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The Honorable Thamas P. O'Neill, Jr.
Speaker of the House of Representatives
Washington, D.C. 20515

Dear Mr. Speaker:

It is a pleasure to transmit to the Congress the final edition of the Surgeon
General's Report on the Health Consequences of Smoking, as mandated by Section 8(a)
of the Public Health Cigarette Smoking Act of 19f9. This is the Public Health
Service's 17th Report on this topic and, like earlier Reports, identifies cigarette
smoking as one of this Nation's most serious public health problems.

This Report, which provides a detailed review of the relationship between
smoking and hazardous substances in the workplace, is particularly disturbing
because of the added health burden that many workers carry if they smoke
cigarettes. As this Report makes clear, for some workers this added burden is
substantial. No better example exists to illustrate this interaction than the case
of asbestos workers. Current scientific evidence indicates that heavily exposed
asbestos insulation workers who did not smoke may experience a 5-fold increase in
lung cancer compared to nonsmoking, nonexposed workers. However, if this same
worker also smoked, his lung cancer risk is increased more than 50-fold.

Also disturbing is the continued high rate of current cigarette use among blue
collar workers compared to their white collar counterparts. These workers are more
apt to be exposed to dusts and other harmful substances in their workplace
environments. Programs to reduce workplace hazardous exposures are helping to
offset these risks. For the majority of workers who smoke, cigarette smoking poses
a greater risk to health than does occupational exposure. Thus, elimination of
cigarette smoking among such workers can have a profound effect on improving their
health.

This Department has a strong comitment to prevention and health pramotion. It
is essential that workplace health pramotion programs have a strong focus on
reducing cigarette smoking among employees to the extent possible. These efforts
can not only have an effect on the health of the individual, but may also have a
substantial impact by reducing absenteeism on the job, thereby improving
productivity and reducing health care costs.

Cigarette smoking is associated with an estimated $23 billion in health care
costs annually and over $30 billion in lost productivity and wages. To a certain
degree we all share these costs whether we smoke or not. Programs that reduce
smoking, therefore, can have a benefit to all our society.

Sincerely,

07 Y

Otis R. Bowen, M.D.
Secretary

Enclosure
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The Honorable George Bush
President of the Senate
Washington, D.C. 20510

Dear Mr. President:

It is a pleasure to transmit to the Congress the final edition of the 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. This is the Public Health
Service's 17th Report on this topic and, like earlier Reports, identifies cigarette
smoking as ane of this Nation's most serious public health problems.

This Report, which provides a detailed review of the relationship between
smoking and hazardous substances in the workplace, is particularly disturbing
because of the added health burden that many workers carry if they smoke
cigarettes. As this Report makes clear, for some workers this added burden is
substantial. No better example exists to illustrate this interaction than the case
of asbestos workers. Current scientific evidence indicates that heavily exposed
asbestos insulation workers who did not sinoke may experience a 5-fold increase in
lung cancer campared to nonsmoking, nonexposed workers. However, if this same
worker also smoked, his lung cancer risk is increased more than 50-fold.

Also disturbing is the continued high rate of current cigarette use among blue
collar workers compared to their white collar counterparts. These workers are more
apt to be exposed to dusts and other harmful substances in their workplace
environments. Programs to reduce workplace hazardous exposures are helping to
offset these risks. For the majority of workers who smoke, cigarette amoking poses
a greater risk to health than does occupational exposure. Thus, elimination of
cigarette smoking among such workers can have a profound effect on improving their
health.

This Department has a strong commitment to prevention and health promotion. It
is essential that workplace health promotion programs have a strong focus on
reducing cigarette smoking among employees to the extent possible. These efforts
can not only have an effect on the health of the individual, but may also have a
substantial impact by reducing absenteeism on the job, thereby improving
productivity and reducing health care costs.

Cigarette smoking is associated with an estimated $23 billion in health care
costs annually and over $30 billion in lost productivity and wages. To a certain

degree we all share these costs whether we smoke or not. Programs that reduce
smoking, therefore, can have a benefit to all our scciety.

Sincerely,

L2797 Gern

Otis R. Bowen, M.D.
Secretary

Enclosure



FOREWORD

Over the past generation, the actions of labor unions, manage-
ment, insurers, and Government have made substantial progress in
reducing exposure to hazardous substances in the workplace. This
Report acknowledges this progress, and demonstrates clearly that
these efforts to protect the American worker must continue. There
can be no relaxation in our efforts to continue the safeguards already
in place or to seek new safeguards as new hazards are identified.

This Report also establishes that for these efforts to protect the
worker to fully succeed, these same forces of labor, management,
insurers, and Government must become equally engaged in attempts
to reduce the prevalence of cigarette smoking, particularly among
those working populations most at risk. For the majority of workers
who smoke, cigarette smoking poses a greater risk to health than
does occupational exposure.

This 1985 Report of the Surgeon General examines in greater
depth than ever before the relationships between cigarette smoking
and occupational exposures; it is a document of singular importance.
As with previous Reports, a large number of experts and scientists
recruited from both within and outside the Federal service have
participated in developing and reviewing the content of this Report. I
express here my respect and gratitude for their efforts.

Donald Ian Macdonald, M.D.
Acting Assistant Secretary

for Health

vii



PREFACE

The 1985 Report on the Health Consequences of Smoking presents
a comprehensive review of the interaction of cigarette smoking with
occupational exposures in the production of cancer and chronic lung
disease.

Cigarette smoking and its relationship to cancer and chronic
obstructive lung disease (COLD) were extensively reviewed in the
1982 and 1984 Surgeon General’s Reports, respectively. In the 1982
Report, cigarette smoking was judged to be the leading cause of
cancer mortality in the United States; a causal association was found
between smoking and cancer of the lung, larynx, oral cavity, and
esophagus, and smoking was identified as a contributory factor in
the development of cancer of the bladder, kidney, and pancreas. In
1984, cigarette smoking was identified as the major cause of COLD,
which includes chronic bronchitis and emphysema, among both men
and women in the United States. The contribution of other factors in
COLD morbidity and mortality was found to be far less important
than that of cigarette smoking.

This Report examines the evidence available on the role played by
cigarette smoking and occupational exposure in the development of
cancer and chronic lung disease. Cancer and chronic lung disease are
major causes of death in the United States, accounting for well over
25 percent of all deaths annually. Cancer mortality rates have shown
a steady increase, unlike rates for the major cardiovascular diseases,
which have declined over the last two decades. Chronic lung disease,
now the fifth leading cause of mortality, has been increasing more
rapidly than other major causes of death. It is estimated that more
than 10 million Americans report suffering from these diseases.

Findings of the 1985 Report
The major overall conclusions of this Report are these:

For the majority of American workers who smoke, cigarette
smoking represents a greater cause of death and disability than
their workplace environment.

In those worksites where well-established disease outcomes
occur, smoking control and reduction in exposure to hazardous
agents are effective, compatible, and occasionally synergistic
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approaches to the reduction of disease risk for the individual
worker.

Smoking and occupational exposures can interact synergistically
to create more disease than the sum of the separate exposures. This
kind of interaction is exemplified by the relationship between
asbestos exposure and smoking. A study of heavily exposed asbestos
insulation workers, more than 20 years after onset of exposure,
demonstrated a fivefold increased risk for lung cancer among
nonsmoking asbestos workers compared with nonsmokers without
asbestos exposure. We know that in non-asbestos-exposed popula-
tions, smoking increases the lung cancer risk approximately tenfold.
The risk is increased more than fiftyfold if the asbestos workers also
smoke. This risk in cigarette-smoking asbestos workers is greater
than the sum of the risk of the independent exposures, and is
approximated by multiplying the risks of the two separate expo-
sures. In other words, for those workers who both smoke and are
exposed to asbestos, the risk of developing and dying from lung
cancer is 5,000 percent greater than the risk for individuals who
neither smoke nor are exposed. Thus, the interaction of cigarette
smoking and asbestos exposure is multiplicative. For asbestos
workers, the risk of developing and dying of lung cancer increases
with an increasing number of cigarettes smoked per day and with an
increasing asbestos exposure. For example, the risk is 87 times
greater for those workers who smoke more than one pack per day.
The risk declines among workers who are able to stop smoking,
compared with the risk for those who continue to smoke. An
interaction for the production of lung cancer also exists between
cigarette smoking and the radon daughters exposure of miners,
although the exact nature of this interaction is not clear.

Both cigarette smoking and exposure to certain occupational
hazards increase the risk for chronic lung disease. These risks can
occur independently or may combine to produce a greater degree of
lung injury than would have occurred from either exposure separate-
ly. While many exposures are capable of producing chronic lung
injury, either independently or in combination, smoking appears to
be the more important exposure for the majority of U.S. workers.

Differences in Smoking Behavior Between White-Collar
Workers and Blue-Collar Workers

This Report also presents detailed findings with regard to differ-
ences in smoking prevalence between blue-collar workers and white-
collar workers. Blue-collar workers are more likely to be exposed to
workplace agents, which, in combination with their higher smoking
rates, may place these workers at considerable excess risk for cancer
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and chronic lung disease. Although these differences exist among
both men and women, they are more pronounced among men.

The differences in the prevalence of smoking between blue-collar
workers and white-collar workers may underestimate the differences
found among specific populations of occupationally exposed workers.
As noted in this Report, individual studies among certain workers
report current smoking rates well in excess of 50 percent. In
addition, in one of the largest studies of asbestos workers, more than
80 percent of the men in the cohort had been regular cigarette
smokers during their lifetime and only 11 percent were classified as
never having smoked regularly. These differences in smoking
behavior make the control for smoking behavior an important part
of the design of studies of the relationship of occupational exposures
and cancer or chronic lung disease.

On the average, blue-collar men initiate smoking approximately
14 months earlier than white-collar men. We know from existing
studies that an earlier age of initiation is strongly correlated with
increased mortality for lung cancer and chronic lung disease as well
as for most other smoking-related diseases. Even with this earlier
age of initiation, a substantial fraction of blue-collar workers begin
smoking coincident with their entry into the workforce, and blue-
collar workers are less likely than white-collar workers to be able to
successfully quit smoking.

Smoking Control in the Workplace

The potential role of the workplace in promoting initiation and
fostering the continuation of smoking behavior represents a kind of
interaction between smoking and the workplace that may affect
large numbers of U.S. workers. It seems clear that the responsibility
for health in the workplace includes at minimum a work environ-
ment that does not promote smoking or interfere with cessation.

The worksite offers an opportunity for implementation of smoking
cessation programs. A number of studies cited in this Report found
worksite-based programs to be more successful than clinic-based
programs, probably owing to their more intensive nature and
because many employer-sponsored programs offer economic and
other incentives, thus enhancing their success.

The goal in public health, both in the worksite and outside it, is the
reduction and elimination of disease and the promotion of healthy
behavior. The content of this Report makes it clear that the
elimination of chronic lung disease and cancer from the workplace
cannot succeed without a companion effort to alter the smoking
behavior of workers. It is precisely those occupations in which the
greatest occupational hazards have existed that smoking cessation
also yields the greatest return for individual worker’s health. It
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should be obvious that smoking cessation efforts are an adjunct to,
and not a substitute for, occupational environmental controls.
Correspondingly, a concern about workers’ health that limits itself to
the control of environmental exposure levels disregards the major
health benefits of smoking cessation,

C. Everett Koop, M.D.
Surgeon General
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Introduction
Development and Organization of the 1985 Report

The 1985 Report was prepared by the Office on Smoking and
Health 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 information on smoking and health to the
United States Congress. The scientific content of this Report is the
collective work of 100 scientists in the fields of both smoking and
occupational health. Individual manuscripts were written by experts
who are recognized for their understanding of specific content areas.
Each chapter was subjected to an intensive peer review, whereby
comments were solicited from four to six individuals knowledgeable
in that particular area. After these comments were incorporated, the
entire Report was submitted to distinguished experts representing a
balance of opinion in occupational disease and smoking and health.
Concurrent with this latter review, the manuscript was also submit-
ted to various U.S. Public Health Service agencies for review.

Throughout the entire report compilation process the Office on
Smoking and Health had the advice and consultation of four
internationally known scientists. These individuals represent exper-
tise in the fields of both smoking and occupation. They are Dr. Lester
Breslow, University of California at Los Angeles, Dr. Marcus Key,
University of Texas Health Science Center, Dr. Irving Selikoff, the
Mount Sinai Medical Center, and Dr. Jesse Steinfeld, Medical
College of Georgia. From the outset, this panel of experts was
instrumental in recommending the Report content and outline,
suggesting individual authors and reviewers, and providing overall
guidance during each stage of the compilation process. Each also
served as an overall reviewer of the completed manuscript.

The 1985 Report contains a Foreword by the Acting Assistant
Secretary for Health, a Preface by the Surgeon General of the U.S.
Public Health Service, and the following chapters:

e Chapter 1. Introduction, Overview, and Summary and Con-

clusions

e Chapter 2. Occupation and Smoking Behavior in the United
States

e Chapter 3. Evaluation of Smoking-Related Cancers in the
Workplace

e Chapter 4. Evaluation of Chronic Lung Disease in the
Workplace

e Chapter 5. Chronic Bronchitis: Interaction of Smoking and
Occupation

e Chapter 6. Asbestos-Exposed Workers

e Chapter 7. Respiratory Disease in Coal Miners

e Chapter 8. Silica-Exposed Workers



e Chapter 9. Occupational Exposures to Petrochemicals,
Aromatic Amines, and Pesticides

e Chapter 10. Cotton Dust Exposure and Cigarette Smoking

Chapter 11. Ionizing Radiation and Lung Cancer

e Chapter 12. Smoking Intervention Programs in the Work-
place

Historical Perspective

More than two centuries ago, the relationship between occupation-
al exposure and health outcome was presented by a noted English
practitioner of surgery. Dr. Percivall Pott (1733-1788), in his
Chirugical Observations (1775), described this first scientific observa-
tion as a “superficial, painful ragged, ill-loocking sore with hard and
rising edges” that appeared in chimney sweeps, who almost always
began working when they were very young and small enough to fit
down a chimney. This malady was appropriately tagged “chimney
sweep’s cancer.” Soon after the turn of the 19th century, additional
reports confirmed Dr. Pott’s observations. '

Only shortly before Dr. Pott’s description was published, Dr. John
Hill (1716?-1775), in his Cautions Against the Immoderate Use of
Snuff, described an association between tobacco use and cancer. Hill
reported on two case histories and observed that “snuff is able to
produce . . . swellings and excrescences” in the nose, and he believed
them to be cancerous.

Although Dr. Pott’s startling report and description of the
deplorable use of children as chimney sweeps was published in 1775,
it was not until nearly a century and a half later, in 1914, that
Yamagawa and Ichikawa were able to demonstrate the carcinogenic
nature of the hydrocarbons in soot and tar. Almost 20 years later, in
1933, the proximate carcinogen 3,4-benzypyrene was isolated from
coal tar by Cook, Hewett, and Hieger.

Also in the 1920s and 1930s, scientists began investigating the
possible association between cigarette smoking and cancer, and near
the end of World War II, several scientists had noted the higher
percentages of cigarette smokers among cancer patients, particular-
ly those with lung cancer. In 1962, when the Surgeon General’s
Advisory Committee on Smoking and Health began weighing the
scientific evidence for its 1964 Report, the causal significance of the
association of cigarette smoking and disease was evaluated by strict
criteria, none of which taken alone was sufficient for a causal
judgment. These criteria today form the basis for the continued
judgment that cigarette smoking is causally related to a number of
disease processes.
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Overview

Cigarette smoking is clearly the major cause of lung cancer and
chronic lung disease identified for the U.S. population. The role that
cigarette smoking plays in the development of cancer was extensive-
ly reviewed in 1982 Report of the Surgeon General and chronic
obstructive lung disease was reviewed in 1984. However, cigarette
smoking is not the only cause of lung cancer or chronic lung disease
in the U.S. population. A number of occupational exposures are well
established as causes of cancer and chronic lung disease, and it is
reasonable to expect that ongoing investigation of workplace expo-
sures will continue to expand our understanding of the hazards of
specific exposures and increase our ability to protect U.S. workers.

This Report examines the contributions of cigarette smoking and a
number of workplace exposures to lung cancer and chronic lung
disease among occupations in which specific hazardous exposures are
known to occur. It is possible from the data presented to identify a
causal role for both smoking and certain workplace exposures in
lung cancer and disability from chronic lung disease. It is also known
that the occupational hazards reviewed in this Report frequently
occur on a substrate of risk and injury produced by cigarette
smoking. The combination of exposures may influence the nature or
extent of the disease produced by the isolated exposures (interact);
both may act to produce the same disease, or may produce separate
injuries to the lung that in combination result in more severe
disability than would be expected from the isolated injuries. In
addition, the worksite may represent a setting in which a substantial
number of workers begin to smoke, and may provide an environment
that either supports or discourages the efforts of individual workers
to stop smoking. The ability to alter the adverse health outcomes of
workers exposed to occupational hazards requires both an under-
standing of the disease risks that result from individual and
combined exposure and a knowledge of how changes in the worksite
can alter the pattern of disease occurrence.

Many of the major improvements in public health during the last
century and the first part of this century were produced through the
control of infectious diseases. The key to this success frequently was
the identification of the causal agent, with the subsequent elimina-
tion of exposure to the agent or immunization against the agent. The
criteria for establishing the causality of an infectious agent were
expressed by Robert Koch in 1877 and are commonly referred to as
Koch’s postulates. They are the following:

1. The agent must be shown to be present in every case of the
disease by isolation in pure culture.
2. The agent must not be found in cases of other disease.



3. Once isolated, the agent must be capable of reproducing the
disease in animal experiments.

4. The agent must be recovered from the experimental disease
produced.

These postulates served well in identifying the causal agents in
acute infectious processes; frequently their identification was a
critical part of their successful control.

The major diseases responsible for death and disability in the
latter half of the 20th century are chronic heart and lung disease
and cancer. These diseases, which now account for over half of all
deaths in the United States annually, are commonly the result of
chronic exposures to noninfectious occupational and lifestyle influ-
ences, may be caused by a number of agents acting independently,
and may also result from more than one agent contributing to the
disease process in any given individual. For these reasons, Koch’s
postulates have little relevance for establishing causality in lifestyle
and occupational exposures, and new criteria for causality have been
developed. These criteria rely heavily on epidemiologic data and
include an examination of the consistency, strength, specificity,
coherence, and temporal relationship of the association between the
agent and the disease as well as the evidence of the biologic
mechanisms by which the agent produced the disease.

The multifactorial etiology and chronic exposures that character-
ize cancer and chronic lung disease also have implications for control
of these diseases in the worksite. One of the important public health
achievements of this century has been the identification of hazard-
ous agents in the workplace, with subsequent reductions in these
exposures through changes in environmental levels of the agent,
modification of work practices, and alteration of manufacturing
practices. These changes were the result of regulation and voluntary
agreement, and they reflect the action and concern of labor,
management, Government, and the insurance industry. The result,
in some industries, has been a dramatic reduction in the exposure to
hazardous agents in the worksite and in the disease that would have
been produced by these exposures.

As this Report clearly documents, however, cigarette smoking may
alter the amount of disease or level of disability produced by
hazardous occupational exposures. For cancer, this alteration may
come in the form of adding an additional number of cancer cases, or
of the combined exposure synergistically increasing the number of
cancers. On an individual level, our understanding of the process of
carcinogenesis suggests that both agents may contribute to individu-
al cancer rather than some cases being caused exclusively by an
occupation exposure and other cases being caused exclusively by
cigarette smoking.
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For lung disease, the combination of cigarette smoking and
exposure to a hazardous workplace agent may combine to produce
similar injuries or may produce independent disease processes in the
same lung that result in greater disability than with either exposure
separately.

The public health importance of interaction between smoking and
an occupational exposure is typified by the relationship between
cigarette smoking and asbestos exposure among asbestos workers. A
number of studies published in this country and abroad have
demonstrated an approximately fivefold excess risk for lung cancer
among nonsmoking asbestos insulation workers. Smoking in non-
asbestos-exposed populations increases the lung cancer risk by
approximately tenfold. However, the risk is more than fiftyfold
greater if the asbestos worker also smokes. The risk in cigarette-
smoking asbestos workers is greater than the sum of the risk of the
independent exposures, and is approximated by multiplying the
risks of the two separate exposures. Thus, the interaction of cigarette
smoking and asbestos exposure is multiplicative in nature. To state
this in another way, for those workers who both smoke and are
exposed to asbestos, the risk of developing and dying from lung
cancer is 5,000 percent greater than the risk for individuals who
neither smoke nor are exposed. Among these asbestos workers, the
extent of disease produced by asbestos is conditioned by the smoking
habits of the asbestos-exposed population. As is also evident,
attempts to control asbestos-related lung cancer can have a maximal
impact only if they include successful programs to change smoking
behavior as well as efforts aimed at reducing levels of asbestos dust
exposure.

Elimination of the contribution made by smoking to disease and
disability in the worksite is beneficial, even in the absence of
synergistic interaction between smoking and workplace exposures.
Even with an additive risk for an exposed population, both agents
probably contribute to the cancer that develops in an individual, and
removing that contribution is an important benefit to that individu-
al. In addition, a given degree of impairment produced by an
occupational agent will result in less disability in an individual
without concomitant lung injury due to smoking than in a worker
who has chronic obstructive lung disease due to smoking.

The focus on individuals rather than on populations when
considering strategies to control occupationally related diseases also
helps clarify the concept of a "safe” worksite. The same number of
lung cancers may occur in a population with a high smoking
prevalence and a low asbestos exposure and a population with a low
smoking prevalence and a high asbestos exposure. This similarity of
population risks does not suggest that the level of acceptable or
“safe” dust exposure ran be adjusted on the basis of the smoking
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prevalence in the population. It may be reasonable to select
nonsmokers for jobs in which smokers would be at much greater
risk, but this approach should never be used as a justification for
accepting occupational exposure levels that result in risk for those
exposed. The goal should always be the elimination of as much of the
disease as possible in the working population rather than the
lowering of the disease rate to the population norm.

Factors in the worksite may also influer:ce smoking initiation and
smoking cessation. Chapter 2 of this Report updates the previously
reported increased smoking prevalence among blue-collar workers
compared with white-collar workers. It also reports two analyses
that suggest the workplace may play an important role in smoking
behavior. The mean age of initiation reported confirms that the
majority of smokers begin smoking prior to or during high school.
However, a substantial fraction also begin to smoke after high
school. Littie is known about the influences that may predispose
individuals to become smokers at this age. One of the major life
experiences occurring at the same time is entry into the workforce,
particularly for blue-collar and clerical workers, and the work
environment may be a major factor capable of predisposing an
individual toward or away from becoming a smoker.

A second important consideration that emerges from chapter 2 is
the markedly lower prevalence of successful smoking cessation
among blue-collar workers compared with white-collar workers. This
difference in cessation is not explained by differences in rates of
initiation, and almost equal percentages of current smokers have
made a serious attempt to quit and failed. This suggests that the
majority of both groups of workers have attempted to become
nonsmokers, but blue-collar workers have been less successful. Once
again, a potential role for the workplace environment in reinforcing
or inhibiting successful cessation may help to explain these differ-
ences in the prevalence of former smokers.

If a workplace is to be considered “safe,” one very important
criterion is the absence of exposures to agents that can cause disease.
Equally important, however, is that safety should include a work-
place that neither encourages initiation nor discourages cessation of
cigarette smoking. As demonstrated in the final chapter of this
Report, the worksite may provide a focus for the promotion of
healthy behavioral change in the workforce, but at a minimum,
should not be a focus that encourages behaviors that compromise a
worker’s health.

Summary and Conclusions of the 1985 Report

The major conclusions of this Report are clear. They are the
following:
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For the majority of American workers who smoke, cigarette
smoking represents a greater cause of death and disability than
their workplace environment.

In those worksites where well-established disease outcomes
occur, smoking control and reduction in exposure to hazardous
agents are effective, compatible, and occasionally synergistic
approaches to the reduction of disease risk for the individual
worker.

Individual chapter summaries and conclusions follow.

Occupation and Smoking Behavior in the United States:
Current Estimates and Recent Trends

1. Among men, a substantially higher percentage of blue-collar
workers than white-collar workers currently smoke cigarettes.
Operatives and kindred workers have the highest rate of
current smoking (approaching 50 percent), with professional,
technical, and kindred workers having the lowest rates of
current smoking (approximately 26 percent).

2. Among women, blue-collar versus white-collar differences are
less pronounced, but still show a higher percentage of current
smokers among blue-collar workers. Occupational categories
with the highest rates of current smoking include craftsmen
and kindred workers (approximately 45 percent current smok-
ers) and managers and administrators (38 percent), with the
lowest rate of current smoking occurring among women
employed in professional, technical, and kindred occupations
(26 percent).

3. Occupational differences in daily cigarette consumption are
generally modest. For both men and women, the highest daily
consumption of cigarettes occurs among managers and admin-
istrators and craftsmen and kindred workers.

4. Blue-collar workers (both men and women) report an earlier
onset of smoking than white-collar workers. A substantial
fraction of smokers report initiation of smoking at ages
coincident with their entry into the workforce.

5. Blue-collar occupations have a lower percentage of former
smokers than white-collar occupations; this difference is most
pronounced among men. Among women, the pattern for
homemakers closely parallels that of white-collar women.

6. Black workers have higher smoking rates than white workers,
with black male blue-collar workers exhibiting the highest
smoking rate. Black workers also have lower quit rates than
white workers. In contrast, white workers of both sexes are
more likely to be heavy smokers regardless of occupational
category.

11



Evaluation of Smoking-Related Cancers in the Workplace

1.

Cigarette smoking and occupational exposures may interact
biologically, within a given statistical model and in their public
health consequences. The demonstration of an interaction at
one of these levels does not always characterize the nature of
the interaction at the other levels.

. Information on smoking behaviors should be collected as part

of the health screening of all workers and made a part of their
permanent exposure record.

. Examination of the smoking behavior of an exposed population

should include measures of smoking prevalence, smoking dose,
and duration of smoking.

. Differences in age of onset of exposure to cigarette smoke and

occupational exposures should be considered when evaluating
studies of occupational exposure, particularly when the ex-
posed population is relatively young or the exposure is of -
relatively recent onset.

Evaluation of Chronic Lung Disease in the Workplace

12

1

Existing resources for monitoring the occurrence of occupation-
al lung diseases are not comprehensive and do not include
information on cigarette smoking. Other approaches, such as
registries, might offer more accurate data and facilitate
research related to occupational lung diseases. Because of the
variability in diagnostic criteria for chronic lung disease, in
studies on occupational lung diseases emphasis should be
placed on measures of physiological change, roentgenographic
abnormality, and other objective measures.

. Further studies that correlate lung function with histopatholo-

gy should be carried out in occupationally exposed smokers and
nonsmokers.

. The effects of cigarette smoking on the chest x ray should be

clarified. In particular, the sensitivity of the ILO classification
to smoking-related changes should be further evaluated in
healthy populations.

. To determine if smoking is reported with bias by occupational-

ly exposed workers, self-reported histories should be compared
with biological markers of smoking in appropriate populations.

. Mechanisms through which specific occupational agents and

cigarette smoking might interact should be systematically
considered. Both laboratory and epidemiological approaches
should be used to evaluate such interactions.

6. Statistical methods for evaluating interaction require further

development. In particular, the biological implications of
conventional modeling approaches should be explored. Fur-
ther, the limitations posed by sample size for examining



independent and interactive effects should be evaluated. The
consequences of misclassification by exposure estimates and of
the colinearity of exposure variables should also be addressed.

7. The role of cigarette smoking in the "healthy worker effect”
requires further evaluation.

8. Approaches for apportioning the impairment in a specific
individual between occupational causes and cigarette smoking
should be developed and validated.

Chronic Bronchitis: Interaction of Smoking and Occupation

1. Chronic simple bronchitis has been associated with occupation-
al exposures in both nonsmoking exposed workers and popula-
tions of exposed smokers in excess of rates predicted from the
smoking habit alone. Among these exposures are coal, grain,
silica, the welding environment, and to a lesser extent, sulfur
dioxide and cement.

2. The evidence indicates that the effects of smoking and those
occupational agents that cause bronchitis are frequently addi-
tive in producing symptoms of chronic cough and expectora-
tion. Smoking has commonly been demonstrated to be the more
important factor in producing these symptoms.

Asbestos-Exposed Workers

1. Asbestos exposure can increase the risk of developing lung
cancer in both cigarette smokers and nonsmokers. The risk in
cigarette-smoking asbestos workers is greater than the sum of
the risks of the independent exposures, and is approximated by
multiplying the risks of the separate exposures.

2. The risk of developing lung cancer in asbestos workers
increases with increasing number of cigarettes smoked per day
and increasing cumulative asbestos exposure.

3. The risk of developing lung cancer declines in asbestos workers
who stop smoking when compared with asbestos workers who
continue to smoke. Cessation of asbestos exposure may result
in a lower risk of developing lung cancer than continued
exposure, but the risk of developing lung cancer appears to
remain significantly elevated even 25 years after cessation of
exposure.

4. Cigarette smoking and asbestos exposure appear to have an
independent and additive effect on lung function decline.
Nonsmoking asbestos workers have decreased total lung capac-
ities (restrictive disease). Cigarette-smoking asbestos workers
develop both restrictive lung disease and chronic obstructive
lung disease (as defined by an abnormal FEV,/FVC), but the
evidence does not suggest that cigarette-smoking asbestos
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workers have a lower FEV,/FVC than would be expected from
their smoking habits alone.

5. Both cigarette smoking and asbestos exposure result in an
increased resistance to airflow in the small airways. In the
absence of cigarette smoking, this increased resistance in the
small airways does not appear to result in obstruction on
standard spirometry as measured by FEV,/FVC.

6. Asbestos exposure is the predominant cause of interstitial
fibrosis in populations with substantial asbestos exposure.
Cigarette smokers do have a slightly higher prevalence of chest
radiographs interpreted as interstitial fibrosis than nonsmok-
ers, but neither the frequency of these changes nor the severity
of the changes approach levels found in populations with
substantial asbestos exposure.

7. The promotion of smoking cessation should be an intrinsic part
of efforts to control asbestos-related death and disability.

Respiratory Disease in Coal Miners

14

1. Coal dust exposure is clearly the major etiologic factor in the
production of the radiologic changes of coal workers’ pneumo-
coniosis (CWP). Cigarette smoking probably increases the
prevalence of irregular opacities on the chest roentgenograms
of smoking coal miners, but appears to have littie effect on the
prevalence of small rounded opacities or complicated CWP.

2. Increasing category of simple radiologic CWP is not associated
with increasing airflow obstruction, but increasing coal dust
exposure is associated with increasing airflow obstruction in
both smokers and nonsmokers.

3. Since the introduction of more effective controls to reduce the
level of coal dust exposure at the worksite, cigarette smoking
has become the more significant contributor to reported cases
of disabling airflow obstruction among coal miners.

4. Cigarette smoking and coal dust exposure appear to have an
independent and additive effect on the prevalence of chronic
cough and phlegm.

5. Increasing coal dust exposure is associated with a form of
emphysema known as focal dust emphysema, but there is no
definite evidence that extensive centrilobular emphysema
occurs in the absence of cigarette smoking.

6. The majority of studies have shown that coal dust exposure is
not associated with an increased risk for lung cancer.

7. Reduction in the levels of coal dust exposure is the only method
available to reduce the prevalence of simple or complicated
CWP. However, the prevalence of ventilatory disabilities in
coal miners could be substantially reduced by reducing the .
prevalence of cigarette smoking, and efforts aimed at reducing



ventilatory disability should include efforts to enhance success-
ful smoking cessation.

Silica-Exposed Workers

1. Silicosis, acute silicosis, mixed-dust silicosis, silicotuberculosis,
and diatomaceous earth pneumoconiosis are causally related to
silica exposure as a sole or principal etiological agent.

2. Epidemiological evidence, based on both cross-sectional and
prospective studies, demonstrates that silica dust is associated
with chronic bronchitis and chronic airways obstruction. Silica
dust and smoking are major risk factors and appear to be
additive in producing chronic bronchitis and chronic airways
obstruction. Most studies indicate that the smoking effect is
stronger than the silica dust effect.

3. Pathological studies describe mineral dust airways disease,
which is morphologically similar to the small airways lesions
caused by cigarette smoking.

4. A number of studies have demonstrated an increased risk of
lung cancer in workers exposed to silica, but few of these
studies have adequately controlled for smoking. Therefore,
while the increased standardized mortality ratios for lung
cancer in these populations suggest the need for further
investigation of a potential carcinogenic effect of silica expo-
sure (particularly in a combined exposure with other possible
carcinogens), the evidence does not currently establish whether
silica exposure increases the risk of developing lung cancer in
man.

5. Smoking control efforts should be an important concomitant of
efforts to reduce the burden of silica-related illness in working
populations.

Occupational Exposures to Petrochemicals, Aromatic
Amines, and Pesticides

1. The biotransformation of industrial toxicants can be modified
at least to some extent by the constituents of tobacco smoke
through enzyme induction or possibly inhibition. Both tobacco
smoke and some industrial pollutants contain substances
capable of initiating and promoting cancer and damaging the
airways and lung parenchyma. There is, therefore, an ample
biologic basis for suspecting that important interactive effects
between some workplace pollutants and tobacco smoke exist.

2. In mortality studies of coke oven workers and gas workers,
convincing evidence has indicated that work exposures to oven
effluents are causing an excess risk of lung cancer in spite of
the lack of adequate information on smoking. Other mortality
studies that suggest small increases in smoking-related dis-
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eases, such as pancreatic cancer in refinery workers, cannot be
interpreted without more information on smoking.

. For bladder cancer, the interactions between smoking and

occupational exposure are unclear, with both additive and
antagonistic interactions having been demonstrated.

.The risk of pulmonary disability in rubber workers was

increased when smoking and occupational exposure to particu-
lates were combined. There are few empirical animal experi-
ments that demonstrate interactive effects between cigarette
smoking and various industrial chemicals for lung disease.

Cotton Dust Exposure and Cigarette Smoking

16

1.

Byssinosis prevalence and severity is increased in cotton textile
workers who smoke in comparison with workers who do not
smoke.

. Cigarette smoking seems to facilitate the development of

byssinosis in smokers exposed to cotton dust, perhaps by the
prior induction of bronchitis. Cotton mill workers of both sexes
who smoke have a consistently greater prevalence of bronchitis
than nonsmokers.

. The importance of cigarette smoking to byssinosis prevalence

seems to grow with rising dust levels (a smoking—cotton dust
interaction). At the highest dust levels, cigarette smoke was
found to interact with cotton dust exposure to substantially
increase the acute symptom prevalence.

. Nonsmokers with byssinosis have iower preshift lung function

and a greater cross-shift decline in lung function than asymp-
tomatic workers, and those workers with bronchitis generally
have lower preshift lung function than those without bronchi-
tis. In general, smokers have lower lung function than non-
smokers among cotton workers, both in those with bronchitis
and in those with byssinosis.

. Although the average forced expiration values measured at the

start of a shift are reduced among smokers, the cross-shift
decline in function does not seem to be affected by smoking
status.

. The contribution of the acute byssinotic symptoms (grades 1/2

and 1) to the subsequent development of what have been
termed the chronic forms (grade 3) of byssinosis (which include
airways obstruction) is not well documented; however, chronic
airflow obstruction has been found more frequently in cotton
textile workers than in control populations, and this lung
function loss appears to be additive to that caused by cigarette
smoking.

. Cotton dust exposure Is significantly associated with mucous

gland volume and peripheral goblet cell metaplasia in non-



smokers, a pathology consistent with bronchitis. Among ciga-
rette smokers, the interaction of cotton textile exposure and
smoking is demonstrable for goblet cell hyperplasia. Centrilo-
bular emphysema is found only in association with cigarette
smoking and pipe smoking. There is no emphysema association
found with cotton dust exposure.

. The evidence does not currently suggest an excess risk of lung

cancer among cotton textile workers.

Ionizing Radiation and Lung Cancer

1.

There is an interaction between radon daughters and cigarette
smoke exposures in the production of lung cancer in both man
and animals. The nature of this interaction is not entirely clear
because of the conflicting results in both epidemiological and
animal studies.

. The interaction between radon daughters and cigarette smoke

exposures may consist of two parts. The first is an additive
effect on the number of cancers induced by the two agents. The
second is the hastening effect of the tumor promoters in
cigarette smoke on the appearance of cancers induced by
radiation, so that the induction-latent period is shorter among
smokers than nonsmokers and the resultant cancers are
distributed in time differently between smokers and nonsmok-
ers, appearing earlier in smokers.

Smoking Intervention Programs in the Workplace

1.

Smoking modification and maintenance of nonsmoking status
among initial quitters has the promise of being more successful
in worksite programs than in clinic-based programs. Higher
cessation rates in worksite programs are achieved with more
intensive programs.

. Incentives for nonsmoking appear to be associated with higher

participation and better success rates. Further research is
needed to specify the optimal types of incentive procedures.

. Success of a worksite smoking program depends upon three

primary factors: the characteristics of the intervention pro-
gram, the characteristics of the organization in which the
program is offered, and the interaction between these factors.

. Research is needed on recruitment strategies and participation

rates in worksite smoking programs and on *‘he impact of
interventions on the entire workforce of a compa:y.

. More investigations are needed on worksite claracteristics

associated with the success of occupational programs and on
comprehensive programs including components such as quit-
smoking contests, no-smoking policies, physician messages, and
self-help materials in addition to smoking cessation clinics.



18

6. The implementation of broadly based health promotion efforts
in the workplace should be encouraged, with smoking interven-
tions representing a major component of the larger effort to
improve health through a worksite focus.



CHAPTER 2

OCCUPATION AND
SMOKING BEHAVIOR
IN THE UNITED STATES:
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Introduction

Estimates of current smoking behavior reported in this section of
the Surgeon General’s Report were obtained from the 1978, 1979,
and 1980 National Health Interview Surveys (NHIS). A data tape
was prepared by the National Center for Health Statistics to allow
linkages across surveys, thereby permitting analyses of the com-
bined 1978-1980 NHIS (n=49,715). The majority of the analysis
presented in this chapter were conducted on the population aged 20
to 64 (n=238,527). Given the large samples and exceptionally high
response rates of NHIS, these estimates are generally regarded as
the best available estimates of national smoking patterns. To
examine recent 10-year changes in smoking behavior by occupation-
al category, the 1978-1980 NHIS estimates have also been compared
with the 1970 NHIS estimates for selected smoking variables. A
more detailed description of the NHIS data base is provided in the
Technical Addendum to this section.

Patterns of Employment

Before characterizing the smoking behavior of the U.S. adult
workforce, it will be useful to describe the patterns of employment
for men and women. As is shown in Table 1, men are more likely to
be employed in professional and technical, management, and blue-
collar occupations. Women are more likely to be employed in
professional and technical and clerical and service occupations or to
be homemakers. Although there was an increase in participation by
women in white-collar occupations between 1970 and 1980, the
ranking of occupational categories by their relative frequency for
both sexes remained about the same in 1980 as it did in 1970.
Because of their low relative frequency, farm, sales, and clerical
workers, laborers, and service workers have less impact on the
smoking behavior of the total male workforce, and female farm
workers, laborers, craftsmen and kindred workers, sales workers,
and managers and administrators have a modest impact on the
smoking behavior of the total female workforce.

Smoking Prevalence

Surveys have repeatedly shown that blue-collar workers are more
likely than white-collar workers to smoke cigarettes (US DHEW
1979). Recent estimates from NHIS continue to substantiate this
finding (Table 2). Overall, smoking rates for blue-collar men (47.1
percent) exceed that of white-collar men (33.0 percent). The same
pattern holds for women, but is less pronounced, with smoking rates
among blue-collar women (38.1 percent) exceeding that of white-
collar women (31.9 percent). Among women, this white-collar-blue-
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TABLE l.—Estimates of the occupational distribution of
men and women, aged 20 to 64 years, United
States, 1970-1980

Men Women

QOccupation 1970 197880 1970 1978-80
Currently employed 878 85.1 479 573
Whitecollar total 39.2 39.2 3Li 40.5

Professional,

technical, and

kindred workers 14.2 149 7.9 11.4

Managers and

administrators,

except farm 13.3 13.5 2.6 4.9

Sales workers 5.0 5.3 34 3.6

Clerical and

kindred workers 6.8 5.5 171 206
Blue-collar total 431 40.8 9.0 93

Craftsmen and

kindred workers 199 20.7 0.8 15

Operatives and

kindred workers 18.1 146 8.0 72

Laborers, except

farm 51 55 0.2 0.6
Service 54 6.1 10.3 10.8
Farm 37 29 0.5 0.6
Unemployed 3.6 4.1 32 4.3
Usual activity,

homemaking — — 52.5 417

NOTE. The white—collar, blue~ollar, service. and farm occupational categories are mutually exclusive; however.
those classified as "Homemaking" or "Unemployed” may also be classified in an occupational group on the basis of
a recent or part-time job, resulting in a small degree of overiap between categories.

SOURCE: National Center for Health Statistics, National Health Interview Surveys, 1970 and 1978-1980
tcombined . {See Technical Addendum.

collar difference exists only for the younger age group (aged 20 to
44); for older women (aged 45 to 64) there is virtually no difference in
smoking prevalence between these two categories of workers.

For men, the highest rates of current smoking occur among
craftsmen and kindred workers, operatives and kindred workers,
laborers, service workers, and the unemployed. The lowest smoking
rates for men occur among professional, technical, and kindred
workers, managers and administrators, clerical and kindred work-
ers, and farm workers.

24



TABLE 2.—Estimates of the percentage of current smokers
by sex, age, and occupation, aged 20 to 64
years, United States, 1978-1980

Women Men

Occupation Total 2044 4564 Total 2044 4564
Total 332 34.2 314 40.9 414 398
Currently employed 33.3 34.0 31.8 39.9 40.9 37.7
White-collar total 319 31.9 319 33.0 335 322

Professional,

technical, and

kindred workers 26.5 26.1 279 257 253 26.6

Managers and

administrators,

except farm 38.3 37.8 39.2 36.3 389 32.2

Sales workers 333 332 335 406 420 38.0

Clerical and

kindred workers 33.2 339 314 377 364 404
Blue-collar total 38.1 413 318 47.1 487 43.6

Craftsmen and

kindred workers 44.6 454 43.0" 46.1 47.8 426

Operatives and

kindred workers 37.0 40.2 30.8 48.6 50.4 44.5

Laborers, except

farm 36.2 430" 141 46.8 47.3 451
Service 374 39.8 327 47.5 48.3 46.0
Farm 226 313" 71 315 28.9 345
Unemployed 396 417 304 53.1 53.9 50.8
Usual activity,

homemaking 33.0 35.1 304 — — —

* 100 cases in the denominator (unweighted sample:.
SOURCE: National Center for Health Statistics, National Health Interview Surveys, 1978-1980 (combined).
iSee Technical Addendum.)

For women 20 to 64 years of age, the highest smoking rates are
found among craftsmen and kindred workers and managers and
administrators. Among women 20 to 44 years of age, there are also
relatively high smoking rates among operatives and kindred work-
ers, service workers, and the unemployed. The lowest rates of
current smoking occur among professional, technical, and kindred
workers, regardless of age. For homemakers, the category represent-
ing nearly 42 percent of all women aged 20 to 64, the prevalence of
smoking among those aged 20 to 44 is midway between the
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prevalence rates for white-collar and blue-collar occupations. How-
ever, among women 45 to 64 years of age, smoking rates vary little
by occupational group (with the single exception of managers and
administrators), with white collar-workers, blue-collar workers, and
homemakers all having approximately the same smoking preva-
lence.

Among men, a more detailed breakdown of smoking by occupation
(Table 3) shows that painters, truck drivers, construction workers,
carpenters, auto mechanics, and guards and watchmen have the
highest rates of current smoking (among occupations having 100 or
more cases in the 1978-1980 NHIS), each exceeding 50 percent. In
contrast, electrical and electronic engineers, lawyers, and secondary
school teachers have the lowest rates of current smoking, all under
25 percent.

Among women, waitresses have a noticeably higher rate of current
smoking than other groups (Table 4), followed by cashiers, assem-
blers, nurses aides, machine operators, practical nurses, and packers
and wrappers—all of whom have rates of current smoking that equal
or surpass 40 percent. The lowest rates of smoking occur among
women employed as elementary school teachers, food service work-
ers, bank tellers, and sewers and stitchers.

Because of the exemplar role of physicians and nurses in regard to
health, their smoking rates are of special interest. Although the
sample is relatively small, physicians have among the lowest rates of
current smoking (18.1 percent). Among nurses, the pattern of
smoking reflects the white-cellar-service worker distinction; regis-
tered nurses have among the lowest rates of current smoking, but
practical nurses have among the highest rates (Table 4).

Daily Cigarette Consumption

For men, occupational differences in cigarette consumption do not
follow the same patterns observed for prevalence. On the average,
adult male white-collar smokers consume 24 cigarettes per day,
essentially the same as the number of cigarettes consumed by blue-
collar smokers (23.3) (Table 5). In virtually all occupational sub-
groups, adult men report an average daily consumption exceeding 20
cigarettes. Consumption levels are highest among managers and
administrators and sales workers. These numbers represent daily
cigarette consumption and need to be interpreted with some caution,
as there may be a substantial underreporting of cigarette consump-
tion, and the tendency to underreport may not be constant across
occupational categories.

For women, no difference in consumption is found between white-
collar and blue-collar smokers. On the average, white-collar female
smokers consume 19.5 cigarettes per day, compared with 19.8
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TABLE 3.—Specific occupations with highest and lowest
estimates of current smoking, men, aged 20 to
64 years, United States, 1978-1980

Current smokers

Occupation (percentage)
Highest rates

1. Painters, construction and maintenance {510) 55.1
2. Truck drivers (715) 536
3. Construction laborers, except carpenters’ helpers (751) 53.0
4. Carpenters (415) 50.8
5. Auto mechanics (473) 50.5
6. Guards and watchmen (962) 50.5
7. Janitors and sextons (503) 49.8
8. Assemblers (602) 48.7
9. Electricians (430) 48.3
10. Sales representatives, wholesale trade (282) 48.1
Lowest rates

1. Electrical and electronic engineers (012) 16.2
2. Lawyers (031) 219
3. Secondary school teachers (144) 249
4. Accountants (001} 268
5. Real estate agents and brokers (270) 278
6. Farmers (80]) 28.1

NOTE: Adapted from Table 22 in Technical Addendum. Only those occupations with at least 100 men (aged 20
to 64) in the 1978-1980 NHIS are included. Numbers in parentheses denote code values from the U.S. Bureau of
the Census 1970 classification of occupations.

SOURCE: National Center for Health Statistics, National Health Interview Surveys, 1978-1980 (combined).
(See Technical Addendum.)

cigarettes for blue-collar smokers, 19.4 cigarettes for homemakers,
and 19.0 cigarettes for service workers. Female smokers employed as
managers or administrators or as craftsmen or kindred workers
report the highest consumption levels, averaging more than 20
cigarettes per day; women employed in professional, technical, or
kindred occupations report lower average daily consumption. How-
ever, like the men, these differences are not large, averaging fewer
than two to four cigarettes per day.

The higher the average daily consumption of cigarettes within an
occupational group, the more likely it is that this group will also
contain a higher percentage of heavy smokers (more than 20 or more
than 40 cigarettes a day). Overall, 72 percent of the male smokers
employed in white-collar occupations reported smoking more than 20

27



TABLE 4.—Specific occupations with highest and lowest
estimates of current smoking, women, aged 20
to 64 years, United States, 1978-1980

Current smokers
Occupation (percentage)

Highest rates

1. Waitresses (915} 51.1
2. Cashiers (310} 44.2
3. Assemblers (602 42.9
4. Nurses aides. orderlies, and attendants 925 41.0
5. Machine operatives (690) 41.0
6. Practical nurses (926) 40.3
7. Packers and wrappers, excluding meat/produce (643 40.0
8. Checkers, examiners, and inspectors; manufacturing (610) 39.3
9. Managers and administrators n.e.c.' (245) 38.0
10. Hairdressers and cosmetologists (944) 37.5

Lowest rates

1. Elementary school teachers 1142 19.8
2. Food service workers i916) 24.6
3. Secondary school teachers (1441 24.8
4. Bank tellers (300 257
5. Sewers and stitchers i663: 25.8
6. Registered nurses :075) 27.2
7. Child care workers, excluding private households (942) 289

NOTE: Adapted from Table 22 in Technical Addendum. Only those occupations with at least 100 women (aged
20 to 64 in the 1978-1880 NHIS are included. Numbers in parentheses denote code values from the U.S. Bureau of
the Census 1970 classification of occupations.

 Not elsewhere classified

SOURCE Nationa! Center for Health Statistics, National Health Interview Surveys. 1978-1980 (combined).
See Technical Addendum .

cigarettes a day, and over 21 percent reported smoking 40 or more
cigarettes a day (Table 6). Comparable figures for blue-collar
smokers are 72 percent and 18 percent, respectively.

Among adult women (Table 7), the percentage of heavy smokers is
generally lower than for men, with women employed as craftsmen or
kindred workers reporting higher percentages of heavy smoking
than other female occupational groups. The pattern for homemakers
closely parallels that of white-collar workers, but service workers
have slightly lower rates of heavy smoking than white-collar
workers. For both men and women, and across virtually all
occupational groups, smokers 45 years of age or older are more likely
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TABLE 5.—Estimates of average daily cigarette
consumption among current smokers by sex,
age, and occupation, aged 20 to 64 years,
United States, 1978-1980

Women Men )

Occupation Total 2044 45-64 Total 2044 45-64
Total 19.3 19.1 19.8 232 222 25.1
Currently employed 19.2 19.0 19.8 23.4 22.4 25.6
White-collar total 19.5 19.1 204 24.0 226 26.9

Professional,

technical, and

kindred workers 183 179 19.3 215 198 254

Managers and

administrators,

except farm 211 20.6 22.0 26.2 252 28.1

Sales workers 19.1 18.0 21.0 251 22.7 30.3

Clerical and

kindred workers 19.6 194 20.1 223 218 232
Blue-collar total 19.8 19.9 19.4 233 226 25.1

Craftsmen and

kindred workers 22.4 223 225 24.4 23.7 26.1

Operatives and

kindred workers 19.2 19.5 18.4 224 21.7 24.2

Laborers, except

farm 18.9 18.1 25.6 21.5 209 23.6
Service 19.0 19.0 189 215 19.9 24.7
Farm 18.0 18.0 180 209 20.2 217
Unemployed 21.2 212 21.3 215 20.1 26.0
Usual activity,

homemaking 194 19.4 194 - —_ —

SOURCE: National Center for Health Statistics, National Health Interview Surveys, 19781980 (combined).
(See Technical Addendum.

to report a higher percentage of heavy smokers than their 20- to 44-
year-old counterparts.

Age of Initiation

Men employed as blue-collar workers initiate smoking approxi-
mately 14 months earlier, on the average, than men employed in
white-collar occupations (Table 8). The earliest ages of initiation are
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TABLE 6.—Estimates of the percentage of current smokers
who smoke more than 20 or more than 40
cigarettes daily, by age and occupation, men,
aged 20 to 64 years, United States, 1978-1980

Total 2044 45-64

Occupation >20 >40 >20 >40 >20 >40
Total 70.6 188 68.5 157 74.8 245
Currently employed 714 19.1 69.3 16.1 76.0 25.7
White-collar total 72.1 21.1 69.5 16.9 776 295

Professional,

technical, and

kindred workers 66.5 17.3 61.9 129 16.7 26.8

Managers and

administrators,

except farm 79.1 24.5 771 20.0 81.6 33.3

Sales workers 74.2 23.7 70.0 17.8 83.0 36.1

Clerical and

kindred workers 64.2 17.2 64.1 16.2 64.6 19.0
Blue-collar total 71.8 18.3 70.1 16.1 76.3 24.1

Craftsmen and

kindred workers 75.3 212 736 18.7 79.6 27.2

Operatives and

kindred workers 69.4 15.6 68.3 135 721 214

Laborers, except

farm 65.7 15.1 63.1 14.2 74.6 179
Service 66.6 16.0 63.0 115 73.6 247
Farm 62.1 16.5 56.3* 16.6* 68.0* 164°
Unemployed 65.9 16.3 61.3 129 81.1°* 278*

Usual activity,
homemaking — — — — —_— —

* < 100 cases in the denominator tunweighted sample).
SOURCE: National Center for Health Statistics, National Health Interview Surveys, 1978-1980 (combined).
iSee Technical Addendum.)

reported by men employed as laborers (16.5 years), operatives or
kindred workers (16.6 years), or craftsmen or kindred workers (16.8
years). Men employed in professional, technical, or kindred occupa-
tions, or as managers or administrators, sales workers, or clerical or
kindred workers report later onset of smoking, ranging between 17.7
and 18.1 years of age.

For women, blue-collar and service workers report a somewhat
earlier onset of smoking than white-collar workers or homemakers
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TABLE 7.—Estimates of the percentage of current smokers
who smoke more than 20 or more than 40
cigarettes daily, by age and occupation, women,
aged 20 to 64 years, United States, 1978-1980

Total 2044 45-64

Occupation >20 >40 >20 > 40 >20 >40
Total 58.6 114 57.1 10.8 61.3 124
Currently employed 58.5 113 57.2 10.9 61.7 12.3
White-collar total 59.4 11.8 57.8 11.0 63.2 138

Professional,

technical, and

kindred workers 52.8 10.8 52.0 9.8 55.0 13.8

Managers and

administrators,

except farm 63.4 15.6 59.0 14.6 71.8 17.5

Sales workers 56.8 9.9 55.0 6.5 599°* 16.0*

Clerical and

kindred workers 61.6 115 60.6 11.3 64.3 12.0
Blue-collar total 62.0 112 61.2 11.5 64.0 10.6

Craftsmen and

kindred workers 70.0 182 674" 18.2* 75.5* 181*

Operatives and

kindred workers 60.4 9.9 60.3 10.5 60.7 8.4

Laborers, except

farm 56.7° 6.0° 55.2* 50 70.9* 15.6°
Service 54.6 11.6 53.6 119 57.1 11.0
Farm 65.4° 49 63.5° 55°* 80.2* 00°*
Unemployed 62.1 148 61.7 144 64.4* 17.0*
Usual activity,

homemaking 59.1 113 58.4 10.9 60.0 11.8

< 100 cases in the denominator (unweighted sample).
SOURCE: National Center for Health Statistics, National Health Interview Surveys, 1978-1980 (combined).
(See Technical Addendum.)

(about 6 months). The earliest age of initiation occurs among women
employed as laborers (17.4 years of age) or operatives or kindred
workers (18.5 years of age), and the latest age of initiation occurs
among women employed in professional, technical, or kindred
occupations (19.4 years of age). Across all occupational categories,
men report an earlier age of initiation than women; this difference is
most pronounced within the 45 to 64 age group.
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TABLE 8.—Estimates of average age of initiation of
smoking among current and former smokers by
sex, age, and occupation, aged 20 to 64 years,
United States, 1978-1980

Women Men

Occupation Total 20-44 45-64 Total 20-44 45-64
Total 19.1 18.0 21.2 17.2 16.9 176
Currently employed 19.0 181 210 17.3 17.0 17.7
White-collar total 19.1 18.4 209 17.9 17.6 18.3

Professional,

technical, and

kindred workers 194 18.8 21.2 18.1 17.7 187

Managers and

administrators,

except farm 18.9 18.1 20.7 17.8 176 18.0

Sales workers 19.2 18.0 21.2 17.8 175 18.4

Clerical and

kindred workers 19.0 18.2 209 17.7 17.3 18.3
Blue-collar total 186 174 21.3 16.7 16.5 17.1

Craftsmen and

kindred workers 19.2 17.6 22.9 16.8 16.5 17.3

Operatives and

kindred workers 18.5 174 21.1 16.6 16.4 17.1

Laborers, except

farm 174 176 16.5 16.5 16.4 16.6
Service 18.8 17.7 214 17.2 16.9 179
Farm 184 18.4 18.4 17.0 16.4 17.5
Unemployed 18.2 17.5 211 16.9 16.4 18.2
Usual activity.

homemaking 19.3 17.8 213 — — —

SOURCE: National Center for Health Statistics, National Health Interview Surveys, 1978-1980 (combined).
See Technical Addendum.)

An important inference of the age of initiation reported in Table 8
is that a substantial fraction of smokers report beginning to smoke at
ages when they would be first entering the workforce. This suggests
that a set of influences that promote initiation may be present in the
initial socialization into the workforce.
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Quitting Behavior

Because cigarette smoking usually begins between the ages of 12
and 25 (US DHEW 1979; US PHS 1973, 1976) the prevalence of
smoking among people 25 years of age or older is determined in large
part by the rate at which they stop smoking (or die). The percentage
of former smokers (as a portion of “ever smoked”) by occupational
group is reported in Table 9. For men, relatively higher percentages
of former smokers are found among professional, technical, and
kindred workers (55.2 percent) and managers and administrators
(47.7 percent)—the same occupational groups reporting lower rates
of current smoking (Table 2). The striking feature for women is the
uniformly lower percentage of former smokers when compared with
men. However, even here the same general pattern can be found;
occupations that have lower rates of current smoking also tend to
have a higher percentage of former smokers. In general, there are
substantial differences by occupational category, with white-collar
workers of both sexes having a higher percentage of former smokers
than blue-collar workers. This white-collar-blue-collar difference is
most pronounced among men. Among women, homemakers tend to
mirror the pattern of white-collar women.

It does not appear that the lower percentage of former smokers in
blue-collar occupations occurs simply because blue-collar workers
are less likely than white-collar workers to attempt to quit. Among
men, white-collar current smokers are more likely to report “a
serious attempt” to quit smoking (Table 10), but these differences are
typically only half as large as the white-collar-blue-collar differences
in the proportion of former smokers. Among women, the white-
collar-blue-collar differences are relatively small and show a mixed
pattern.

Recent Changes in Smoking Behavior

A comparison of smoking estimates for the period 1970-1980
reveals several interesting changes by occupational group and sex
(Table 11). Among men, there was a 19 percent proportionate decline
in smoking prevalence between 1970 and 1980 for white-collar
workers (40.8 vs. 33.0 percent), compared with a 14 percent decline
for blue-collar workers (55.0 vs. 47.1 percent). Occupations with the
largest decline in male smoking include professional, technical, and
kindred occupations (21 percent decline) and farm workers (20.7
percent decline); the unemployed (3.6 percent) and service workers
(10.9 percent) had the smallest proportionate declines in smoking
prevalence.

Among white-collar women, there was a proportionate reduction
in smoking prevalence of 11.6 percent between 1970 and 1980 (36.1
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TABLE 9.—Estimates of the percentage of former smokers
by sex, age, and occupation, aged 20 to 64
years, United States, 1978-1980

Women Men

Occupation Total 20-44 4564 Total 2044 45-64
Tatal 33.2 30.2 35.7 40.0 4.2 48.7
Currently employed 314 30.1 34.2 40.8 35.1 50.5
White-collar total 338 327 36.4 481 427 56.4

Professional,

technical, and

kindred workers 41.1 40.1 43.8 55.2 51.8 61.3

Managers and

administrators,

except farm 30.2 30.9 28.6 47.7 39.9 579

Sales workers 32.0 30.9 34.1 39.1 32.8 49.1

Clerical and

kindred workers 31.3 29.4 35.9 409 36.4 478
Blue-collar total 249 22.8 29.8 34.8 295 454

Craftsmen and

kindred workers 23.8 24.9 214" 36.7 311 46.8

Operatives and

kindred workers 246 21.8 30.9 33.8 28.8 4.1

Laborers, except

farm 30.7* 270" 53.5* 29.7 25.0 419
Service 26.2 242 622 320 27.0 40.0
Farm 325" 250" 30.5* 45.7 38.3 51.5
Unemployed 25.7 227 39.7 30.0 26.0 40.6
Usual activity,

homemaking 33.5 30.9 37.2 — — —

* . 100 cases in the denominator iunweighted sample).
SOURCE: National Center for Health Statistics, National Health Interview Surveys, 1978-1980 (combined}.
:See Technical Addendum.)

vs. 31.9 percent), but blue-collar women showed virtually no change
in smoking prevalance (1.0 percent proportionate increase).

The greater rate of decline in smoking prevalence for men has
produced two fundamental changes in the occupational smoking
patterns in this country. In 1970, men employed in professional,
technical, or kindred occupations or as managers or administrators
had a higher rate of smoking than their female counterparts. By the
end of the decade, this pattern had been reversed; a slightly higher
percentage of women in these two occupational groups now smoke
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TABLE 10.—Estimates of the percentage of current smokers
who have ever seriously attempted to quit by
sex, age, and occupation, aged 20 to 64 years,
United States, 1978-1980

Women Men

Occupation Total 20-44 45-64 Total 20-44 45-64
Total 59.3 60.6 56.8 60.2 59.1 62.4
Currently employed 58.4 60.3 54.1 60.1 59.2 62.0
White-collar total 59.7 61.7 54.8 63.6 62.7 65.3

Professional,

technical, and

kindred workers 62.2 62.2 62.1 68.8 66.6 73.8

Managers and

administrators,

except farm 61.0 644 54.8 60.2 59.5 615

Sales workers 59.3 634 52.0 60.9 59.2 64.5

Clerical and

kindred workers 58.3 60.6 525 64.8 66.6 61.3
Blue-collar total 587 58.8 58.4 58.6 57.7 61.0

Craftsmen and

kindred workers 57.1 52.2* 67.9* 59.4 58.9 60.7

Operatives and

kindred workers 58.8 60.1 55.6 57.9 56.7 61.1

Laborers, except

farm 62.6* 61.9* 689* 574 56.0 62.2
Service 574 58.9 54.0 55.1 53.7 57.9
Farm 715" 77.3° 789* 61.0 61.3* 60.7*
Unemployed 66.4 64.9 74.8* 60.9 58.5 69.1*
Usual activity,

homemaking 60.8 60.9 60.7 — — —

* <100 cases in the denominator (unweighted sample).
SOURCE: National Center for Health Statistics, National Health Interview Surveys, 1978-1980 (combined).
(See Technical Addendum.)

cigarettes. If the previous 10-year trends prevail, by the end of this
decade women are likely to reach parity with men in the prevalence
of smoking among blue-collar workers (as an aggregate) and clerical
and kindred workers, and to surpass men in smoking prevalence in
two additional occupational categories: craftsmen and kindred
workers and laborers.

As is shown in Table 12, only one specific occupational group for
men showed a net gain in smoking prevalence between 1970 and
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TABLE 11.—Estimates of the percentage of current smokers
by sex and occupation, aged 20 to 64 years,
United States, 1970-1980

1970 1978-1980 Net change

Occupation M W M W M W
Total 48.1 36.0 40.9 332 -1.2 -2.8
Currently employed 479 36.5 399 333 -8.0 -3.2
White-collar total 40.8 36.1 33.0 319 -7.8 4.2

Professional,

technical, and

kindred workers 325 29.0 25.7 26.5 -6.8 -2.5

Managers and

administrators,

except farm 4.3 42.8 36.3 383 -8.0 -4.5

Sales workers 48.5 378 40.6 333 -79 4.5

Clerical and

kindred workers 454 379 37.7 33.2 =17 4.7
Blue-collar total 55.0 37.7 47.1 38.1 -19 +04

Craftsmen and

kindred workers 53.2 40.1 46.1 46 -7.1 +4.5

Operatives and

kindred workers 56.4 37.7 48.6 37.0 -7.8 0.7

Laborers, except

farm 572 28.2* 46.8 36.2 ~-10.4 +8.0
Service 53.3 39.4 475 314 -5.8 -2.0
Farm 39.7 208 315 226 -8.2 +18
Unemploved 55.9 42.3 539 39.6 -2.0 =27
Usual activity,

homemaking — 353 — 330 — -2.3

100 cases in the denominator tunweighted sample)
SOURCE: National Center for Health Statistics, National Health Interview Surveys. 1970 and 1978-1980
icombined). (See Technical Addendum.i

1980 (i.e., electricians), but painters, farm laborers, stock clerks and
storekeepers, and deliverymen and routemen had net reductions in
excess of 10 percentage points. Among women (Table 13), three
occupational groups showed a net increase in smoking prevalence
between 1970 and 1980 (practical nurses, cashiers, and packers and
wrappers), but relatively large net declines in smoking prevalence
occurred among receptionists, waitresses, bank tellers, secretaries,
and hairdressers and cosmetologists.
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TABLE 12.—Specific occupations with largest estimated net
changes in smoking prevalence between 1970
and 1980, men, aged 20 to 64 years, United

States
Net change (1970-1980)
QOccupation in current smoking
Largest net gains
1. Electricians (430111421 ~39

Largest net reductions

1. Painters, construction and maintenance (510)/1495 -171
2. Farm laborers, wage workers (822)/(902} -14.5
3. Stockclerks and storekeepers (381)/1350) -120
4. Deliverymen and routemen (705)/(650) -11.6
5. Foremen n.e.c.' 1441)/(430) -89
6. Machinists (461)/(465) 87
7. Checkers, examiners, and inspectors;

manufacturing (610)/(643) 8.7
8  Managers and administrators n.e.c.’ (245)/(290} 8.1
9. Assemblers (602)/(631) -7.0
10.  Accountants (001)/(000) 4.8

NOTE: Adapted from Table 23 in Technical Addendum. Only those occupations with at least 100 men (aged 20
to 64) in the 1978-1980 NHIS are included. Numbers in parentheses represent the occupational codes used in the
1970-1980 HIS and the 1970 HIS.

' Not elsewhere classified.

SOURCE: National Center for Health Statistics, National Health Interview Surveys, 1970 and 1978-1980
(combined). (See Technical Addendum.)

The 10-year changes in daily consumption patterns show that
among white-collar men, there was a 1.8 percent proportionate
increase in the percentage of smokers who averaged 20 or more
cigarettes a day, compared with a 3.3 percent increase for blue-collar
men (Table 14). Professional, technical, and kindred workers, clerical
and kindred workers, and the unemployed showed a net decrease in
the percentage of smokers of 20 or more cigarettes a day. The overall
pattern is one of modest differences.

For women, the proportionate increase in number of smokers of 20
or more cigarettes a day was 7.4 percent for white-collar workers
(55.3 vs. 59.4 percent) and 4.8 percent for homemakers (56.4 vs. 59.1
percent). Service workers showed virtually no change between 1970
and 1980. Among blue-collar women however, the proportionate
increase in smokers of 20 or more cigarettes a day was a much larger
20.4 percent (51.5 vs. 62.0 percent). High proportionate increases in
20-plus smokers occurred among women employed as operatives or
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TABLE 13.—Specific occupations with largest estimated net
changes in smoking prevalence between 1970
and 1980, women, aged 20 to 64 years, United

States
Net change (1970-1980)
Occupation in current smoking
Largest net gains
1. Practical nurses (926)/(842) +4.3
2. Cashiers (310)/(312) +37
3. Packers and wrappers, except meat and produce (643)/(693) +2.6

Largest net reductions

1. Receptionists (364)/(341} ~10.6
2. Waitresses (915)/(875) -9.0
3. Bank tellers (301)/(305) -9.0
4. Secretaries n.e.c.' (372)/(342) 81
5. Hairdressers and cosmetologists (944)/(843) -74
6.  Cooks, except private household (912)/(825) -5.5
7. Typists (391)/(360) -4.9
8. Managers and administrators n.e.c.’ (245)/(290) —4.2
9. Bookkeepers (305)/(310) 4.2

NOTE: Adapted from Table 23 in Technical Addendum. Only those occupations with at least 100 women (aged
20 to 64) in the 1978-1980 NHIS are included. Numbers in parentheses represent the occupational codes used in
the 1970-1980 HIS and the 1970 HIS.

' Not elsewhere classified.

SOURCE: National Center for Health Statistics, National Health [nterview Surveys, 1970 and 1978-1980
tcombined). (See Technical Addendum.)

kindred workers (37.8 percent) or craftsmen or kindred workers (33.2
percent). If these 10-year trends continue, by the end of this decade
female blue-collar smokers may surpass their male counterparts in
the percentage classified as moderate to heavy smokers (i.e., smoking
more than 20 cigarettes a day).

Among men, the net change in smokers averaging more than 40
cigarettes a day generally parallels that of 20-plus smokers (Table
15). Only the unemployed show a net decrease in the percentage of
current smokers averaging 40 or more cigarettes a day. Among
women, the net changes in heavy smoking between 1970 and 1980
are relatively modest.

Birth Cohorts

Although there has been a 10-year decline in smoking prevalence
for male blue-collar and white-collar workers and for female white-

38



TABLE 14.—Estimates of percentage of current smokers
who smoke 20 or more cigarettes daily, by sex
and occupation, aged 20 to 64 years, United
States, 1970-1980

1970 1978-1980 Net change

Occupation M w M W M w
Total 68.5 55.1 70.6 58.6 ~21 +35
Currently emploved 69.5 544 714 58.5 ~19 +4.1
White-collar total 709 556.3 722 59.4 «~13 ~4.1

Professional,

technical, and

kindred workers 69.0 475 66.5 52.8 -25 +5.3

Managers and

administrators,

except farm 75.5 58.1 79.1 63.4 +3.6 +5.3

Sales workers 69.8 52.2 74.2 56.8 +44 +~4.6

Clerical and

kindred workers 66.0 58.2 64.2 61.6 -18 +34
Blue-collar total 69.5 515 718 62.0 +2.3 +105

Craftsmen and

kindred workers 72.0 52.7* 75.3 70.0 +33 +17.3

Operatives and

kindred workers 68.3 51.1 69.4 60.4 +1.1 +19.3

Laborers, except

farm 64.2 66.6* 65.7 567" +1.5 -99
Service 65.2 53.2 66.6 54.6 +14 +14
Farm 60.5 50.1° 62.1 644" +16 +15.3
Unemployed 67.5 49.7 65.9 62.1 -1.6 +~12.4
Usual activity,

homemaking — 56.4 — 59.1 - +2.17

* < 100 cases in the denominator (unweighted sample:.
SOURCE: National Center for Health Statistics. National Health Interview Surveys, 1978-1980 (combined).
{See Technical Addendum.)

collar workers, service workers, and homemakers, this does not
necessarily indicate that rates of lung cancer (and other cigarette-
linked diseases) will decline in the near future. What transpires
during the next 10 to 20 years with regard to lung cancer incidence
and mortality will be determined by those birth cchorts now
entering the ages at which substantial numbers of lung cancer
deaths occur. Figures 1 through 6, based on data from the combined
1978-1980 NHIS, present the prevalence of smoking among succes-
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TABLE 15.—Estimates of percentage of current smokers
who smoke 40 or more cigarettes daily, by sex
and occupation, aged 20 to 64 years, United
States, 1970-1980

1970 1978-1980 Net change

Occupation M w M w M w
Total 15.7 8.0 18.8 114 +~3.1 +~3.4
Currently employed 159 7.8 19.1 11.3 +3.2 +3.0
Whitecollar total 18.4 8.1 211 11.8 +2.8 +3.7

Professional,

technical, and

kindred workers 149 4.9 17.3 10.8 +~2.4 +59

Managers and

administrators,

except farm 228 9.8 24.5 15.6 -17 +58

Sales workers 18.4 72 23.7 99 +5.3 +27

Clerical and

kindred workers 150 92 17.2 11.5 +2.2 +2.3
Blue—ollar total 150 7.0 18.3 11.2 +3.3 +4.2

Craftsmen and

kindred workers 16.1 9.6* 212 18.2 +5.1 +86

Operatives and

kindred workers 14.8 6.6 15.6 9.0 +038 +24

Laborers, except

farm 11.8 10.1* 15.1 60" +~3.3 —-4.1
Service 145 85 16.0 11.6 +15 +3.1
Farm 10.3 10.1° 16.5 49 +6.2 5.2
Unemployed 184 109 16.3 148 =21 +39
Usual activity,

homemaking — 8.1 — 113 — +3.2

* - 100 cases in the denominator runweighted sampler.
SOURCE: National Center for Health Statistics. National Health Interview Surveys, 1970 and 1978-1980
(combined'. 1See Technical Addendum

sive cohorts born during each decade of the first half of this century.
The prevalence of smoking for each cohort is presented from 1900 to
1978 for men and women and for whites and blacks of both sexes.
Men who are 50 to 60 years of age, the 1921-1930 birth cohort, are at
the age at which the incidence of lung cancer increases rapidly.
Among white-collar workers (Figure 7), this cohort of men is
currently smoking at a higher rate than the cohort they are
replacing (1911-1920). The 1921-1930 cohort exhibits an exceptional-
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FIGURE 1.—Changes in the prevalence of cigarette
smoking among successive birth cohorts of
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SOURCE: Data from National Center for Health Statistics, National Health Interview Surveys, 1978-1980
(combined).

ly high peak prevalence of 74.6 percent—which has since declined to
36.3 percent—but is still higher than the current 28.3 percent
prevalence estimate for the 1911-1920 cohort. However, one encour-
aging note is that the 1921-1930 cohort is currently smoking less
frequently at age 50 to 60 than the 1911-1920 cohort did when they
were 50 to 60 years of age (36.3 vs. 40.1 percent). If the 1921-1930
cohort of white-collar men achieves the same proportionate reduc-
tion in smoking during the next 10 years as the 1911-1920 cohort did
during the previous 10 years, by 1990 the 1921-1930 birth cohort will
be smoking at a lower rate than the 1911-1920 cohort did in 1978. In
a continuation of this general trend, all cohorts of white-collar men
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SOURCE: Data from National Center for Health Statistics, National Health Interview Surveys, 1978-198D
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after the 1921-1930 cohort have lower rates of smoking than
previous cohorts at comparable ages, and also have successively
lower rates of peak prevalence.

The same general pattern in evidence for white-collar men also
applies to blue-collar men (Figure 8). The 1921-1930 birth cohort has
a higher current and peak smoking prevalence than the 1911-1920
cohort they are replacing. However, the 1921~1930 cohort is current-
ly smoking at a lower rate than the previous cohort (1911-1920) was
at the same age (10 years ago). Similarly, the 1931-1940 cohort is
currently smoking at a higher rate than the 1921-1930 cohort, but
less frequently when compared with the 1921-1930 cohort 10 years
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earlier. After the 1921-1930 cohort, each successive birth cohort has
a lower peak prevalence, suggesting less total cigarette exposure
than for the previous cohort.

If present trends in male smoking continue, successive birth
cohorts of white-collar and blue-collar workers will arrive at the ages
of increasing lung cancer incidence with a lower rate of current
smoking and lifetime exposure than the previous birth cohorts. For
white-collar men, this pattern began with the 1911-1920 cohort, but
blue-collar men exhibit this pattern beginning with the 1921-1930
cohort. This same pattern of decreasing smoking prevalence across
successive birth cohorts also characterizes each main subcategory
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within the white-collar and blue-collar categories, including profes-
sional, technical, and kindred workers, managers and administra-
tors, craftsmen and kindred workers, and operatives and kindred
workers (See Technical Addendum, Figures 13 through 16).

Among white-collar women the same general pattern is found as is
in evidence for men (Figure 9). The peak prevalence of smoking is
highest in the 1931-1940 cohort; however, beginning with the 1921-
1930 cohort, each successive birth cohort of women employed in
white-collar occupations has a lower rate of smoking in 1978 than
the previous cohort did 10 years earlier. This pattern is especially
pronounced for the 1941-1950 and 1951-1960 cohorts, and is similar
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to that found among professional, technical, and kindred workers
and clerical and kindred workers (Technical Addendum, Figures 17
and 18). Among homemakers, the largest category of women aged 20
to 64, this same general pattern is also found (Figure 10).

Although the overall birth cohort patterns for white-collar women
and homemakers are similar to those of men in regard to current
smoking, one important difference should be noted. For men, the
birth cohort with the highest peak prevalence is the 1921-1930
cohort, but for female white-collar workers and homemakers this
occurs with the 1931-1940 cohort.
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In contrast with white-collar women and homemakers, the 1941~
1950 cohort of blue-collar women has the highest peak prevalence
(Figure 11). The 1931-1940 and 1941-1950 cohorts each exhibit
approximately the same smoking rates in 1978 as did the previous
cohort 10 years earlier. Only the 1951-1960 cohort of blue-collar
women has significant potential to redirect this trend of increasing _
prevalence downward, and this will depend on whether this cohort
can sustain its current downward trend in smoking prevalence.

Service workers represent another important category of em-
ployed women, and their birth cohort smoking patterns resemble
white-collar workers in some ways and blue-collar workers in other
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ways (Figure 12). Like white-collar women, female service workers
reached their highest peak prevalence with the 1931-1940 birth
cohort, and subsequent cohorts have experienced much lower peaks.
However, like bluecollar women, the 1921-1930 cohort of female
service workers continued to smoke at a higher rate in 1978 than the
previous cohort at the same age. This pattern becomes more
pronounced with the 1931-1940 cohort, but then reverses, with the
1941-1950 cohort reporting a lower smoking prevalence in 1978 than
the previous cohort 10 years ago.
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Race

Among black men there are almost twice as many blue-collar
workers as white-collar workers (Table 16). This contrasts with white
men, who fall about equally into the white-collar and blue-collar
categories. Additionally, blacks of both sexes are more heavily
concentrated in the service category of workers, making this
category an important one to consider when examining occupational
differences in smoking by race. Black men are also almost twice as
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likely as white men to fall into the “Not Employed” category, which
includes both unemployed people and those “not in the labor force.”

The differences in smoking prevalence between black men and
white men parallel the differences between blue-collar and white-
collar workers (Table 17), with black men having a considerably
higher smoking prevalence (47.7 percent) than white men (40.2
percent). Among men, blue-collar workers have considerably higher
smoking rates than white-collar workers within each racial group,
with black male blue-collar workers having the highest smoking
prevalence (52.1 percent).
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SOURCE: Data from National Center for Health Statistics, National Health Interview Surveys, 1978-1980
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Among black women, there is little difference in smoking preva-
lence between occupations, although homemakers have a somewhat
higher smoking rate (Table 17). However, among white women, the
expected white-collar, blue-collar, service worker differences prevail,
with bluecollar and service workers having a higher smoking
prevalence (39.6 and 38.7 percent, respectively) than white collar
workers (32.0 percent).

As shown in Table 17, black workers are considerably less likely
than their white counterparts to be heavy smokers (smoking 20 or
more cigarettes daily). This holds true for all categories of workers
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and for men and women. Among white women and biack men, blue-
collar workers are somewhat more likely than others to be heavy
smokers. The consumption differences between white workers and
black workers are even more pronounced when the percentage of
smokers smoking 40 or more cigarettes daily is examined. White
men are about four times more likely than black men to smoke 40 or
more cigarettes daily, regardless of occupation. Similarly, white
women are about three times more likely than black women to
smoke more than 40 cigarettes daily, regardless of occupational

group.
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FIGURE 12.—Changes in the prevalence of cigarette
smoking among successive birth cohorts of
U.S. women employed in service occupations,
1900-1978

SOURCE: Data from National Center for Health Statistics, National Health Interview Surveys, 1978-1980
{combined).

Among women, there are minimal racial or occupational differ-
ences in the proportion of current smokers who have attempted to
quit smoking. However, blue-collar, service, and not employed black
men are somewhat less likely than all other groups to have
attempted to quit. Among those who have ever smoked, white-collar
male workers are the most likely to have quit smoking. Blue-collar
and service workers generally have lower quit rates than white-
collar workers, and this pattern holds true for white men and black
men and white women. Black women have low quit rates regardless
of occupational category. Additionally, black male blue-collar work-

52



TABLE 16.—Estimates of occupational distribution by sex
and race, aged 20 to 64 years, United States,

1978-1980

Men (percentage) Women (percentage)
Classification White Black White Black
White-collar 408 23.0 418 31.1
Blue-collar 40.6 452 9.0 11.0
Service 55 11.6 94 22.8
Homemaking — — 426 347
Not employed 10.0 18.8 — —

SOURCE: National Center for Health Statistics, National Health Interview Surveys, 1970 and 1978-1980
{combined). (S8ee Technical Addendum.)

ers have a considerably lower quit rate (24.9 percent) than white
male blue-collar workers (36.0 percent).

In summary, black workers are more likely than white workers to
be cigarette smokers, with black male blue-collar workers having the
highest smoking rate. In contrast, white workers are much more
likely than black workers to be heavy smokers, regardless of
occupational category. White workers are more likely to have quit
smoking, with the exception of white female blue-collar workers.
Black male blue-collar workers and all black female workers have
low quit rates. Among black men and white men and white women,
white-collar workers have both lower rates of current smoking and
higher proportions of former smokers than blue-collar or service
workers. The one group that deviates from this pattern is black
women; white-collar workers have a higher rate of current smoking
and a somewhat lower proportion of former smokers than blue-collar
or service workers, and homemakers have a relatively high rate of
current smoking.

Summary and Conclusions

1. Among men, a substantially higher percentage of blue-collar
workers than white-collar workers currently smoke cigarettes.
Operatives and kindred workers have the highest rate of
current smoking (approaching 50 percent), with professional,
technical, and kindred workers having the lowest rates of
current smoking (approximately 26 percent).

2. Among women, blue-collar versus white-collar differences are
less pronounced, but still show a higher percentage of current
smokers among blue-collar workers. Occupational categories

53



TABLE 17.—Estimates (percentages) of smoking prevalence,
heavy smoking, and quitting behavior by race,
sex, and occupation, aged 20 to 64 years,
United States 1978-1980

White Black
Occupation Men Women Men Women
Current smokers
Total 40.1 33.3 47.7 346
White-collar 32.8 32.0 38.4 35.2
Blue-collar 46.5 39.6 521 334
Service 47.0 38.7 48.8 33.5
Homemaking — 329 — 37.1
Not employed 436 — 416 —
Smoke >20 daily
Total 74.5 62.8 43.7 276
White-collar 749 62.5 40.0 29.5
Blue-collar 75.4 66.0 45.9 31.8*
Service 721 60.9 42.5* 314
Homemaking — 63.2 — 235
Not employed 734 — 42.1 —
Smoke >40 daily
Total 207 124 5.4 4.0
Whiteollar 22.5 126 33 42
Blue-collar 20.0 12,0 6.0 52
Service 19.0 139 2.3* 35
Homemaking — 122 — 4.0
Not employed 19.9 — 84 -

Current smokers who have made a serious attempt to quit

Total 61.2 59.4 53.6 60.0
White-collar 63.6 59.7 62.1 60.0
Blue-collar 59.1 585 53.3 59.9*
Service 57.2 575 50.0* 58.1
Homemaking — 60.5 — 64.2
Not employed 64.6 — 49.5 —

Ever smoked who are former smokers

Total 414 33.1 28.6 246
White-collar 48.8 34.6 34.4 236
Blue—collar 36.0 246 24.9 24.8
Service 326 26.6 30.8 25.3
Homemaking -— 34.3 — 244
Not employed 35.2 — 297 —

* < 100 cases in the denominator (unweighted sample).
SOURCE: National Center for Health Statistics, National Health Interview Surveys, 1978-198C (combined).
(See Technical Addendum.)

with the highest rates of current smoking include craftsmen
and kindred workers (approximately 45 percent current smok-
ers) and managers and administrators (38 percent), with the

54



lowest rate of current smoking occurring among women
employed in professional, technical, and kindred occupations
(26 percent).

3. Occupational differences in daily cigarette consumption are
generally modest. For both men and women, the highest daily
consumption of cigarettes occurs among managers and admin-
istrators and craftsmen and kindred workers.

4. Blue-collar workers (both men and women) report an earlier
onset of smoking than white-collar workers. A substantial
fraction of smokers report initiation of smoking at ages
coincident with their entry into the workforce.

5. Blue-collar occupations have a lower percentage of former
smokers than white-collar occupations; this difference is most
pronounced among men. Among women, the pattern for
homemakers closely parallels that of white-collar women.

6. Black workers have higher smoking rates than white workers,
with black male blue-collar workers exhibiting the highest
smoking rate. Black workers also have lower quit rates than
white workers. In contrast, white workers of both sexes are
more likely to be heavy smokers regardless of occupational
category.
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Technical Addendum: National Health Interview Survey
Estimates

Estimates of current smoking reported in this chapter were
obtained from the 1978, 1979, and 1980 National Health Interview
Surveys (NHIS). A special data tape was prepared by the National
Center for Health Statistics to allow linkages across surveys, thereby
permitting analyses of the combined 1978-1980 NHIS. This increase
in sample size provides greater statistical reliability in the estimates
of population subgroups of interest to this Report.

The smoking items were completed by 12,105 respondents in 1978,
24,727 in 1979, and 10,649 in 1980, resulting in a combined sample of
47,481. Standard NHIS protocols were followed in each survey,
including a random probability sample design of the noninstitution-
alized adult U.S. population, and face-to-face interviews using U.S.
Bureau of the Census interviewers. Response rates routinely exceed-
ed 95 percent.

Given the large samples and exceptionally high response rates, the
NHIS estimates are generally regarded as the best available
estimates of national smoking patterns. Because the focus of this
Report is on occupational differences in smoking, analysis of the
1978-1980 NHIS was restricted to respondents 20 to 64 years of age
(n=236,745).

The definition of a current smoker was obtained from the
following question asked in the surveys: “Do you smoke cigarettes
now?” This includes both regular and occasional smokers who are
currently smoking. For estimates of average age of initiation and
quitting behavior, the denominator includes both current and former
smokers who describe themselves as having ever smoked “fairly
regularly.”

The 1978-1980 National Health Interview Surveys utilized the
occupational coding scheme used in the 1970 U.S. Census. The
occupational subgroups examined in this Report, along with their
respective code numbers, are listed in Table 18.

Accompanying each NHIS public use data tape is an algorithm
that weights the sample to the 1970 U.S. population. All estimates of
smoking behavior reported here use this algorithm.

Data from the 1970 NHIS (reported in Tables 1, 11-15) were
obtained from the 1970 NHIS public use tape, which contains data
from 76,239 respondents who completed questions on their smoking
behavior. Of these, 59,557 respondents were between the ages of 20
and 64. Because the occupational classifications were revised be-
tween the 1970 and the 1978-1980 NHIS, changes in smoking
behavior could be reported only for the specific occupations whose
classification did not change.

As a preliminary step in the analysis of the 1978-1980 NHIS, the
equivalency of the three NHIS samples within occupational groups
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TABLE 18.—Occupational codes and categories used in the
1978-1980 National Health Interview Surveys

Occupation category

Occupations included

U.S. Census Bureau occupation codes'

Professional, technical,
and kindred

Managers, admin.,
except farm

Sales workers

Clerical and kindred
workers

Craftsmen and kindred
workers

Operatives and kindred
workers

Labaorers, except farm

Service workers

Farm

Engineers and architects

Scientists

Health workers

Teachers, including college

Engineering, science technicians

All other professional,
technical, kindred workers

Bookkeepers

Office machine operators

Mail handlers, postal clerks,
telegraph messengers

Secretaries, stenographers,
typists, receptionists

All other clerical workers

Carpenters
Other construction craftsmen

Mechanics and repairmen

Metal craftsmen, except
mechanics

All other craftsmen

Operatives, except transport
Transport equipment operatives

Cleaning service

Food service

Health and personal service
Protective service

Private household workers

Farmers and farm managers
Farm laborers and foremen

002, 006-023

034-054, 091-096

061-085

102-145

150-162

001, 003-005, 024-033, 055-060, 086—
090, 097-101, 146-149, 163-199

201-245

260-280

305

341-355

331, 332, 361, 383
364-372, 276, 391

301-304, 306330, 333-340, 356-360,
362, 363, 373-375, 377-382, 384-390,
392-399

415416

410-412, 421, 430, 431, 436, 440,
510-512, 520-523, 534, 550, 560
470-495

403, 404, 442, 446, 454, 461, 462,
502-504, 514, 533, 535-540, 561, 562
401-402, 405-409, 413, 414, 417421,
422-429, 432-435, 437-439, 441, 443~
445, 447453, 455-460, 463-469, 496-
501, 505-509, 513, 515-519, 524-532,
541-549, 551-559, 563-580

601-695
701-715

740-785

901-903
910-916
921-954
960-965
980-984

801, 802
821-824

! White—collar occupations are designated by code values 001-399; blue-collar occupations are designated by code

values 400-785.

was examined in regard to smoking prevalence and heavy smoking.
These results showed a high degree of statistical equivalency across
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TABLE 19.—Estimates of the percentage of current smokers
by sex, occupation, and NHIS sample (1978,
1979, 1980), aged 20 to 64 years

Men Women
P P

Occupation 1978 1979 1980 value 1978 1979 1980 value
White-collar total 325 334 33.1 NS 329 324 30.8 NS

Professional,

technical and

kindred workers 28.1 246 24.3 NS 26.3 26.8 26.6 NS

Managers and

administrators,

except farm 36.1 379 346 NS 448 36.3 34.1 .03

Sales workers 36.8 39.0 459 NS 35.1 34.4 31.2 NS

Clerical and

kindred workers 376 38.5 374 NS 33.1 343 323 NS
Blue-collar total 46.8 468 476 NS 419 36.2 36.2 NS

Craftsmen and

kindred workers 45.7 45.3 47.2 NS 49.2 39.0 45.6 NS

Operatives and

kindred workers 486 48.8 436 NS 41.1 355 339 NS

Laborers, except

farm 464 47.0 464 NS 36.0 394 333 NS
Service 45.1 419 54.8 005 39.9 36.0 36.2 NS
Farm 33.1 320 28.7 NS *2 * * *
Usual activity,

homemaking — — — _ 339 334 316 NS

' Not statistically significant (p > 0.05).
2 Not enough cases for valid chi-square test (the expected cell frequency for one or more cells was less than five).

samples. As is reported in Table 19, among men one difference was
detected for smoking prevalence, but this difference showed an
inconsistent pattern across samples. Among women employed as
managers or administrators, there was a remarkable 10.7 percentage
point decline in smoking prevalence between 1978 and 1980, which is
over twice as large as the 10-year net decline between 1970 and 1980
(see Table 11).

One possible explanation for this large 3-year decline in smoking
prevalence is random fluctuation in the survey estimate. However, if
this short-term time trend for female managers and administrators
is valid, it would be of considerable interest. Given that the 1970—
1978 comparisons already show female managers and administrators
to be quitting at a relatively high rate (when compared with other
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TABLE 20.—Estimates of the percentage of current smokers
who smoke 40 or more cigarettes daily by sex,
occupation, and NHIS sample (1978, 1979, 1980),
aged 20 to 64 years

Men Women
P P

Occupation 1978 1979 1980 value 1978 1979 1980  value
White-collar total 236 21.0 19.3 NS!* 10.1 11.4 14.0 NS

Professional,

technical and

kindred workers 20.9 17.0 142 NS 9.0 8.6 14.1 NS

Managers and

administrators,

except farm 25.8 23.9 246 NS 15.7 16.0 15.2 NS

Sales workers 310 21.2 205 NS 34 9.4 17.3 .05

Clerical and

kindred workers 16.0 20.5 15.4 NS 9.8 11.8 13.1 NS
Blue-collar total 194 17.4 18.7 NS 11.3 11.7 10.5 NS

Craftsmen and

kindred workers 22.7 19.1 222 NS 16.1 13.0 229 NS

Operatives and

kindred workers 16.9 166 138 NS 11.0 111 71 NS

Laborers, except

farm 13.9 13.6 189 NS .2 . * .
Service 134 15.9 18.9 NS 11.1 10.5 114 NS
Farm 205 11.5 17.2 NS * * ‘ M
Usual activity,

homemaking — — — - 10.4 10.6 12.9 NS

' Not statistically significant (p >0.05).
* Not enough cases for valid chi-square test (the expected cell frequency for one or more cells was less than five).

female occupational groups), it would seem prudent to closely
monitor the smoking patterns of this occupational cohort of women.

In regard to heavy smoking (see Table 20), no sample differences
were found for men. Among female salesworkers, there was a
striking 500 percent proportionate increase between 1978 and 1980
in the percentage of smokers of 40-plus cigarettes a day, which again
must be interpreted with caution. Overall, 50 separate chi-square
tests were examined, and 3 were statistically significant at p < 0.05—
which would be expected solely on the basis of chance.

Detailed presentations of NHIS estimates of smoking prevalence
are provided in Table 21 (1978-1980) and Table 22 (1970-1980 net
change) for all occupational codes with 100 or more cases in the
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combined 1978-1980 NHIS (unweighted sample). In Table 23 are
provided a comprehensive list of all occupational codes with 100 or
more cases in the 1978-1980 NHIS and the estimated percentage of
men and women, aged 20 to 64 years, who are employed in each
occupation. Figures 13 through 18 depict results from birth cohort
analyses that were briefly summarized in the text, including male
professional, technical, and kindred workers (Figure 13), managers
and administrators (Figure 14), craftsman and kindred workers
(Figure 15), and operatives and kindred workers (Figure 16), and
female professional, technical, and kindred workers (Figure 17), and
clerical and kindred workers (Figure 18).
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TABLE 21.—Estimates of the percentage of current smokers
by selected occupations, aged 20 to 64 years,
United States, 1978-1980

Occupation Men Women Total
WHITE-COLLAR
Professional, technical, and kindred workers
Accountants (001) 268 30.4 282
Electrical and electronic engineers (012) 16.2 33.0! 164
Lawyers (031) 218 21.4! 21.8
Personnel and labor relations workers (056) 308" 379! 34.1
Physicians, medical and osteopathic (065) 18.1" 18.2* 181
Registered nurses (075) 464 272 28.0
Social workers (100) 426! 313! 39.0
Elementary school teachers (142) 18.8® 198 196
Secondary school teachers (144) 249 248 249
Managers and administrators, except farm
Bank officers and financial managers (202) 35.9 281" 32.9
Office managers n.e.c.? (220) 439! 254! 450
Officials and administrators, public
administrators n.e.c.? (222) 222! 203! 216
Restaurant, cafeteria, and bar managers (230) 539! 524’ 53.3
Sales managers and department heads, retail
trade (231) 28.7¢ 338! 30.5
Managers and administrators n.e.c. (245) 36.2 38.0 36.6
Sales workers
Insurance agents, brokers, and underwriters
(265) 411" 410! 411
Real estate agents and brokers (270) 278 48.1' 36.4
Sales representatives, manufacturing
industries (281) 432 329 41.2
Sales representatives, wholesale trade (282) 481 458! 479
Sales clerks, retail trade (283) 39.6 30.5 33.7
Salesmen, retail trade (284) 42.8! 39.3¢ 424
Clerical and kindred workers
Bank tellers (301) 0.0! 257 24.7
Bookkeepers (305) 429 36.5 37.1
Cashiers (310) 434" 4.2 44.1
Estimators and investigators n.e.c. (321) 284! 359° 331
Expediters and production controllers (323} 44.9° 43.1° 44.3
Computer and peripheral equipment operators
(343} 313! 44.7! 385
Postal clerks (361) 38.2! 249! 339
Receptionists (364) 56.5* 31.0 318
Secretaries n.e.c. (372) 61.7! 309 31.2
Stock clerks and storekeepers (381) 38.1 31.2! 353
Typists (391) 103! 33.0 31.7
Clerical workers, miscellaneous (394) 34.9' 33.3 336
Clerical workers, not specified (395) 335! 284! 29.1
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TABLE 21.—Continued

Occupation Men Women Total
BLUE-COLLAR
Craftsmen and kindred workers
Carpenters (415) 50.8 704! 50.9
Electricians (430) 483 100.0* 485
Foremen n.e.c. (441) 42.7 442
Machinists (461) 434 53.01 437
Automobile mechanics (473) 50.5 54.7¢ 505
Heavy equipment mechanics, incl. diesel (481) 47.4 495! 417
Painters, construction and maintenance (510} 55.1 61.4° 54.0
Plumbers and pipe fitters (522) 47.1 39.1! 47.1
Operatives, except transport
Assemblers (602) 487 429 453
Checkers, examiners, and inspectors;
manufacturing (610) 45.8 39.3 42.3
Packers and wrappers, except meat and
produce (643) 47.2} 40.0 42.3
Sewers and stitchers (663) 26.9! 25.8 259
Welders and flamecutters (680) 478 2891 46.8
Machine operatives, miscellaneous,
specified (690) 437 41.0 427
Machine operatives, not specified (692) 429! 50.3* 4.7
Miscellaneous operatives (694) 43.3 401! 42.4
Transport operatives
Bus drivers (703) 50.3* 352! 42.7
Deliverymen and routemen (705) 424 461! 42.7
Fork lift and tow motor operatives (706) 49.3? 354! 48.7
Truck drivers (715) 53.6 62.7* 53.7
Workers, except farm
Construction laborers, except carpenters’
helpers (751) 53.0 52.8! 53.0
Freight and material handlers (753) 425 34.6 416
Gardeners and groundskeepers, except farra (755) 461 43.7! 459
Stock handlers (762) 374* 345 366
Laborers, not specified (785) 380 46.31 39.0
Farm workers
Farmers (801) 281 299! 28.3
Farm laborers, wage workers (822) 39.0 256! 349
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TABLE 21.—Continued

Occupation Men Women Total

Service workers

Cleaners and charwomen (902) 49.8° 30.5 38.0
Janitors and sextons (903) 4938 39.0" 471
Cooks, except private household (912) 45.0! 311 35.9
Waiters (915) 4.7 51.1 50.4
Food service workers n.e.c.?, except private

household (916) 421} 24.6 27.0
Nursing aides, orderlies, and attendants (925) 482’ 410 420
Practical nurses (926) 55.3! 40.3 41.2
Child care workers, except private

household (942) 0.0 28.9 28.4
Hairdressers and cosmetologists (944) 63.2! 37.5 39.0
Guards and watchmen (962) 50.5 35.7! 47.3
Policemen and detectives (964) 4.5 51.5°* 45.1
Maids and servants, private household (984) 55.0! 32.1 331

! <100 cases in the denominator (unweighted sample).
" Not elsewhere classified.
SOURCE: National Center for Health Statistics Health Interview Surveys, 1978-1980 (combined).
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TABLE 22.—Estimates of the net change in smoking

prevalence by sex and selected occupations,
age 20 to 64 years, United States, 1970-1980

Occupation Men Women Total
WHITE-COLLAR
Professional, technical, and kindred workers
Accountants (001)/(000) -6.8 0.4 46
Electrical and electronic engineers (012)/(083) ~4.0 -1B.0} 4.1
Personnel and labor relations workers
(056)/(154) ~8.9 -8.2 =20
Physicians, medical and osteopathic
(065)/(153,162) -8.51 -29.31 ~-10.0
Registered nurses (075)/(150) +10.2! -12.3 ~114
Social workers (100)/(171} +38* +11.0! +7.7
Elementary school teachers (142)/(182) -10.5" -1.2 -26
Secondary school teachers (144)/(183) -35 -13 -24
Managers and administrators, except farm
Officials and administrators, public
administrators n.e.c.® (222)/(270) 16.3! 7.3* -154
Managers and administrators n.e.c. (245)/(290) -81 4.2 -1.3
Sales workers
Insurance agents, brokers, and underwriters
(265)/(385) -9.8¢ -226! -11.3
Real estate agents and brokers (270)/(383) 14.6 +38* 6.8
Clerical and kindred workers
Bank teilers (301)/(305) 457! -9.0 -11.3
Bookkeepers (305)/(310) -1.3? -4.2 -39
Cashiers (310)/(312) +26° +3.7 +35
Postal clerks (361)/(340) -1.0* -18.7¢ 5.7
Receptionists (364)/(341) — -10.6 -9.8
Secretaries n.e.c. (372)/(342) -0.8* -8.1 -8.0
Stock clerks and storekeepers (381)/(350) -12.0 8.2 -12.2
Typists (391)/(360) 528! 49 7.1
BLUE-COLLAR
Craftsmen and kindred workers
Carpenters (415)/(411) —-4.1 +50.3* -3.7
Electricians (430)/(421) +39 +334! -39
Foremen n.e.c. (441)/(430) -89 — -89
Machinists (461)/(465) -87 -7.3? -85
Automobile mechanics (473)/(472) —-4.5 +22.3¢1 4.3
Painters, construction and maintenance (510)/(495) -17.1 +17.7¢ -17.3
Plumbers and pipe fitters (522)/(510) 4.1 — 4.1



TABLE 22.—Continued

Occupation Men Women Total
Operatives, except transport
Assemblers (602)/(631) -7.0 -2.0 -4.6
Checkers, examiners, and inspectors,
manufacturing (610)/(643) 8.7 -0.3 4.4
Packers and wrappers, except meat and
produce (643)/(693) -8.0! +2.6 -0.7
Sewers and stitchers (663)/(705) -18.8! -0.5 -0.8
Welders and flame-cutters (680)/(721) -35 -12.7! -39
Transport operatives
Bus drivers (703)/(641) +6.6* +11.2! +4.0
Deliverymen and routemen (705)/(650) -11.6 +10.0* -109
Farm workers
Farmers (801)/(200) 4.4 +9.3! -34
Farm laborers, wage workers (822)/(902) -14.5 621 -14.8
Service workers
Cleaners and charwomen (902)/(824) -14.3! -23 -16
Cooks, except private household (912)/(825) -19.2! 55 -94
Janitors and sextons (903)/(834) -19 +104! -04
Waiters (915)/(875) =29 -9.0 -8.7
Practical nurses (926)/(842) =311 +4.3 +3.7
Hairdressers and cosmetologists {944)/(843) 54! ~7.4 -8.0
Guards and watchmen (962)/(851) 5.5 +176* -6.9
Policemen and detectives (964)/(853) -3.2 +244" -2.0

! < 100 cases in the denominator (unweighted sample).

* Not elsewhere classified.

SOURCE: National Center for Health Statistica Health Interview Surveys, 1978-1980 (combined).
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TABLE 23.—Estimates of percentage of U.S. population,

aged 20 to 64 years, in selected occupations,

1978-1980
Occupation Men Women Total
WHITE-COLLAR
Professional, technical, and kindred workers
Accountants (001) 12 0.7 1.0
Electrical and electronic engineers (012) 0.6 0.0 03
Lawyers (031) 0.7 0.1 0.4
Personnel and labor relations workers (056) 05 04 04
Physicians, medical and osteopathic (065) 05 0.1 0.3
Registered nurses (075) 01 2.0 1.1
Social workers (100) 02 04 03
Elementary school teachers (142) 0.5 21 13
Secondary school teachers (144) 10 1.0 1.0
Managers and administrators, except farm
Bank officers and financial managers (202) 0.7 0.4 0.5
Office managers n.e.c.’ (220) 0.1 0.3 02
Officials and administrators; public
administrators n.e.c. (222) 0.4 0.2 0.3
Restaurant, cafeteria, and bar managers (230) 05 0.3 04
Sales managers and department heads, retail
trade (231) 04 0.2 0.3
Managers and administrators n.e.c. (245) 94 24 58
Sales workers
Insurance agents, brokers, and underwriters
(265) 0.6 0.2 04
Renl estate agents and brokers (270) 0.6 04 0.5
Sales representatives, manufacturing
industries (281) 0.9 0.2 0.5
Sales representatives, wholesale trade (282) 09 0.1 0.5
Sales clerks, retail trade (283) 0.5 1.0 1.6
Salesmen, retail trade (284) 0.5 01 03
Clerical and kindred workers
Bank tellers (301) 0.0 0.6 03
Bookkeepers (305) 0.3 2.7 15
Cashiers (310} 0.2 1.5 0.8
Estimators and investigators n.e.c. (321) 0.3 04 04
Expediters and production controllers (323} 04 0.2 0.3
Computer and peripheral equipment operators
(343) 0.4 04 04
Postal clerks (361) 0.4 0.2 0.3
Receptionists (364) 0.0 0.6 0.3
Secretaries n.e.c. (372) 01 5.5 29
Stock clerks and storekeepers (381) 0.6 04 0.5
Typista (391) 0.1 11 0.6
Clerical workers, miscellaneous (394) 0.3 11 0.7
Clerical workers, not specified (395) 0.1 0.7 0.8



TABLE 23.—Continued

Occupation Men Women Total
BLUE-COLLAR
Craftsmen and kindred workers
Carpenters (415) 24 0.0 1.2
Electricians (430) 10 0.0 0.5
Foremen n.ec. (441) 3.0 04 1.7
Machinists (461) 1.1 0.0 0.5
Automobile mechanics (473) 17 0.0 08
Heavy equipment mechanics, incl. diesel (481) 1.2 0.0 0.6
Painters, construction and maintenance (510) 0.7 0.1 0.4
Plumbers and pipe fitters (522) 0.8 0.0 04
Operatives, except transport
Assemblers (602) 0.8 1.1 09
Checkers, examiners, and inspectors,
manufacturing (610) 0.7 0.7 0.7
Packers and wrappers, except meat and
produce (643) 0.3 0.6 05
Sewers and stitchers (663) 01 1.3 0.7
Welders and flame-cutters (680) 10 01 05
Machine operatives, miscellaneous,
specified (690) 17 0.9 13
Machine operatives, not specified (692) 04 0.1 0.2
Miscellaneous operatives (694) 0.7 0.3 0.5
Transport operatives
Bus drivers (703) 0.3 03 03
Deliverymen and routemen (705) 0.7 01 0.4
Fork lift and tow motor operatives (706) 0.6 0.0 0.3
Truck drivers (715) 3.0 0.0 1.5
Workers, except farm
Construction laborers, except carpenters’
helpers (751) 1.2 0.0 0.6
Freight and material handlers (753) 0.8 0.1 04
Gardeners and groundskeepers, except farm
(755} 0.7 0.0 04
Stock handlers (762) 05 0.2 0.3
Not specified laborers (785) 0.7 0.1 0.4
Farm workers
Farmers (801) 20 0.2 11
Farm laborers, wage workers (822) 0.7 0.3 0.5
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TABLE 23.—Continued

Occupation Men Women Total

Service workers

Cleaners and charwomen (902} 0.5 07 0.6
Janitors and sextons (903) 1.3 0.4 0.8
Cooks, except private household (912) 0.6 1.0 0.8
Waiters (915) 0.2 14 0.8
Food service workers n.e.c., except private
household (916) 0.1 06 0.4
Nursing aides, orderlies, and attendants (925) 0.2 1.3 0.8
Practical nurses (326} 0.1 0.7 04
Child care workers, except private
household (942) 0.0 06 0.3
Hairdressers and cosmetologists (944) 0.1 08 0.4
Guards and watchmen (962) 0.7 0.2 0.5
Policemen and detectives (964) 09 0.1 0.4
Maids and servants, private household (984) 0.0 0.7 04
All other occupations 30.2 15.9 227
Not in labor force 109 386 25.3

NOTE: Includes all occupational codes with at least 100 cases (aged 20 to 64) in the 1978-1980 HIS (unweighted
sample).

¢ Not eisewhere classified.

SOURCE: National Center for Health Statistics Health Interview Surveys, 1978-1980 (combined).

68



80 4 ‘ _—
1 :
75 ~ 1
H ;
70 + - -
1 |
85 -
] 1921-1830
B0 S i e -
5 1940
1911-1920 1931-184
50 ?,, e e —— e ————— e o — S, -
45 =
2 ] 1941-1950
8 40 — B A — -
S =
& 3 1901-1910 —
/ 1921-1930
30 b e e 72 1941-1950
; ; k 1931-1940
] / - 1911-1920
25 ”1 | / N 1951-1960
| ’ N
! i . /
20 4 . 1 ,*‘,,L,,,/; .
i ! : . ‘/« 1951-1860
15 -
3
i !
10 —— - . fe
1 P /’ “--1801-1910
V¥ 4
Y 4i; + /-?- e
¢
1900 1910 1920 1930 1940 1950 1960 1970 1980

Year

FIGURE 13.—Changes in the prevalence of cigarette
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Appendix A

The two tables in appendix A describe the smoking habits of more
than 18,000 employees from 16 components of the General Electric
Company in various parts of the United States (personal communica-
tion, T. R. Casey and H. R. Richards, General Electric Company,
June 1985). The data are presented to demonstrate the differences
that can exist by payment category within the same workforce. The
employees categorized as exempt are managers and specialists in
various professions who are not bound by the provisions of the wage
and hours law. Nonexempt personnel are generally clerical and
secretarial workers, and hourly personnel are skilled and semi-
skilled people who work in manufacturing. It is clear that substan-
tial differences in smoking habits exist between men and women,
between older and younger workers, and among employees in the
three payment classifications.
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TABLE Al.—Sample of smoking habits of employees of 16 workforce components of the General
Electric Company, May 1985

Nonsmokers Smokers Ex-smokers

Women Men Women Men Women Men
Category <45 >45 <45 >45 <45 >45 <45 >45 <45 >45 <45 >45 Total
Exempt
< 20 cigs/day
No. of employees 264 29 1,208 404 53 15 320 286 33 9 252 266 3,139
Years of smoking 721 485 5172 9,979 232 205 2,050 5,106
Average years 13.6 323 16.2 349 7.0 22.8 8.1 19.2
>20 cigs/day
No. of employees 9 4 122 140 6 3 75 163 522
Years of smoking 154 135 2,175 4,363 56 66 820 3,527
Average years 17.1 338 17.8 31.2 93 22.0 109 216
Nonexempt
<20 cigs/day
No. of employees 370 135 528 94 188 79 213 83 75 29 131 91 2,076
Years of smoking 2,441 2,376 3,631 2,810 555 518 1,111 1919
Average years 13.0 30.1 13.3 339 74 179 85 21.1
>20 cigs/day
No. of employees 47 20 130 35 n 9 57 40 349
Years of smoking 863 666 2,021 1,220 161 226 761 1,092
Average years 18.4 333 15.5 4.9

146 25.1 134 213
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TABLE Al.—Continued

Nonsmokers Smokers Ex-smokers

Women Men Women Men Women
Category <45 45 <4b 45 <45 ~ 45 <45 > 45 <45 >45 < 45 - 45 Total
Hourly
<20 cigs/day
No. of employees 1,521 1,153 1,779 582 1,211 674 1,558 716 219 168 507 10,589
Years of smoking 17,247 21,786 22,287 25,942 2,036 3,682 4,579 11,986
Average years 14.2 323 14.3 36.2 9.3 219 23.6
> 20 cigs/day
No. of employees 155 91 405 259 35 34 233 1,356
Years of smoking 2,714 3,083 7,520 9,716 482 870 6,265
Average years 175 339 18.6 315 138 25.6 26.9
Total employees 2,155 1,317 3,515 1,080 1,663 883 2,808 1,519 379 252 1.160 1,300 18,031

SOURCE: General Electric Company Corporate Medicai Operation (1985).
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TABLE A2.—Smoking habits of General Electric employees in various employment categories

Men Women

<45 years old >45 years old <45 years old »»45 years old
Category Never  Current Former Never  Current  Former Never  Current  Former Never  Current Former
Exempt
Total 61.1 224 16.5 32.1 35.1 34.1 72.3 17.0 10.7 48.3 317 20
<20 cigarettes/day 724 711 67.1 62.0 B5.5 846 789 75
>20 cigarettes/day 276 229 32.9 38.0 145 154 21.1 25
Nonexempt
Total 472 36.0 16.8 274 344 38.2 53.6 34.0 124 496 36.4 140
<20 cigarettes/day 67.7 69.7 70.3 69.5 80.0 87.2 79.8 76.3
»20 cigarettes/day 32.3 30.3 29.7 30.5 200 128 20.2 23.7
Hourly
Total 40.6 44.7 147 259 424 322 484 435 8.1 54.4 36.1 9.5
<20 cigarettes/day 79.4 77.7 734 68.5 88.7 86.2 88.1 83.2
> 20 cigarettes/day 206 223 26.6 315 11.3 13.8 119 16.8




Appendix B

The data in appendix B, portrayed in bar graph format (personal
communication, L. Garfinkel, October 1985), represent smoking
characteristics by age, occupation, and sex of the more than 1.2
million men and women studied in the American Cancer Society’s
Cancer Prevention Study II. This study, initiated in 1982, is the
largest known prospective study of its kind. The data on smoking
and occupation were collected at the time of enrollment. Occupation-
al categories were determined from answers to open-ended questions
and, therefore, may not correspond to U.S. Department of Labor
categories.

These data provide comparative information on smoking habits
within occupational categories to demonstrate the variability that
exists between the estimates derived from individual research
designs and the national probability estimates derived from surveys.
The number above each bar represents the total population for each
age and occupational category. The first graph presents the percent-
ages for all occupations; the occupational categories compared are

the following.

Aide Farmer Pharmacy
Architect Fire Fighter Photo and Printing
Assembler Food Preparation Plumber
Automotive Foreman Postal Service
Banking Heavy Equipment Printing
Barber/Beautician Hospital Worker Railroad Worker
Bookkeeper Housewife Real Estate

Civil Service Law Enforcement Sales

Clergy Lawyer Social Worker
Construction Machine Operator Steel Mill

Data Entry Maid Technician
Dentistry Maintenance Telephone Operator
Disabled Manager Textile

Doctor Military Truck Driver
Education Miner Unemployed
Electrician Nursing Waiter/Waitress
Engineer Office Worker Welder

Executive Painter Woodworker

Factory Worker
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Introduction

Cigarette smoking is a major cause of cancer of the lung, larynx,
oral cavity, and esophagus and is a contributory factor for cancer of
the kidney, urinary bladder, and pancreas (US DHHS 1982). These
cancers will cause 278,700 of the estimated 910,000 new cancer cases
in the United States during 1985 (ACS 1985), or 30.6 percent of the
cancers occurring in the United States other than skin cancer.
Exposures to agents in the workplace other than cigarette smoke
will also cause some of these new cancers, and a number of cancers
will result from the combined effects of cigarette smoking and
carcinogenic exposures in the workplace.

The role that cigarette smoking plays in causing these cancers is
well established and extensively documented (US DHHS 1982). The
role that occupational agents play in the development of these same
cancers continues to emerge as the effects of more agents are
examined both in the laboratory and in the workplace. However,
cigarette smoking by exposed workers makes it difficult to separate
the effects of smoking from the effects of occupational agents for
cancers of sites causally linked to cigarette smoking. For some
agents, such as asbestos, both the large numbers of people exposed
and the magnitude of the increased cancer risk have allowed a
careful examination of the relative contributions of cigarette smok-
ing and the workplace exposure. For most agents, the data are more
limited. Nevertheless, protection of workers requires that regulatory
decisions be made about individual workplace exposures, even in the
face of limited data. In assessing the effects of workplace exposures,
consideration must be given to the interactions of smoking with
agents that increase risk and to the bias introduced into studies of
occupational groups by confounding effects of cigarette smoking.
This chapter discusses the nature and measurement of interactions
between smoking and occupational exposures and the sources and
éontrol of confounding of smoking and occupational exposures. It is
not intended to be a comprehensive discussion of the epidemiologic
methods used to evaluate workplace exposures, but rather a discus-
sion of how smoking behavior in the workforce can effect the
evaluation of occupational exposures. The data on smoking and
specific occupational exposures are presented in later chapters of
this Report. The discussion of these issues is intended to aid in the
design and interpretation of studies of occupational exposure and not
to criticize those studies in which smoking could not be completely
addressed.

Lung Cancer Death Rates and Smoking

A detailed discussion of the causal relationship between cigarette
smoking and the cancers is provided in an earlier Report in this

101



series (US DHHS 1982) and is not repeated here. However, the
relationship between smoking and lung cancer is briefly described,
as a framework for the discussion of interaction and confounding in
subsequent sections of this chapter. Lung cancer was chosen as an
example because of its strong link to smoking and because it is the
greatest cause of cancer death in both men and women (ACS 1985).

Lung cancer will cause an estimated 125,600 deaths in 1985 (ACS
1985): 87,000 men and 38,600 women. For men, this represents more
than 8 percent of all deaths. Current U.S. age-specific lung cancer
death rates increase with age into the late seventies age range and
then decline. However, when death rates for any given birth cohort
of men are examined (Figure 1), there is no decline in death rates at
the older ages. This difference between the cross-sectional mortality
statistics and the cohort data is generally attributed to differences in
the smoking habits of successive birth cohorts of men (and women)
during this century. This Report’s chapter on smoking patterns in
the U.S. population also carefully documents that cigarette smoking
is not uniformly distributed in the U.S. population, but rather varies
considerably with both age and occupation. This nonuniform distri-
bution of smoking patterns introduces much of the difficulty in
controlling for smoking in occupational studies.

The relationships among age, lung cancer death rates, and number
of cigarettes smoked per day, derived from the mortality study of
U.S. veterans (Kahn 1966), are presented in Figure 2. The risk
associated with smoking is a function of both the intensity of
smoking, as measured by number of cigarettes smoked per day and
depth of inhalation, and the duration of smoking as measured by age
and age of initiation.

The lung cancer mortality ratios derived from the American
Cancer Society (ACS) study of 1 million men and women (Hammond
1966) for smokers compared with nonsmokers, stratified by age and
by number of cigarettes smoked per day, depth of inhalation, and age
of initiation are presented in Table 1. In general, the mortality ratios
are greater in the older age groups and increase with increasing
dosage measure within each age strata. The data demonstrate that
within the broader category of smokers a substantial variation in
risk (up to fivefold) occurs between the different levels of dose and
duration of smoking. The variation in mortality ratios for each
isolated measure in Table 1 almost certainly overestimates the
independent contribution of that measure to the actual risk, owing to
correlation among the measures of number of cigarettes smoked per
day, depth of inhalation, and age of initiation. For example, those
who begin to smoke at a young age also smoke more cigarettes per
day (Shopland and Brown 1985). However, it is unlikely that this
correlation among dosage and duration measures explains all of the
variation in mortality ratios with the isolated measures; therefore, it
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is reasonable to expect that the accuracy of lung cancer risk
estimates for a population would improve with the inclusion of a
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SOURCE: Kahn (1966).

measure of smoking prevalence, a measure of smoking intensity, a
measure of smoking duration, and a measure of the duration of
cessation for former smokers.

Interactions Between Cigarette Smoking and Occupational
Exposures

Interactions between cigarette smoking and occupational expo-
sures may be examined in the context of a biological process, as a
statistical phenomenon, or as a problem in public health and
individual decisionmaking (Rothman et al. 1980; Saracci 1980;
Siemiatycki and Thomas 1981). In each of these contexts the
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TABLE 1.—Number of lung cancer deaths (men), age-standardized death rates, and mortality ratios, by
current number of cigarettes smoked per day, degree of inhalation, and age began
smoking, by age at start of study

Age 35-54 Age 55-69 Age 70-84 All ages, 35-84
Number Number Number Number

Smoking of Death Mortality of Death Mortality of Death Mortality of Death Mortality
characteristics deaths rate ratios deaths rate ratios deaths rate ratios deaths rate ratios
Current number of cigarettes a day

1-9 9 38 6.17 12 68 3.53 5 134 5.32 26 56 4.60

10-19 15 24 3.90 57 168 8.77 10 243 9.62 82 €0 7.48

20-39 138 58 9.37 216 264 13.82 27 446 17.62 381 159 13.14

>40 26 47 7.67 50 334 17.47 6 754 29.84 82 201 16.61
Degree of inhalation

None or slight 19 29 4.75 87 203 10.60 14 193 7.65 120 102 8.42

Moderate 114 62 8.48 177 224 11.72 20 401 15.88 311 138 1145

Deep 55 55 9.00 73 266 13.93 13 638 25.26 141 173 14.31
Age began cigarette smoking

>25 5 17 277 12 65 339 3 85 3.38 20 39 321

20-24 31 36 5.83 72 212 11.11 7 306 12.11 110 118 9.72

15-19 112 54 8.71 176 250 13.06 27 490 19.37 315 155 1281

<15 35 79 12.80 57 302 15.81 9 424 16.76 101 183 15.10
Never smoked regularly 11 6 27 19 11 25 49 12

NOTE: Mortality ratios are based on death rates carried out to one more significant figure than shown.
SOURCE: Hammond (1966).



concepts are applied somewhat differently, and confusion results
when a move from one context to another is attempted without
consideration of these differences in application. Biological interac-
tion refers to the presence of one agent influencing the form,
availability, or effect of a second agent, and includes physical
interaction such as the adsorption of carcinogens to particulates in
inspired air, process interactions such as the induction by one agent
of an enzyme system capable of converting a second agent into a
carcinogenic metabolite, and outcome interactions such as the
number of tumors produced by separate and combined exposures in
an animal exposure system. Statistical interaction refers to a
departure from the mathematical model used to assess the effects of
the exposure variables. The model being tested may be additive,
multiplicative, or some other form; the outcome of interest may be
death rates, relative risks, or other outcome measures; the indepen-
dent variables may be intensity of exposure, duration of exposure, a
combination of intensity and duration (e.g., pack-years), or a
logarithmic or other transformation of these measures. Public health
interaction usually refers to the presence or level of one agent
influencing the incidence, prevalence, or extent of disease produced
by a second agent. An exposure to two agents that resulted in a
multiplicative effect on lung cancer death rates might show no
interaction using a multiplicative statistical model, but might show a
profound interaction in terms of public health and a variety of
interactions within the biologic system under consideration (i.e.,
human carcinogenesis).

Biologic Interactions

The transformation of normal lung tissue into a clinically mani-
fest lung cancer is a complex, incompletely understood process that
is generally assumed to require multiple inheritable changes within
the cell (Armitage and Doll 1961; Day and Brown 1980). Although
cellular changes are assumed to be requisite for carcinogenesis,
phenomena taking place outside the cell may influence carcinogene-
sis. Cigarette smoke and occupational agents may potentially
interact by influencing the fraction of inhaled carcinogen deposited
and retained in the lung, the rate of metabolic activation of a
procarcinogen into a carcinogenic metabolite, the transfer of agents
across mucosal and cellular boundaries, the vulnerability of the cell
to carcinogenic change (by increasing the rate of cell replication), or
the transformation of the cellular DNA. In addition, cellular DNA
repair, humoral or metabolic factors influencing tumor growth, and
immunologic recognition or destruction of tumor cells are processes
that may influence tumor manifestation and may be affected by
occupational exposures and cigarette smoke. A detailed discussion of
chemical carcinogenesis is beyond the scope of this chapter and is
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provided elsewhere (Weinstein 1985; Farber 1982); however, this
chapter explores some potential sites of biological interaction
between occupational exposure and cigarette smoke to illustrate the
biologic interactions that may take place.

Cigarette smoking and occupational exposures may interact
through effects of smoking on the dose of the carcinogen that reaches
the cell. Long-term exposure to cigarette smoke impairs mucociliary
clearance (US DHHS 1982) and could alte:r the dose of an occupation-
al agent retained. Carcinogens may adsorb to particulates in smoke
or to environmental dusts (Natusch et al. 1974; Mossman et al. 1983),
resulting in a higher fractional retention or different distribution in
the lung. The adsorption to dust may also facilitate or inhibit
transport of carcinogens through the mucus layer. Cigarette smoke
has been shown to increase epithelial permeability in the tracheo-
bronchial tree (Simani et al. 1974); the effect may increase the
exposure of the underlying cell to an occupational agent.

Another potential site of biologic interaction is the metabolic
activation of a carcinogen. A number of agents, including the
polycyclic aromatic hydrocarbons in cigarette smoke, undergo chem-
ical transformation within the body to metabolites that are consid-
ered to be active carcinogens (Gelboin and Tso 1978a, b). The
majority of known conversions occur through the mixed function
oxygenase system predominately located in the microsomal fraction
of the cell. A number of constituents of cizarette smoke have been
shown to induce this enzyme system (US DHEW 1979), and its
activation may increase the rate of biologic activation of procarcino-
gens in the worksite. Cigarette smoking also alters the cellular
composition of the lung, increasing the number of neutrophils and
activated macrophages in the lung (US DHHS 1984); these cells may
also play a role in the metabolic transformation of occupational
agents.

Much of the consideration of interactions between smoking and
occupational exposures has centered on interactions that might
influence the response of the cell rather than the “dose” of
carcinogen (Siemiatycki and Thomas 1981, Rothman et al. 1980;
Rothman 1974, 1978; Walter and Holford 1978). In a widely accepted
conceptual model, the process of malignant transformation of a cell
into a cancer is considered to be a multistage process requiring
multiple inheritable changes (Armitage and Doll 1961; Day and
Brown 1980). Individual agents may initiate or promote the process
of carcinogenesis. Initiation is thought to be at least a two-stage
process that requires cell division before becoming irreversible
(Farber 1982). Promotion describes the process by which an agent
encourages an initiated tissue to develop focal proliferation. A tumor
initiator may exert its effect through a brief exposure, whereas a
tumor promoter usually requires repetitive contact with initiated
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tissue to exert its effect. Cigarette smoke is known to contain a
number of compounds that act as tumor initiators and promoters
(US DHHS 1982); occupational exposures reflect a similar range of
agents. Tumor promoters in smoke may influence the effects of
exposure to tumor initiators in the workplace and thus increase the
number of cancers that occur, and the presence of tumor initiators in
smoke may allow the expression of a tumor promoter in the
worksite.

The process of carcinogenesis is frequently modeled as a multistep
process in which each succeeding step can occur only in those cells
that have undergone the preceding step (Armitage and Doll 1961;
Day and Brown 1980). In this model, agents may influence one (or
more) of these steps, and therefore may have an effect early or late
in the carcinogenic transition. Because the later steps in the process
can occur only in cells that have undergone the changes of earlier
steps, agents that act at separate steps may have multiplicative
effects. For example, an agent that results in a fourfold increase in
the rate of transition from a hypothetical step 1 to step 2 in the
carcinogenic process would result in a fourfold increase in the
number of malignant transformations by increasing the number of
cells available for step 2 and subsequent steps. Similarly an agent
that tripled the rate of transition from step 2 to step 3 would triple
the number of malignant transformations. However, exposure to
both agents would provide a fourfold (300 percent) increase in the
number of cells available for transition from step 2 to step 3 as well
as a threefold (200 percent) increase of the rate of transition from
step 2 to step 3, with a resultant twelvefold (1,100 percent) increase
in the number of malignant transformations. Therefore, the effect of
the combined exposure on number of malignant transformations
(1,100 percent) would be greater than the sum of the effects of
independent exposures (300 percent plus 200 percent).

A similar phenomenon may occur with cigarette smoke and an
agent that has an independent and additive effect as an initiator of
carcinogenesis. The additive effects on tumor initiation may appear
as a multiplicative effect on tumor occurrence because of the action
of the tumor promoters in cigarette smoke. The tumor promoters in
smoke may act on the cells initiated by an occupational agent, as
well as on the cells initiated by smoke, to increase the number of the
cells that become cancers. The number of tumors produced by a
combined exposure could then be greater than the sum of the
numbers of tumors produced by the individual exposures separately.

Two additional mechanisms by which cigarette smoking and
occupational exposures may interact are by alterations in the
immunologic surveillance for cancers and by increasing the frequen-
cy of cell division. Differences in the number, type, and function of
cellular components of the immune system have been demonstrated
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between smokers and nonsmokers (US DHHS 1984) and among
workers exposed to occupational agents (see other chapters of this
Report). The potential for these differences to influence the rates of
clinically manifest cancers (either positively or negatively) is an
issue of considerable interest. The increase in cell turnover in the
respiratory tract in response to the acute toxic and inflammatory
effects of cigarette smoke, or of occupational exposures, may also
influence cancer rates, as it is believed that cells are more
vulnerable to carcinogenic changes during periods of replication.

This discussion is intended to illustrate the kinds of biologic
interactions that might occur between smoking and occupational
agents and not to be a complete description of either the carcinogenic
process or the sites of potential interaction.

Statistical Interaction

Statistical interaction refers to departure from a mathematical
model in assessing the main effects of independent variables; its
presence is often evaluated by the addition of an interaction term to
the independent variables (Siemiatycki and Thomas 1981; Blot and
Day 1979; Saracci 1980). With this approach, the presence of
interaction is dependent on the model being used (Rothman 1974;
Kupper and Hogan 1978). For example, a multiplicative effect can be
adequately modeled without an interaction term on a log scale, but
requires an interaction term on an additive scale. In this section, an
additive model for the effects of two exposures assumes that the
combined exposure produces an effect equal to the background rate
plus the sum of the increases from the background rate of the two
exposures experienced separately. In a multiplicative model, com-
bined exposure results in an effect equal to the product of the effects
produced by the separate exposures.

The following example illustrates this terminology and demon-
strates the dependence of statistical interaction on the selected
model. Assuming that two agents independently increase the risk of
lung cancer and that the separate exposures result in a fivefold and
tenfold increase in risk, respectively, if exposure to both agents
produces an eightfold increase in risk, there is negative interaction
(protective effect) in the additive and the multiplicative models. A
combined risk of 14 indicates no interaction in an additive model, but
a negative interaction in a multiplicative model; a risk of 30 is a
positive interaction with an additive model and negative with a
multiplicative model; a risk of 50 is a positive interaction with an
additive model and no interaction with a multiplicative model; and a
risk of 60 is a positive interaction with both models.

This example illustrates the critical dependence of tests for
interaction on the mathematical model that is selected. Ideally, the
choice of a model is based on biological considerations and not on
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statistical convenience. For example, if the potential interaction of
two initiators is being examined, an additive model should be used.
The use of a multiplicative model may result in the demonstration of
a negative interaction.

When applied to the multistage biologic model of carcinogenesis,
independent actions at the same step would yield additive effects and
actions at separate steps would yield multiplicative effects (Siemia-
tycki and Thomas 1981; Walter and Holford 1978). This progression
from the biologic model to the statistical effect is easily defended;
however, it is less clear that the reverse progression is wvalid,
particularly in epidemiologic studies. The demonstration of an
additive effect on lung cancer death rates does not necessarily imply
that the two agents are acting at the same point in the carcinogenic
process, nor does a multiplicative effect guarantee action at separate
steps. As should be evident from the discussion of biologic interac-
tion, cigarette smoke may interact with occupational agents at
points external to the cell, and smoke consists of a variety of agents
with different carcinogenic effects. The complex biologic processes
that underlie the exposure—disease relationships evaluated in epide-
miological studies limit the inference from the results of statistical
modeling to biological mechanisms.

Rothman (1974) and Hogan and colleagues (1978) described
methods of quantifying the magnitude of statistical interaction, and
Kupper and Hogan (1978) described the detection of interaction in
cohort and case—control studies. This Report’s chapter on the
evaluation of chronic lung disease also discusses the concepts of
interaction and its measurement in studies of outcomes that are
continuous (i.e., lung function measures) rather than binary (.e.,
presence or absence of lung cancer).

In the simplest analytical problem, departure from additivity can
be readily assessed when a population has two exposures, the rates
in the presence of each individual exposure are known, and the rates
in the presence and absence of both are known. If the relative risk
(RR) in the absence of exposure is set equal to 1, then the ratio of the
rate in the population with only one of the exposures to the rate in
the population with neither exposure is the RR associated with the
exposure. Correspondingly, the ratio of the rate in the population
with both exposures over the rate in the population with neither
exposure is the RR associated with combined exposure. The magni- _
tude of the interaction can then be estimated by the ratio of the
increase in rate with combined exposure (the RR of combined
exposure minus 1) over the sum of the increases from the unexposed
rate produced by the single exposures ((RR.~1)+(RRe-1)). The
confidence interval around this estimate of interaction can also be -
estimated (Rothman 1974) as a measure of its statistical significance.
More complicated estimates of the magnitude of interaction are
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necessary when the rate in the unexposed population is unknown,
when the rate of the disease being measured is high in the general
population, and when case—control analyses are being performed
(Rothman 1974; Hogan et al. 1978). In general, the size of the
population needed to test for interaction between two exposures is
considerably larger than the size of the population needed to
establish statistically significant effects for the separate exposures.

Both case—control and cohort data can be analyzed with ap-
proaches that involve stratification (Kleinbaum et al. 1982; Rothman
and Boice 1979). The data are separated into strata defined by levels
of the occupational exposure and of cigarette smoking. By combining
the information within the separate strata, summary measures can
then be calculated that estimate the independent effects of the
variables and describe their interaction. Although stratified analysis
can be readily performed, its application is frequently limited by the
number of available subjects, both in the entire study and within
specific strata. For example, if an investigator designates four levels
of exposure to an occupational agent and classifies smokers as
currently smoking, previously smoking, or never smoking, twelve
separate exposure categories are created. If age, sex, and race must
also be considered, stratified analysis may be feasible only if the
number of subjects is extremely large.

Statistical modeling represents an alternative that is less compro-
mised by smaller sample sizes and that provides greater flexibility
for controlling confounding and for testing for interaction. Modeling
refers to the specification of a particular mathematical relationship
between the outcome variable, e.g., the occurrence of lung cancer,
and the variables representing the exposures of interest, e.g.,
cigarette smoking and an occupational agent. Statistical methods
describe the adequacy of the model for the data and provide
estimates of the effects of the exposure variables. Modeling can be
performed with the programs available in most conventional statisti-
cal packages, but some special applications may require customized
software.

In analyzing data on the effects of occupational exposures in
populations with a high prevalence of smoking, modeling facilitates
the control of confounding by smoking; multiple variables that
characterize smoking, such as duration, daily amount, and depth of
inhalation, can be entered simultaneously into the model. Further, if
the cumulative exposures to the occupational agent and to cigarette
smoke are temporally correlated, modeling may more satisfactorily
separate their effects, in comparison with stratified analysis.

A recent report by Whittemore and McMillan (1983) illustrates the
application of modeling to occupational data. These investigators
analyzed data collected in the U.S. Public Health Service study of
Colorado Plateau uranium miners, a prospective cohort study of
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mortality in relationship to exposure to radon daughters in the
mines. Their analysis assessed exposure to radon daughters and
cigarette smoking as risk factors for lung cancer. To assess the joint
effects of smoking and radiation, they developed and contrasted
additive and multiplicative models. They found that the multiplica-
tive model fit the data better than the additive. Of the alternative
multiplicative models, giving the highest likelihood of the data was a
linear function of the variables for smoking and radon daughter
exposure. Whittemore and McMillan then used this multiplicative
model to assess the effects of age and birth cohort. This analysis
complemented the conventional cohort methods that had been
applied previously to the data (Lundin et al. 1971; Archer et al.
1976).

Most conventional forms of modeling assume either an additive or
a multiplicative relationship between the independent effects of the
variables representing the exposures. Case—control data are most
often analyzed with the multiple logistic model (Breslow and Day
1980; Schlesselman and Stolley 1982), although alternatives have
been described (Walker and Rothman 1982; Breslow and Storer
1985). The multiple logistic model is multiplicative; the risk of
disease from multiple exposures is obtained as the product of the
risks from the individual exposures, in the absence of interaction
among the exposures. A variety of approaches have been described
for the modeling of data from cohort studies (Breslow et al. 1983;
Breslow 1985). These models may be developed as additive or as
multiplicative or on other scales.

In developing a model, confounding is controlled by introducing
variables for the potentially confounding exposures. Statistical
interaction among the variables is tested by entering terms formed
as their product or by running the model within groups of subjects
separated by their classification on one of the exposure variables.
When a product term is entered into a model to test for interaction,
the presence and extent of interaction is indicated by the coefficient
calculated for the product term. Most modeling techniques also
supply a test of statistical significance for the coefficient, under the
null hypothesis that its value is zero. Such a test of statistical
significance may not be very powerful (Greenland 1983), and the
coefficient may suggest an interaction of potentially important
magnitude, although it does not reach statistical significance at
conventional levels.

The presence of statistical interaction between two variables
demonstrates that their effects are interdependent, as assessed by
the specific statistical model (Rothman et al. 1980). Statistical
interaction does not necessarily imply biological interaction. In fact,
the interpretation of interaction hinges on the scale on which it is
measured; the choice of the statistical model may determine whether
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land 1979; Rothman et al. 1980). If possible, the choice of model
should be based on biological considerations. For malignancy, the
results of modeling may be interpretable within the conceptual
framework supplied by the theory that carcinogenesis is a multistep

process (Armitage and Doll 1961; Day and Brown 1980).

1

Public Health Interactions

From a public health perspective, an interaction occurs when the
number of individuals injured, or the extent of the injury, with
combined exposure exceeds that expected from the sum of the
background rate and the differences between the background rate
and the rates with the individual exposures. Public health interac-
tions can be considered a case of statistical interaction in which both
the model being tested and the outcome measurement scale being
used are defined by their ability to assess the contribution of a given
agent to the disease burden in society. When a positive interaction
occurs in this definition, the term “synergism” should be used. The
model used to examine interactions is often further specified by the
importance of considering the intensity and duration of exposure in
the risk model being examined. Establishing a dose-response rela-
tionship for an exposure supports a causal association, and the slope
of the exposure-response relationship allows an estimation of the
reduction in disease burden that might occur with a reduction in the
workplace exposure. Both of these issues are important in establish-
ing safe levels of exposure in the working environment.

Estimation of the reduction in disease burden due to an occupa-
tional exposure with the lowering of exposure levels has three
components: How much disease will be prevented in those workers
who begin their work exposure at the new levels? How much disease
will be prevented by reducing the exposure of workers previously
exposed to higher levels to these levels? and How much disease can
be prevented by altering the smoking habits of the exposed workers?
For those exposures for which synergism between smoking and an
occupational exposure exists, the sum of these three estimates may
exceed the total amount of disease that occurs in the population
(Samet and Lerchen 1984; Doll and Peto 1981). If a group of asbestos
workers have a fiftyfold increased risk with combined exposure and
a fivefold risk with exposure only to asbestos and a tenfold risk with
exposure only to cigarettes, then elimination of smoking would
eliminate 90 percent of the risk (from 50 to 5) and elimination of
asbestos would eliminate 80 percent of the risk (from 50 to 10). The
sum of these reductions is greater than 100 percent, and points out
that for prevention efforts, the synergistic effect works to potentiate
the effect of the intervention.
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Confounding of Occupational Exposures by Smoking Behavior

By the nature of the employing industries, most occupational
exposures occur to a limited number of individuals who are often
geographically clustered and who are not representative of the U.S.
population. Prospective studies of cancer rates in populations that
are representative of the U.S. population generally contain too few
individuals with specific occupational exposures to allow analysis by
occupational exposure. Therefore, most studies of occupational
exposures involve populations selected on the basis of a specific
exposure. Then either these selected populations of exposed workers
are compared with a control group or individuals with high dose
exposures are compared with individuals with low dose exposures.
Validity depends upon the comparability of the groups being
examined for variables that may influence cancer risk. other than
occupational exposure. Age is one such variable, as rates of most
cancers increase with increasing age. For those cancers iinked to
smoking, the comparability of the smoking habits of the various
exposed subjects is a second such variable. This variation may
potentially confound an association between an occupational expo-
sure and a cancer known to be associated with smoking, and control
for this potential confounding may be critical for an unbiased
evaluation of such an association.

Sources of Confounding

Confounding is the distortion of the apparent effect of an exposure
on risk brought about by the association with other factors that can
influence the outcome (Last 1983). Cigarette smoking can be a
confounding factor in occupational studies through an association
(either positive or negative) with the exposure in question. As
described earlier in this chapter, the major determinants of smoking-
related risk in a population include smoking prevalence, intensity of
exposure, and duration of exposure. Each of these measures can
potentially confound an occupational exposure.

Smoking Status

In occupational studies, cancer mortality in the occupational
group is often compared with that in the entire population of a given
geographic area. Age-specific death rates are available for the U.S.
population on an annual basis and can be used to develop an age- and
calendar-year-adjusted overall expected number of deaths, or a
cause-specific expected number of deaths, for the population of
workers being examined. The ratio of the actual number of deaths in
the exposed population compared with the expected number in the
general population, multiplied by 100, is referred to as a standard-
ized mortality ratio (SMR) for the exposed population. The SMR may
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be based on national mortality data or on data from the geographic
location of the exposure group. In addition to providing a control
population, the use of SMRs also adjusts for differences in age
distribution between the exposed population and the population on
which the SMR is based.

Cigarette smoking behavior is not uniformly distributed through-
out the U.S. population. As demonstrated in the preceding chapter,
there are substantial differences in smoking behavior among men
and women, blacks and whites, different age groups, and different
occupations. It is not surprising, therefore, that the smoking
behavior of selected populations of exposed workers might differ
markedly from the average for the U.S. population, and these
differences would be expected to influence the SMR for smoking-
related cancers.

Axelson (1978) has suggested that the effect on the SMR of
differences in smoking habits could be estimated by dividing the
population being examined into various smoking categories, multi-
plying the proportion of the population in that smoking category by
the relative risk of developing disease produced by that smoking
category, and summing the resultant numbers. The ratio of this
number, calculated for the exposed population and compared with
the number for the population on which the SMR is based, is then a
multiplier that can be used to evaluate the effect on the SMR of the
smoking habits of the exposed population.

In its simplest form this calculation would use only the proportion
of smokers and nonsmokers in the population and a single relative
risk number for the smokers. The effect that differences in smoking
habits might have on the SMR for three different relative risks due
to smoking is shown in Table 2. These different relative risks
correspond approximately to the different relative risks for different
sites of cancer associated with smoking (US DHHS 1982). Blair and
colleagues (1985) have compared the crude and smoking-adjusted
SMRs for different job categories in the population of the U.S.
veterans study. They used four categories: smoker, never smoked, ex-
smoker, and other. In general, adjustment for smoking did not
substantially alter the SMRs for lung cancer (R 0.88), and the
differences were small for most job categories (the largest difference
between crude and adjusted SMR, 68.0).

Measures of Smoking Intensity

The risks due to smoking increase with increasing number of
cigarettes smoked per day and depth of inhalation (Table 1) (US
DHHS 1982). A calculation, similar to the one in the preceding
section, can be performed using separate risk estimates for light
smokers and heavy smokers and for ex-smokers. The magnitude of
the effect on the SMR for lung cancer of a range of different smoking
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TABLE 2.—Effect of differences in smoking prevalence on
the relative risk of an occupational group
compared with a control group

Proportion of smokers in exposed group

Assumed risk Proportion of smokers
due to smoking in control group 1 3 5 N 9
2 1 1.00 1.18 1.36 1.55 173
3 85 1.00 115 131 1.46
5 73 87 1.00 113 1.27
N .65 .76 .88 1.00 112
9 .58 .68 79 .89 1.00
5 1 1.00 1.57 2.14 271 3.29
3 84 1.00 1.36 1.73 2.09
5 47 73 1.00 127 1.53
a 37 .58 79 1.00 121
9 30 48 65 83 1.00
10 1 1.00 1.95 2.89 3.84 4.79
.3 .51 1.00 1.49 1.97 246
5 .35 67 1.00 1.33 1.65
7 .26 .51 75 1.00 1.25
9 21 41 .60 80 1.00

prevalences and dosages is shown in Table 3, calculated using a
relative risk of 7 for smokers of less than one pack per day, 20 for
smokers of over one pack per day, and 4 for ex-smokers. These
relative risks were drawn from the major prospective mortality
studies on smoking (US DHHS 1982). The proportions of smokers
and ex-smokers in the population and the percentage of smokers who
smoke more than 20 cigarettes per day were drawn from the data
presented in the preceding chapter for the U.S. population between
the ages of 20 and 64. On the basis of the data, the current
differences in smoking patterns between blue-collar men and the
total male population might be expected to result in a 10.2 percent
elevation in the SMR for lung cancer. A hypothetical population
with a prevalence of current smoking of 80 percent might have a 59.9
percent increase in the lung cancer SMR. Correspondingly, a
population with a low smoking prevalence might have a 45.1 percent
reduction in the SMR. These numbers are similar to those calculated
for the Swedish population by Axelson (1978) as outer limits of the
adjustment that might need to be made in lung cancer SMRs,
secondary to differences in smoking patterns in an occupationally
exposed population. .

One of the basic assumptions made in the risk adjustment
calculations described is that differences in smoking behavior (and
the resultant risk) can be described by simple prevalence numbers
{percentage of smokers, never smokers, and ex-smokers) or by using
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TABLE 3.—Effect of differences in smoking prevalence on
the standardized mortality ratio for lung cancer

Smoking status

Current

SMR
Group Total <20 >20 Former Never multiplier
U.s. 409 294 70.6 40.0 19.1 1.0
population
White collar 39.9 27.8 722 40.8 19.7 0.994
Blue collar 47.1 282 71.8 348 18.1 1.102
Hypothetical 20.0 294 70.6 20.0 60.0 0.549
low
Hypothetical 80.0 294 70.6 10.0 10.0 1.599
high

a division of current smoking prevalence into heavy smokers or light
smokers. Other characteristics of smoking behavior have also been
shown to influence lung cancer risk, including depth of inhalation,
age of initiation (duration), and tar and nicotine yield of the cigarette
smoked (US DHHS 1981, 1982). The differences in lung cancer
relative risks among male smokers in the ACS study of 1 million
men and women resulting from differences in depth of inhalation
and age of initiation are presented in Table 1. It is apparent that
substantial differences in lung cancer mortality ratios (up to fivefold)
can occur within the broad category of smokers because of differ-
ences in the various dosage measures. It also appears that, in
general, the difference in mortality ratios between the highest and
lowest exposure categories was greater in the older age group than in
the younger age group.

When the SMR is based on the general population, in which
smoking behavior is in the middle range of the dosage measures in
Table 1, it is unlikely that differences in behaviors between an
exposed population and the general population would equal the
differences between the highest and lowest dosage categories.
However, sizable differences may occur, and the values shown in
Table 1 can be used to estimate the impact of these differences. If the
lowest age of initiation (under 15 years) were used as the risk for the
exposed population, and the risk for an age of initiation of age 20 to
24 were used for the control population, there would be a 30 percent
increase (using one risk value for all current smokers) in the SMRs
listed in Table 3. This would increase the SMR for the hypothetical
high smoking prevalence population to 207.4. A corresponding
adjustment for a difference in depth of inhalation could increase
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hese numbers even further. However, because there is almost
:ertainly some correlation among the various dosage measures
smokers of higher numbers of cigarettes per day are more likely to
nhale and to have begun smoking at an earlier age), it is not valid to
reat these numbers as independent measures of risk. It does seem
:lear, however, that substantial variations can occur in the “expect-
:d SMR” for a population, based on differences in smoking preva-
lence, differences in number of cigarettes smoked per day, and
probably differences in age of initiation. These adjustments suggest
that SMRs in excess of 200 may occur owing to differences in
smoking patterns and differences in depth of inhalation. The use of
high tar and nicotine cigarettes might increase the SMR even
further.

In the description of differences in smoking patterns by occupation
presented in the preceding chapter, only modest differences between
blue-collar workers and white-collar workers were found for age of
initiation and number of cigarettes smoked per day. However, larger
differences in these dosage measures are present among some of the
subcategories of blue-collar and white-collar workers. Substantial
variation from national norms in the various dosage measures may
also occur because of sampling and selection bias in the small
population samples that are often a real limitation in occupational
studies. Even in larger studies, such as the study of 17,800 asbestos
insulation workers (Hammond et al. 1979), substantial differences
between the asbestos-exposed workers and the general population in
number of cigarettes smoked per day are demonstrable (82.8 percent
of the asbestos workers smoked more than 20 cigarettes per day in
contrast with 68.5 percent of the men in the general population).

Failure to control for differences in smoking behavior may lead to
a spurious impression of interaction. A spurious interaction pro-
duced by differences in smoke dose has a greater public health
significance when the outcome is an apparent antagonism rather
than a synergism. If the workers who smoke and are exposed to a
given agent smoke fewer cigarettes per day, or began smoking later
in life than the control population, an apparent protective effect (i.e.,
a less than additive effect) of the occupational exposure may result.
In this setting, if the population of nonsmokers is too small to
evaluate the effects of the occupational agent, only the biased
estimate of the agent’s effect on smokers will be available; the
spurious antagonism may mask the effect of an occupational
carcinogen by lowering the rate of lung cancer in the workers with
combined exposure. A lower number of cigarettes smoked per day
may be a relatively frequent confounder in worksites where smoking
is not allowed during working hours, and a later age of initiation
may exist in workforces with higher education levels. Thus, lack of
information on smoking may lead to biased estimates of the effect of
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an occupational agent, and even to the impression that the agent has
no effect. This potential for missing the effects of an occupational
carcinogen makes the incorporation of dosage data a critical part of
the consideration of statistical interactions.

This discussion has used examples in which differences in smoking
dosage measures resulted in spurious interactions between smoking
and occupational exposures. However, the same potential exists for
differences in occupational exposure dose between smokers and
nonsmokers in the exposed population. If the smokers in the exposed
population have a greater exposure to an occupational carcinogen
than the nonsmokers, then the effect of combined exposure might be
expected to appear to be greater than additive.

A companion question of “dosage” measurement among the
smokers in occupational studies is how to classify pipe and cigar
smokers and former smokers. Pipe and cigar smokers have a lower
risk of developing lung cancer (but not oral cancer) than cigarette
smokers and are distributed differently by age, reflecting the greater
use of pipes and cigars by older men (US DHEW 1979). To the extent
that differences in the use of pipes and cigars exist among exposed
groups and control populations, the effects of smoking may be
confounded if pipe and cigar smokers are classified in the study as
smokers. Pipe and cigar smokers should be either analyzed as a
separate category, or if the number of subjects is too small for
separate analysis, they may be combined with light smokers as part
of a dose-response relationship. A similar problem arises with
former smokers. The lung cancer risk in former smokers declines
with the increasing duration of cessation. Few people begin to smoke
after age 25, and the percentage of the population who have quit
smoking increases with increasing age. Many occupational settings
have been the focus of intensive cessation efforts, particularly those
worksites where an increased lung cancer risk has been established
or suspected. These efforts, as well as the other previously described
reasons for differences in smoking patterns, may make the preva-
lence and age distribution of former smokers in an occupationally
exposed population different from that in a control population;
therefore, former smokers should not be included with current
smokers in an analysis of occupational exposures but should be
treated as a separate category.

One of the methods that has been used to control for the
differences in smoking between control groups and exposed popula-
tions, or between cases and controls (Liddell et al. 1984), is to
examine the dose-response relationships of smoking and occupation-
al exposure for lung cancer. An example of such an analysis
performed on a group of asbestos miners using a case-control
approach is presented in Table 4. The risk of developing lung cancer
is shown to increase with increasing cumulative asbestos exposure in
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TABLE 4.—Risks of lung cancer, by cigarette smoking and
asbestos exposure, relative to all 223 cases and
715 referents for whom smoking histories were
reliable; unmatched analysis

Exposure accumulated up to 9 years before death of case

High and

Low Medium very high
Pack-years ! (< 100) (< 1,000) (>1,000) All
0 Number of cases 6 7 10 23
Number of referents 103 61 37 201
Relative risk 0.19 0.37 0.87 0.37
1, <40 Number of cases 29 27 34 90
Number of referents 123 93 63 279
Relative risk 0.76 0.93 1.73 1.08
>40 Number of cases 40 35 35 110
Number of referents 117 79 39 235
Relative risk 1.10 1.42 2.88 1.50
All Number of cases 75 69 79 223
Number of referents 343 233 139 715
Relative risk 0.70 0.95 1.82 1.00

' Number of cigarettes a day/20 x duration in years.
SOURCE: Liddell et al. (1984).

all three categories of smoking dose. Stratification is useful for
examining exposure-response relationships, an important element
in establishing a causal association between a given exposure and
lung cancer.

If stratification is used to control the confounding between
smoking and an occupational exposure, careful consideration must
be given to the relative magnitudes of the effects of smoking and
occupational exposure on lung cancer risks when determining the
number of smoking dose categories compared with the number of
occupational exposure dose categories. As discussed elsewhere in this
Report, the prevalence of smoking has been higher among men born
between 1910 and 1930 than among men born in later decades. This
cohort of men represents the older workers in many occupationally
exposed populations, and it is these same workers who were
previously exposed to levels of occupational agents that substantially
exceeded the levels currently experienced. Thus, populations of older
workers have had higher cumulative exposures to occupational
agents than their younger peers at the same age, and have also had
higher cumulative exposure to cigarette smoke than their younger
peers at the same age. The result may be a residual confounding
between cumulative occupational exposure and cumulative smoke
exposure in assessing the effects of these two exposures. If the
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magnitude of the effect of smoking is large compared with the
magnitude of the effect of the occupational exposure, and few broad
categories of smoking status are used with a greater number of
categories of occupational exposure, then higher levels of smoking
dose may occur with increasing occupational exposure dose category,
generating a spurious dose-response relationship. Correspondingly,
too few occupational exposure categories may result in a spurious
strengthening of the dose-response relationship present for smoking.
The total number of categories that can be used in this kind of
analysis is usually limited by the number of lung cancer patients
available for analysis; therefore, the distribution of the dosage
categories to smoking and to the occupational exposure should
reflect the relative magnitude of the effects of the separate expo-
sures on lung cancer risk.

Duration of Exposure

In models of lung cancer risk due to smoking behavior, separate
terms for intensity of smoking and duration are commonly included.
In a risk model developed by Doll and Peto (1978) for the study of
British physicians, the term for intensity of exposure was raised to
the second power and the term for duration of exposure was raised to
the power of 4.5.

Confounding may arise because of correlation between age and
duration of exposure. Because of the importance of duration of
exposure (and its covariate age) on lung cancer risk, the majority of
the lung cancer cases will develop in the older members of a
population. Correspondingly it is the smoking prevalence and dosage
among these older workers that will largely determine the lung
cancer risk for the population. The mean prevalence or mean dosage
measures for the population do not take into account the effect of
duration of exposure on the lung cancer risk. In a comparison of
populations with different age distributions of smoking prevalence,
or of the prevalence of heavy smokers, the population with the
higher prevalence in the older age ranges will have the higher risk.

A final source of concern in examining the relationship between
occupational exposure and lung cancer in cigarette smokers is
generated by the lag time between the exposure to a carcinogen and
the clinical manifestation of lung cancer. This lag time is a
combination of the induction period (the time from exposure to
disease initiation) and the latent period (the time from disease
initiation to clinical manifestation) (Rothman 1981). This lag period
is not fixed, but rather has a broad distribution over perhaps 50 or
more years (Nicholson et al. 1982).

Epidemiologically, the shortest lag times are identified by the
interval between the age of onset of exposure and the age when an
increased relative risk can first be demonstrated secondary to the
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exposure. For some exposures, once the exposure period has exceed-
ed the shortest lag time, the relative risk often increases rapidly
with increasing duration of exposure (Nicholson et al. 1982),
resulting in a dramatic increase in disease rates with increasing age.
It appears that the shortest lag period for smoking-induced lung
cancers is in the range of 15 to 20 years, as demonstrated by the rise
in lung cancer death rates that begins after age 30 to 35. The lag
period for occupational carcinogens in lung cancer is not well
characterized, but some agents have lag times similar to that found
with smoking (Nicholson et al. 1982; Selikoff and Lee 1978).
However, the onset of exposure to cigarettes and occupational
carcinogens may occur at substantially different ages. Any such
difference needs to be considered when examining the interactions of
occupational exposures and smoking. '

Ideally, the study of an occupationally exposed cohort would follow
the entire cohort until the last survivor had died, so that late effects
of exposures would not be missed. The reality of examining working
populations and the need for timely assessment of existing risks
makes the examination of workers at a variety of ages the norm in
epidemiologic studies. In this setting, careful consideration of the
differences in age of onset of smoking and of occupational exposures
is necessary if the effects of occupational exposure are not to be
missed or underestimated. For example, assuming that the average
age of onset of smoking is 15 and the average age of onset of a
particular occupational exposure is 25, the combined exposure effect
is one of equal and additive risks of lung cancer and the lag time for
both agents is 20 years. The lung cancer risk due to smoking would
begin to increase at age 35, but because of the 10-year difference in
age of onset of exposure, the risk due to the occupational exposure
would not begin to be expressed until age 45, and even then would
appear to be much smaller than the risk due to smoking because of
the effects of the longer duration of exposure to cigarettes. If the
cohort of workers with these two exposures is relatively young, with
few older workers, then the effect of an occupational exposure may
be missed or substantially underestimated. A similar concern exists
when examining an agent that was introduced into the workplace 20
to 30 years ago. The cohort of exposed workers would represent a
cross-section of ages, and therefore a cross-section of smoking habit
durations. An additive risk effect of the occupational exposure would
be small in comparison with the cumulative risk secondary to
smoking in the older workers, and the number of cases of lung
cancer in young workers (where the risk effects might be more equal)
would be small. Again, the effect of an occupational carcinogen could
easily be missed in this setting.

This discussion uses a simple statistical model of independent
additive effects in concert with a biological concept of lag time.
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Interpretation based on this kind of biologic extrapolation of
statistical concepts is hazardous at best; nevertheless, some consider-
ation of the differences in the age of onset of exposure should be part
of both the biologic and the statistical considerations of the
interactions between smoking and occupational exposures.

Control of Confounding

The examination of the risk associated with an occupational
exposure generally requires a comparison group. Prospective mortal-
ity studies of the general population generally have too few
individuals with the exposures of interest to allow analysis. There-
fore, cohort and case—control formats have commonly been used. The
control groups in either of these formats may be external (e,
separate population) or internal (i.e., workers with high exposure
compared with workers with lower exposure). A variety of methods
have been used to deal with the confounding of occupational
exposure by cigarette smoking.

Comparisons Using External Control Populations

Common external control populations are the national or regional
populations. Death rates in these populations can be used to
generate age- and time-adjusted expected numbers of deaths for the
exposed population, with the ratio of actual deaths to expected
deaths as the SMR. The large numbers of deaths in these large
control populations results in relatively stable death rates over time
for the common causes of death, and the smoking habits of these
populations are often available from national or regional survey
data. However, the smoking habits of the population are not known
in relation to the cause of death, which limits the use of this data to
control the confounding of occupational exposure by smoking in
occupational cohorts. If the smoking habits of the workforce are also
known, then the magnitude of the effect that the differences in
smoking habits might have on the SMR can be estimated by
assigning risk values to the proportions of the populations in
different smoking categories (as described in the section on sources of
confounding) (Axelson 1978). This adjustment for differences in
smoking prevalence ignores trends over time as well as a variety of
other potential sources of confounding. However, when this ap-
proach is used, the smoking-adjusted SMR alters the expected value
of the SMR from the value of 100 that was expected prior to
adjustment for smoking.

An alternative approach is to use an external control population
for whom the smoking habits are known in relation to the causes of
death. The use of a control population with known smoking habits
allows the direct comparison of populations of smokers and non-
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smokers with and without the exposure being investigated. These
direct comparisons allow an examination of the risk of the occupa-
tional exposure in the absence of smoking (i.e., in never smokers) and
also the examination of potential interactions between smoking and
occupational exposures. A study may be constructed to prospectively
or retrospectively examine the lung cancer death rates in a cohort of
occupationally exposed workers compared with a control population,
or a group of patients with lung cancer may be identified and
matched with a set of controls without lung cancer in order to
examine the frequency of a given occupational exposure in the two
groups. In examining lung cancer risk, it is important that the
control population be similar to the exposed population in age,
ethnicity, socioeconomic status, and geographic location.

In general, studies are designed to be able to identify levels of lung
cancer risk due to occupational carcinogens that are lower than the
level of risk due to smoking. This potential difference in magnitude
of effect needs to be assessed carefully when considering the level of
detail with which the smoking data are obtained and examined.

The selection of a control group for an occupational study is often
influenced by the ease with which data can be collected as well as by
the comparability of the control group with the exposed workers.
Control groups can be selected from unexposed workers in the same
plant, from workers in different plants where no exposure occurred,
from populations selected from the same geographic locations as the
workers, and from populations being followed as part of other
epidemiologic investigations. Some of these control groups may have
substantial differences in smoking behavior from the exposed group.
For example, if management and administrative employees are
included in the control group, the prevalence of smoking in the
control population or in comparison with a blue-collar exposed group
may be reduced. Similarly, controls selected from different worksites
may have different smoking patterns owing to differences in work
rules, age of employees, or other demographic factors, or simply by
chance. Populations drawn from other epidemiologic studies may
also have different smoking patterns, and the mode of determination
and definition of smoking status may be different from that used in
the exposed group.

A common method of controlling for the confounding due to
smoking is to separately examine smokers, nonsmokers, and former
smokers. This allows examination of the independent effects as well
as of the interactions; however, the examination of smoking patterns
represents slightly different challenges in each of these groups.

Lung cancer risks may be examined in nonsmoking populations of
occupationally exposed and nonexposed individuals for two separate
reasons. First, such analyses can establish whether a risk due to
occupational exposure occurs in the absence of cigarette smoking or
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whether exposure only modifies the effect of smoking. Second,
nonsmokers represent the lowest dosage category in examining the
dose-response relationship for smoking. The demonstration of an
effect of an occupational exposure in the absence of cigarette
smoking requires a population of lifelong nonsmokers who have
neither smoked cigarettes or cigars or used a pipe. In contrast, when
a dose-response relationship is being examined, it would not be
unreasonable to combine never smokers with pipe and cigar smok-
ers, or even with light smokers, as a low dose group for lung cancer
risk (pipe and cigar smokers should not be included in the low dose
group for oral cancer risk). For exposures with modest increases in
lung cancer risk, the low prevalence of never smoking status,
coupled with the low expected risk of lung cancer in this group,
means that large populations of workers must be examined in order
to define the risk of exposure in the absence of smoking. Most
occupational studies are limited by the size of the workforce being
examined, and therefore, it is often necessary to combine never
smokers with low smoking risk groups in order to have an adequate
sample size. Once this combination has taken place, the study can
examine only the effect of low smoke exposure coupled with
occupational exposure, rather than the effects of occupational
exposure in the absence of smoke exposure.

The low prevalence in many current workforces of people who
have never smoked and the low risk of lung cancer in this group
generally means that only a very few lung cancer deaths occur in
this group, limiting the number of deaths for which to perform an
analysis of the effects of an occupational exposure in the absence of
smoking. For example, in the large study of asbestos insulation
workers (Hammond et al. 1979), only 5 lung cancer deaths were
recordea in nonsmokers out of more than 8,000 asbestos-exposed
workers (smokers and nonsmokers included) whose smoking habits
were known. Drawing inferences from small numbers of lung cancer
cases is necessary in occupational studies, but two important caveats
should be considered. First, it is essential that lung cancer patients
placed in the never smoking category are actually individuals who
have never smoked. The inclusion of even modest numbers of
misclassified smokers or light smokers may increase the number of
lung cancers over that expected on the basis of the risks in the never
smoker, nonexposed control population. For this reason it is eritical
that the data on smoking habits be accurate and obtained in the
same way in the exposed population as in the control population.
When the level of monetary compensation for occupational disability
may be influenced by smoking status, workers may be motivated to
define themselves as never having smoked, regardless of their actual
smoking status. In many studies the determination of smoking
status is made for the living subjects by questionnaire or interview
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TABLE 5.—Comparison of smoking habit data obtained
during life and after death

Smoking habit data obtained at death

Smoking habit data obtained Never Formerly Smoked at
during life, 1971 Number smoked smoked Smoked some time
Never smoker 12 8 2 2 0
Ex-smoker 26 2 15 2 7
Smoker 76 1 12 33 30

SOURCE: Berry et al. (1985).

and for those who have died (which would include most individuals
with lung cancer) by questioning next of kin or checking hospital
records. Berry and colleagues (1985) examined the comparability of
these data sources in a prospective evaluation of asbestos workers in
which smoking data were accumulated both at the start of the study
period (i.e., prospectively) and at the time of death from lung cancer
(i.e., retrospectively). A comparison of the smoking status obtained
by the two methods for the same individuals is shown in Table 5. In
general, there was good agreement between the two methods, but
both methods identified as never smokers individuals who were
classified as smokers by the other method. No data were presented to
allow determination of which method was more accurate.

The random misclassification of smoking status, of itself, should
not introduce spurious associations for the population as a whole, or
for the smokers in the population (Greenland 1980). However, when
the question being asked is whether a risk exists in the absence of
smoking and synergism between smoking and the occupational
exposure is present, the misclassification of even small numbers of
exposed smokers as nonsmokers can lead to the conclusion of
increased risk of lung cancer due to an occupational exposure in the
absence of cigarette smoking. The potential for misclassification
exists and is of greatest concern when decisions are being made on
small numbers of cases.

The second caveat that may need to be applied in the examination
of the effects of occupational exposure among people who have never
smoked is the potential effect of involuntary exposure to cigarette
smoke. A number of studies have shown increased lung cancer risks
in the nonsmoking wives of smokers, raising the question of a
carcinogenic risk due to environmental tobacco smoke exposure
(IARC, in press). If these studies can be extrapolated to the
workplace, then the potential exists for environmental tobacco
smoke in the worksite to act as an occupational carcinogen,
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particularly in those occupations in which there is a high prevalence

wrms Gt o e T O TRFAS

of active SIMOKINg among WOrkKers.

The considerations raised by examination of smokers with work-
place exposures are somewhat different from those raised by
examination of nonsmokers. Comparisons of smokers with and
without an occupational exposure rcguire careful attention to the
correlations among age, duration of exposure, and smoking dose. Age
adjustment of the death rates in the exposed group and the control
population is generally accepted as more useful than simply compar-
ing the mean age of the two populations, because of the rapid rise in
lung cancer death rates in the older age groups. It is less widely
understood that age adjustment does not eliminate the effects of
differences in the age distributions of smokers between the two
populations. The smoking-related risk of developing lung cancer
occurs disproportionately in older smokers compared with younger
smokers. Therefore, in two populations with similar prevalences of
smoking, but with different age distributions of that smoking
prevalence, the population with the higher prevalence of smoking in
the older age group will have the higher number of lung cancer
deaths. This difference in number of lung cancers will persist after
an age adjustment using the age distributions of the entire popula-
tion (smoker and nonsmoker). Therefore, in considering the differ-
ences between occupationally exposed smokers and smokers who are
not exposed, the lung cancer deaths should be adjusted for age on the
basis of the age distribution of the smokers in the two populations
rather than the age distribution of the entire population.

Several attempts have been made to combine the strengths of
large population-based measurements with the detailed measure-
ments of smoking status available in cohort studies. Hammond and
colleagues (1979) used the American Cancer Society (ACS) study of 1
million men and women to develop a control group for a study of
asbestos insulation workers. From the ACS study population, they
extracted a group of more than 73,000 men who were white, not a
farmer, had no more than high school education; did have a history
of occupational exposure to dust, fumes, vapors, gases, chemicals, or
radiation; and were alive at the time of the initiation of followup of
the insulators. From this control group, they were able to develop
age-specific and smoking-specific expected lung cancer death rates
for comparison with the observed death rates in the insulation
workers. There was a difference in the time period of followup
between these two studies; therefore, the expected lung cancer death
rates were adjusted upward on the basis of differences in the
national lung cancer death rates during the years of differential
followup. This approach allowed the expected rates to be calculated
from a large enough population to provide stable rates in a number
of separate age and smoking categories. The control group and the
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exposed populations were also matched for a number of those
characteristics that raise questions about the comparability of
national death rate data to populations of employed workers.

A somewhat different approach to the same problem was taken by
Berry and colleagues (1985). They used data from a prospective
mortality study of British physicians by smoking status (Doll and
Peto 1978, 1981) to develop factors that related the risks of smokers,
nonsmokers, and ex-smokers separately to the risk in the entire
population of physicians. They calculated the expected number of
deaths for the exposed workers in each smoking category, using
national death rate data, and multiplied this expected number of
deaths by the smoking factor to get a smoking-specific expected
number of deaths for each category of exposed workers. They also
adjusted the number of expected deaths for differences in grographic
location by multiplying the expected deaths by the ratio of the local
lung cancer SMR to the national lung cancer SMR. This approach is
obviously quite sensitive to the method by which the smoking-
specific factors are developed, and it is not clear that one set of
factors can be applied to all ages.

When an explicit control population is being used, the differences
in smoking behavior can be controlled through the use of a statistical
model for lung cancer risk in the population. Models may include a
variety of measures of cigarette smoking dosage and duration, and
the mortality experienced by the exposed population can be exam-
ined by using the risk model developed in the control population.
This approach allows the confounding due to smoking to be adjusted
through the use of terms for intensity and duration of exposure.

Comparisons Using Internal Control Populations

The use of an internal control group drawn from the same
workforce as the exposed population, but not exposed to the agent of
interest, may produce a control group that is more closely matched
to the exposed population than the total U.S. population would be
(Breslow et al. 1983; Pasternack and Shore 1976; Redmond and
Breslin 1975). Working populations tend to have a lower overall
mortality than the U.S. population of the same ages (McMichael
1976; Enterline 1975; Fox and Collier 1976; Shindell et al. 1978;
Vinni and Hakama 1980), at least in part because workers with
illness tend to drop out of the working population. This lower
mortality has been called the healthy worker effect and is one of the
reasons the selection of an internal control population may be more
appropriate than using SMRs for evaluating occupational exposure
risks. External control groups, selected from populations geographi-
cally or demographically similar to the exposed population, may also
provide a population more similar to the exposed workers than the

general U.S. population.
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That the smoking behaviors of the exposed group and the control
population are comparable must still be established. The selection of
a control population based on its similarity in one variable (such as
worksite) does not allow the assumption of comparability on other
variables (such as smoking behaviors). It is possible for a control
population to deviate from national measures of smoking behavior in
one direction and for the exposed population to deviate in the
opposite direction; thus it is important to actually examine the
comparability of the smoking behaviors in the exposed group and the
control population even when an internal control population is used.

The absence of an external control group means that the entire
population has some exposure. Potential confounding of cumulative
occupational exposure by cumulative smoking exposure can be
reduced by stratification of the two exposures in question. The risk
with increasing exposure to an occupational agent can then be
examined within each strata of smoking exposure. Stratification of
smoking by intensity only (cigarettes per day) would lead to a
residual confounding of smoking and cumulative dust exposure,
owing to the importance of duration of smoking for lung cancer risk
and the association of age with both duration of smoking and
cumulative dust exposure.

The reduction of residual confounding should also guide the
selection of the number of strata selected for smoking and the
occupational exposure. The larger the risk due to smoking in
relation to the risk due to the occupational exposure, the larger the
number of smoking strata needed to control the confounding. The
use of too few strata may result in the residual confounding
producing the appearance of a dose-response relationship with the
occupational exposure.

A second method of controlling the confounding of occupational
exposure by smoking behaviors is through the use of modeling
techniques. By using a multiple logistic regression, a model of the
smoking variables that contribute to lung cancer risk can be
developed. The model should include measures of intensity and
duration as well as a factor for cessation. Other factors that may
contribute to the model are type of cigarette smoked, use of pipes or
cigars, and age of initiation (as separate from duration). Once the
model is established for smoking variables, a term or terms for the
occupational exposure can be added to the risk prediction equation
and tested to see whether the term improves the fit of the model to
the observed data.

Case—control analyses can also be applied in the absence of an
external control group by examining the distribution of exposures in
cases of lung cancer and in a control group selected from the sample
population of workers, but who have not died of lung cancer.
Confounding due to cigarette smoking can then be controlled by
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stratification (Liddell et al. 1984) or by modeling (Whittemore and
McMillan 1983; Pathak et al., in press). This approach is particularly
useful when a case—control analysis can be nested within an ongoing
study of a cohort of workers. In this setting, the smoking habits of
the workforce are often known prior to the development of lung
cancer, eliminating the potential for biased recall of smoking habits
by the lung cancer patients (or their survivors) compared with the
controls.

Examination of Occupational Exposures When Smoking Habits
Are Not Known

In many occupational settings the smoking habits of the workforce
are either unavailable or incompletely ascertained. In these cases,
the death rates for these workers are compared with rates for a
control population or with national mortality data (to generate an
SMR). The potential for smoking pattern differences to influence the
SMR is then evaluated by calculating the maximal distortion that
would be produced, assuming that the exposed population had a very
high smoking prevalence. The calculations used are similar to those
used in generating Tables 2 and 3. As discussed earlier, extremes of
differences in smoking prevalence and dosage could be expected to
generate SMRs in excess of 200, and differences in age distribution
and type of cigarette smoked may increase this number even more.
Once an outer limit for smoking-related distortions of the SMR is
estimated, it becomes the value that must be below (outside) the
confidence interval surrounding the actual SMR for the exposed
population in order to exclude a potential smoking effect. This
approach may be useful in settings where smoking data are
unobtainable, but should not be used as a substitute for collecting
smoking information.

When the mortality in a control population is compared with the
mortality of an exposed population in the absence of smoking data,
the potential for differences between the smoking habits of the two
populations may be larger than the differences when using SMRs.
The control group and the exposed population may deviate in
opposite directions from the mean smoking behaviors represented in
the SMR, and correspondingly, the differences in cancer outcome
may also be magnified.

One method of adjusting for differences in smoking patterns
between populations when smoking data are not available, or would
be too costly to obtain, is to survey a random sample of the two
populations for smoking behavior. The limitation of this technique is
that the sample size needed to obtain estimates of usable precision is
large and may approximate the size of the two populations com-
bined.
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An additional method of examining the effects of unknown
differences in smoking habits on the rates of one smoking-related
cancer is to look at the rates of other smoking-related cancers in the
same population. The various smoking-associated cancers do not all
have the same incidence rates, rate of change in incidence with time,
ethnic distribution, cure rate, or age distribution. These differences
make cross-comparison between rates of these cancers as a measure
of differences in smoking patterns between populations a complex
and uncertain exercise at best. This kind of comparison may be
useful as a point of discussion, but probably offers little in the way of
an estimate of the differences between populations in their smoking
behavior.

Summary and Conclusions

1. Cigarette smoking and occupational exposures may interact
biologically, within a given statistical model and in their public
health consequences. The demonstration of an interaction at
one of these levels does not always characterize the nature of
the interaction at the other levels.

2. Information on smoking behaviors should be collected as part
of the health screening of all workers and made a part of their
permanent exposure record.

3. Examination of the smoking behavior of an exposed population
should include measures of smoking prevalence, smoking dose,
and duration of smoking.

4. Differences in age of onset of exposure to cigarette smoke and
occupational exposures should be considered when evaluating
studies of occupational exposure, particularly when the ex-
posed population is relatively young or the exposure is of
relatively recent onset.
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introduction

Exposure to harmful agents in the workplace is, and will probably
continue to be, an important and avoidable cause of both acute and
chronic lung diseases. The major chronic lung diseases associated
with workplace exposures can be classified as the pneumoconioses
(fibrotic diseases of the lung parenchyma secondary to dust inhala-
tion), industrial bronchitis and other processes involving the lung’s
airways, and occupational asthma. Some of these diseases were
recognized long before cigarette smoking became prevalent. During
the 16th century, Agricola and Paracelsus described diseases of
miners (Hunter 1978); early in the 18th century, Ramazzini (1940}
reported further on the respiratory problems of miners and noted
that the lungs of stonecutters were full of sand. Occupational lung
disease in coal miners was recognized during the 1800s (Morgan
1984a).

In the 20th century, many chronic lung diseases caused by
workplace exposures have been studied intensively using epidemio-
logical, physiological, and clinical approaches. The resulting data
have been essential for developing the standards that govern
workplace exposures and for evaluating worker safety. In this
century, however, assessment of the effects of occupational agents on
the lung has been made difficult by the widespread smoking of
cigarettes. This behavior has been particularly prevalent among
those at high risk for occupational lung diseases—men employed in
blue-collar jobs (US DHEW 1979b).

The degree of pulmonary impairment in any individual represents
the summation of the effects of all harmful environmental factors,
including cigarette smoking, occupational agents, and other expo-
sures. Cigarette smoking, in the absence of other exposures, causes
chronic bronchitis (cough and mucous hypersecretion), airway abnor-
malities, and emphysema (abnormal dilation of the distal airspaces
with destruction of alveolar walls); together, the last two disease
processes underlie the expiratory flow limitation found in chronic
obstructive lung disease (COLD) (US DHHS 1984). Cigarette smoking
may potentiate the effects of some occupational agents on the lung.
This potentiation may occur through an effect of cigarette smoke on
the mechanism of lung injury that results from a given occupational
exposure, or it may result from a mechanism of lung injury due to
cigarette smoke that is independent of the mechanism of occupation-
al injury but produces a level of combined lung damage capable of
potentiating the level of disability or the level of abnormality
detected by pulmonary function tests, x rays, or symptoms. The term
“synergism” is used in this chapter to refer to an effect of combined
exposure to cigarette smoke and occupational agents that results in a
level of abnormality (by whatever measure being used) that is
significantly greater than the sum of the levels of abnormality
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produced by the agents separately. Such interactions are of impor-
tance not only for researchers but also for the exposed workers and
their employers. Synergism between cigarette smoking and occupa-
tional agents may, at the individual level, markedly raise the risk of
developing disease and, at the group level, greatly increase the
burden of occupational disease in the workforce. Thus, in evaluating
the effects of workplace exposures on the lung, consideration must be
given not only to the independent effects of cigarette smoking and of
the agent of interest but also to the possible interaction of these
factors.

This chapter describes the techniques used to evaluate chronic
lung disease in the workplace and addresses the methodological
issues raised by cigarette smoking. The focus of the chapter is largely
confined to the chronic, fixed lung injuries that result from these
exposures rather than the acute reversible responses that character-
ize occupational asthma. This focus was adopted in the interest of
clarity and brevity and does not suggest that the issues related to the
evaluation of occupational asthma are either unimportant or
unrelated to cigarette smoking. Emphasis is placed on methodologi-
cal problems; specific exposures are reviewed in other chapters of
this Report.

Chronic Lung Diseases
Sources of Information

Although cigarette smoking is the predominant cause of preventa-
ble morbidity and mortality from respiratory diseases in the United
States (US DHHS 1984), occupational exposures also produce sub-
stantial disease. Because the occurrence of nonmalignant respiratory
diseases is not directly monitored, its frequency must be estimated
from diverse information sources such as the National Center for
Health Statistics, the U.S. Bureau of Labor Statistics, the Social
Security Administration, and epidemiologic surveys. The extent to
which chronic lung diseases are ascertained by these sources is
difficult to establish, but coverage is probably not comprehensive.

Vital statistics enumerate the numbers of deaths from specific
causes. Chronic conditions, such as respiratory diseases, may be
listed on the death certificate, but remain uncoded unless they led
directly to death. For example, Rank and Bal (1984) reviewed death
certificates and found that in comparison with its frequency as an
underlying cause of death, emphysema was listed nearly twice as
often as an uncoded “other” condition. Vital statistics data cannot
readily be used for addressing questions related tc the pulmonary
effects of cigarette smoking and occupational exposures. Cigarette
smoking is not included on the death certificate, and only usual
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TABLE 1.—Number of deaths in selected categories of the
International Classification of Diseases (ICD),
for three time periods, United States

Year (classification)

Cause of death 1960 (ICD) 1970 (ICD) 1980 (ICD)
COLD
Chronic bronchitis 2,287 (502) 5,014 (491) 3,269 (491
Emphysema 9.253 (527.1) 22,721 (492) 13,877 (492)

Chronic airways
obstruction n.e.c.' —_ 4,444 (519.3) 34,743 (496)

Occupational disorders

Coal workers’

pneumoconiosis 810 (523.1) 1,160 (515.1} 982  (500)
Asbestosis 21 (523.2) 26 (515.2) 101 (501
Silicosis 550 (523.0) 355 (515.0) 207 (502)
Other inorganic dusts — 13 (516.0) 8 (503)
Other dusts 62 (524) 7 (516.1) 3 (504)
Unspecified 210 (523.3) 281 (505)

Conditions due to
chemical fumes/vapors — 5 (516.2) 43 (506)

Chronic interstitial
pneumonia 3,973 (525) 3,351 (517) 202 (516.3)

! Not elsewhere classified.
SOURCE: US DHEW (1963); National Center for Health Statistics (1974), unpublished data (1980).

occupation and industry are noted. Further, the occupational
information is not routinely coded by States (Kaminski et al. 1981).

Cause of death is coded according to the International Classifica-
tion of Diseases, currently in its ninth revision (WHO 1977). For the
chronic respiratory diseases, separate categories cover the obstruc-
tive disorders, major pneumoconioses, and other interstitial diseases
(Table 1). As the International Classification of Diseases has been
modified from the seventh through the ninth revisions, major
changes in the coding of chronic respiratory diseases have been
made. The categories for occupational lung diseases have been
expanded and their titles have been made more specific. With the
eighth revision (US DHEW 1968), a category (519.3) was added for
the diagnosis of chronic obstructive lung disease (COLD). These
changes must be considered in examining time trends of mortality.
For example, after the introduction of a category for COLD, the
number of deaths assigned to this code increased and deaths
attributed to emphysema decreased (Table 1).
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Estimates of disease occurrence based on vital statistics must be
interpreted with caution. Some causes of death may be underreport-
ed, and mortality rates may not directly reflect incidence. The
mortality rate for a particular disease approximates the incidence
rate as the case-fatality rate approaches unity (Kleinbaum et al.
1982). Competing causes of death will also influence the relationship
between incidence and mortality (Kleinbaum et al. 1982). For
example, Berry (1981a) examined the mortality of 665 men certified
as having asbestosis by medical boards in England and Wales. Of the
283 deaths, 39 percent were from lung cancer, 9 percent were from
mesothelioma, and only 20 percent were from asbestosis. The
distribution of competing causes of death should be different in
smokers and nonsmokers; thus, even for non-smoking-related occu-
pational lung diseases the relationship between incidence and
mortality may vary with smoking practices.

For several respiratory diseases, vital statistics underestimate
mortality. For COLD, Mitchell and colleagues (1971) compared cause
of death, as reported on the death certificate, with clinical and
autopsy-derived diagnoses. In 211 subjects who died of COLD, as
determined by autopsy, another cause of death was listed on the -
death certificate for 51. For asbestosis, Hammond and colleagues
(1979) used “the best available medical information” and identified
160 deaths from this pneumoconiosis in a cohort study of asbestos
workers. Only 76 were similarly classified by the death certificate _
statement of cause of death.

State workmen’s compensation claims are another source of
information about the occurrence of occupational lung diseases.
However, most workmen’s compensation claims involve acute prob-
lems (Whorton 1983) and may more accurately measure conditions
associated with irritant gas or vapor inhalation than with the
prneumoconioses.

Under the Occupational Safety and Health Act, selected employ-
ers are required to maintain records of occupational injury and
illness (US House of Representatives 1984). In an annual survey, the
Bureau of Labor Statistics collects and reports the injury and illness _
data. During 1982, 2,000 reports for dust diseases of the lungs and
8,800 for respiratory conditions due to toxic agents were filed, but
more specific diagnoses were unavailable (US DOL 1984). In the
introduction to the 1982 survey, it was acknowledged that ‘‘to the
extent that occupational illnesses are unrecognized and therefore
unreported, the survey estimates understate their occurrence” (US
DOL 1984, p. 3).

On a national level, the Social Security Administration operates a
compensation program for people who have been disabled for at least
5 months (US DHHS 1983). People receiving compensation for
chronic lung diseases must meet this criterion as well as stringent
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requirements for the extent of impairment on lung function testing
(US DHEW 1979a). Data from the Social Security Administration
probably underestimate the prevalence of most chronic lung dis-
eases. For example, Epler and colleagues (1980) showed that
approximately 9 percent of a series of clinically diagnosed patients
with pneumoconiosis met the Social Security disability criteria.

Epidemiological surveys offer the most accurate estimates of
disease frequency, though the surveyed populations are generally
limited to employed workers and disease frequency may therefore be
underestimated. Estimates of disease frequency from a particular
survey should be generalized cautiously. Nonrandom selection of
occupational groups for study as well as the nonrandom enrollment
of workers within a particular workforce may introduce bias.

Occurrence of Chronic Lung Diseases

Although the available data sources have limitations, they can be
used to document the relative frequencies of cigarette-related and
occupation-related chronic lung diseases. Most indicate that the
diseases associated with cigarette smoking are much more common
in the general population than those resulting from occupational
exposures.

In recent years, mortality from COLD has steadily increased; the
number of deaths rose from 32,179 in 1970 to 51,889 in 1980 (Table
1). The 1984 Surgeon General’s Report, The Health Consequences of
Smoking: Chronic Obstructive Lung Disease (US DHHS 1984), offered
the estimate that 60,000 people would die from COLD during that
year. Examination of COLD mortality rates for smokers and
nonsmokers suggests that 85 to 90 percent of COLD deaths in the
United States can be attributed to cigarette smoking (US DHHS
1984).

As described in the 1984 Surgeon General’s Report, numerous
surveys provide estimates of the prevalence of COLD (US DHHS
1984). Representative recent data have been collected in Tucson,
Arizona, in six other U.S. cities, and nationwide in the National
Health Interview Survey (NHIS). Lebowitz and colleagues (1975)
sampled 3,805 subjects in Tucson from 1972 through 1974. In men
over 44 years of age, physician-diagnosed chronic bronchitis and
emphysema were reported to be 10.2 and 13.3 percent, respectively.
In women over 44 years of age, the percentage with chronic
bronchitis was 9.0 percent and with emphysema, 4.3 percent. From
1974 through 1977, Ferris and colleagues (1978) surveved 7,909 men
and women in six U.S. cities; 5 percent of the men and 1.2 percent of
the women had airway obstruction, defined as a ratio of forced
expiratory volume in 1 second (FEV,) to forced vital capacity (FVC)
less than or equal to 60 percent. The 1970 NHIS included about
116,000 persons in a nationwide sample (NCHS 1974). Individuals 19
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years of age and older were asked whether they or other family
members not present at the time of the interview had bronchitis or
emphysema during the previous 12 months. On the basis of this
survey, 3.4 million Americans over 45 years of age were projected as
having chronic bronchitis or emphysema. In contrast, data from the
Social Security Administration, not included in the 1984 Surgeon
General’s Report, showed only 20,246 new claimants for COLD
receiving disability benefits in 1979 (US DHHS 1983).

The available data sources also probably do not comprehensively
document the nationwide occurrence of occupational lung diseases.
The number of deaths recorded as due to several occupational lung
diseases was stable from 1960 to 1980 (Table 1), but it is unlikely that
these death certificate data provide accurate estimates of the actual
prevalence or severity of these disease processes in the U.S.
population, owing to the inaccurate reporting of these diseases as
cause of death. The Social Security Administration is also an ongoing
source of information. In 1977, 820 persons were granted disability
for pneumoconiosis; in 1979, the number had decreased to 389 (US
DHHS 1983). Data from the 1970 NHIS provide an estimate of the
prevalence of work-related chronic lung diseases across the Nation
(NCHS 1974). Participants were queried concerning dust in the
lungs, silicosis, or pneumoconiosis during the previous 12 months;
their responses were used to estimate that 126,000 people nationwide
had these conditions.

Numerous workforces in the United States and elsewhere have
been surveyed to establish the prevalence of occupational and
nonoccupational lung diseases. Representative recent surveys of
workers in the United States are presented in Table 2, showing the
prevalence of disease and of cigarette smoking. Various disease
indicators were considered in these studies. Chronic bronchitis was
diagnosed on the basis of persistent cough and phlegm as ascertained
by questionnaire. For the pneumoconioses, the presence of disease
was based on the presence of radiographic abnormality. Of note is
the high prevalence of coal workers’ pneumoconiosis reported by
Morgan and colleagues (1973). A different group of readers subse-
quently reinterpreted the chest films reported in the Morgan and
colleagues study and found a prevalence of only 12 percent; this
lower prevalence suggests overinterpretation on the initial reading
(Morring and Attfield 1984).

Regardless of the occupational group, cigarette smoking is com-
mon, even in workforces exposed to acknowledged respiratory
hazards (Tabie 2). At the time the selected surveys of these workers
were conducted, 1966 to 1977 for the asbestos workers (Weiss and
Theodos 1978; Samet et al. 1979) and 1981 for the uranium miners
(Samet et al. 1984), knowledge of the hazards of these occupations
was widely disseminated and information concerning interaction
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TABLE 2.—Prevalence of cigarette smoking and
occupational lung disease in selected survey

populations
Study, location, Prevalence of smoking Prevalence of disease’
years of study Study population (per 100 (per 100)
Kibelstis et al. 8.555 coal miners Chronic bronchitis
(1973), U.S,, Smokers 51 Smokers 38
1969 Ex-smokers 24 Ex-smokers 30
Nonsmokers 25 Nonsmokers 25
Airway obstruction®
Smokers 18
Ex-smokers 14
Nonsmokers 6
Morgan et al. 9,076 coal miners Coal workers’
(1973), US, pneumoconiosis
1969 Simple 30.0
Complicated 2.5
Weiss and Theodos 88 workers from two Smokers 56 X-ray profusion
(1978), US., asbestos manufacturing Ex-smokers 23 >1/0 20
1975 plants Nonsmokers 21
Samet et al. 409 workers from two Smokers 40-60 X-ray profusion
(1979), US., asbestos manufacturing Ex-smokers 27-42 >1/0 12-31
1966-1977 plants and two shipyards Nonsmokers 10-18 >2/1 5-13
Theriault et al. 792 granite shed Exposed workers X-ray profusion
(1974), US,, workers Smokers 61 1/0 21
1971 Ex-smokers 25 2/0 7
Nonsmokers 13 3/0 2
Samet et al. 192 uranium miners Smokers 43 X-ray profusion
(1984), US,, Ex-smokers 39 >1/0 80
1981 Nonsmokers 19
Chronic cough/phlegm
<10 years mining 52
10-19 years mining 46
>20 years mining 59
Merchant et al. 787 male, 473 M W Byssinosis
1973), US,, female cotton textile Smokers 63 44 M W
1970-1971 mill workers Ex-smokers 16 6 Current smokers 25 19
Nonsmokers 21 50 Never smokers 18 15
Do Pico et al. 300 grain workers Smokers 59 Chronic bronchitis
(1977), US,, Ex-smokers 22 Smokers 42
1974 Nonsmokers 19 Nonsmokers 30
Gruchow et al. 1,510 farm workers Smokers 15 Farmers lung disease
(1981), U.S. Ex-smokers 27 0.5

Nonsmokers 57

! Significant airway obstruction defined as an FEV,/FV(C ratio less than two standard deviations below
predicted mean.
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with cigarette smoking was accumulating. Nevertheless, a large
proportion of the participants in these surveys smoked cigarettes.
The findings from these surveys with regard to the prevalence of
smoking are supported by larger data sets collected from population
samples (Friedman et al. 1973; Sterling and Weinkam 1976).
Friedman and colleagues (1973) questioned 70,289 participants in
the Kaiser-Permanente Multiphasic Health Checkups program and
found a higher proportion of smokers in those reporting occupational
exposure to asbestos, silica, or fumes. Similarly, Sterling and
Weinkam (1976) examined smoking patterns by employment status
in data from the 1970 NHIS and found the prevalence of smoking to
be highest among blue-collar workers. Association between occupa-
tional group and cigarette smoking practices is addressed in detail
elsewhere in this Report.

Thus, in research and clinical care related to chronic occupational
lung diseases, consideration must be given not only to occupational
exposures but also to cigarette smoking. The remainder of this
chapter describes the general patterns of lung injury by cigarette
smoking and occupational exposures and the methods used for
evaluating workers who are exposed to both.

Patterns of Lung Injury

The sites of lung injury caused by cigarette smoke and occupation-
al agents may be broadly categorized as the large airways, the small
airways, and the parenchyma. The effects of cigarette smoke on
these sites are summarized in Table 3. A comparison of injury
patterns from cigarette smoke and from selected, but representative,
occupational exposures follows.

Injury From Cigarette Smoke

The pattern of lung injury associated with cigarette smoking has
been comprehensively described elsewhere (US DHHS 1984). In the
large airways, cigarette smoke causes an increase in mucous gland
size and in goblet cell number. These changes result in increased
mucus production and the associated symptom of chronic bronchitis.
Large airway injury may contribute to airflow obstruction, but the
peripheral airways are the predominant site of the increased airflow
resistance in COLD (US DHHS 1984).

Changes in the small airways are one of the earliest manifesta-
tions of cigarette smoking. Niewoehner and colleagues (1974) exam-
ined the lungs of 20 smokers and 19 nonsmokers who died suddenly
at a mean age of 25 years. A pattern of small airways injury, termed
“respiratory bronchiolitis,” was readily identified, even in these
young smokers. Clusters of brown pigmented macrophages were
found in the respiratory bronchioles, which also displayed increased
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TABLE 3.—Pathologic changes and manifestations of lung

injury by cigarette smoke

Large airways

Small airways

Parenchyma

Pathologic changes

Manifestations
Symptoms

Physical signs

X ray

Mucous gland hyper-
plasia, inflammation
and edema, ! bronchial
smooth muscle

Cough, phlegm

None

None

Pulmonary function ? | FEV,

testing

Goblet cell metaplasia,

inflammation and
fibrosis of the
respiratory bronchiole

Cough, phlegm

Crackles

? Linear opacities

LFEV,, | FEV %,
*TLC, tRV, |DLCO

Accelerated annual
decline of FEV,

Emphysema,
minimal
interstital
fibrosis

Dyspnea

Diminished breath
sounds

? Linear opacities

JFEV,, | FEV,%,
*TLC, tRV, |DLCO

Accelerated annual
decline of FEV,

numbers of inflammatory cells and denuded epithelium. To charac-
terize the physiological consequences of small airways injury associ-
ated with smoking cigarettes, Cosio and colleagues (1978) correlated
small airways morphology with lung function in 36 patients under-
going thoracotomy for a localized lesion. With increasing cumulative
consumption, both inflammation and fibrosis of the respiratory
bronchioles increased. Furthermore, airflow obstruction, as mea-
sured by the ratio of FEV, to FVC or by the maximum midexpirato-
ry flow rate (FEF2s152), progressively decreased and residual volume
increased with the amount smoked. Physiological measures of
airflow obstruction correlated with the severity of small airways
abnormalities.

The major parenchymal injury associated with cigarette smoking
is emphysema: “abnormal dilation of air spaces distal to the
terminal bronchioles accompanied by destruction of air space walls”
(US DHHS 1984, p. 119). Emphysema and small airways injury
contribute to the physiological impairment found in COLD; in
individual patients with COLD, either may be predominant, but both
are probably important in most (US DHHS 1984). By itself, emphyse-
ma is accompanied by spirometric evidence of airflow obstruction,
increased lung compliance, and increased total lung capacity (TLC)
and residual volume (RV). The diffusing capacity for carbon monox-
ide varies inversely with the extent of emphysema (Park et al. 1970;
Cotes 1979). Emphysema is also associated with abnormalities of gas
exchange.
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Cigarette smoking, through its effects on the small airways and
lung parenchyma, produces the clinical syndrome of expiratory flow
limitation with dyspnea. The chronic airflow obstruction found in
COLD develops progressively and insidiously in most cases through a
sustained excessive decline of ventilatory function (US DHHS 1984).
In COLD, spirometry shows reduced FEV, and a reduced FEV, to
FVC ratio; FVC may also be diminished. The airflow obstruction is
accompanied by increases in RV and TLC (Boushy et al. 1971; Cotes
1979).

Injury From Occupational Exposures

For occupational exposures in the absence of cigarette smoking,
the patterns of lung injury vary among the agents, presumably on
the basis of differences in their physical and chemical properties.
Although the clinical and physiological manifestations of occupa-
tional lung injury may be distinct from those of cigarette smoking,
overlap occurs for some exposures.

As with cigarette smoke, chronic irritation of the large airways by
dusts and gases is associated with mucous gland enlargement and
mucus hypersecretion (Morgan 1978, 1984b). This pattern of injury
has been well documented clinically and pathologically for coal and
cotton dust (Douglas et al. 1982; Edwards et al. 1975; Kibelstis et al.
1973; Merchant et al. 1972). Gold miners and grain workers also
develop chronic bronchitis attributable to occupational dust expo-
sure (Irwig and Rocks 1978; Dosman et al. 1980).

Industrial bronchitis may be associated with airflow obstruction.
Hankinson and colleagues (1977) studied approximately 9,000 coal
miners from 1973 to 1974. Among the nonsmoking miners with dust-
induced bronchitis, decreased airflow at high lung volumes was
demonstrated, a finding suggestive of changes in the larger airways.

Abnormalities of the small airways seem to be one of the earliest
responses to mineral dust exposure (Churg et al. 1985). In a recent
study of hard-rock miners and people employed in the asbestos,
construction, and shipyard industries, Churg and colleagues (1985)
showed that the abnormalities of the respiratory bronchioles associ-
ated with mineral dust are accompanied by airflow abnormalities.
The lesions consisted of fibrosis and pigmentation in the small
airways and were considered by these researchers to represent a
nonspecific response to dust.

Involvement of the small airways has also been demonstrated in
workers with specific exposures. For example, the coal macule is
characterized by the deposition of alveolar macrophages loaded with
coal dust in the respiratory bronchioles (Morgan 1984a). Subsequent-
ly, the involved respiratory bronchioles dilate, a change termed
“focal emphysema” (Morgan 1984a). At this stage, individuals
usually are asymptomatic and have no physical findings. The chest x
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ray may be normal, or rounded nodules, less than 10 mm in
diameter, may be present, predominantly in the upper lobes. These
findings characterize the simple form of coal workers’ pneumoco-
niosis. In spite of the presence of roentgenographic and pathologic
abnormalities, only subtle abnormalities of small airways function
are demonstrable in simple coal workers’ pneumoconiosis (Morgan
1984a).

In certain chronic occupational lung diseases, parenchymal lung
injury may be accompanied by evidence of restriction alone; in
others, variable combinations of restriction and obstruction may
occur. Relevant examples of these two types of processes are
asbestosis (Seaton 1984a) and the complicated forms of coal workers’
pneumoconiosis and silicosis (Morgan 1984a; Seaton 1984b).

Although asbestos exposure is associated with fibrosis of the
respiratory bronchioles, the injury often progresses and involves the
alveolar interstitium with the development of parenchymal fibrosis
(Seaton 1984a). The clinical consequences of this parenchymal injury
are cough and dyspnea. Other changes found in asbestosis include
crackles, clubbing, and basilar, irregular, linear opacities on chest x
ray. Pulmonary function testing shows only a restrictive pattern
with reduced FVC, normal FEV/FV(C%, and decreased TLC.

In contrast, the complicated forms of silicosis and coal workers’
pneumoconiosis may be accompanied by obstruction in addition to
restriction. In both disorders, large masses of dust and fibrosis
replace the normal lung parenchyma and reduce FVC and TLC.
Obstruction may also be present, presumably because of increased
airways resistance and parenchymal abnormalities. Dyspnea is
generally a prominent symptom.

Thus, for some occupational agents, the associated lung injury at
specific anatomic loci resembles that from cigarette smoking. Large
airway irritation, regardless of the exposure, is accompanied by
abnormalities of the mucous glands and mucus hypersecretion.
Small airways may be affected by occupational agents, and a pattern
of injury distinct from that found in cigarette smokers has been
described (Churg et al. 1985). However, the parenchymal abnormali-
ties of advanced pneumoconiosis can be readily distinguished from
emphysema associated with cigarette smoking.

Methods for Evaluating the Effects of Occupational Exposures
on the Lungs

Workers exposed to occupational agents that cause chronic lung
disease may be examined for diagnostic reasons, for surveillance, or
for research. Regardless of the purpose of the evaluation, the same
assessment techniques are generally used: history of respiratory
symptoms, physical examination of the chest and extremities,
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spirometry and other physiological tests, and chest x ray (American
Thoracic Society 1982b; Boehlecke 1984; Townsend and Belk 1984).
These techniques and their sensitivity to the effects of cigarette
smoking are described below.

History of Respiratory Symptoms

Symptoms of lung disease are nonspecific; the most prevalent are
cough, phlegm production, wheezing, and breathlessness or dyspnea
(Gandevia 1981). Although a physician may take a conventional
history to evaluate these symptoms, standardized questionnaires are
generally used for surveillance and research purposes.

In the 1950s, the British Medical Research Council developed a
standardized respiratory symptoms questionnaire for studies of the
epidemiology of chronic bronchitis and chronic obstructive lung
disease (Samet 1978; Florey and Leeder 1982). In 1968, this question-
naire was adopted for use in the United States by a committee of the
American Thoracic Society (1969). Three years later, the National
Heart and Lung Institute made available a version that had been
modified to improve its suitability for the United States (US DHEW
1971). In 1978, the American Thoracic Society published a further
revised respiratory symptoms questionnaire (Ferris 1978). The
Medical Research Council questionnaire or one of these modified
versions has been used in most studies of chronic lung disease in the
workplace. All include a series of questions related to cough, phlegm,
wheezing, and dyspnea.

The Medical Research Council questionnaire was originally devel-
oped for investigating the etiology of chronic bronchitis and airflow
obstruction (Fletcher et al. 1959; Samet 1978). The questionnaire was
designed, in part, to test one of the prevailing hypotheses about
airflow obstruction: that mucus hypersecretion predisposed repeated
lower respiratory tract infections and consequent airflow obstruction
(Fletcher et al. 1959, 1976). Accordingly, the cough and phlegm
questions were worded to be sensitive to the earliest phases of mucus
hypersecretion, a condition largely attributable to cigarette smoking
(US DHHS 1984). The questions may be less satisfactory for cough
and sputum associated with other exposures, particularly if those
other exposures produce a pattern of symptoms different from those
due to cigarette smoking, such as nocturnal cough or episodic cough.
Further, their sensitivity to cigarette-associated mucus hypersecre-
tion may hinder separation of an occupational exposure’s effect on
the occurrence of cough and phlegm from that of cigarette smoking.
The dyspnea and wheeze questions probably do not share this
sensitivity. ,

In population surveys, cigarette smoking is the major determinant
of the prevalence of cough and phlegm (US DHHS 1984). This
association has been confirmed in occupational groups as well as in
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population samples (Gandevia 1981; US DHHS 1984; Petersen and
Castellan 1984). Wheezing is also associated with cigarette smoking
(Mueller et al. 1971; Samet et al. 1982; Schenker et al. 1982).
Dyspnea has multiple determinants that interact in a complex
fashion; cigarette smoking and smoking-related impairment of lung
function contribu.: to the occurrence of dyspnea (Wasserman and
Whipp 1975; Cotes 1979; Killian and Jones 1984).

Chest X Ray

The pneumoconioses are associated with characteristic radio-
graphic abnormalities, although the chest film may be normal in the
presence of biopsy-proven disease (Epler, McLoud et al. 1978). A
conventional clinical interpretation is usually sufficient for estab-
lishing the presence of pneumoconiosis. Preferably, however, the
chest x ray should be coded according to the classification estab-
lished by the International Labour Office (ILQO) (1980). This system,
originally published in 1950, categorizes the types of abnormalities
on the chest x ray by shape and size, and provides a grading (the
profusion) for describing the density of small opacities. The opacities
classified as small are grouped as rounded or irregular. If the
opacities are less than 1 cm in diameter, they are called small; if
equal to or greater than 1 cm, they are called large.

The effects of cigarette smoking on chest x-ray findings have been
examined, using both conventional interpretations and readings in
the ILO system. Human autopsy evidence and animal exposure
studies show that cigarette smoking leads to abnormalities in the
airways and parenchyma that might produce radiographic abnor-
malities (US DHEW 1979b; Weiss 1984). However, these changes are
subtle in comparison with the pathological findings in the pneumo-
conioses. Cigarette smoking is associated with modest amounts of
interstitial fibrosis in the lungs, in addition to airways abnormalities
and emphysema (US DHEW 1979b; Weiss 1984). For example,
Auerbach and colleagues (1974) examined lung sections from 1,443
men and 388 women deceased between 1963 and 1970, and found
more fibrosis in smokers than in nonsmokers and a dose-response
relationship between the degree of fibrosis and the amount smoked.
The small airways of cigarette smokers, even at young ages, display
inflammation with edema of the bronchiolar walls, smooth muscle
hypertrophy, and goblet cell metaplasia (US DHHS 1984). These
changes may underlie, at least in part, the pattern of increased lung
markings in smokers described anecdotally by clinicians, but are
unlikely to be confused with the more extensive fibrosis found in
moderate or advanced pneumoconiotic lung disease.

Comparisons of chest x-ray findings generally show a higher
frequency of abnormalities, interpreted as representing interstitial
fibrosis, in smokers than in nonsmokers. These investigations have
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been based on chest films from both the general population and
specific occupational groups. Weiss (1967, 1969) reviewed chest films
from two samples of adults—participants in a tuberculosis screening
program and hospital employees. In both groups, he identified a
pattern of increased lung markings, termed diffuse pulmonary
fibrosis, more often in smokers, and showed that the prevalence of
this finding increased with the amount and duration of smoking.
These studies have been criticized because the films were 70 mm
photofluorograms taken for screening purposes and not full sized
(Kilburn 1981). Further, the films were not read directly according to
the ILO classification. In another study that did not use the ILO
system, Carilli and colleagues (1973) showed that radiologists could
generally distinguish smoking women from nonsmoking women by
the presence of linear and nodular fibrotic changes in the smokers.
Epstein and colleagues (1984) read the chest x rays of 200 hospital-
ized patients according to the ILO classification. Twenty-two patients
with at least category 1/0 profusion and no documented dust
exposure or other explanation for nodular densities were identified,
10 of whom had not smoked cigarettes. Because this study included
only hospitalized people, the results may not be generalizable to
working populations.

The results of investigations involving occupational groups do not
show strong effects of cigarette smoking on the profusion of small
opacities. Glover and colleagues (1980) read the chest films of slate
workers and a nonexposed control group according to the 1971 ILO
classification. In the controls, small irregular opacities were not seen
in nonsmokers, but were present in 2 percent of current and former
smokers. Investigators from the National Institute for Occupational
Safety and Health interpreted chest x rays of 1,422 blue-collar
workers whose present and past employment should not have
involved exposure to respiratory hazards (Castellan et al. 1984). Only
three workers had at least category 1/0 profusion, two with small
rounded opacities and one with small irregular opacities. Sixty-one
percent of the subjects were current or former smokers. However,
the mean age of subjects in this study was only 33.9 years,
substantially lower than the age at which pneumoconiosis or
significant cigarette-related airflow obstruction would generally be
manifest if exposure began at about age 20. In a much smaller study
of similar design, Cordier and colleagues (1984) identified small
opacities in only 1 person in a control group of 48 office workers, 31
percent of whom smoked.

Studies of workers exposed to hazardous agents show that
cigarette smoking may modify the pattern of radiographic abnormal-
ity. In coal workers, small rounded opacities predominate in the
simple phase of coal workers’ pneumoconiosis, but irregular opaci-
ties may also be present (Amandus et al. 1976; Cockcroft et al. 1982,
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and with reductions of FEV,, FVC, and diffusing capacity (Cockcroft
et al. 1982). In autopsy specimens obtained from coal workers in the
United Kingdom, Ruckley and colleagues (1984) demonstrated that
emphysema was present in 90 percent of the lungs with small
irregular opacities, but in only 60 percent with small rounded
opacities alone. Dick and colleagues (1983) examined the radiographs
of a stratified random sample of miners from 10 British coal mines
and concluded that smoking did not influence the prevalence of
rounded opacities. Smokers had a greater prevalence of irregular
opacities, but after adjusting for the effects of differences in age and
dust exposure, these results were not statistically significant.

Studies of other occupationally exposed groups also demonstrate
that cigarette smoking may affect the pattern and extent of
radiographic abnormality. In granite workers, Theriault and col-
leagues (1974) found that rounded opacities were related to an
estimate of lifetime dust exposure, whereas small irregular opacities
were more strongly related to smoking. In workers exposed to
manmade vitreous fibers, the prevalence of small opacities was
determined not only by estimated exposure but also by smoking
habits (Weill et al. 1983). Using multiple logistic regression, Peters
and colleagues (1984) showed that cigarette smoking, but not
particulate exposure, predicted the occurrence of linear opacities in
silicon carbide workers. In asbestos workers, the predominance of
evidence indicates that cigarette smoking acts independently and
additively with asbestos to create radiographic abnormalities (Weiss
1984).

The findings of these studies of occupationally exposed and
nonexposed individuals indicate that cigarette smoking may affect
chest x-ray readings. Cigarette smoking alone is occasionally associ-
ated with definite abnormalities classified in the ILO system.
Smoking may also affect the radiographic pattern and independently
increase the prevalence of abnormality. In addition, the threshold
for detection of an abnormality on chest x ray may be exceeded more
frequently or at an earlier age in workers who smoke than in
workers who do not smoke.
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Physiological Assessment

An evaluation of workers for diagnosis and surveillance may
include auscultation of the chest, for breath sound quality and
intensity and for the presence of adventitious sounds including
crackles, and examination of the fingernails for evidence of clubbing.
Crackles, also referred to as rales or crepitations, are discontinuous,
interrupted sounds thought to arise from the sudden opening of
small airways or from the bubbling of air through secretions in
larger airways (Loudon and Murphy 1984). Fine crackles may be
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heard in people with diffuse interstitial fibrosis. For example, Epler,
Carrington, and colleagues (1978) reported that fine crackles were
present in 60 and 65 percent of subjects with biopsy-proven and
clinically diagnosed asbestosis, respectively. Some definitions of
asbestosis incorporate the presence of crackles as a diagnostic
criterion (Murphy et al. 1978). Because crackles may be heard in
asbestosis and other occupational lung diseases, auscultation has
been advocated as a surveillance technique for monitoring workers
exposed to asbestos and other agents (Loudon and Murphy 1984;
Murphy et al. 1984).

Few studies have addressed the effects of cigarette smoking on
auscultatory findings, however. Epler, Carrington, and colleagues
(1978) reported the results of a conventional clinical auscultation of
patients with various interstitial disorders or with chronic obstruc-
tive lung disease, which is largely attributable to cigarette smoking.
Fine crackles, characteristic of asbestosis, were heard in only 10 to
12 percent of the latter group, though coarse crackles were more
common in those with chronic bronchitis. Two studies of asbestos
workers suggest that cigarette smoking may independently increase
the frequency of crackles. To quantify the separate effects of asbestos
exposure and cigarette smoking on the prevalence of bilateral fine
crackles, Samet and colleagues (1979) analyzed data from 409 survey
subjects, using multiple logistic regression. Statistically significant
effects of both smoking and asbestos exposure were found. In the
other study (Murphy et al. 1984), a technician examined each subject
with a standardized approach and a summary crackles score was
calculated. Multivariate analysis suggested that cigarette smoking
was associated with the lower abnormality levels of this score. The
consistent findings of these two investigations seem plausible in view
of the effects of cigarette smoking on the small airways, the site
where fine crackles are presumed to originate (Loudon and Murphy
1984). In 590 employed men not exposed to respiratory hazards,
crackles were heard predominantly in the older smokers (Gandevia
1981). This finding further supports a relationship between cigarette
smoking and the presence of crackles.

Clubbing refers to a change in the configuration of the nail beds,
which can be best quantitated by the hyponychial angle (Regan et al.
1967). It has many causes and is a nonspecific manifestation of
advanced chronic respiratory diseases, lung cancer, and other
disorders (Shneerson 1981). Because clubbing may be occasionally
found with COLD, its presence may be related to cigarette smoking
as well as to occupational lung disease. Samet and colleagues (1979)
found that cigarette smoking and occupational exposure to asbestos
were independent determinants of the prevalence of clubbing in four
different populations of asbestos workers.
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Findings on clinical examination, like respiratory symptoms, are
nonspecific, and a conventional physical examination alone is an
insensitive method for diagnosing chronic occupational lung dis-
eases. However, the presence of fine crackles, in the setting of an
appropriate exposure, should alert the clinician to the possibility of
pneumoconiosis, even if the chest x ray is unremarkable. Clubbing,
when attributable to a chronic pulmonary process, is generally a
marker for more advanced disease. Diseases associated with ciga-
rette smoking may be accompanied by crackles or clubbing.

Evaluation of pulmonary function in occupationally exposed
individuals, whether for diagnostic or research purposes, should
include spirometry, which measures FVC, FEV,, and maximal
expiratory flow rates (Ferris 1978; American Thoracic Society
1982b). The effects of smoking on spirometric parameters are
discussed elsewhere in this chapter. The diffusing capacity for
carbon monoxide may also be measured; it is a sensitive test that
may detect early abnormalities in chronic occupational lung diseases
(Weinberger et al. 1980). As with FVC, FEV,, and other spirometric
measures, cigarette smoking habits must be considered in interpret-
ing the level of diffusing capacity, which is reduced by smoking-
related lung disease (particularly emphysema) as weil as by occupa-
tional lung disease (Make et al. 1982; Miller et al. 1983). FVC can be
reduced either by restrictive lung diseases, such as asbestosis, or by
COLD; therefore, TLC should be measured with a physiological or
radiological method in order to establish the presence of a restrictive
disorder. In evaluating subjects for occupational asthma, nonspecific
bronchial reactivity may be assessed with pharmacologic agents,
such as methacholine, or with cold air inhalation (Brooks 1982).
Some studies indicate that nonspecific bronchial reactivity is in-
creased in cigarette smokers (Kabiraj et al. 1982; Gerrard et al.
1980), though others do not (Kennedy et al. 1984; Wanner et al.
1985).

Exercise testing is one of the methods used to assess the degree of
impairment resulting from a chronic occupational lung disease
(American Thoracic Society 1982a). Exercise testing has been used to
characterize the pathophysiology of chronic occupational lung
diseases, but is rarely used for establishing clinical diagnoses or for
epidemiological studies (Wiedemann et al. 1984) and is not discussed
further in this chapter. Cigarette smoking can impair exercise
performance through a variety of mechanisms (Cotes 1979).
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Quantification of Effects of Smoking and Occupation in
Populations

Concepts of Interaction

Interaction has been defined as “the interdependent operation of
two or more causes to produce an effect” (Last 1983, p. 51).
Epidemiclogists may also apply the term “effect modification” to
variation in the magnitude of an exposure’s effect as the level of
another exposure changes (Last 1983). Synergism refers to an
increased effect of the exposures when both are present, and
antagonism refers to a reduced effect (Last 1983). Statistical model-
ing techniques are generally used to test for the presence and
direction of interaction. The most widely applied statistical tech-
niques measure interaction on either an additive or a multiplicative
scale (Rothman et al. 1980; Kleinbaum et al. 1982). Ideally, the
choice of a model should be based on a specific biological formulation
of disease pathogenesis; most often, however, the underlying biologi-
cal mechanisms are not well established and largely statistical
considerations govern the selection of an analytical model.

The results of such models must be interpreted not only statistical-
ly but also in biological and public health contexts (Rothman et al.
1980). Rothman and colleagues (1980) argued that biological models
should be explicitly described; in their view, the labeling of mecha-
nisms as synergistic or independent does not advance the under-
standing of disease etiology. They broadly described two categories of
mechanisms: those with the multiple etiological factors acting
interchangeably at the same step and those with the factors acting at
different steps. The corresponding statistical models are the additive
and the multiplicative, respectively. These authors and others (Blot
and Day 1979; Saracci 1980; Kleinbaum et al. 1982) have concluded
that, from the public health viewpoint, departure from additivity
represents interaction.

Both advancing the understanding of disease etiology and the need
for protecting public health provide a compelling rationale for
assessing interaction between cigarette smoking and workplace
exposures. Cigarette smoking may interact with a particular expo-
sure through diverse mechanisms that range from behavioral to
molecular levels (Table 4). The 1979 Report of the Surgeon General
(US DHEW 1979b) partially addressed different forms of interaction
between smoking and occupational exposures; other plausible hy-
potheses concerning interaction between cigarette smoking and
occupational agents can also be postulated. The interactions listed in
Table 4 are intended to be illustrative and not exhaustive.

Some consequences of cigarette smoking might lead to a reduction
of the dose of an inhaled agent. In comparison with nonsmokers,
current and former smokers have higher rates of absenteeism from
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TABLE 4.—Some potential interactions between cigarette
smoking and occupational exposures in the
pathogenesis of chronic occupational lung

diseases
Source of interaction Potential consequence
Increased absenteeism by smokers from work Reduced inhaled dose in
smokers
Selection of more fit nonsmokers into Reduced inhaled dose in
aerobically demanding jobs smokers
Contaminated cigarettes act as a vector Increased exposure of smokers
Workplace chemicals are metabolized Increased exposure of smokers
to toxic or more toxic agents by
cigarettes
Increased tracheobronchial deposition of Differing regional lung doses
particulates in smokers and people in smokers and nonsmokers
with chronic bronchitis
Reduced mucociliary transport in smokers Increased dose in smokers
Reduced alveolar clearance of Increased dose in smokers
particulates in smokers
Increased numbers of polymorphonuclear Increased lung injury in smokers

leukocytes and other inflammatory
cells in lungs of smokers

work (US DHEW 1979b). Because cigarette smoking and cigarette-
related cardiorespiratory diseases are associated with reduced aero-
bic capacity, nonsmokers may tend to perform the more strenuous
tasks in the workplace. The higher ventilatory requirements of such
jobs might increase the amount of dust or other agents inhaled;
smokers would be spared to the extent that they are selected for
more sedentary jobs. The excess mucus production of chronic
bronchitis might protect against soluble agents through the in-
creased absorptive capacity of the mucus.

Tobacco products might serve as vectors for the transformation of
workplace chemicals into more harmful agents. For example,
smokers are placed at increased risk for polymer fume fever through
contamination of their cigarettes by fluorocarbons; toxic products
are generated by the cigarette’s heat and are inhaled by the smokers.
Reduced pulmonary defenses in smokers might also increase the
effects of occupational agents. The mucociliary apparatus of the
airways removes particles and absorbed gases by physical transport
(Wanner 1977, Lippmann et al. 1980). Both cilia and mucus are
affected by tobacco smoke, and direct measurements of mucociliary
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transport in animals and in humans confirm that long-term smoking
impairs particle clearance (Wanner 1977; Lippmann et al. 1980; US
DHHS 1984). Cohen and colleagues (1979) have demonstrated
impaired alveolar clearance of particulates in smokers, as well. A
plausible, though not established, consequence of reduced clearance
is the increased pulmonary residence time of harmful agents and an
increased dust burden in the lungs. Finally, alterations of lung cell
populations and the presence of inflammation in smokers might
amplify the effects of inhaled occupational agents. Inflammatory
cells are thought to have a central role in lung injury caused by
occupational agents (Campbell and Senior 1981; Bitterman et al.
1981). The lungs of smokers yield markedly increased numbers of
macrophages and neutrophils in bronchoalveolar lavage fluid in
comparison with the lungs of nonsmokers (US DHHS 1984). Thus,
synergism between cigarette smoking and an occupational agent
could reflect a greater release of enzymes and other toxic products
from the large numbers of inflammatory cells that have been
recruited into the lung by cigarette smoke.

Study Design

Several epidemiological study designs are used to assess the
independent and interactive effects of smoking and occupational
exposures in human populations. The cross-sectional study, or
survey, is the most widely used approach, primarily because of its
feasibility and low cost. Most surveys involve data collection from
samples defined by employment status or union membership. In a
cohort study, exposed and nonexposed people are followed over time
and monitored for the development of disease. Large-scale cohort
investigations of workers exposed to asbestos, silica, and coal dust
have been carried out. The case—control design involves the identifi-
cation of cases with the disease of interest and a control series of
people without the disease who would be potentially selected as cases
if they were to develop the disease. The exposure histories of the
cases and controls are ascertained and compared. This design has
been used infrequently for studying chronic occupational lung
diseases.

As a minimum, when cigarette smoking and a single occupational
agent are of interest, the study should provide estimates of their
independent effects and of the combined effect. This minimum is
suggested because the impairment observed in a particular popula-
tion reflects the consequences not only of the occupational agent but
also of all other damaging environmental exposures. Of these,
cigarette smoking is by far the most important and the most readily
assessed. Cross-sectional, case—control, and cohort designs meet this
requirement if the cigarette smoking practices and exposure histo-
ries of the subjects can be accurately determined.
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Assessment of Exposures
Cigarette Smoking

The American Thoracic Society (Ferris 1978) has recommended
that a cigarette smoking questionnaire include smoking status
(never, current, or previous), age started smoking, age stopped
smoking (for former smokers), current and usual amount smoked,
and depth of inhalation. Questions concerned with brand and extent
of filter cigarette smoking are optional, but should be used when
possible to address research questions related to types of cigarettes
smoked. The recommended items provide several measures of
exposure to cigarette smoke for data analysis: usual amount smoked,
duration of smoking, and cumulative consumption. The items
related to cigarette smoking status can be used to stratify a study
population into current, former, and never smokers.

These simple measures of exposure to cigarette smoking strongly
predict the risk of both age-specific overall mortality and COLD
mortality (US DHEW 1979b; US DHHS 1984). In the major
prospective cohort studies, dose-response relationships between
amount smoked and age-specific mortality have been demonstrated;
the findings have been similar for duration of smoking (US DHEW
1979b). Associations with self-reported depth of inhalation have been
less consistent. Indices of pulmonary morbidity also vary with
measures of cigarette smoke exposure (US DHHS 1984). The
consistency of these findings for morbidity and mortality emphasizes
the importance of collecting information on the parameters of
cigarette smoking in epidemiological investigations.

Self-reported data may underestimate true cigarette consumption;
however, the degree of bias has not been shown to vary with
occupational status. For the United States and other countries,
estimates of nationwide consumption based on survey data are
generally lower than consumption figures calculated with informa-
tion from manufacturers and government agencies (Todd 1978;
Warner 1978). In the Multiple Risk Factor Intervention Trial
(MRFIT), validation of smoking with serum thiocyanate measure-
ments documented underreporting of smoking, which was greater in
the group randomized to special intervention (Neaton et al. 1981;
Ockene et al. 1982). This finding implies that bias in reported
smoking may vary with the context in which the information is
collected. Workers exposed to agents associated with lung disease
might report their smoking habits differently from unexposed
workers; both more and less accurate reporting by the exposed
population can be postulated.
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For clinical and research purposes, exposure to occupational
agents should be documented and both duration and concentration
estimated, when possible. The techniques used to establish exposure,
duration, and concentration are diverse, and are not considered in
detail here. Comprehensive reviews and books about them have been
published (Hammad et al. 1981; Dodgson 1984; Cralley and Cralley
1979). The methods include self-report, use of industry, occupation,
or job title as a surrogate for exposure, area sampling, personal
dosimetry, and biological markers.

Data Analysis

In an epidemiological investigation of a population at risk for
chronic occupational lung disease, information concerning work-
place exposures and cigarette smoking is collected and appropriate
health outcome measures, such as the chest radiograph and spirome-
try, are assessed. Data analysis is directed at characterizing associa-
tions between risk factors and disease and at the modifiers of these
associations; in studies of chronic occupational lung disease, ciga-
rette smoking and exposure to the occupational agent are the
primary risk factors to be considered. Data analysis with epidemio-
logical methods can provide estimates of the independent effects of
smoking and the occupational agent and test for interaction between
them (Kleinbaum et al. 1982). These techniques, some quite complex,
are not described here, but approaches for assessing interaction are
considered.

Analysis of data related to a chronic occupational lung disease,
regardless of the study design, must address the potential confound-
ing and effect modification, or interaction, resulting from cigarette
smoking. Confounding refers to the bias introduced when the effects
of one factor are not separated from those of another. In studies of
chronic occupational lung diseases, confounding may occur when
estimates of exposure to the occupational agent are associated with
cigarette smoking. For example, in a study of asbestos workers,
confounding would be present if the more heavily exposed individu-
als were also heavy smokers. Comparisons of blue-collar workers
with white-collar employees may be confounded because the former
are more often smokers.

Confounding can be controlled at the design phase or at analysis
by either stratified or multivariate techniques (Kleinbaum et al.
1982). Options in study design include restriction of participants to
smokers or to nonsmokers alone and matching of occupationally
exposed and nonexposed subjects for smoking habits. At analysis,
whether stratified or multivariate, biologically appropriate and valid
measures of cigarette smoking are needed. More simplistic variables,
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such as categorical indicators designating never and ever smokers,
may not be satisfactory, and their use may only partially control
confounding. In particular, measures of cumulative consumption
seem most appropriate for the lung function changes of COLD
(Burrows et al. 1977; US DHHS 1984). However, errors in the
measurement of smoking may reintroduce confounding and appar-
ent effect modification (Kleinbaum et al. 1982).

Simple generalizations cannot be offered concerning the potential
magnitude of bias that uncontrolled confounding by cigarette
smoking can produce. The bias will depend on the strength of the
association between the occupational exposure and cigarette smok-
ing and on the magnitude of smoking’s effects in the population.
However, because there is a high prevalence of smoking in the
workforce and smoking has a strong association with lung function
impairment, it should not be dismissed as a confounder merely
because some particular level of effect is found for an occupational
exposure. Further, the attainment of statistical significance for the
effect of an occupational exposure does not exclude confounding.

Either stratified or multivariate statistical techniques can be used
to test for interaction. In the first approach, variation in the effects
of one factor (e.g., an occupational agent) is examined across strata
defined by the second factor (e.g., cigarette smoking). More often,
multivariate regression models, either linear or logistic, are used to
test for interaction (Kleinbaum et al. 1982). In linear regression
models, the dependent variable is a continuous measure, such as
FEV; in the logistic model, the dependent variable is the occurrence
or nonoccurrence of a discrete outcome, such as the presence of
crackles. In both types of models, the independent variables may
include terms for the individual exposures and cross-product terms
to test for interaction. The regression coefficients estimate the
effects of the exposures on the dependent variables. For example,
models developed for an asbestos-exposed study population might
include a variable for cumulative asbestos exposure, a variable for
cumulative cigarette consumption, and a variable created by multi-
plying the two. Statistically, the null hypothesis of no interaction is
tested by the cross-product term. Failure to reject this null hypothe-
sis indicates that the data are consistent with the two factors acting
independently. However, interpretation of such analyses must
consider the scale on which interaction is measured; linear models
assess departure from additivity, whereas logistic models test
departure from a multiplicative interaction (Kleinbaum et al. 1982).
The coefficient for the cross-product term specifies the direction and
magnitude of the effect of interaction, at various levels of the two
interacting factors.

The limitations posed by sample size must also be considered in
interpreting the results of modeling. In studies of occupational
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groups, the number of subjects is most often determined by the size
of the workforce and by feasibility considerations, and rarely on the
basis of more formal sample size calculations with statistical
methods. The statistical power of tests for interaction tends to be low
(Greenland 1983), and potentially important interactions may not
attain conventional levels of statistical significance without a
sufficiently large population.

Analysis of epidemiological data can also provide estimates of the
effects of exposure at the individual level and at the group level
(Kleinbaum et al. 1982). Measures of association between exposure
and disease estimate the excess risk incurred by exposed individuals.
Measures of impact combine measures of association with the
prevalence of exposure and estimate the contribution of specific
exposures to the disease burden in a population. The most widely
used is the population attributable risk or etiologic fraction. These
measures can be used to gauge the relative importance of cigarette
smoking and occupational agents.

Specific Investig