smoking. Much recent
attention has been paid to the importance of coping responses in dealing with both
high-risk situations and lapses (e.g., Shiffman 1984; Shiffman and Wills 1985). The
available data suggest that the absence of any coping response is predictive of relapse
but there are few differences that relate to the use of specific coping strategies used
(Shiffman 1984).

Cognition and Decisionmaking

The role of cognitions in smoking cessation is evident in the relapse model noted
above (Marlatt 1985). In this model, a lapse diminishes self-efficacy or self-confidence
and expectations for long-term success. These diminished efficacy expectations then
become the basis for an individual to abandon the effort and return to regular smoking
(Marlatt 1985). In fact, lapses are highly predictive of subsequent relapse (Brandon,
Tiffany, Baker 1986; Baer et al. 1988).

Researchers have long noted the relationship of knowledge about the health conse-
quences of smoking, beliefs about personal susceptibility, attitudes toward smoking,
and expectations about the benefits of quitting to cessation efforts and their long-term
success or failure. Cognitive-behavioral models of smoking cessation emphasize the
importance of an individual’s interpretation of health risks and perceived seif-efficacy
for refraining from smoking (Pechacek and Danaher 1979), as well as attributions about
addiction and lapses during the maintenance stage (Marlatt 1985).

Expectancy-Value Models

Expectancy-value models have guided approaches to smoking cessation for many
years (e.g., Kirscht 1983; Mausner and Platt 1971; Sutton 1987). Outcome expecta-
tions refer to expected consequences that would occur if one continued smoking or quit
smoking (Bandura 1977). Their value refers to the personal importance or weight given
to the various possible outcomes and can be extended to perceptions about what sig-
nificant others wish one to do (Fishbein 1982). Expectations include the positive (e.g.,
enjoyment) and negative (e.g., disease) consequences of smoking and the positive (e.g.,
enhanced lung capacity) and negative consequences f(e.g., loss of enjoyment,
withdrawal symptoms) of quitting. Expectancy-value models tend to assume that
human behavior is rationally guided by logical or at least internally consistent thought
processes (Henderson, Hall, Linton 1979).

Decisionmaking models represent one variant of the expectancy-value approach and
have been (e.g., Mausner and Platt 1971) and continue to be (Velicer et al. 1985) ap-
plied to smoking cessation. The more recent applications (Velicer et al. 1985) may
prove more useful because they take into account stage of change (Prochaska and Di-
Clemente 1983). Changes in the relative level of pro and con views of smoking, for
example, appear related to stages of quitting. Smokers not contemplating quitting
report substantially higher levels of pro than con views, while those contemplating quit-
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ting report equal pro and con views. For quitters, con views were higher than pro views.
These relative pro and con views also predicted subsequent change in smoking (Velicer
et al. 1985).

Since the 1960s, the health-belief model (Kirscht 1983; Rosenstock 1974; Swinehart
and Kirscht 1966) has been a popular approach to understanding expectancy-value con-
cepts applied to smoking cessation. According to this model, attempting to stop smok-
ing is a function of three factors: beliefs about the health consequences of smoking and
perceived susceptibility to the disease consequences, perceptions of available actions
that can reduce one’s risk, and perceptions of the costs and benefits of accomplishing
these actions (Kirscht and Rosenstock 1979). Johnston (1985) and his colleagues
(Bachman, Johnston, O’Malley, and Humphrey 1988), for example, have shown that
changes in perceived risk have accounted for a considerable reduction in adolescent
marijuana use—particularly regular use. They suggest that effects of such beliefs may
be more limited in the case of cigarettes because of the addictive properties of nicotine.
As described in the next section, some recent models have addressed individuals’ belief
in their ability to change behaviors, or self-efficacy (Bandura 1977; Eiser 1983; Eiser
and Sutton 1977; Sutton and Eiser 1984).

Self-Efficacy and Smoking

Bandura (1977, 1982) defines self-efficacy as an individual’s belief in his or her
ability to perform a specific behavior and proposes that efficacy beliefs represent a final
common pathway mediating behavior change. Information from past behavior, model-
ing, affective states, and instruction combine to produce a performance expectation,
which then predicts future behavior. This behavior would, in turn, influence subsequent
efficacy; behavior and efficacy are reciprocally related (Bandura 1982).

The belief in one’s ability to stop smoking has been implicated in the health-belief
model and in Eiser’s (1983) analysis of decisionmaking about stopping smoking. Self-
efficacy theory, then, can be viewed as a historical descendant of the health-belief model
and recently has had a major impact on models of smoking cessation. It is a major con-
struct in Marlatt’s (1985) influential relapse prevention model, which has spawned
several intervention studies (e.g., Brown et al. 1984; Curry et al., in press). In Marlatt’s
model, self-efficacy is the key variable in the stage of maintenance (or relapse). It helps
determine how well the individual will deal with high-risk situations or urges and is, in
turn, influenced by successful or unsuccessful coping (Marlatt 1985).

Consistent with Marlatt’s (1985) model, significant results with self-efficacy primari-
ly pertain to client ratings after intervention, and thus predict smoking during followup
periods. When all clients in treatment are considered, posttreatment self-efficacy
ratings correlate strongly with short-term maintenance (Condiotte and Lichtenstein
1981; Coelho 1984; Mclntyre-Kingsolver, Lichtenstein, Mermelstein 1983). For the
most part, efficacy scores seem to correlate with outcome most highly when the fol-
lowup interval is shorter (e.g., 3 months) and diminish over time (Coelho 1984; Mc-
Intyre-Kingsolver, Lichtenstein, Mermelstein 1983).

In order to view efficacy as a determinant of maintenance of cessation, it is neces-
sary to demonstrate that it influences the latter independent of performance (level of
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smoking) at the time efficacy is assessed. Results using partial correlations suggest that
efficacy scores do provide limited information above and beyond that of current smok-
ing behavior (Baer, Holt, Lichtenstein 1986). A second approach is to correlate self.
efficacy measured postintervention with subsequent followup status only for those
clients who initially quit. Studies using this paradigm have found significant but modest
correlation with 3-month followup (Mclntyre-Kingsolver, Lichtenstein, Mermelstein
1983; Coelho 1984). Self-efficacy also can be assessed during the maintenance phase,
in order to predict longer term followup. Two studies have examined these relation-
ships and both found significant prospective relationships (DiClemente 1981; Baer,
Holt, Lichtenstein 1986). While intervention studies have usually found pretreatment
efficacy unrelated to outcome, one study of unaided quitters found that baseline efficacy
c