rHE HEALTH
CONSEQUENCES
OF SMOKING
CANCER AND
CHRONIC LUNG DISEASE
IN THE WORKPLACE

~ areport of the Surgeon General

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES

Public Health Servi
Office on Smoking and Health
Rockville, Maryland 20857

THE HEALTH
CONSEQUENCES
OF SMOKING
CANCER AND
CHRONIC LUNG DISEASE
IN THE WORKPLACE

a report of the Surgeon General

1985

©

i
=

#)
{

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES

Public Health Service
Office on Smoking and Health
Rockville, Maryland 20857

For sale by the Superintendent of Documents. U.S. Government Printing Office

Washington, DC 20402

THE SECRETARY OF HEALTH AND UMAN SERVICES
WASHINGTON DC 2029:

MAY $355
The Honorable Thamas P. O'Neill, Jr.
Speaker of the House of Representatives
Washington, D.C. 20515
Dear Mr. Speaker:

edition of the Surgeon
It is a pleasure to transmit to the Congress the final
mandated by Section 8 (a)
General's Report on the Health Consequences of Smoking, as
is the Public Health
of the Public Health Cigarette Smoking Act of 1949. This
identifies cigarette
Service's 17th Report on this topic and, like earlier Reports,
problems.
smoking as one of this Nation's most serious public health
relationship between
This Report, which provides a detailed review of the
rly disturbing
smoking and hazardous substances in the workplace, is particula
if they smoke
because of the added health burden that many workers Carry
this added burden is
cigarettes. As this Report makes clear, for some workers
interaction than the case
substantial. No better example exists to illustrate this
that heavily exposed
indicates
of asbestos workers. Current scientific evidence
e a 5-fold increase in
asbestos insulation workers who did not smoke may experienc
However, if this same
lung cancer campared to nonsmoking, nonexposed workers.
than 50-fold.
worker also smoked, his lung cancer risk is increased more
use among blue
Also disturbing is the continued high rate of current cigarette
s. These workers are more
collar workers compared to their white collar counterpart
workplace
apt to be exposed to dusts and other harmful substances in their
are helping to
environments. Programs to reduce workplace hazardous exposures
smoking poses
cigarette
smoke,
who
workers
of
offset these risks. For the majority
Thus, elimination of
a greater risk to health than does occupational exposure.
effect on improving their
cigarette smoking among such workers can have a profound
health.

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

billion in health care
Cigarette smoking is associated with an estimated $23
and wages. Toa certain
costs annually and over $30 billion in lost productivity
Programs that reduce
degree we all share these costs whether we smoke or not.
smoking,

therefore, can have a benefit to all our society.

Sincerely,

2.07

Otis R. Bowen, M.D.
Secretary

Enclosure

Hi yaw

2

THE SECRETARY OF HE OL TH AND HUMAN SERVICES

HASHINGTON DC

2620

Ee

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

MAY 41986

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 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 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 society.
Sincerely,

OWT
Otis R. Bowen, M.D.
Secretary

Enclosure

FOREWORD
Over the past generation, the actions of labor unions, management, 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 ourefforts 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 reviewingthe content of this Report. I
express here my respect and gratitudefor their efforts.
Donald fan Macdonald, M.D.
Acting Assistant Secretary

for Health
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Findings of the 1985 Report
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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 weresolicited 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 knownscientists. These individuals represent expertise 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:
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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. Therole that
cigarette smoking plays in the development of cancer was extensively 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, andit is
reasonable to expect that ongoing investigation of workplace exposures 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 contributionsof cigarette smoking anda
number of workplace exposures to lung cancer and chronic lung
disease among occupations in which specific hazardous exposures are
knownto 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
numberof 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 understanding of the disease risks that result from individual and
combined exposure and a knowledge of how changesin the worksite
can alter the pattern of disease occurrence.
Manyof the major improvements in public health during the last

century andthefirst 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 elimination 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 casesof 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 numberof agents acting independently,

and mayalso result from more than one agent contributing to the
disease process in any given individual. For these reasons, Koch s
postulates havelittle relevance for establishing causality in lifestyle

and occupational exposures, and newcriteria for causality have been

developed. These criteria rely heavily on epidemiologic data and
include an examination of the consistency, strength, specificity,
coherence, and temporalrelationship 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 characterize cancer and chronic lungdisease also have implicationsfor control
of these diseases in the worksite. One of the important public health
achievements of this century has been the identification of hazardous 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 werethe 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 numberof cancercases, 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 individual cancer rather than some cases being caused exclusively by an

occupation exposure and other cases being caused exclusively by
cigarette smoking.
8

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
samelung thatresult 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 nonasbestos-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 cigarettesmoking 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 ofcigarette
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 asbestosis 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 individual. 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 haschronic obstructive lung disease due to smoking.
The focus on individuals rather than on populations when
considering strategies to contro! 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 can be adjusted on the basis of the smoking
9
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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 conclusionsfollow.

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 smokers) 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 administrators 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
homemakersclosely 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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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 occupational exposures in both nonsmoking exposed workers and populations of exposed smokersin 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 additive in producing symptomsof 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. Therisk 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 numberof 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 capacities (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.
.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.

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

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

Respiratory Disease in Coal Miners
1. Coal dust exposureis clearly the major etiologic factor in the

production of the radiologic changes of coal workers pneumoconiosis (CWP). Cigarette smoking probably increases the
prevalence of irregular opacities on the chest roentgenograms

of smoking coal miners, but appears to havelittle effect on the
prevalence of small] rounded opacities or complicated CWP.

_ Increasing category of simple radiologic CWPis not associated
with increasing airflow obstruction, but increasing coal dust
exposure is associated with increasing airflow obstruction in
both smokers and nonsmokers.
_Since the introduction of more effective controls to reduce the
level of coal dust exposure at the worksite, cigarette smoking
has become the moresignificant contributor to reported cases
of disabling airflow obstruction among coal miners.
._Cigarette smoking and coal dust exposure appear to have an
independent and additive effect on the prevalence of chronic

cough and phlegm.
Increasing coal dust exposure is associated with a form of
emphysema known asfocal dust emphysema, but there is no

definite evidence that extensive centrilobular emphysema

occurs in the absenceof cigarette smoking.
. The majority of studies have shown that coal dust exposure is
not associated with an increasedrisk for lung cancer.

_ Reduction in thelevels 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, andefforts aimed at reducing
14

ventilatory disability should include efforts to enhance successful smoking cessation.

Silica-Exposed Workers
1. Silicosis, acutesilicosis, mixed-dustsilicosis, silicotuberculosis,
and diatomaceous earth pneumoconiosis are causally related to
silica exposureas a sole or principaletiological agent.
2. Epidemiological evidence, based on both cross-sectional and
prospective studies, demonstrates thatsilica 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 smokingeffect is
stronger than thesilica 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 numberof 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 exposure (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. Smokingcontrolefforts should be an important concomitant of
efforts to reduce the burdenof 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 enzymeinduction or possibly inhibition. Both tobacco

smoke and some industrial pollutants contain substances
capable ofinitiating and promoting cancer and damaging the

airways and lung parenchyma. Thereis, therefore, an ample
biologic basis for suspecting that important interactive effects
between some workplace pollutants and tobacco smokeexist.
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 cancerin spite of
the lack of adequate information on smoking. Other mortality
studies that suggest small increases in smoking-related dis15

eases, such as pancreatic cancerin 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.
4, The risk of pulmonary disability in rubber workers was

increased when smoking and occupational exposure to particulates were combined. There are few empirical animal experi-

ments that demonstrate interactive effects between cigarette
smoking andvarious industrial chemicals for lungdisease.

Cotton Dust Exposure and Cigarette Smoking
1, Byssinosis prevalence andseverityis 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 asymptomatic workers, and those workers with bronchitis generally
have lower preshift lung function than those without bronchitis. In general, smokers have lower lung function than nonsmokers 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 morefrequently 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-
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smokers, a pathology consistent with bronchitis. Among cigarette smokers, the interaction of cotton textile exposure and
smoking is demonstrable for goblet cell hyperplasia. Centrilobular 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 amongcotton textile workers.

Ionizing Radiation and Lung Cancer
1. There is an interaction between radon daughters and cigarette
smoke exposuresin the production of lung cancer in both man
and animals. The natureof 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 numberof 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 nonsmokers, appearing earlier in smokers.

Smoking Intervention Programs in the Workplace
1. Smoking modification and maintenance of nonsmoking status

amonginitial 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 program, 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 tv.

.More investigations are needed on worksite characteristics
associated with the success of occupational programs and on
comprehensive programs including components such as quitsmoking contests, no-smoking policies, physician messages, and
self-help materials in addition to smokingcessation clinics.

ion efforts
6. The implementation of broadly based health promot
nin the workplace should be encouraged, with smoking interve

to
tions representing a major component of the larger effort
focus.
improve health through a worksite
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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 combined 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=38,527). 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 occupational 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 Addendumto 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 morelikely to
be employed in professional and technical, management, and bluecollar occupations. Women are more likely to be employed in

professional and technical and clerical and service occupationsor 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 behaviorof 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 whitecollar women (31.9 percent). Among women, this white-collar blue23

TABLE 1. Estimates of the occupational distribution of

men and women, aged 20 to 64 years, United

States, 1970-1980

Women

Men
Occupation

1970

1978-80

1970

1978-80

Currently employed

87.8

85.1

47.9

57.3

White-collar total

39.2

39.2

3Li

40.5

14.2

14.9

79

11.4

13.3

13.5

2.6

49

5.0

5.3

3.4

3.6

68

5.5

17.1

20.6

43.1

40.8

9.0

9.3

kindred workers

19.9

20.7

0.8

1.5

Operatives and
kindred workers

18.1

14.6

8.0

72

farm

5.1

5.6

0.2

0.6

Service

5.4

6.1

10.3

10.8

Farm

3.7

29

0.5

0.6

Unemployed

3.6

41

3.2

43

Usual activity,
homemaking

_

_

52.5

417

Professional,
technical, and
kindred workers
Managers and

administrators,
except farm
Sales workers

Clerical and

kindred workers

Blue-collar total
Craftsmen and

Laborers, except

al categories are mutually exclusive; however.
NOTE. The white-collar, blue-collar, service, and farm occupation
on the basis of

those classified as

Homemaking or

Unemployed

mayalso be classified in an occupational group

overlap between categories.
a recent or part-time job, resulting in a small degree of
Health Interview Surveys, 1970 and 1978-1980
SOURCE: National Center for Health Statistics, National
combined. See Technical Addendum.'

20 to
collar difference exists only for the younger age group (aged
in
nce
44): for older women (aged 45 to 64) there is virtually no differe
.
smoking prevalence between these two categories of workers
among
occur
g
smokin
current
of
rates
highest
the
For men,
,
workers
d
kindre
and
ves
operati
,
workers
d
kindre
craftsmen and

lowest smoking
laborers, service workers, and the unemployed. The

d
rates for men occur amongprofessional, technical, and kindre

d workworkers, managers and administrators, clerical and kindre
.
ers, and farm workers
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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

20-44

45-64

Total

20-44

45-64

Total

33.2

34.2

314

40.9

414

39.8

Currently employed

33.3

34.0

31.8

39.9

40.9

37.7

White-collar total

319

31.9

319

33.0

33.5

32.2

Professional,
technical, and
kindred workers

26.5

26.1

27.9

25.7

25.3

26.6

Managers and
administrators,
except farm

38.3

37.8

39.2

36.3

38.9

32.2

Sales workers

33.3

33.2

33.5

40.6

42.0

38.0

Clerical] and
kindred workers

33.2

33.9

314

37.7

36.4

40.4

38.1

41.3

319

47.1

48.7

43.6

Craftsmen and
kindred workers

44.6

45.4

43.0"

46.1

47.8

42.6

Operatives and
kindred workers

37.0

40.2

30.8

48.6

50.4

44.5

Laborers, except
farm

36.2

43.0*

14]*

46.8

47.3

45.1

Service

37.4

39.8

32.7

47.5

48.3

46.0

Farm

22.6

313°

31.5

28.9

34.5

Unemployed

39.6

417

30.4

53.1

53.9

50.8

33.0

35.1

30.4

Blue-collar total

Usual activity,

homemaking

71°

_

_

* 100 cases in the denominator (unweighted sample).
SOURCE: National Center for Health Statistics, National Health Interview Surveys, 1978-1980 (combined).
(See 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 workers, 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 representing nearly 42 percent of all women aged 20 to 64, the prevalence of
smoking among those aged 20 to 44 is midway between the
25

prevalence rates for white-collar and blue-collar occupations. However, among women 45 to 64 years of age, smoking rates varylittle
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 prevalence.

Among men, a moredetailed 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 haverates of current smoking that equal
or surpass 40 percent. The lowest rates of smoking occur among
women employed as elementary school teachers, food service workers, 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
sampleis relatively small, physicians have among the lowest rates of
current smoking (18.1 percent). Among nurses, the pattern of
smoking reflects the white-ccllar-service worker distinction; regis-

tered nurses have among the lowest rates of current smoking, but
practical nurses have amongthehighestrates (Table4).
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 numberof cigarettes consumed by bluecollar smokers (23.3) (Table 5). In virtually all occupational subgroups, 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 needto be interpreted with some caution,
as there may be a substantial underreporting of cigarette consumption, 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)

53.6

3.

Construction laborers, except carpenters

4.

Carpenters (415)

50.8

5.

Auto mechanics (473)

50.5

6.

Guards and watchmen (962)

50.5

7.

Janitors and sextons (903)

49.8

8.

Assemblers (602)

48.7

9.

Electricians (430)

48.3

Sales representatives, wholesale trade (282)

48.1

10.

helpers (751)

53.0

Lowest rates
1.

Electrical and electronic engineers (012)

16.2

2.

Lawyers (031)

219

3.

Secondary school teachers (144)

249

4.

Accountants (001)

26.8

5.

Real estate agents and brokers (270)

27.8

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. However, 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 morelikely 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

i.

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

Hairdressers and cosmetologists (944)

387.

10.

Lowest rates

Elementary school teachers (142)

19.8

2.

Food service workers i916)

24.6

3.

Secondary school teachers (144)

24.8

4.

Bank tellers 301

25.7

5.

Sewers and stitchers 663:

25.8

6.

Registered nurses .075)

27.2

7.

Child care workers, excluding private households (942)

28.9

1.

NOTE: Adapted from Table 22 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 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 smokersis
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 yearsof age or older are morelikely
28

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

Total

20-44

45-64

Total

20-44

45-64

Total

19.3

19.1

19.8

23.2

22.2

25.1

Currently employed

19.2

19.0

19.8

23.4

22.4

25.6

White-collar total

19.5

19.1

20.4

24.0

22.6

26.9

18.3

17.9

19.3

215

19.8

25.4

21.1

20.6

22.0

26.2

25.2

28.1

22.7

30.3

Occupation

Professional,

technical, and
kindred workers

Managers and
administrators,
except farm

Sales workers

19.1

18.0

21.0

25.1

Clerical and
kindred workers

19.6

19.4

20.1

22.3

21.8

23.2

19.8

19.9

19.4

23.3

22.6

25.1

22.4

22.3

22.5

24.4

23.7

26.1

kindred workers

19.2

19.5

18.4

22.4

217

24.2

Laborers, except
farm

18.9

18.1

25.6

21.5

20.9

23.6

Service

19.0

19.0

18.9

215

19.9

24.7

Farm

18.0

18.0

18.0

20.9

20.2

217

Unemployed

21.2

21.2

21.3

215

20.1

26.0

19.4

19.4

19.4

~

-

Blue-collar total
Craftsmen and
kindred workers
Operatives and

Usual activity,
homemaking

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

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

Age of Initiation
Men employed as blue-collar workers initiate smoking approximately 14 monthsearlier, on the average, than men employed in
white-collar occupations (Table 8). The earliest ages of initiation are
29

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

20-44

45-64
>40

Occupation

>20

>40

> 20

>40

>20

Total

70.6

18.8

68.5

15.7

74.8

24.5

Currently employed

714

19.1

69.3

16.1

76.0

25.7

White-collar total

72.1

21.1

69.5

16.9

77.6

29.5

66.5

17.3

61.9

12.9

16.7

26.8

79.1

24.5

77.7

20.0

81.6

33.3

83.0

36.1

Professional,
technical, and

kindred workers
Managers and

administrators,
except farm

Sales workers

74.2

23.7

70.0

17.8

Clerical and
kindred workers

64.2

17.2

64.1

16.2

64.6

19.0

71.8

18.3

70.1

16.1

76.3

24.1

75.3

21.2

73.6

18.7

79.6

27.2

69.4

15.6

68.3

13.5

72.1

21.4

farm

65.7

15.1

63.1

14.2

74.6

17.9

Service

66.6

16.0

63.0

115

73.6

24.7

Farm

62.1

16.5

56.3 *

16.6"

68.0*

16.4*

Unemployed

65.9

16.3

61.3

12.9

81.1°

276°

_

_

_

Blue-ollar total
Craftsmen and

kindred workers
Operatives and

kindred workers
Laborers, except

Usual activity,
homemaking

_

* - 100 cases in the denominator (unweighted 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 employedin professional, technical, or kindred occupa-

tions, or as managersor administrators, sales workers, or clerical or
kindred workersreport later onset of smoking, ranging between 17.7
and 18.1 yearsof 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
Occupation

> 20

Total

58.6

Currently employed
White-collar total]

20-44
> 40

45-64

> 20

> 40

> 20

>40

114

57.1

10.8

61.3

12.4

58.5

11.3

57.2

10.9

61.7

12.3

59.4

11.8

57.8

11.0

63.2

13.8

52.8

10.8

52.0

9.8

55.0

13.8

except farm

63.4

15.6

59.0

14.6

71.8

17.5

Sales workers

56.8

9.9

55.0

6.5

59.9*

16.0*

Clerical and
kindred workers

61.6

11.5

60.6

11.3

64.3

12.0

62.0

11.2

61.2

11.5

64.0

10.6

Craftsmen and
kindred workers

70.0

18.2

67.4"

18.2*

75.5 *

18.1*

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 *

Professional,
technical, and

kindred workers
Managers and

administrators,

Blue-collar total

Service

54.6

Farm

65.4"

Unemployed

62.1

14.8

61.7

59.1

113

58.4

Usual activity,

homemaking

11.6
4.9°

53.6
63.5 *

5.0*

11.9
5.5*

70.9 *

15.6*

57.1

110

80.2 *

0.0*

14.4

64.4*

17.0*

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,
menreport an earlier age of initiation than women; this differenceis
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

Occupation

Men

Total

20-44

45-64

Total

20-44

45-64

Total

19.1

18.0

21.2

17.2

16.9

17.6

Currently employed

19.0

18.1

21.0

17.3

17.0

17.7

White-collar total

19.1

18.4

20.9

17.9

17.6

18.3

19.4

18.8

21.2

18.1

17.7

18.7

except farm

18.9

18.1

20,7

17.8

17.6

18.0

Sales workers

19.2

18.0

21.2

178

17.5

18.4

Clerical and
kindred workers

19.0

18.2

20.9

17.7

17.3

18.3

18.6

17.4

21.3

16.7

16.5

17.1

19.2

17.6

22.9

16.8

16.5

17.3

18.5

17.4

21.1

16.6

16.4

17.1

farm

17.4

17.6

16.5

16.5

16.4

16.6

Service

18.8

17.7

214

17.2

16.9

17.9

Farm

18.4

18.4

18.4

17.0

16.4

17.5

Unemployed

18.2

17.5

21.1

16.9

16.4

18.2

Usual activity,
homemaking

19.3

17.8

213

_

_

_

Professional,
technical, and
kindred workers
Managers and

administrators,

Blue-collar total
Craftsmen and

kindred workers

Operatives and

kindred workers
Laborers, except

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

An important inference of the age ofinitiation reported in Table 8
is that a substantial fraction of smokers report beginning to smoke at
ages when they would befirst 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 amongpeople 25 yearsof ageor 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, homemakerstend to
mirror the pattern of white-collar women.
It does not appear that the lower percentage of former smokersin
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
Men

Women
Total

20-44

45-64

Total

20-44

45-64

Total

33.2

30.2

35.7

40.0

34.2

48.7

Currently employed

314

30.1

34.2

40.8

36.1

50.5

White-collar total

33.8

32.7

36.4

48.1

42.7

56.4

41.1

40.1

43.8

55.2

51.8

61.3

30.2

30.9

28.6

47.7

39.9

57.9

39.1

32.8

49.1

Occupation

Professional,
technical, and
kindred workers
Managers and

administrators,
except farm
Sales workers

32.0

30.9

34.1

Clerical and
kindred workers

31.3

29.4

35.9

40.9

36.4

47.8

24.9

22.8

29.8

34.8

29.5

45.4

23.8

24.9

21.4*

36.7

31.1

46.8

24.6

218

30.9

33.8

28.8

44.1

30.7 *

27.0*

53.5 *

29.7

25.0

419

Service

26.2

24.2

62.2

32.0

27.0

40.0

Farm

32.5 *

25.0*

30.5 *

45.7

38.3

51.5

Unemployed

25.7

22.7

39.7

30.0

26.0

40.6

Usual activity,
homemaking

33.5

30.9

37.2

_

Blue-collar total
Craftsmen and
kindred workers
Operatives and

kindred workers

Laborers, except
farm

_

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

change
vs. 31.9 percent), but blue-collar women showed virtually no
).
increase
ionate
proport
percent
(1.0
nce
in smoking prevala
has
The greater rate of decline in smoking prevalence for men
g
produced two fundamental changes in the occupational smokin
onal,
patterns in this country. In 1970, men employed in professi
trators
technical, or kindred occupations or as managers or adminis

the
had a higher rate of smoking than their female counterparts. By

higher
end of the decade, this pattern had been reversed; a slightly
smoke
now
percentage of womenin these two occupational groups
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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

Occupation

Men

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

617

54.8

63.6

62.7

65.3

kindred workers

62.2

62.2

62.1

68.8

66.6

73.8

Managers and
administrators,
except farm

610

64.4

54.8

60.2

59.5

615

Sales workers

59.3

63.4

52.0

60.9

59.2

64.5

58.3

60.6

52.5

64.8

66.6

613

58.7

58.8

58.4

58.6

57.7

61.0

57.1

52.2*

67.9*

59.4

58.9

60.7

58.8

60.1

55.6

57.9

56.7

61.1

62.6 *

61.9*

68.9*

57.4

56.0

62.2

Service

57.4

58.9

54.0

55.1

53.7

57.9

Farm

717.5°

773°

78.9*

61.0

61.3*

60.7 *

Unemployed

66.4

64.9

74.8°

60.9

58.5

69.1*

60.8

60.9

60.7

_

_

Professional,
technical, and

Clerical and

kindred workers

Blue-ollar total
Craftsmen and

kindred workers

Operatives and

kindred workers
Laborers, except

farm

Usual activity,

homemaking

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

combined.

cigarettes. If the previous 10-year trends prevail, by the end of this
decade womenarelikely 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
Net change

1978-1980

1970

WwW

M

W

M

W

M

Total

48.1

36.0

40.9

33.2

71.2

-2.8

Currently employed

47.9

36.5

39.9

33.3

-8.0

-3.2

White-collar total

40.8

36.1

33.0

319

-78

4.2

kindred workers

32.5

29.0

25.7

26.5

6.8

-2.5

Managers and
administrators,
except farm

44.3

42.8

36.3

38.3

-8.0

45

Sales workers

48.5

37.8

40.6

33.3

79

4.5

45.4

37.9

37.7

33.2

1.7

47

55.0

37.7

47.1

38.1

-719

+0.4

§3.2

40.1

46.1

446

-7.1

+45

56.4

37.7

48.6

37.0

78

0.7

farm

57.2

28.2*

46.8

36.2

-10.4

+80

Service

53.3

39.4

47.5

37.4

-5.8

~2.0

Farm

39.7

20.8

315

22.6

8.2

+18

Unemployed

55.9

42.3

53.9

39.6

~2.0

-2.7

_

35.3

_

33.0

_

-2.3

Occupation

Professional,
technical, and

Clerical and
kindred workers
Blue-collar total

Craftsmen and
kindred workers
Operatives and
kindred workers
Laborers, except

Usual activity,

homemaking

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

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
Occupation

Net change (1970-1980)
in current smoking

Largest net gains
1.

Electricians (430)/(421)

+39

Largest net reductions
1.

Painters, construction and maintenance (510)/(495)

-17.1

2.

Farm laborers, wage workers (822)/(902)

-145

3.

Stockclerks and storekeepers (381)/(350)

-12.0

4.
5.

Deliverymen and routemen (705)/(650!
Foremen n.e.c.' (441)/(430)

-116
-8.9

6.

Machinists (461)/(465)

7.

Checkers, examiners, and inspectors;

-8.7

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}

£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 NHISare included. Numbers in parentheses represent the occupational codes used in the
1970-1980 HIS and the 1970 HIS.
Not elsewhereclassified.
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 smokersof 20 or more cigarettes a day. The overall
pattern is one of modest differences.

For women,the proportionate increase in numberof smokersof 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 smokersof 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 employedas operatives or
37

ated net
TABLE 13. Specific occupations with largest estim
1970
en
changes in smoking prevalence betwe
d
and 1980, women, aged 20 to 64 years, Unite
States

Net change (1970-1980)
in current smoking

Occupation

Largest net gains
1.

Practical nurses (926)/(842)

2.

Cashiers (310)/(312)

3.

Packers and wrappers, except meat and produce (643)/(693)

+43
+37
+2.6

Largest net reductions
-10.6

1.

Receptionists (364)/(341)

2.

Waitresses (915)/(875)

3.

Bank tellers (3011/(305)

4.

Secretaries nec.

5.

Hairdressers and cosmetologists (944)/(843)

-74

6.

Cooks, except private household (912)/(825)

-5.5

(372)/(342)

Typists (391)/(360)

7.
8.

Managers and administrators n.e.c." (245)/(290)

9.

Bookkeepers (305}/{310)

-3.0
-9.0
8.1

49
4.2
4.2

those occupations with at least 100 women (aged
NOTE: Adapted from Table 23 in Technical Addendum. Only
parentheses represent the occupational codes used in
20 to 64) in the 1978-1980 NHISareincluded. Numbers in
the 1970-1980 HIS and the 1970 HIS.
Not elsewhere classified.

1978-1980
National Health Interview Surveys, 1970 and
SOURCE: National Center for Health Statistics,

tcombined). (See Technical Addendum.)

workers (33.2
kindred workers (37.8 percent) or craftsmen or kindred
this decade
of
end
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ue,
contin
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r
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percent). If these
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male
their
s
surpas
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s
female blue-collar smoker
s(i.e., smoking
the percentage classified as moderate to heavy smoker
day).
a
more than 20 cigarettes
more than 40
Among men, the net change in smokers averaging
s (Table
smoker
20-plus
of
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cigarettes a day generally paralle
tage of
percen
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day.
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female whitefor
for male blue-collar and white-collar workers and
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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
Occupation

1978-1980

Net change

M

Ww

M

WwW

M

WwW

Total

68.5

55.1

70.6

58.6

+21

+35

Currently employed

69.5

54.4

714

58.5

+19

+41

White-collar total

70.9

55.3

72.2

59.4

+13

~4.1

69.0

47.6

66.5

52.8

-2.5

+63

Professional,
technical, and
kindred workers
Managers and

administrators,
except farm

75.5

58.1

79.1

63.4

+36

+53

Sales workers

69.8

52.2

74.2

56.8

+44

+46

66.0

58.2

64.2

61.6

-18

+3.4

69.5

51.5

718

62.0

+23

+105

72.0

52.7 *

75.3

70.0

+3.3

+17.3

68.3

51.1

69.4

60.4

+11

+193

farm

64.2

66.6 *

65,7

56.7 *

416

-9.9

Service

65.2

53.2

66.6

54.6

+14

+14

Farm

60.5

50.1°

62.1

64.4°

+16

+153

Unemployed

67.5

49.7

65.9

62.1

-1.6

+124

_

56.4

59.1

a

4+2.7

Clerical and
kindred workers

Blue-collar total
Craftsmen and
kindred workers
Operatives and

kindred workers
Laborers, except

Usual activity,
homemaking

* < 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 othercigarette-

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 cohorts 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 succes39

of current smokers
TABLE 15. Estimates of percentage
ettes daily, by sex
cigar
more
or
who smoke 40

ed
and occupation, aged 20 to 64 years, Unit
States, 1970-1980

Occupation

M

Net change

1978-1980

1970
WwW

M

WwW

M

WwW

Total

15.7

8.0

18.8

114

+31

+34

Currently employed

15.9

78

19.1

11.3

+3.2

+3.0

White-collar total

18.4

8.1

21.1

11.8

+28

+37

14.9

49

17.3

10.8

+24

+56.9

except farm

22.8

9.8

24.5

15.6

~i7

+58

Sales workers

18.4

7.2

23.7

99

+5.3

42.7

Clerical and
kindred workers

15.0

9.2

17.2

11.5

+2.2

+23

15.0

7.0

18.3

11.2

+33

+4.2

Craftsmen and
kindred workers

16.1

9.6*

21.2

18.2

+51

+8.6

Operatives and
kindred workers

14.8

6.6

15.6

9.0

+0.8

+24

farm

11.8

10.1*

15.1

6.0*

+3.3

41

Service

14.5

8.5

16.0

+15

+31

Farm

10.3

10.1°

16.5

+6.2

5.2

Unemployed

18.4

109

16.3

14.8

-2.1

+39

11.3

_

+3.2

Professional,

technical, and
kindred workers
Managers and

administrators,

Blue-collar total

Laborers, except

Usual activity,
homemaking

8.1

11.6
4.9*

ted sample?.
* . 100 cases in the denominator unweigh
and 1978-1980
s, National Health Interview Surveys, 1970
SOURCE: National Center for Health Statistic
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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 encouraging 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 reduction 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
41
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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 workerswill arrive at the ages

of increasing lung cancer incidence with a lower rate of current

smoking andlifetime 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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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 homemakersare 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.
45

75-4

6s 4
554
1931-1940 1941-1950

Sas! 1941-1950
+! 1931-1940
1951-1960

g

Percentage

45

1921-1930 |

35 4
30 4j

ft

25 4
70:

1911-1920 y

1s 4

Jif

104

wonf

54

0 i
1900

J]fp

+

1910

1920

1930

1940

1950

1921-1930

f

PA
| =| 1911-1920

i

/

/
ee

t

<p

/

1960

! <j

| 1901-1910

/

/

1951-1960
|
1970

1980

Year

FIGURE 6. Changes in the prevalence of cigarette
smoking among successive birth cohorts of
black U.S. women, 1900-1978
1978-1980
Health Interview Surveys,
SOURCE: Data from National Center for Health Statistics, National
(combined).

In contrast with white-collar women and homemakers, the 19411950 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
womenhas significant potential to redirect this trend of increasing .
prevalence downward, and this will depend on whetherthis cohort
can sustain its current downward trend in smoking prevalence.
Service workers represent another important category of employed women, and their birth cohort smoking patterns resemble
white-collar workers in some ways and blue-collar workers in other
46
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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 lowerpeaks.
However, like blue-collar women, the 1921-1930 cohort of female
service workers continued to smokeat a higherrate 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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likely as white mento 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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and for men and women. Among white women andbiack men,bluecollar 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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l or occupational differAmong women, there are minimal racia
ers who have attempted to
ences in the proportion of current smok
and not employed black
quit smoking. However, blue-collar, service,
all other groups to have
men are somewhat less likely than
ever smoked, white-collar
attempted to quit. Among those who have
quit smoking. Blue-collar
male workers are the mostlikely to have
quit rates than whiteand service workers generally have lower
white men and black
for
collar workers, and this pattern holds true
quit rates regardless
low
men and white women. Black women have

male blue-collar workof occupational category. Additionally, black
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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

40.8

23.0

41.8

31.1

Blue-collar

40.6

45.2

9.0

11.0

Service

5.5

11.6

9.4

22.8

Homemaking

_

42.6

34.7

Not employed

10.0

_

_

18.8

SOURCE: National Center for Health Statistics, National Health Interview Surveys, 1970 and 1978-1980
(combined). (See 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 morelikely 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 smokersthan blue-collar

or service workers, and homemakers havea 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 smokecigarettes.

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, butstill show a higher percentage of current
smokers among blue-collar workers. Occupational categories
53

smoking prevalence,
TABLE 17. Estimates (percentages) of
by race,
vior
heavy smoking, and quitting beha

s,
sex, and occupation, aged 20 to 64 year
United States 1978-1980
Black

White
Occupation

Men

Women

Men

Women

40.1
32.8
46.5
47.0
_
43.6

33.3
32.0
39.6
38.7
32.9

47.7
38.4
52.1
48.8
476

34.6
35.2
33.4
33.5
37.1

745
749
75.4
72.1
_
73.4

62.8
62.5
66.0
60.9
63.2
-

43.7
40.0
45.9
42.5*
42.1

27.6
29.5
31.8*
31.4
23.5
-

20.7
22.5
20.0
19.0
_
19.9

12.4
12.6
12.0
13.9
12.2
_

5.4
3.3
6.0
2.3°
8.4

4.0
4.2
5.2°
3.5
40
-

53.6
62.1
53.3
50.0*
49.5

60.0
60.0
59.9°
58.1
64.2
=

28.6
34.4
24.9
30.8
_
29.7

24.6
23.6
24.8
25.3
24.4
-

Current smokers
Total
White-collar
Blue-oilar
Service
Homemaking
Not employed
Smoke > 20 daily
Total
White-collar
Blue-collar
Service
Homemaking
Not employed
Smoke > 40 daily
Total
White-collar
Blue-collar
Service
Homemaking
Not employed

attempt to quit
Current smokers who have made a serious
59.4
61.2
Total
59.7
63.6
llar
White-co
58.6
59.1
Blue-collar
57.5
57.2
Service
60.5
_
Homemaking
_
64.6
Not employed
Ever smoked who are former smokers
Total
White-ollar
Blue-ollar
Service
Homemaking
Not employed

41.4
48.8
36.0
32.6
_
35.2

33.1
34.6
24.6
26.6
34.3
_

hted sample).
* <100 cases in the denominator (unweig
1978-1980 (combined).
cs, National Health Interview Surveys,
SOURCE: National Center for Health Statisti
(See Technica] Addendum.)

ing include craftsmen
with the highest rates of current smok
45 percent current smok
and kindred workers (approximately

(38 percent), with the
ers) and managers and administrators
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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 administrators 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
homemakersclosely 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.

55

Health Interview Survey
Technical Addendum: National
Estimates
reported in this chapter were
Estimates of current smoking
1980 National Health Interview
obtained from the 1978, 1979, and
tape was prepared by the National
Surveys (NHIS). A special data
w linkages across surveys, thereby
Center for Health Statistics to allo
increase

1978-1980 NHIS.This
permitting analyses of the combined
l reliability in the estimates
in sample size provides greater statistica
to this Report.
of population subgroups of interest
by 12,105 respondentsin 1978,
The smoking items were completed
sample of
, resulting in a combined
24,727 in 1979, and 10,649 in 1980
s were followed in each survey,
47,481. Standard NHIS protocol
onsample design of the noninstituti
including a random probability
US.
g
usin

-to-face interviews
alized adult U.S. population, and face
onse rates routinely exceedResp
.
us interviewers
Bureau of the Cens
ed 95 percent.

nally high response rates, the
Given the large samples and exceptio
rded as the best available
NHIS estimates are generally rega
this
patterns. Because the focus of
estimates of national smoking
the
of
in smoking, analysis
Report is on occupational differences
age
of
s
to 64 year
respondents 20
1978-1980 NHIS was restricted to

(n= 36,745).

smoker was obtained from the
The definition of a current
ke cigarettes

eys: Do you smo
following question asked in the surv
occasional smokers who are
and
lar
regu
now? This includes both
of average age of initiation and
currently smoking. For estimates
former

ncludes both current and
quitting behavior, the denominatori
ly
es as having ever smoked fair
smokers who describe themselv

regularly.
rview Surveys utilized the
The 1978-1980 National Health Inte
Census. The

in the 1970 U.S.
occupational coding scheme used
in this Report, along with their
occupational subgroups examined
d in Table 18.
respective code numbers, are liste
use data tape is an algorithm
Accompanying each NHIS public
s of

population. All estimate
that weights the sampleto the 1970 U:S.
rithm.
algo
this
smoking behavior reported here use
Tables 1, 11-15) were
in
d
NHIS (reporte

Data from the 1970
lic use tape, which contains data
obtained from the 1970 NHIS pub
completed questions on their smoking

from 76,239 respondents who
nts were between the ages of 20
behavior. Of these, 59,557 responde
revised be-

classifications were
and 64. Because the occupational
ing
the 1978-1980 NHIS, changes in smok

tween the 1970 and
the specific occupations whose
behavior could be reported only for

classification did not change.
of the 1978-1980 NHIS, the
As a preliminary step in the analysis
les within occupational groups
equivalency of the three NHIS samp
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TABLE 18. Occupational codes and categories used in the
1978-1980 National Health Interview Surveys
Occupation category
Professional, technical,
and kindred

Occupations included

Engineers and architects
Scientists
Health workers
Teachers, including college
Engineering, science technicians

All other professional,
technical, kindred workers

U.S. Census Bureau occupation codes!
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

Managers, admin.,
except farm

201-245

Sales workers

260-280

Clerical and kindred
workers

Craftsmen and kindred
workers

Office machine operators

305
341-855
331, 332, 361, 383

telegraph messengers
Secretaries, stenographers,
typists, receptionists

364-372, 276, 391

Bookkeepers

Mail handlers, postal clerks,

All other clerical workers

301-304, 306-330, 333-340, 356-360,
362, 363, 373-375, 377-382, 384-390,
392-399

Carpenters
Other construction craftsmen

415-416
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, 417-421,
422-429, 432-435, 437-439, 441, 443445, 447-453, 455-460, 463-469, 496501, 505-509, 513, 515-519, 524-532,
541-549, 551-559, 563-580

Mechanics and repairmen

Metal craftsmen, except
mechanics
All other craftsmen

Operatives and kindred
workers

Operatives, except transport
Transport equipment operatives

740-785

Laborers, except farm

Service workers

Protective service
Private household workers

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

Farmers and farm managers
Farm laborers and foremen

801, 802
821-824

Cleaning service

Food service

Health and personal service

Farm

601-695
701-715

1 Whitecollar 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
Women

Men
Occupation
White-collar total
Professional,
technical and
kindred workers

1978

1979

1980

P
value

1978

1979

1980

P
value

32.5

33.4

33.1

Ns'

32.9

32.4

30.8

NS

28.1

24.6

24.3

NS

26.3

26.8

26.6

NS

36.1

37.9

34.6

NS

44.8

36.3

34.1

.03

35.1

34.4

31.2

NS

Managers and

administrators,

except farm

Sales workers

36.8

39.0

45.9

NS

Clerical and
kindred workers

37.6

38.5

37.4

NS

33.1

34.3

32.3

NS

46.8

46.8

47.6

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

48.6

48.8

48.6

NS

41.1

35.5

33.9

NS

Laborers, except
farm

46.4

47.0

46.4

NS

36.0

39.4

33.3

NS

Service

45.1

419

54.8

005

39.9

36.0

36.2

NS

Farm

33.1

32.0

28.7

NS

2

Blue-collar total

Usual activity,
homemaking

_

_

33.9

.

.

33.4

316

NS

Notstatistically significant (p > 0.05).

morecells was less thanfive).
2 Not enough cases for valid chi-squaretest (the expected cell frequency for one or

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
pointdecline 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

Occupation

1978

1979

1980

P
value

White-ollar total

23.6

21.0

19.3

NS

10.1

11.4

14.0

NS

20.9

17.0

14.2

NS

9.0

8.6

14.1

NS

administrators,
except farm

25.8

23.9

24.6

NS

15.7

16.0

15.2

NS

Sales workers

31.0

21.2

20.5

NS

3.4

9.4

17.3

05

Clerical and
kindred workers

16.0

20.5

15.4

NS

9.8

11.8

13.1

NS

19.4

17.4

18.7

NS

11.3

117

10.5

NS

22.7

19.1

22.2

NS

16.1

13.0

22.9

NS

16.9

16.6

13.8

NS

11.0

111

71

NS

farm

13.9

13.6

18.9

NS

7

.

.

.

Service

13.4

15.9

18.9

NS

11.1

Farm

20.5

11.5

17.2

NS

_

_

_

Professional,
technical and
kindred workers

1978

1979

1980

P
value

Managers and

Blue-collar total

Craftsmen and
kindred workers
Operatives and

kindred workers
Laborers, except

Usual activity,
homemaking

10.5

10.6

NS

.

.

.

10.4

11.4

12.9

NS

' Notstatistically significant (p > 0.05).
2? Not enough cases for valid chi-squaretest (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 smokersof 40-pluscigarettes a day, which again

must be interpreted with caution. Overall, 50 separate chi-square

tests were examined, and 3 werestatistically 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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Table 23 are
combined 1978-1980 NHIS (unweighted sample). In
with 100 or
provided a comprehensive list of all occupational codes

ted percentage of
more cases in the 1978-1980 NHIS and the estima

yed in each
men and women, aged 20 to 64 years, who are emplo
cohort
birth
from
s
occupation. Figures 13 through 18 depict result
male
ing
includ
analyses that were briefly summarized in the text,
13), managers
professional, technical, and kindred workers (Figure

ed workers
and administrators (Figure 14), craftsman and kindr
e 16), and
(Figur
rs
worke
ed
(Figure 15), and operatives and kindr

e 17), and
female professional, technical, and kindred workers (Figur
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)
Electrical and electronic engineers (012)
Lawyers (031)
Personnel and labor relations workers (056)
Physicians, medical and osteopathic (065)
Registered nurses (075)

26.8
16.2
219
30.9!
18.1!
46.4'

Elementary school teachers (142)
Secondary school teachers (144)

18.8?
24.9

Social workers (100)

42.6'

30.4
33.0!
21.4!
37.9
18.2?
27.2
37.3?

28.2
16.4
218
34.1
18.1
28.0
39.0

19.8
24.8

19.6
24.9

28.1!

32.9

Managers and administrators, except farm
Bank officers and financial managers (202)

Office managers n.e.c.? (220)

Officials and administrators, public
administrators n.e.c.* (222)
Restaurant, cafeteria, and bar managers (230)
Sales managers and department heads, retail
trade (231)
Managers and administrators n.e.c. (245)

35.9
43.9?

25.4!

45.0

22,2)
53.91

20.3!
52,4!

21.6
53.3

28.7'

33.8?

30.5

36.2

38.0

41.1°

41,0!

36.6

Sales workers
Insurance agents, brokers, and underwriters
(265)

Real estate agents and brokers (270)
Sales representatives, manufacturing
industries (281)

27.8

43.2

48.1!

32.9!

41.1

36.4
41.2

Sales representatives, wholesale trade (282)

48.1

45.8'

479

Salesmen, retail trade (284)

42.8!

39.3

42.4

0.0'

25.7

24.7

Sales clerks, retail trade (283)

39.6

30.5

33.7

Clerical and kindred workers
Bank tellers (301)

Bookkeepers (305)
Cashiers (310)
Estimators and investigators n.e.c. (321)

Expediters and production controllers (323)
Computer and peripheral equipment operators
(343)
Postal clerks (361)

Receptionists (364)
Secretaries n.e.c. (372)
Stock clerks and storekeepers (381)
Typists (391)
Clerical workers, miscellaneous (394)
Clerical workers, not specified (395)

42.9'
43.4
28.4!

36.5
44.2
35.9!

87.1
44.1
33.1

44.9

43.17

44.3

31.3!
38.2!

44.7?
249°

38.5
33.9

56.5°
61.7!
38.1
10.3*
34.9!
33.5+

31.0
30.9
31.2!
33.0
33.3
28.4!

31.8
31.2
35.3
31.7
33.6
29.1

61

TABLE 21. Continued
Occupation

Men

Women

Total

BLUE-COLLAR
Craftsmen and kindred workers

Carpenters (415)

Electricians (430)
Foremen n.e.c. (441)
Machinists (461)
Automobile mechanics (473)
(481)
Heavy equipment mechanics, incl. diesel
e (510)
enanc
maint
and
uction
constr
rs,
Painte
Plumbers and pipe fitters (522)

Operatives, except transport
Assemblers (602)
Checkers, examiners, and inspectors,
manufacturing (610)
Packers and wrappers, except meat and
produce (643)
Sewers and stitchers (663)
Welders and flame-cutters (680)
Machine operatives, miscellaneous,

specified (690)
Machine operatives, not specified (692)
Miscellaneous operatives (694)

Transport operatives

Bus drivers (703)
Deliverymen and routemen (705)
Fork lift and tow motor operatives (706)
Truck drivers (715)

50.8

70.4}

50.9

48.3
42.7
43.4
50.5
474
55.1
47.1

100.07
53.07
54.7"
49.5
61.4'
39,1!

48.5
44.2
43.7
50.5
47.7
54.0
47.1

48.7

42.9

45.3

45.8

39.3

42.3

47.2%
26.9'
478

40.0
25.8
28.9)

42.3
25.9
46.8

43.7
42.9!
43.3

41.0
50.3?
40.1?

42.7
44.7
42.4

50.3!
42.4
49.3?
53.6

35.27
46.1"
35.4*
62.7!

42.7
42.7
48.7
53.7

53.0
42.5
46.1
37.4!
38.0

52.8!
34.6"
43.7
34.5°
46.37

53.0
416
45.9
36.6
39.0

28.1
39.0

29.9°
25.6?

28.3
34.9

Workers, except farm
Construction laborers, except carpenters
helpers (751)
Freight and material handlers (753)
(755)
Gardeners and groundskeepers, except farra
Stock handlers (762)
Laborers, not specified (785)
Farm workers
Farmers (801)
Farm laborers, wage workers (822)
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TABLE 21. Continued
Occupation

Men

Women

Total

30.5
39.0'

38.0
47.1

Service workers

Cleaners and charwomen (902)
Janitors and sextons (903)

Cooks, except private household (912)

Waiters (915)
Food service workers n.e.c.*, except private
household (916)

Nursing aides, orderlies, and attendants (925)
Practical nurses (926)

Child care workers, except private
household (942)
Hairdressers and cosmetologists (944)
Guards and watchmen (962)
Policemen and detectives (964)

Maids and servants, private household (984)

49.8'
49.8
45.0°

447°
42.1!

31.1

51.1

24.6

35.9

50.4
27.0

48.2?
55.3!

41.0
40.3

42.0
41.2

0.0"
63.2!
50.5
44.5

28.9
37.5
35.7?
51.5+

28.4
39.0
47.3
45.1

55.07

32.1

33.1

1 ¢ 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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change in smoking
TABLE 22. Estimates of the net
pations,
prevalence by sex and selected occu
es, 1970-1980
age 20 to 64 years, United Stat

Occupation

Men

Women

Total

48
4.0

04
-18.0'

4.6
41

-8.9

8.2

-2.0

8.5
+10.2*
+387
-10.5'
3.5

-29.3*
-12.3
+11.0'
-12
-1.3

~10.0
-11.4
+17
-2.6
-2.4

16.3"
8.1

73°
42

-15.4
-73

-9.8'
146

-22.6'
+3.8'

-11.3
6.8

45,7"
-1.3!
+2.6*
-1.0'

-9.0
4.2
+37
-15.7°

-11.3
3.9
+35
5.7

WHITE-COLLAR
workers
Professional, technical, and kindred
Accountants (001)/(000)
083)
Electrical and electronic engineers (012)/(
s
Personnel and labor relations worker
(056)/(154)
Physicians, medical and osteopathic
(065)/(153,162)
Registered nurses (075)/(150)
Social workers (100)/(171)
Elementary school teachers (142)/(182)
Secondary school] teachers (144)/(183)

except farm
Managers and administrators,

Officials and administrators, public
administrators n.e.c.* (222)/(270)
(290)
Managers and administrators n.e.c. (245)/
Sales workers

writers
Insurance agents, brokers, and under
(385)
(265)/
(393)
Real estate agents and brokers (270)/
Clerical and kindred workers
Bank tellers (301)/(305)
Bookkeepers (305)/(310)
Cashiers (310)/(312)
Postal clerks (361)/(340)

Receptionists (364)/(341)

Secretaries n.e.c. (372)/(342)

(350)
Stock clerks and storekeepers (381)/

Typists (391)/(360)

_

-0.8?

-12.0

-52.8*

~10.6

8.1

-9.8

-8.0

8.2!

~12.2

+50.31

~3.7

49

-T1

BLUE-COLLAR
Craftsmen and kindred workers
Carpenters (415)/(411)

Electricians (430)/(421)
Foremen ne.c. (441)/(430)
Machinists (461)/(465)

Automobile mechanics (473)/(472)

e (510)/(495)
Painters, construction and maintenanc
510)
(522)/(
fitters
pipe
and
ers
Plumb

Al

+39
89
8.7
4.5

-171
41

+83.4"
_
-7.3!
+22.3*

+17.7!
_

-3.9
8.9
-8.5
~4.3

-17.3
41

TABLE 22. Continued
Men

Women

Total

Assemblers (602)/(631)

-7.0

~2.0

46

manufacturing (610)/(643)
Packers and wrappers, except meat and
produce (643)/(693)
Sewers and stitchers (663)/(705)
Welders and flame-cutters (680)/(721)

8.7

0.3

~4.4

-8.0'
-18.8'
3.5

+26
~0.5
-12,.7'

07
0.8
3.9

+66?

+11.2)

Occupation

Operatives, except transport
Checkers, examiners, and inspectors,

Transport operatives

Bus drivers (703)/(641)

Deliverymen and routemen (705)/(650)

11.6

+10.0'

44

+40
-10.9

Farm workers
+93!

~3.4

14.5

6.2!

-14.8

Cleaners and charwomen (902)/(824)
Cooks, except private household (912)/(825)

-14.3!
~19.2!

-2.3
6.5

-16
-9.4
0.4

-2.9 ?
31.1!
6.4!
6.5
~3.2

+104!

Waiters (915)/(875)
Practical nurses (926)/(842)
Hairdressers and coemetologists (944)/(843)
Guards and watchmen (962)/(851)
Policemen and detectives (964)/(853)

Farmers (801)/(200)

Farm laborers, wage workers (822)/(902)

Service workers

Janitors and sextons (903)/(834)

-19

-9.0
+43
-74
+17.6'
+2444

8.7
+37
-8.0
-6.9
-2.0

1 < 100 cases in the denominator (unweighted sample).
* Not elsewhere classified.
SOURCE:National Center for Health Statistics Health Interview Surveys, 1978-1980 (combined).

65

ge of U.S. population,
TABLE 23. Estimates of percenta
occupations,
aged 20 to 64 years, in selected
1978-1980

Occupation

workers
Professional, technical, and kindred
Accountants (001)

Electrical and electronic engineers (012)
Lawyers (031)
(056)
Personne! and labor relations workers
Physicians, medical and osteopathic (065)
Registered nurses (075)
Social workers (100)
Elementary school teachers (142)

Secondary school teachers (144)

farm
Managers and administrators, except

(202)
Bank officers and financial managers
Office managers n.e.c. (220)
Officials and administrators; public
administrators n.e.c. (222)
(230)
Restaurant, cafeteria, and bar managers
retail
Sales managers and department heads,
trade (231)
Managers and administrators n.e.c. (245)

Total

Men

Women

1.2

0.7

0.6

2.1

13

10

10

10

0.7
0.1

0.4
0.3

0.5
0.2

04
05

0.2
0.3

0.3
04

0.4
9.4

0.2
2.4

0.3
58

06
06

0.2
04

0.4
0.5

0.9
0.9
0.5
05

0.2
0.1
10
0.1

05
0.5
16
0.3

0.0
0.3
0.2
0.3
0.4

0.6
2.7
15
0.4
0.2

0.3
15
0.9
0.4
0.3

0.4

0.4

0.4

0.1

11

0.6

0.6
0.7
05
0.5
0.1
0.2

1.0

0.0
0.1
0.4
0.1
2.0
0.4

0.3
0.4
0.4
0.3
11
0.3

Sales workers
underwriters
Insurance agents, brokers, and

(265)
Real estate agents and brokers (270)
Sales representatives, manufacturing
industries (281)
(282)
Sales representatives, wholesale trade
Sales clerks, retail trade (283)
Salesmen, retail trade (284)

Clerical and kindred workers
Banktellers (301)
Bookkeepers (305)
Cashiers (310)
Estimators and investigators n.e.c. (321)
(323)
Expediters and production controllers
Computer and peripheral equipment operators
(343)

Postal clerka (361)
Receptionists (364)
Secretaries n.e.c. (372)
Stock clerks and storekeepers (381)

Typista (391)

Clerical workers, miscellaneous (394)
Clerical workers, not specified (395)

0.4
0.0
01
0.6

0.2
0.6
5.5
0.4

0.3
0.3
29
0.5

0.3
01

11
0.7

0.7
08

TABLE 23. Continued
Men

Women

Total

Carpenters (415)
Electricians (430)
Foremen n.e.c. (441)

24
1.0
3.0

0.0
0.0
0.4

12
0.5
17

1.1

0.0

Automobile mechanics (473)
Heavy equipment mechanics, incl. diesel (481)
Painters, construction and maintenance (510)
Plumbers and pipe fitters (522)

17
12
0.7
0.8

0.0
0.0
0.1
0.0

08
0.6
0.4
0.4

08

Li

09

0.7

0.7

0.7

0.3
0.1
1.0

0.6
1.3
0.1

05
0.7
05

17
0.4
0.7

09
0.1
0.3

13
0.2
0.5

0.3
0.7
0.6
3.0

03
01
0.0
0.0

0.3
0.4
0.3
15

12
0.8

0.0
0.1

0.6
0.4

0.7
0.5
0.7

0.0
0.2
0.1

0.4
0.3
0.4

2.0
0.7

0.2
0.3

11
0.5

Occupation
BLUE-COLLAR
Craftsmen and kindred workers

Machinists (461)

Operatives, except transport

Assemblers (602)

Checkers, examiners, and inspectors,

manufacturing (610)

Packers and wrappers, except meat and

produce (643)
Sewers and stitchers (663)
Welders and flame-cutters (680)
Machine operatives, miscellaneous,
specified (690)
Machine operatives, not specified (692)
Miscellaneous operatives (694)
Transport operatives

Bus drivers (703)
Deliverymen and routemen (705)
Fork lift and tow motor operatives (706)
Truck drivers (715)

0.5

Workers, except farm
Construction laborers, except carpenters

helpers (751)
Freight and material handlers (753)
Gardeners and groundskeepers, except farm
(755)
Stock handlers (762)
Not specified laborers (785)

Farm workers
Farmers (801)
Farm laborers, wage workers (822)
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TABLE 23. Continued
Occupation
Service workers

Cleaners and charwomen (902)
Janitors and sextons (903)

Men

Women

Total

05
13

0.7
0.4

0.6
08

Cooks, except private household (912)

0.6

(925)
Nursing aides, orderlies, and attendants

0.2

Waiters (915)
Food service workers n.e.c., except private
household (916)
Practical nurses (926)

Child care workers, except private
household (942)

10

08

0.2

14

0.8

0.1

06

0.4

13

0.8

0.1

0.7

0.4

0.0

0.6

0.3

0.7

0.2

0.5

08

0.4

Hairdressers and cosmetologists (944)

0.1

Policemen and detectives (964)
Maids and servants, private household (984)

09
0.0

0.1
0.7

0.4
04

30.2

15.9

22.7

10.9

38.6

25.3

Guards and watchmen (962)

All other occupations
Not in labor force

80 HIS (unweighted
at least 100 cases (aged 20 to 64) in the 1978-19
NOTE: Includes all occupational codes with
sample).
1 Not elsewhere classified.
Health Interview Surveys, 1978-1980 (combined).
SOURCE: National Center for Health Statistica
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Appendix A

the smoking habits of more
The two tables in appendix A describe
tsof the General Electric
than 18,000 employees from 16 componen

es (personal communicaCompanyin variouspartsof the United Stat
General Electric Company,
tion, T. R. Casey and H. R. Richards,
nstrate the differences
June 1985). The data are presented to demo
The

within the same workforce.
that can exist by payment category
managers and specialists in
employees categorized as exempt are
bythe provisions of the wage
various professions whoare not bound
l are generally clerical and
and hours law. Nonexempt personne
onnel are skilled and semisecretarial workers, and hourly pers

g. It is clear that substanskilled people who work in manufacturin
between men and women,
tial differences in smoking habits exist

and among employees in the
between older and younger workers,
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

<45

>45

<45

>45

< 45

> 45

<45

>45

«45

>45

<45

Men

Women

Men

Women

Men

Women
Category

Ex-smokers

Smokers

Nonsmokers

Total

> 46

Exempt
<20 cigs/day

No. of employees
Years of smoking
Average years

264

29

1,208

404

53
721
13.6

15
485
32.3

320
5,172
16.2

286
9,979
34.9

33
232
7.0

9
205
22.8

252
2,050
8.1

266
5,106
19.2

3,139

>20 cigs/day
9

No. of employees

Years of smoking
Average years

4

122

140

6

3

vis)

163

522

154
17.1

135
33.8

2,175
17.8

4,363
31.2

56
93

66
22.0

820
10.9

3,527
216

188
2,441
13.0

79
2,376
30.1

273
3,631
13.3

83
2,810
33.9

15
555
74

29
518
179

131
1,111
8.5

91
1,919
21.1

2,076

130
2,021

35
1,220

ll
161

9
226

57
761

40
1,092

349

Nonexempt
<20 cigs/day
No. of employees
Years of smoking
Average years

370

135

528

94

>20 cigs/day

6L

No. of employees
Years of smoking
Average years

47
863
18.4

20
666

33. 3

15.5

34.9

14.6

25.1

13.4

27.3

08

TABLE A1. Continued

Category

<45

2 45

< 45

1,521

1,153

1,779

>45

<45

<45

45

Men

Women

Men

Women

Men

Women

Ex-smokers

Smokers

Nonsmokers

>45

<45

>45

< 45

45

Total

Hourly
< 20 cigs/day

No. of employees
Years of smoking
Average years

582

1,211
17,247
14.2

674
21,786
32.3

1,558
22,287
143

716
25,942
36.2

219
2,036
93

168
3,682
219

501
4.579
9.1

507
11,986
23.6

10,589

155
2,714
175

91
3,083
33.9

405
7,520
18.6

259
9,716
37.5

35
482
13.8

34
870
25.6

144
1,706
11.8

233
6,265
26.9

1,356

1,663

883

2,808

1,519

379

252

1,160

1,300

18,031

> 20 cigs/day
No. of employees
Years of smoking
Average years
Total employees

2,155

1,317

3,515

1,080

Medical Operation(1985).
SOURCE:GeneralElectric Company Corporate

TABLE A2. Smoking habits of General Electric employees in various employment categories
Women

Men
Category

Never

<45 years old
Former
Current

>45 years old
Former
Current
Never

<45 years old
Former
Current
Never

Never

>» 45 years old
Current Former

Exempt

Total

61.1

22.4

16.5

32.1

35.1

34.1

72.3

17.0

10.7

31.7

20

78.9

75

21.1

25

36.4

140

48.3

< 20 cigarettes/day

124

TTA

67.1

62.0

85.5

84.6

>20 cigarettes/day

27.6

22.9

32.9

38.0

14.5

15.4

36.0

16.8

34.4

38.2

34.0

12.4

67.7

69.7

70.3

69.5

80.0

87.2

79.8

76.3

29.7

30.5

20.0

12.8

20.2

23.7

42.4

32.2

Nonexempt
Total

47.2

< 20 cigarettes/day
>20 cigarettes/day

32.3

30.3

44.7

14.7

27.4

53.6

49.6

Hourly

18

Total

40.6

25.7

48.4

43.5

8.1

36.1

95

88.1

83.2

119

16.8

< 20 cigarettes/day

79.4

17.7

73.4

68.5

88.7

86.2

>20 cigarettes/day

20.6

22.3

26.6

31.5

11.3

13.8

54.4

Appendix 8

(personal
trayed in bar graph format
The data in appendix B, por
ent smoking
kel, October 1985), repres
communication, L. Garfin
more than 1.2
upation, and sex of the
characteristics by age, occ
cer Society s
died in the American Can
stu
n
me
wo
and
n
me
n
millio
1982, is the
Il. This study, initiated in
Cancer Prevention Study
on smoking
a
study of its kind. The dat
largest known prospective
t. Occupationted at the time of enrollmen
and occupation were collec
d questions
d from answers to open-ende
ine
erm
det
e
wer
s
rie
ego
cat
al
ment of Labor
correspond to US. Depart
and, therefore, may not

categories.
smoking habits
parative information on
These data provide com
the variability that

ries to demonstrate
within occupational catego
dual research
tes derived from indivi
exists between the estima
m surveys.
ility estimates derived fro
bab
pro
al
ion
nat
the
and
s
design
tion for each
represents the total popula
The number above each bar
the percentts
ry. The first graph presen
age and occupational catego
compared are
s
the occupational categorie
ages for all occupations;
the following.

Aide
Architect
Assembler
Automotive
Banking

Farmer
Fire Fighter
Food Preparation
Foreman
Heavy Equipment

Pharmacy
Photo and Printing
Plumber
Postal Service
Printing

Bookkeeper
Civil Service
Clergy
Construction
Data Entry
Dentistry

Housewife
Law Enforcement
Lawyer
Machine Operator
Maid
Maintenance

Real Estate
Sales
Social Worker
Steel Mill
Technician
Telephone Operator

Barber/Beautician

Disabled
Doctor

Education
Electrician
Engineer
Executive
Factory Worker
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Hospital Worker

Manager
Military

Miner
Nursing
Office Worker
Painter

Railroad Worker

Textile
Truck Driver

Unemployed
Waiter/Waitress
Welder
Woodworker
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50-69
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[uN

Former agarette
emokers
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70-79
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8
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50-50

00-00

70-79

Age

40-49
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00-60

70-70

Age
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70-79
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AUTOMOTIVE

GH Current cigarette
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40-49
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Age
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B

Ss

B
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HE Carrere cigarette
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emokers
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g8
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40-49
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40-49
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Age
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100
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*
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Age
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Percentage
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o
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8
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8
8$
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Bs
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B

Men
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C. ]
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60-60
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FOREMAN

FIRE FIGHTER

Percentage

°

50-59

smokers

40-49

50-59

60-60

70-70

40-40

50-59

60-69

70-79

40-49

50-59
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70-78

40-49

Age

50-59
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HEAVY EQUIPMENT

HOUSEWIFE

$B Current cigaretie
e0-se
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emokers
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°
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Age
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PRINTING
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Introduction

Cigarette smoking is a major cause of cancerof the lung,larynx,

oral cavity, and esophagusandis 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 numberof cancers
will result from the combined effects of cigarette smoking and
carcinogenic exposuresin the workplace.
The role that cigarette smoking plays in causing these cancersis
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 makesit 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 measurementof interactions
between smoking and occupational exposures and the sources and
éentrol of confounding of smoking and occupational exposures. Itis
not intended to be a comprehensive discussion of the epidemiologic
methods used to evaluate workplace exposures, but rather a discussion 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 andinterpretation 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

However, the
series (US DHHS 1982) and is not repeated here.

bed,
relationship between smoking and lung cancer is briefly descri

confounding in
as a frameworkfor the discussion of interaction and
chosen as an
was
subsequentsections of this chapter. Lung cancer
becauseit is the
example because ofits strong link to smoking and
(ACS 1985).
greatest cause of cancer death in both men and women
1985 (ACS
in
Lungcancer will cause an estimated 125,600 deaths
ents more
1985): 87,000 men and 38,600 women. For men, this repres
cancer
lung
than 8 percent of all deaths. Current U.S. age-specific
and
range
age
death rates increase with age into the late seventies

cohort
then decline. However, when death rates for any given birth

in death rates at
of men are examined (Figure 1), there is no decline

mortality
the older ages. This difference between the cross-sectional

to differences in
statistics and the cohort data is generally attributed
(and women)
the smoking habits of successive birth cohorts of men

patterns in
during this century. This Report s chapter on smoking
smoking
tte
cigare
the U.S. population also carefully documents that

but rather varies
is not uniformly distributed in the U.S. population,
iform districonsiderably with both age and occupation. This nonun

lty in
bution of smoking patterns introduces much of the difficu

controlling for smoking in occupational studies.
and number
The relationships among age, lung cancer death rates,

ity study of
of cigarettes smoked per day, derived from the mortal
2. The risk
U.S. veterans (Kahn 1966), are presented in Figure

ity of
associated with smoking is a function of both the intens
and
day
per
d
smoke
s
smoking, as measured by number ofcigarette
age
by
red
measu
as
ng
depth ofinhalation, and the duration of smoki

and ageofinitiation.
the American
The lung cancer mortality ratios derived from

(Hammond
Cancer Society (ACS) study of 1 million men and women

ied by age and
1966) for smokers compared with nonsmokers,stratif

and age
by number of cigarettes smoked per day, depth of inhalation,
ratios
ity
mortal
the
l,
genera
In
1.
of initiation are presented in Table

with increasing
are greater in the older age groups and increase

trate that
dosage measure within each age strata. The data demons
ion in
variat
ntial
substa
a
rs
within the broader category of smoke
and
dose
of
levels
ent
differ
the
en
risk (up to fivefold) occurs betwe

ratios for each
duration of smoking. The variation in mortality
timates the
overes
nly
certai
almost
1
isolated measure in Table

owing to
independentcontribution of that measure to the actual risk,
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FIGURE 1. Age-specific mortality rates for cancer of the
bronchus andlung, by birth cohort and age at
death, men, United States, 1950-1975
SOURCE:Data derived from McKayetal. (1982).

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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FIGURE 2. Death rates from cancer of the lung and
bronchus in nonsmokers and smokers of
various numbers of cigarettes per day

SOURCE: Kahn (1966).

measure of smoking prevalence, a measure of smokingintensity, 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 exposures 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
Smoking
characteristics

Number
of
deaths

Death
rate

Age 55-69
Mortality
ratios

Number
of
deaths

Death
rate

Age 70-84
Mortality
ratios

Number
of
deaths

Death
rate

All ages, 35-84
Mortality
ratios

Number
of
deaths

Death
rate

Mortality
ratios

Current number of cigarettes a day
1-9
10-19

9
15

38
24

6.17
3.90

12
57

68
168

3.53
8.77

5
10

134
243

5.32
9,62

26
82

56
90

4.60
7.48

20-39
>40

138
26

58
47

9.37
7.67

216
50

264
334

13.82
17.47

27
6

446
754

17.62
29.84

381
82

159
201

13.14
16.61

19
114

29
52

4.75
8.48

87
177

203
224

10.60
11.72

14
20

193
401

7.65
15.88

120
311

102
138

8.42
11.45

55

55

9.00

73

266

13.93

13

638

25.26

141

173

1431

> 25
20-24
15-19

5
31
112

17
36
54

2.77
5.83
8.71

12
72
176

65
212
250

3.39
11.11
13.06

3
7
27

85
306
490

3.38
12.11
19.37

20
110
315

39
118
155

3.21
9.72
12.81

<15

35

79

12.80

57

302

15.81

9

424

16.76

101

183

15.10

ll

6

27

19

11

25

49

12

Degree of inhalation
None orslight
Moderate
Deep

Age began cigarette smoking

Never smoked regularly

NOTE: Mortality ratios are based on death rates carried out to one more significant figure than shown.

SOT

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 interaction 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 manifest 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 takingplace outside the cell may influence carcinogenesis. 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 ofcell 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 andis
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provided elsewhere (Weinstein 1985; Farber 1982); however, this
chapter explores some potential sites of biological interaction

between occupational exposure andcigarette smoketo illustrate the
biologic interactions that maytakeplace.

Cigarette smoking and occupational exposures may interact
througheffects of smoking on the dose of the carcinogen that reaches
the cell. Long-term exposure to cigarette smoke impairs mucociliary
clearance (US DHHS1982) and could alter the dose of an occupational agent retained. Carcinogens may adsorb to particulates in smoke
or to environmental dusts (Natusch et al. 1974; Mossmanetal. 1983),
resulting in a higherfractional retention or different distribution in
the lung. The adsorption to dust may also facilitate or inhibit
transport of carcinogens through the mucuslayer. Cigarette smoke
has been shown to increase epithelial permeability in the tracheobronchial tree (Simani et al. 1974); the effect may increase the
exposure of the underlyingcell 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 chemica] transformation within the body to metabolites that are considered 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 numberof constituents of cizarette smoke have been

shown to induce this enzyme system (US DHEW 1979), and its

activation may increase therate of biologic activation of procarcinogens 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 transformationof 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
encouragesan 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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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 aneffect 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 productof the effects

produced by the separate exposures.
The following example illustrates this terminology and demonstrates 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
combinedrisk 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 nointeraction 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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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-

proachesthat involve stratification (Kleinbaumet al. 1982; Rothman
and Boice 1979). The data are separated into strata defined by levels
of the occupational exposure andof 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. Althoughstratified 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
numberof subjects is extremely large.

Statistical modeling represents an alternative that is less compromised 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 somespecial 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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interaction is present or absent, synergestic or antagonistic (Greenland 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).
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 interactions can be considered a case ofstatistical interaction in which both
the model being tested and the outcome measurementscale 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 examineinteractionsis often further specified by the

importance of considering the intensity and duration of exposure in
the risk model being examined. Establishing a dose-responserelationship for an exposure supports a causal association, and the slope
of the exposure-responserelationship 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 establishing safe levels of exposure in the working environment.
Estimation of the reduction in disease burden due to an occupational 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 muchdisease

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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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 SMRis based.
Cigarette smoking behavior is not uniformly distributed throughout 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 smokingrelated 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, multiplying 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 SMRis 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 single relative
risk numberfor the smokers. The effect that differences in smoking
habits might have on the SMRforthree 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 US.

veterans study. They used four categories: smoker, never smoked,exsmoker, 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 cancerof a rangeof different smoking
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TABLE 2. Effect of differences in
group
the relative risk of an occupational
compared with a control group

Proportion of smokers in exposed group
Assumed risk

due to smoking

Proportion of smokers
in control group
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5
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2
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i)
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85
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65
58

1.18
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87
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1.36
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1.00
.88
19

1.55
1.31
1.13
1.00
89

1.73
1.46
1.27
1.12
1.00

5
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3
5
1
9

1.00
64
47
37
.30

1.57
1.00
73
58
48

2.14
1.36
1.00
19
65

2.71
1.73
1.27
1.00
83

3.29
2.09
1.53
1.21
1.00

10

Al
3

1.00
51

1.95
1.00

2.89
1.49

3.84
1.97

4.79
2.46

5

7
9

35

26
21

67

51
Al

1.00

(15
.60

1.33

1.00
.80

1.65

1.25
1.00
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TABLE 3. Effect of differences in smoking prevalence on
the standardized mortality ratio for lung cancer
Smoking status
Current
Group

SMR

Total

< 20

>20

Former

Never

40.9

29.4

70.6

40.0

19.1

1.0

White collar

39.9

27.8

72.2

40.8

19.7

0.994

Blue collar

47.1

28.2

718

34.8

18.1

1.102

Hypothetical

20.0

29.4

70.6

20.0

60.0

0.549

80.0

29.4

70.6

10.0

10.0

1.599

US.

multiplier

population

low

Hypothetical
high

a division of current smoking prevalence into heavy smokersorlight
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 differences 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 behavioris 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 impactof these differences. If the
lowest age of initiation (under 15 years) were used asthe risk for the
exposed population, and therisk for an ageof 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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an occupational agent, and even to the impression that the agent has
no effect. This potential for missing the effects of an occupational
carcinogen makesthe incorporation of dosage data a critical part of
the consideration of statistical interactions.
This discussion has used examples in which differences in smoking
dosage measuresresulted in spurious interactions between smoking
and occupational exposures. However, the same potential exists for
differences in occupational exposure dose between smokers and
nonsmokersin 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 appearto 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 andare 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 smokersas 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 prevalence 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 populations, or between cases and controls (Liddell et al. 1984), is to
examine the dose-responserelationships of smoking and occupational exposure for lung cancer. An example of such an analysis
performed on a group of asbestos miners using a case-control
approachis presented in Table 4. The risk of developing lung cancer
is shown to increase with increasing cumulative asbestos exposure in
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ng and
TABLE 4. Risks of lung cancer, by cigarette smoki
and
cases
asbestos exposure, relative to all 223

715 referents for whom smoking histories were
reliable; unmatched analysis

Exposure accumulated up to 9 years before death of case

Medium

High and
very high

(< 100)

(< 1,000)

(> 1,000)

Low

Pack-years'

All

0

Number of cases
Number of referents
Relative risk

6
103
0.19

7
61
0.37

10
37
0.87

23
201
0.37

1, <40

Number of cases
Number of referents

29
123

27
93

34
63

90
279

Relative risk

> 40

All

Number of cases

0.76

0.93

1.73

40

35

35

1.03
110

Number of referents
Relative risk

117
1.10

79
1.42

39
2.88

235
1.50

Number of cases
Number of referents
Relative risk

16)
343
0.70

69
233
0.95

79
139
1.82

223
715
1.00

Numberof cigarettes a day/20 x duration in years.

SOURCE: Liddell et al. (1984).
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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 mayoccur 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-responserelationship 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 exposures on lung cancer risk.
Duration of Exposure
In models of lung cancer risk due to smoking behavior, separate
termsfor 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 powerof 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 cancerrisk, 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 higherrisk.
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 (Nicholsonetal. 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 interactionsof
,
occupational exposures and smoking.
would follow
cohort
Ideally, the study of an occupationally exposed
late effects
that
so
died,
the entire cohort until the last survivor had

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 andof 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 exposureis 25, the combined exposure effect
is one of equal and additive risks of lung cancer and thelag 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 introducedinto 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 (wherethe 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 hazardousat 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 mortality studies of the general population generally have too few
individuals with the exposures of interest to allow analysis. Therefore, cohort and case-control formats have commonly been used. The
control groups in either of these formats may be external (ie.,
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
exposureby cigarette smoking.

Comparisons Using External Control Populations
Commonexternal contro! 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
occupationalcohorts. 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 approach is used, the smoking-adjusted SMRalters 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 contro! 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 non123
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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 smokedcigarettes 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 smokers, 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,
meansthat 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 numbersof 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 numberof
lung cancers over that expected on the basis of the risks in the never
smoker, nonexposed control population. For this reason it is critical
that the data on smoking habits be accurate and obtained in the
same way in the exposed population as in the control population.
Whenthelevel of monetary compensation for occupational disability
may be influenced by smoking status, workers may be motivated to
define themselves as never having smoked, regardlessof their actual
smoking status. In many studies the determination of smoking
status is madefor 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

Smoked at
Smoked

some time

Number

smoked

Never smoker

12

8

2

2

0

Ex-smoker

26

2

15

2

7

Smoker

76

1

12

33

30

during life, 1971

SOURCE: Berryet 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 thestart 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 sameindividuals 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 moreaccurate.
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 whethera 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 numbersof cases.
The second caveat that may need to be applied in the examination

of the effects of occupational exposure amongpeople who have never
smoked is the potential effect of involuntary exposure to cigarette
smoke. A numberof studies have shown increased lung cancerrisks
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 thereis a high prevalence
of active smoking among workers.
The considerations raised by examination of smokers with workplace exposures are somewhat different from those raised by
examination of nonsmokers. Comparisons of smokers with and
without an occupational exposure reguire careful attention to the
correlations amongage, 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 comparing the mean ageof 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 numberof lung cancers will persist after
an age adjustment using the age distributions of the entire population (smoker and nonsmoker). Therefore, in considering the differences between occupationally exposed smokers and smokers whoare
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 measurements 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 werealive at the timeof 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
127

exposed populations were also matched for a number of those
of
characteristics that raise questions about the comparability
national death rate data to populations of employed workers.
A somewhatdifferent approach to the same problem was taken by
ive
Berry and colleagues (1985). They used data from a prospect
and
(Doll
status
mortality study of British physicians by smoking
Peto 1978, 1981) to develop facters that related the risks of smokers,
nonsmokers, and ex-smokers separately to the risk in the entire

population of physicians. They calculated the expected numberof
using
deaths for the exposed workers in each smoking category,

of
national death rate data, and multiplied this expected number

deaths by the smoking factor to get a smoking-specific expected
number of deaths for each category of exposed workers. They also
adjusted the numberof expected deathsfor differences in geographic
location by multiplying the expected deaths by the ratio of the local

lung cancer SMRto the national lung cancer SMR.This approach is
obviously quite sensitive to the method by which the smokingspecific factors are developed, and it is not clear that one set of
factors can be appliedto all ages.
When anexplicit control population is being used, the differences
al
in smoking behavior can be controlled through the useofa statistic
a
ude
mayincl
Models
on.
populati
the
in
sk
cancerri
lung
model for

variety of measures of cigarette smoking dosage and duration, and

the mortality experienced by the exposed population can be examined 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 beencalled the healthy worker effect and is one of the
reasons the selection of an internal control population may be more

appropriate than using SMRsfor evaluating occupational exposure

risks. External control groups, selected from populations geographically 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 andthecontrol
population are comparable muststill 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 aninternal control populationis 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 importanceof duration of smoking for lung cancerrisk
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 addedto the risk prediction equation

and tested to see whether the term improvesthefit of the model to

the observed data.
Case-control analyses can also be applied in the absence of an
external control group by examiningthedistribution 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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temore and
stratification (Liddell et al. 1984) or by modeling (Whit

chis particularly
McMillan 1983; Pathak et al., in press). This approa
an ongoing
useful when a case-control analysis can be nested within

ng habits of
study of a cohort of workers. In this setting, the smoki
opment of lung
the workforce are often known prior to the devel

ng habits
cancer, eliminating the potential for biased recall of smoki
red with the
by the lung cancer patients(or their survivors) compa
controls.

ng Habits
Examination of Occupational Exposures When Smoki
Are Not Known
the workforce
In many occupationalsettings the smoking habits of

cases,
are either unavailable or incompletely ascertained. In these

with rates for a
the death rates for these workers are compared
(to generate an
control population or with national mortality data
to influence the
SMR). The potential for smoking pattern differences
tortion that
SMRis then evaluated by calculating the maximaldis
tion had a very
would be produced, assuming that the exposed popula

r to those
high smoking prevalence. The calculations used are simila
extremes of
used in generating Tables 2 and 3. As discussed earlier,
expected to
differences in smoking prevalence and dosage could be
distribution
generate SMRs in excess of 200, and differences in age
even more.
and type of cigarette smoked may increase this number
SMRis
the
Once an outer limit for smoking-related distortions of
(outside) the
estimated, it becomes the value that must be below
the exposed
confidence interval surrounding the actual SMR for
This
population in order to exclude a potential smoking effect.
are
data
approach may be useful in settings where smoking

tute for collecting
unobtainable, but should not be used as a substi
smoking information.

with the
Whenthe mortality in a control population is compared
ng data,
smoki
of
mortality of an exposed population in the absence
the two
of
habits
the potential for differences between the smoking
SMRs.
using
when
populations may be larger than the differences
e in
deviat
may
The control group and the exposed population
in
ented
repres
ors
opposite directions from the mean smoking behavi
me
outco
cancer
in
the SMR, and correspondingly, the differences
mayalso be magnified.
patterns
One method of adjusting for differences in smoking
would
or
le,
availab
not
between populations when smoking data are
two
the
of
e
sampl
m
be too costly to obtain, is to survey a rando
queis
techni
this
of
tion
populations for smoking behavior. The limita
precision is
that the sample size needed to obtain estimates of usable

populations comlarge and may approximate the size of the two

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
canceris to look at the rates of other smoking-related cancers in the
same population. The various smoking-associated cancers do notall
have the sameincidencerates, 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 estimateof 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 andin 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 otherlevels.
2. Information on smoking behaviors should be collected as part

of the health screening of all workers and madea partof their
permanent exposurerecord.

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 exposed population is relatively young or the exposure is of
relatively recent onset.
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Introduction

Exposure to harmful agents in the workplaceis, 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 beclassified as the pneumoconioses
(fibrotic diseases of the lung parenchyma secondary to dust inhalation), 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, assessmentof 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 exposures. 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 DHHS1984). Cigarette smoking
may potentiate the effects of some occupational agents on the lung.
This potentiation may occur through aneffect 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 pulmonaryfunction tests, x rays, or symptoms. The term

synergism is used in this chapter to refer to an effect of combined
exposureto cigarette smoke and occupational agents that results ina
level of abnormality (by whatever measure being used) that is
significantly greater than the sum of the levels of abnormality
141
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Chronic Lung Diseases
Sources of Information
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TABLE 1. Numberof deaths in selected categories of the
International Classification of Diseases (ICD),

for three time periods, United States
Year (classification)

Cause of death

1960

(ICD)

Chronic bronchitis

2,287

(502)

Emphysema

9,253

(527.1)

1970

(ICD)

1980

(ICD)

COLD
5,014

(491)

3,269

(491)

22,721

(492)

13,877

(492)

4,444

(519.3)

34,743

(496)

1,160

(515.1)

982

(500)

Chronic airways

obstruction n.e.c.!
Occupational disorders
Coal workers
pneumoconiosis

Asbestosis
Silicosis
Other inorganic dusts

810

(523.1)

21

(523.2)

26

(515.2)

101

(501)

550

(523.0)

355

(515.0)

207

(502)

13

(516.0)

8

(503)

7

(516.1)

_

Other dusts

62

Unspecified

210

(524)
(523.3)

3

(504)

281

(505)

43

(506)

Conditions due to
chemical fumes/vapors

_

5

(516.2)

Chronic interstitial
pneumonia

3,973

(525)

3,851

(517)

202

(516.3)

Not elsewhereclassified.
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 (Kaminskiet al. 1981).

Cause of death is coded according to the International Classification of Diseases, currently in its ninth revision (WHO 1977). For the
chronic respiratory diseases, separate categories cover the obstruc-

tive disorders, major pneumoconioses, and otherinterstitial 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 andtheir titles have been made morespecific. 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 emphysemadecreased (Table 1).
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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 introducebias.
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 DHHS1984), 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 werereported 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) surveyed 7,909 men
and womenin 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
membersnot 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 numberof 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 US.

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 thebasisof 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 subsequently 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 common, 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,
years of study
Kibelstis et al.
(1973), US.,
1969

Study population
8.555 coal miners

Prevalence of smoking

(per 100)

Prevalence of disease
(per 100)
Chronic bronchitis
Smokers
38
Ex-smokers 30

Smokers
51
Ex-smokers 24
Nonsmokers 25

Nonsmokers 25

Airway obstruction
Smokers
18
Ex-smokers 14
Nonsmokers 6
Morgan et al.

Coal workers

9,076 coal miners

pneumoconiosis
Simple
30.0

(1973), US.,
1969

Complicated
56

Ex-smokers

23

plants

Nonsmokers 21

409 workers from two

Smokers
Ex-smokers

40-60

(1978), US.,

asbestos manufacturing

1975
Sametet al.
(1979), US.

asbestos manufacturing

1966-1977

plants and two shipyards

Theriault et al.

792 granite shed
workers

(1974), US.,

1971
Samet et al.
(1984), US.,
1981

X-ray profusion

Smokers

Weiss and Theodos 88 workers from two

192 uranium miners

>1/0

27-42

Nonsmokers 10-18
Exposed workers

Smokers
61
Ex-smokers 25
Nonsmokers 13
Smokers
Ex-smokers

2.5

43
39

20

X-ray profusion

>1/0
>2/1

12-31
513

X-ray profusion

1/Q
2/0
3/0

21
7
2

X-ray profusion

>1/0

80

Nonsmokers 19
Chronic cough/phlegm

Merchant et al.
(1973), U.S.,
1970-1971

787 male, 473
female cotton textile

Do Pico et al.

300 grain workers

mill workers

(1977), US.,
1974
Gruchowet al.

(1981), U.S.

M
Smokers
63
Ex-smokers 16
Nonsmokers 21
Smokers
Ex-smokers

Ww
44

6
50
59
22

Nonsmokers 19
1,510 farm workers

Smokers

15

Ex-smokers

27

Nonsmokers 57

<10 years mining
10-19 years mining

52
46

>20 years mining

59

Byssinosis
M

Ww

Current smokers 25
Never smokers
18

19
15

Chronic bronchitis
Smokers
42
Nonsmokers 30
Farmers lung disease

0.5

Significant airway obstruction defined as an FEV,/FVC ratio less than two standard deviations below

predicted mean.
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TABLE 3. Pathologic changes and manifestations of lung

injury by cigarette smoke
Large airways

Pathologic changes

Mucous gland hyperplasia, inflammation
and edema, * bronchial
smooth muscle

Parenchyma

Small airways

Goblet cell metaplasia,
inflammation and
fibrosis of the

Emphysema,
minimal
interstital

respiratory bronchiole

fibrosis

Dyspnea

Manifestations
Symptoms

Cough, phlegm

Cough, phlegm

Physical signs

None

Crackles

X ray

None

Pulmonary function ? | FEV,
testing

° Linear opacities

_ FEV,, | FEV,%,
TLC, t RV, | DLCO

Diminished breath
sounds
? Linear opacities
| FEV,, | FEV,%,

TLC, t RV, | DLCO

Accelerated annual

Accelerated annual

decline of FEV,

decline of FEV,

numbers of inflammatory cells and denuded epithelium. To characterize the physiological consequences of small airways injury associated with smoking cigarettes, Cosio and colleagues (1978) correlated

small airways morphology with lung function in 36 patients under-

going thoracotomyfor a localized lesion. With increasing cumulative
consumption, both inflammation and fibrosis of the respiratory
bronchioles increased. Furthermore, airflow obstruction, as measured by the ratio of FEV, to FVC or by the maximum midexpiratory flow rate (FEF25-75z), 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 parenchymalinjury 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 DHHS1984). Byitself, 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 monoxide varies inversely with the extent of emphysema (Park et al. 1970;
Cotes 1979). Emphysemais also associated with abnormalities of gas
exchange.
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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 formsof coal workers
pneumoconiosisandsilicosis (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 parenchymalfibrosis

(Seaton 1984a). The clinical consequencesof this parenchymalinjury
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/FVC%, 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 maybe 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 abnormalities of advanced pneumoconiosis can be readily distinguished from
emphysemaassociated 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,
151

spirometry and other physiologicaltests, 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 questionnaire 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 improveits 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 includea series of questions related to cough, phlegm,

wheezing, and dyspnea.
The Medical Research Council questionnaire wasoriginally devel-

oped for investigating the etiology of chronic bronchitis andairflow

obstruction (Fletcheret 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 wordedto be sensitive to the earliest phases of mucus
hypersecretion, a condition largely attributable to cigarette smoking
(US DHHS 1984). The questions maybeless satisfactory for cough

and sputum associated with other exposures, particularly if those

other exposures produce a pattern of symptomsdifferent from those
due to cigarette smoking, such as nocturna! cough or episodic cough.
Further, their sensitivity to cigarette-associated mucus hypersecretion mayhinder 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
152

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.e 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 normalin the

presence of biopsy-proven disease (Epler, McLoud et a]. 1978). A
conventional clinical interpretation is usually sufficient for establishing the presence of pneumoconiosis. Preferably, however, the
chest x ray should be coded according to the classification established by the International Labour Office (ILO) (1980). This system,
originally published in 1950, categorizes the types of abnormalities
on the chest x ray by shape andsize, 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
equalto or greater than 1 cm, they arecalled large.
Theeffects 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 abnormalities (US DHEW 1979b; Weiss 1984). However, these changes are
subtle in comparison with the pathological findings in the pneumoconioses. 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 degreeof 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-twopatients

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 smokedcigarettes. 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 filmsof 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 abnormality. In coal workers, small rounded opacities predominate in the
simple phase of coal workers pneumoconiosis, but irregular opacities may also be present (Amanduset al. 1976; Cockcroft et al. 1982,
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1983). The irregular opacities are associated with cigarette smoking

and with reductions of FEV,, FVC, and diffusing capacity (Cockcroft
et al. 1982). In autopsy specimens obtained from coal workersin 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 notstatistically 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 colleagues (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 aloneis occasionally associated with definite abnormalities classified in the ILO system.
Smoking mayalso 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.

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;

Murphyetal. 1984).
Few studies have addressed the effects of cigarette smoking on
auscultatory findings, however. Epler, Carrington, and colleagues

(1978) reported the results of a conventionalclinical auscultation of

patients with variousinterstitial disorders or with chronic obstructive 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 (Murphyetal. 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 presumedto 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 andthe presence of crackles.
Clubbing refers to a change in the configuration of the nail beds,
which can be best quantitated by the hyponychial angle (Reganet 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 berelated 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 diseases. 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 cigarette 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
maydetect 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 smokingrelated lung disease (particularly emphysema) as weil as by occupational 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 methodin 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 increased in cigarette smokers (Kabiraj et al. 1982; Gerrard et al.
1980), though others do not (Kennedy et al. 1984; Wanneret 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 (Wiedemannet 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 modeling techniques are generally used to test for the presence and
direction of interaction. The most widely applied statistical techniques 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 mustbe interpreted notonly statistical-

ly but also in biological and public health contexts (Rothman etal.
1980). Rothman andcolleagues (1980) argued thatbiological models
should be explicitly described; in their view, the labeling of mechanisms as synergistic or independent does not advance the understandingof disease etiology. They broadly described two categories of

mechanisms: those with the multiple etiological factors acting
interchangeably at the same step and those with thefactorsacting at

different steps. The correspondingstatistical 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 understandingof 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 exposure 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 formsof interaction

between smoking and occupational exposures; other plausible hypotheses concerning interaction between cigarette smoking and
occupational agents can also be postulated. The interactions listed in
Table 4 are intendedto beillustrative and not exhaustive.
Some consequencesof cigarette smoking mightlead 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. Somepotential interactions between cigarette
smoking and occupational exposures in the
pathogenesis of chronic occupational lung
diseases
Source of interaction

Potentia] consequence

Increased absenteeism by smokers from work

Reduced inhaled dose in

Selection of more fit nonsmokers into

Reduced inhaled dose in

aerobically demanding jobs

smokers

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
particulates in smokers and people

Differing regional lung doses
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 cigaretterelated cardiorespiratory diseases are associated with reduced aerobic 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 increased absorptive capacity of the mucus.

Tobacco products might serve as vectors for the transformation of

workplace chemicals into more harmful agents. For example,

smokersare 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
159

transport in animals and in humansconfirm 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 pulmonaryresidence 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 etal.

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 wouldbe 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 population reflects the consequences not only of the occupational agent but
also of all other damaging environmental exposures. Of these,
cigarette smokingis 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 information 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 wasgreaterin
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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Occupational Exposures
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 (Hammadet al. 1981; Dodgson 1984; Cralley and Cralley

1979). The methodsinclude 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 workplace exposures and cigarette smokingis collected and appropriate

health outcome measures, such as the chest radiograph and spirometry, 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, cigarette smoking and exposure to the occupational agent are the

primary risk factors to be considered. Data analysis with epidemiological methods can provide estimates of the independenteffects of
smoking and the occupational agent andtest for interaction between
them (Kleinbaumet 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 confounding and effect modification, or interaction, resulting from cigarette

smoking. Confoundingrefers to the bias introduced whentheeffects

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 individuals 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 etal.

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,
whetherstratified 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 apparent effect modification (Kleinbaum etal. 1982).
Simple generalizations cannotbe 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 smoking 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 someparticular 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.

Eitherstratified 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 linearor 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 hypothesis 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 etal. 1982).
The coefficient for the cross-product term specifies the direction and
magnitudeof 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 numberof subjects is most often determined by thesize

of the workforce and by feasibility considerations, and rarely on the

basis of more formal sample size calculations with statistical
methods. Thestatistical powerof 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 Investigation Issues
Population Selection
The most widely employed design for investigating occupational

lung disease, the cross-sectional study or survey, may be biased when
subjects are selected from the active workforce. The individuals

examined at any particular time in a cross-sectional study may be
regarded as survivors from the entire population that entered the

particular workplace. Individuals with illness tend to leave the
workforce, whereas healthy individuals tend to remain. Thisbias,

often called the healthy worker effect, must be considered in both
longitudinal and cross-sectional designs (Fox and Collier 1976; Wen
et al. 1983). The implications for surveys of occupational lung disease
are evident and have been widely discussed (McDonald 1981; Field
1981; Lebowitz 1981). If only employed workers are considered and
individuals with occupational lung disease leave the workforce, the
measures of association will underestimate the true effect of
exposure. In fact, the leaving of employment by people whoareill
has been demonstrated in several industries (Fox and Collier 1976;
Musket al. 1977; McDonald 1981; Soutar and Maclaren 1982; Eisen
et al. 1983). The resulting bias should be evaluated by examining
retirees and others whohaveleft.

Therole of cigarette smoking in determining the magnitudeof the

healthy workereffect has not been fully evaluated. Overall mortality
ratios for cigarette smokers are greater below age 65 (US DHEW
1979b), and cardiovascular diseases, respiratory diseases, and lung
cancer generally contribute prominently to the reduced all-cause
mortality of the healthy worker effect (Fox and Collier 1976; Wen et
al. 1983). Thus, cigarette smokers would be anticipated to leave the
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workforce prematurely more often than nonsmokers. A recent study

of Vermont granite workers provides data that conflict with this

hypothesis, however. Eisen and colleagues (1983) compared men who
remained in the industry during a 5-year followup period with those
who terminated. The rate of FEV, loss was greater in those wholeft
the industry, but their cumulative cigarette consumption was not
significantly greater than that of those who stayed. These data do
illustrate the selection bias that results from differential termination of employment, contingent on the developmentof disease.
Eisen and colleagues (1983, 1984) have explored other sources of
bias in respiratory disease surveys. In the granite workers study,
men whose spirometric testing repeatedly failed to meet criteria for
acceptability had a more rapid decline of FEV, than those with a
better performance. This finding suggests that the exclusion of
subjects whose lung function testing is judged unacceptable may
introduce bias toward the null.

External Control Populations
Whensubjects are selected for an epidemiological investigation, a
population, not exposed to the agent of interest but similar in other
respects to those who are, may not be available for comparison
purposes. In this circumstance, an investigator may consider only

the exposed subjects and evaluate the dose-responserelationships if

the necessary data are available, or identify an external population
as controls. If the latter approach is used, the control population
must be comparable to the exposed group on potential confounding
factors such as age, sex, race, and cigarette smoking. At times,

appropriate external populations may not be readily identified.
Nevertheless, external control populations are frequently used. In

mortality studies, the use of general population rates for calculation
of expected deaths assumes that the general public is the control
group. Frequently, lung function levels in exposed people are
compared with those predicted from tests performed on normal
populations, most often asymptomatic nonsmokers without respiratory disease (Clausen 1982). Recently, Peterson and Castellan (1984)

reported the prevalence of chest symptoms, as measured with a
modified Medical Research Council questionnaire, in 1,372 bluecollar workers employed in plants considered to be free of respira-

tory hazards. The dataare illustrative of the effects of smoking on
the prevalence of major respiratory symptoms; even in this young,
employed population, all of the symptoms examined were more
common in current and former smokers. The authors provided
smoking-specific prediction equations and suggested that these data
can be used for comparative purposes.
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Colinearity of Aging, Cigarette Smoking, and Occupational

Exposure Effects

n
From approximately age 25, measures of ventilatory functio
loss
of
rate
the
kers,
nonsmo
In
decline.
sively
progres
gradually and
(US
is approximately 20 to 30 mL annually for FEV, and FVC

DHHS 1984). The decline in FEV, with age may not be a linear

absolute
function with a constant decline each year, but rather, the
rate of
rate of annual decline may vary with age. In addition, the
studies
ctional
cross-se
from
derived
age
with
n
functio
decline in lung
of
may be an overestimate of the actual rate of decline because
in
cohorts
birth
t
differen
among
n
functio
lung
in
nces
possible differe
at much
cross-sectional studies. Some cigarette smokers lose function

more rapid rates and ultimately develop COLD, unless they stop

excess
smoking (US DHHS 1984). Presumably, a similar insidious
evident
ly
clinical
of
ance
appear
the
es
antedat
n
loss of functio
chronic occupational lung disease.
This simultaneous contribution of aging, smoking, and occupation-
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smoking, and cumulative exposure all increase with the passage of
time. Failure to address this colinearity may lead to confounding and
to an incorrect assessmentof the effect of exposure.
This problem is most often addressed by using external standard
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populations to control for aging and, at times, cigarette smoking,

by multiple regression modeling (Berry 1981b). In the first approach,
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equations derived from asymptomatic nonsmokers in the control
communities. Deviations from the expected value were then examined within the strata defined by smoking. This approachis effective
when appropriate external populations are available. Prediction
equations developed for clinical purposes are frequently used,
primarily owing to availability; investigators should, however,
consider the comparability of the exposed workers with the normal population from which the prediction equations were derived.
Multiple regression techniques permit a simultaneous examination of the effects of age, exposure, and smoking, as well as their
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interactions, on lung function measures. Comprehensive treatments

of these methods have been published (Draper and Smith 1966;
Kleinbaum and Kupper 1978), and only their use for lung function
data is considered here. With this approach, the lung function
measures are the dependent variables, and age, smoking, and
exposure are the independent variables in a model of this form:
Y=a+B,X,+B,X%,+B;X;+ ... BiXi+e; where Y is a lung function
parameter, a is a constant term, X, through Xi are the independent
variables and B, through Bi are their regression coefficients, and ¢ is
a term for error. The regression coefficients describe the change in Y
per unit change in a particular Xi, with all other independent
variables held constant. An estimated regression equation is general-

ly obtained by the least squarescriterion.
Most standard statistical packages for computers include this

technique, and it can be readily applied to a data set. However, the
results of such modeling may be misleading, and the plausibility of
such models should be assessed by careful examination of the raw
data and residuals and by other formal means. In addition, model

development should be guided by biological rather than primarily

statistical considerations; that is, the investigator should specify the
regression mode] in the most appropriate fashion biologically, rather
than rely on statistical procedures for variable selection. Colinearity
of the age, smoking, and exposure effects may limit the multiple
regression approach. High correlation in a data set between any two
of these factors may prevent assessmentof their independent effects.
Quantification of Effects in Individuals
Properly designed epidemiological investigations can provide
essential information about the occurrence of chronic occupational
lung diseases in populations. They can establish that an occupational
exposure is hazardous, quantify the risk associated with exposure,
describe the agent s contribution to the disease burden in the
population, and document the consequences of reducing the exposures. For an individual, epidemiologically derived estimates of
relative risk generally indicate the excess risk incurred by virtue of

exposure to a particular agent, as compared with nonexposure. But
such a measureof relative risk cannot be interpreted directly as a

quantitative indicator of the chance that a particular individual s
exposure to the agent was responsible for the occurrence of the
disease concerned. Statements concerning causality in an individual
case are particularly difficult when the disease of interest has
multiple causes and interactions among them are of potential
importance.
Judgments concerning the causation of disease in specific individuals are frequently necessary, however, for deciding claims made
167

or other mechanisms
through workmen s compensation, the courts,
tion hinges on a
(Hoffman 1984; Hadler 1984). Legal proof of causa

d the disease
finding that the exposure morelikely than not cause
ility of
(Danner and Sagall 1977; Hoffman 1984). Allocation of probab

problematic
causation when multiple agents interact is particularly
the evaluation of
(Cox 1984), but frequently necessary. In particular,
ul occupational
impairment in cigarette smokers exposed to harmf

combined
agents requires judgment concerning the independent and

effects of all exposures.
on have not
Accepted methodsfor accomplishing this quantificati
em for two
probl
the
dered
consi
(1983)
line
yet been developed. Enter
has
(1984)
Cox
n.
fashio
ve
licati
multip
a
agents that interact in

of joint and
suggested an approach that covers the situation

sed for specific
interacting causes. Algorithms have been propo
and for specific
1985),
al.
et
ell
(Mitch
osis
diseases, such as asbest

aches
agents, such as radiation (NRC 1984). However, these appro
ns to
remai
y
abilit
applic
their
and
sed
propo
have only recently been
be established.

rn of physiologiSomeguidance can be found, however, in the patte
a smoker with
in
rment
impai
the
le,
examp
cal abnormality. For
ction, can be
obstru
w
airflo
of
nce
evide
no
asbestosis, but with

ingly, the
attributed mostly to the pneumoconiosis. Correspond

an asbestos
presenceof airflow obstruction and an increased TLCin
ray suggests that
worker who smokes and who has a normalchest x
smoking. The
the impairmentis largely attributable to cigarette
ions where reduced
problem is more complicated in those situat

or in those
expiratory airflow is present and TLC is decreased

atory airflow
pneumoconioses where reductions in the rate of expir
For example,
are part of the pattern of the pneumoconiosis.
all be found in
reductions of FEV,, FVC, and FEV,/FVC may
osis, and these
complicated silicosis and coal workers pneumoconi
rs. Emphysepatterns are similar to those found in cigarette smoke
oconioses, such
ma decreaseslungelastic recoil, whereas some pneum
s may result in a
as asbestosis, increase it. These competing effect
r with COLD
TLC that is increased, normal, or reduced in a smoke
es. Thus,
minat
and pneumoconiosis, depending on which effect predo

e patterns of
smokers with COLD and pneumoconiosis display divers

w obstruction on
lung function abnormality. Evidence of airflo
l, or increased
spirometry may be accompanied by a reduced, norma
will generally
ide
TLC, and the diffusing capacity for carbon monox
setting, the
this
In
.
be reduced regardless of the cause of the injury
the chest
from
ished
diagnosis of pneumoconiosis can often be establ
y be
readil
t
canno
rment
x ray findings, but responsibility for impai
tionoccupa
ic
chron
For
osis.
divided between COLD and pneumoconi
even diagnosis
al lung diseases associated with airflow obstruction,

maybe difficult in an individualcigarette smoker.
168

A second methodof separating the relative effects of two agents in

a combined exposure is to use the known dose-response relationships
for the agents. This approach is most useful when exposure to one
agent has beenslight in comparison with the exposure to the second
agent. Difficulty arises when an individual has been exposed to
biologically equivalent doses of both agents or when exposure to one
of the agents cannot accurately be assessed.

Summary and Conclusions
During the 20th century, cigarette smoking has become prevalent
among workers at risk for occupational lung disease. By itself,
smoking causes pulmonary impairment; among people exposed to
harmful occupational agents, the interactive effects of smoking may
increase the number of individuals developing clinically significant
impairment. For both clinicians and researchers, cigarette smoking
by workersposesdifficult and important challenges.
1. Existing resources for monitoring the occurrence of occupational 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.
2. Furtherstudies that correlate lung function with histopathology should be carried out in occupationally exposed smokers and
nonsmokers.

3. 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.
4. 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.

5. 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. Further, the limitations posed by sample size for examining
independent and interactive effects should be evaluated. The
157-964 0 - 86-7
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estimates and of
consequencesof misclassification by exposure

be addressed.
the colinearity of exposure variables should also

hy worker effect
7.The role of cigarette smoking in the healt
requires further evaluation.
irment in a specific
8. Approaches for apportioning the impa

ette smoking
individual between occupational causes and cigar
should be developed and validated.

170

References

AMANDUS, H.E., LAPP, N.L., JACOBSON, G., REGER, R.B. Significance of
irregular small opacities in radiographs of coalminers in the USA. British Journal
of Industrial Medicine 33(1):13-17, February 1976.

AMERICAN THORACIC SOCIETY. Standards for Epidemiologic Surveys in Chronic

Respiratory Disease. New York, National Tuberculosis and Respiratory Disegse

Association, 1969, 32 pp.

AMERICAN THORACIC SOCIETY. Evaluation of impairment/disability secondary
to respiratory disease. American Review of Respiratory Disease 126(5):945-951,

November 1982a.

AMERICAN THORACIC SOCIETY. Surveillance for respiratory hazards in the
occupational setting. American Review of Respiratory Disease 126(5):952-956,

November 1982b.

AUERBACH, O., GARFINKEL, L., HAMMOND, E.C. Relation of smoking and age to
findings in lung parenchyma: A microscopic study. Chest 65(1):29-35, January

1974.
BECK,G.J., MAUNDER,L.R., SCHACHTER, E.N. Cotton dust and smokingeffects on

lung function in cotton textile workers. American Journal of Epidemiology
119(1):33-43, January 1984.
BERRY, G. Mortality of workers certified by pneumoconiosis medicai panels as
having asbestosis. British Journal of Industrial Medicine 38(2):130-137, May

198 1a.

BERRY, G. Statistical analyses. In: Weill, H., Turner-Warwick, M. (eds.). Occupational
Lung Diseases: Research Approaches and Methods. Lung Biology in Health and
Disease, Vol. 18. New York, Marcel Dekker, 1981b, pp. 427-463.

BITTERMAN, P.B., RENNARD, S.L, CRYSTAL, R.G. Environmental lung disease
and theinterstitium. Clinics in Chest Medicine 2(3):393-412, September 1981.
BLOT, W.J., DAY, N.E. Synergism and interaction: Are they equivalent? (letter).
American Journal of Epidemiology 110(1):99-100, July 1979.

BOEHLECKE,B. Medical monitoringof lung disease in the workplace. In: Gee, J.B.L.
(ed.). Occupational Lung Disease. New York, Churchill Livingstone, 1984, pp. 225240.

BOUSHY, S.F., ABOUMRAD, M.H., NORTH,L.B., HELGASON, A.H. Lung recoil

pressure, airway resistance, and forced flows related to morphologic emphysema.
American Review of Respiratory Disease 104(4):551-561, October 1971.

BROOKS,S.M. The evaluation of occupational airways disease in the laboratory and
workplace. Journal of Allergy and Clinical Immunology 70(1):56-66, July 1982.
BURROWS, B., KNUDSON, RJ., CLINE, M.G., LEBOWITZ, M.D. Quantitative
relationships between cigarette smoking and ventilatory function. American

Review ofRespiratory Disease 115(2):195-205, February 1977.

CAMPBELL, E.J., SENIOR, R.M. Cell injury and repair. Clinics in Chest Medicine
2(3):357-375, September 1981.
CARILLI, A.D., KOTZEN, L.M., FISCHER, M.J. The chest roentgenogram in smoking
females. American Review of Respiratory Disease 107(1):133-136, January 1973.
CASTELLAN, R.M., SANDERSON, W.T., PETERSEN, M.R. Prevalence of radiographic appearance of pneumoconiosis in an unexposed blue collar population.

(abstract). American Review ofRespiratory Disease 1294):A155, April 1984.
CHURG, A., WRIGHT, J.L., WIGGS, B., PARE, P.D., LAZAR, N. Small airways
disease and mineral dust exposure: Prevalence, structure, and function. American

Review ofRespiratory Disease 131(1):139-143, January 1985.

CLAUSEN, J.L. Prediction of normal values. In: Clausen, J.L. (ed.). Pulmonary

Function Testing Guidelines and Controversies: Equipment, Methods, and Normal

Values. New York, Academic Press, 1982, pp. 49-59.
COCKCROFT, A., BERRY, G., COTES, J.E., LYONS, J.P. Shape of small opacities and

lung function in coalworkers. Thorax 37(10):765-769, October 1982.

171

N., SAUNDERS, M.J. Prevalence and
COCKCROFT, A., LYONS, J.P., ANDERSSON,
es in South
radiological irregular opaciti
relation to underground exposure of

h Journal of Industrial Medicine
Wales coal workers with pneumoconiosis. Britis
40(2):169-172, May 1983.
impairs long-term dust clearance from
COHEN, D., ARAL, S.F., BRAIN, J.D. Smoking
Science 204(4392):514-517, May4, 1979.

the lung.
,S. Radiographic changes in a group
CORDIER, S., THERIAULT, G.. PROVENCHER
to low asbestos dust concentrations.
d
expose
s
miller
and
of chrysotile miners
84-388, August 1984.
British Journal of Industrial Medicine 41(3):3

N, R., LOVELAND, M., DOSMAN, J.,
COSIO, M., GHEZZO, H., HOGG, J.C., CORBI
structural changes in small airways and
MACKLEM, P.T. Therelations between
Journal of Medicine 298(23):1277-1281,
nd
Engia
pulmonary-function tests. New

June 8, 1978.
Application in Medicine. 4th ed. Oxford,
COTES, J.E. Lung Function Assessment and

Blackwell Scientific Publications, 1979, 605 pp.
the attributable proportion of risk. Risk
COX, L.A., dr. Probability of causation and
1984.
Analysis 4(3):221-230,
ale ofIndustrial Hygiene Practice.
CRALLEY, L.J., CRALLEY, L.V. Theory and Ration
3. New York, John Wiley and
Vol.
logy,
Toxico
Patty s Industrial Hygiene and
Sons, 1979, 752 pp.
causation: A source of professional
DANNER, D., SAGALL, E.L. Medicolegal
and Medicine 3(3):303-308, Fall 1977.
Law
of
l
Journa
can
Ameri
misunderstanding.
P.O. The significance of irregular
DICK, J.A., JACOBSEN, M., GAULD, S., PERN,
miners. Proceedings of the Sixth
coal
British
f
raphso
radiog
opacities in the chest
Vol. 1. Geneva, International
1983.
International Pneumoconiosis Conference,

Labour Office, pp. 283-299.
A.
and fumes. In: Morgan, W.K.C., Seaton,
DODGSON, J. The measurement of dusts
Saunders Co., 1984,
W.B.
,
elphia
Philad
ed.
2d
s.
Disease
(eds.). Occupational Lung

pp. 212-238.
S, A., PETERS, M.E., RAO,P.,
DO PICO, G.A., REDDAN, W., FLAHERTY, D., TSIATI
handlers: A clinical, physiograin
among
s
alitie
abnorm
atory
Respir
J.
RANKIN,

Review of Respiratory Disease 115(6):915-logic, and immunologic study. American
927, June 1977.

LI, K.Y.R., FROH, F., BARNETT.
DOSMAN, J.A., COTTON, D.J., GRAHAM, B.L.,
in lifetime

forced expiratory flow rates
G.D. Chronic bronchitis and decreased
of Respiratory Disease 121(1):11-16,
nonsmoking grain workers. American Review
January 1980.
V.A. Bronchial gland dimensions in coal
DOUGLAS, A.N., LAMB, D., RUCKLEY,
re. Thorax 37(10):760-764, October
exposu
dust
and
ng
miners: Influence of smoki

1982.

sion Analysis. New York, John Wiley and
DRAPER. N.R., SMITH, H. Applied Regres
Sons, 1966, 407 pp.

-

WARD, F. The pathology of the lung
EDWARDS, C., MACARTNEY, J., ROOKE, G.,
1975.
ber
Decem
12-623,
30(6):6
Thorax
in byssinotics.
WEGMAN,D.H. Selection effects of
EISEN, E.A., ROBINS, J.M., GREAVES, LA.,
etry. American Journal of Epidemiolorepeatability criteria applied to lung spirom
gy 125):734-742, November 1984.
study

Effects of selection in a prospective
EISEN, E.A., WEGMAN, D.H., LOUIS, TA.
Review of e in Vermont granite workers. American
of forced expiratory volum
r 1983.
Respiratory Disease 128( 4):587-591, Octobe

factors in individualcases. In: Chiazze,
ENTERLINE, P.E. Sorting out multiple causal
ds and Issues in Occupational and
Metho
).
D.(eds.
s,
L., Jr., Lundin, F.E., Watkin
Arbor Science Publishers, 1983,pp.
Environmental Epidemiology. Ann Arbor, Ann
177-182.

172

EPLER, G.R., CARRINGTON, C.B.. GAENSLER, E.A. Crackles (rales) in the
interstitial pulmonary diseases. Chest 73(3):333-339, March 1978.

EPLER, G.R., McLOUD,T.C., GAENSLER, E.A., MIKUS, J.P., CARRINGTON,C.B.
Normal chest roentgenograms in chronic diffuse infiltrative lung disease. New
England Journal of Medicine 298(17):934-939, April 27, 1978.
EPLER, G.R., SABER. F.A., GAENSLER, E.A. Determination of severe impairment

(disability) in interstitial lung disease. American Review of Respiratory Disease
121(4):647-659, April 1980.
EPSTEIN, D.M., MILLER. W.T., BRESNITZ, E.A., LEVINE, M.S., GEFTER, W.B.
Application of ILO classification to a population without industrial exposure:
Findings to be differentiated from pneumoconiosis. American Journal of Roentge-

nology 142(1):53-58, January 1984.

FERRIS, B.G. Epidemiology standardization project. American Reviewof Respiratory

Disease 118(6):1-120, December 1978.
FIELD, G.B. Worker surveys. In: Weill, H., Turner-Warwick, M. (eds.). Occupational
Lung Diseases: Research Approaches and Methods. Lung Biology in Health and

Disease, Vol. 18. New York, Marcel Dekker, 1981, pp. 405-426.
FLETCHER, C.M., ELMES, P.C., FAIRBAIRN, A.S., WOOD,C.H. Thesignificance of
respiratory symptoms and the diagnosis of chronic bronchitis in a working
population. British Medical Journal 2(5147).257-266, August 29, 1959.

FLETCHER, C.M., PETO, R.. TINKER, C., SPEIZER, F.E. The Natural History of
Chronic Bronchitis and Emphysema: An Eight-Year Study of Early Chronic
Obstructive Lung Disease in Working Men in London. Oxford, Oxford University
Press, 1976, 272 pp.

FLOREY, C. du V., LEEDER, S.R. Methods for Cohort Studies of Chronic Airflow

Limitation. WHO Regional Publications, European Series No. 12. Copenhagen,
World Health Organization, Regional Office for Europe, 1982, 140 pp.
FOX, AJ., COLLIER, P.F. Low mortality rates in industrial cohort studies due to
selection for work and survival in the industry. British Journal of Preventive and
Social Medicine 30(4):225 230, December 1976.

FRIEDMAN, G.D., SIEGELAUB, A.B., SELTZER, C.C. Cigarette smoking and
exposure to occupational hazards. American Journal of Epidemiology 98(3):175183, September 1973.

GANDEVIA, B.H. Clinical techniques. In: Weill, H., Turner-Warwick, M. (eds.).

Occupational Lung Diseases: Research Approaches and Methods. Lung Biology in
Health and Disease, Vol. 18. New York, Marcel Dekker, 1981, pp. 11-33.

GERRARD, J.W., COCKCROFT, D.W., MINK, J.T., COTTON, D.J., POONAWALA,
R., DOSMAN, J.A. Increased nonspecific bronchial reactivity in cigarette smokers
with normal lung function. American Reviewof Respiratory Disease 122(4):577581, October 1980.

GLOVER, J.R., BEVAN, C., COTES, J.E., ELWOOD, P.C., HODGES, N.G., KELL,
R.L., LOWE, C.R., McCDERMOTT, M., OLDHAM, P.D. Effects of exposure to slate

dust in North Wales. British Journal of Industrial Medicine 37(2):152-162, May
1980.

GREENLAND, S. Tests for interaction in epidemiologic studies: A review and a study
of power. Statistics in Medicine 2(2):243-251, April-June 1983.

GRUCHOW,H.W., HOFFMANN, R.G., MARX, JJ., Jr, EMANUEL, D.A., RIMM,
A.A. Precipitating antibodies to farmer s lung antigens in a Wisconsin farming

population. American Review of Respiratory Disease 124(4):411-415, October 1981.

HADLER, N.M. Occupational illness: The issue of causality. Journal of Occupational
Medicine 26(8):587-593, August 1984.
HAMMAD, Y., CORN, M., DHARMARAJAN, V. Environmental characterization. In:
Weill, H., Turner-Warwick, M. (eds.). Occupational Lung Diseases: Research

Approaches and Methods. Lung Biology in Health and Disease, Vol. 18. New York,
Marcel Dekker, 1981. pp. 291-371.

178

Asbestos exposure, cigarette
HAMMOND, E.C., SELIKOFF, 14J., SEIDMAN, H.
of Sciences 330:473Academy
York
New
the
smoking and death rates. Annals of
490, December 14, 1979.
expiratory flows in
HANKINSON, J.L., REGER, R.B., MORGAN, W.K.C. Maximal
5-180, August 1977.
116(2):17
Disease
ory
Respirat
of
Review
n
America
miners.
coal

n Journal of
HOFFMAN, R.E. The use of epidemiologic data in the courts. America
1984.
August
0-202,
12Q2):19
logy
Epidemio
and Stoughton,
HUNTER, D. The Diseases of Occupations. 6th ed. London, Hodder
1978, 1,257 pp.
of Radiographs of
INTERNATIONAL LABOUROFFICE. International Classification
No. 22. (rev.). Geneva,
Pneumoconioses. Occupational Safety and Health Series,
International Labour Office, 1980.
symptoms insilicotic and
IRWIG, L.M., ROCKS, P. Lung function and respiratory
Disease 117(3):429-435,
nonsilicotic gold miners. American Review of Respiratory

March 1978.
A., BULOW, K.,
KABIRAJ, M.U., SIMONSSON,B.G., GROTH, S., BJORKLUND,

titrypsin: A populaLINDELL,S.-E. Bronchial reactivity, smoking, and alpha,-an

ory Disease
tion-based study of middle-aged men. American Review of Respirat
4-869,
r
126(5):86
Novembe 1982.

Occupational information
KAMINSKI, R., BROCKERT, J., SESTITO, J., FRAZIER,T.

of Public
on death certificates: A survey of state practices. American Journal
Health 71(5):525-526, May 1981.
C.Increased
KENNEDY,S.M., ELWOOD, R.K., WIGGS,BJ.R., PARE,P.D., HOGG,J.
reactivity.
airway
to
ship
Relation
smokers:
of
lity
permeabi
mucosal
airway
1984.
January
3-148,
129(1):14
American Review of Respiratory Disease
, A., MORGAN,
KIBELSTIS, J.A., MORGAN,E.J., REGER, R., LAPP, N.L., SEATON

in American bituminous
W.K.C. Prevalence of bronchitis and airway obstruction
6-893, October 1973.
108(4):88
Disease
ory
Respirat
of
Review
n
America
miners.
coal

the radiologic
KILBURN, K.H. Cigarette smoking does not produce or enhance
al Medicine
Industri
of
Journal
n
America
fibrosis.
ry
pulmona
of
ce
appearan
2(4):305--308, 1981.

and other methods in the
KILLIAN, K.J., JONES, N.L. The use of exercise testing
08, March 1984.
5(1):99-1
Medicine
Chest
in
investigation of dyspnea.Clinics

and Other MultiKLEINBAUM,D.G., KUPPER,L.L. Applied Regression Analysis

Press, 1978, 556 pp.
variable Methods. North Scituate, Massachusetts, Duxbury

logic Research:
KLEINBAUM, D.G., KUPPER, L.L., MORGENSTERN, H. Epidemio

a, Lifetime Learning
Principles and Quantitative Methods. Belmont, Californi
Publications, 1982, 529 pp.
Oxford University Press,
LAST, J.M. (ed.). A Dictionary of Epidemiology. New York,

1983.

pulmonary diseases.
LEBOWITZ, M.D. Epidemiological recognition of occupational

Clinics in Chest Medicine 2(3):305-316, September 1981.

epidemiologic study of
LEBOWITZ, M.O., KNUDSON, RJ., BURROWS, B. Tucson
of disease. American
obstructive lung diseases: I. Methodology and prevalence

Journal of Epidemiology 102(2):137-152, August 1975.

retention, and clearance
LIPPMANN, M., YEATES, D.B., ALBERT, R.E. Deposition,

-362, Novemof inhaled particles. British Journal of Industrial Medicine 37(4):337
ber 1980.
of Respiratory
LOUDON, R., MURPHY, R.L.H., Jr. Lung sounds. American Review
Disease 130(4):663-673, October 1984.

diffusing capacity in
MAKE, B., MILLER, A., EPLER, G., GEE, J.B.L. Single breath
the industrial setting. Chest 82(3):351-356, September 1982.
. (eds.). OccupationMcDONALD, J.C. Epidemiology. In: Weil}, H., Turner-Warwick,M
Biology in Health and
al Lung Diseases: Research Approaches and Methods. Lung
Disease, Vol. 18. New York, Marcel Dekker, 1981, pp. 373-403.

174

MERCHANT,J.A., KILBURN, K.H., O'FALLON, W.M., HAMILTON, J.D., LUMSDEN, J.C. Byssinosis and chronic bronchitis among cotton textile workers. Annals

ofInternal Medicine 76(3):423-433, March 1972.
MERCHANT,J.A., LUMSDEN, J.C., KILBURN, K.H., O FALLON, W.M., UJDA,

J.R., GERMINO, V.H., Jr.. HAMILTON, J.D. An industrial study of the biological
effects of cotton dust and cigarette smoke exposure. Journal of Occupational
Medicine 15(3).212-221, March 1973.

MILLER, A., THORNTON, J.C., WARSHAW, R., ANDERSON, H., TEIRSTEIN, A.S.,

SELIKOFF, IJ. Single breath diffusing capacity in a representative sample of the

population of Michigan, a large industrial state: Predicted values, lower limits of

normal, and frequencies of abnormality by smoking history. American Review of
Respiratory Disease 127(3):270-277, March 1983.
MITCHELL, R.S., CHASE, G.R., KOTIN, P. Evaluation for compensation of asbestos-

exposed individuals: I. Detection and quantification of asbestos-related nonmalignant impairment. Journal of Occupational Medicine 27(2):95-109, February 1985.

MITCHELL, R.S., MAISEL, J.C., DART, G.A., SILVERS, G.W. The accuracy of the
death certificate in reporting cause of death in adults, with special reference to
chronic bronchitis and emphysema. American Review of Respiratory Disease
104(6):844-850, December 1971.
MORGAN, W.K.C. Industrial bronchitis. British Journal of Industrial Medicine

35(4):285-291, November 1978.

MORGAN, W.K.C. Coal workers pneumoconiosis. In: Morgan, W.K.C., Seaton, A.
(eds.). Occupational Lung Diseases. 2d ed. Philadelphia, W.B. Saunders Co., 1984a,
pp. 377-448.
MORGAN, W.K.C. Industrial bronchitis and other nonspecific conditions affecting the

airways. In: Morgan, W.K.C., Seaton, A.(eds.). Occupational Lung Diseases. 2d ed.
Philadelphia, W.B. Saunders Co., 1984b, pp. 521-540.

MORGAN, W.K.C., BURGESS, D.B., JACOBSON, G., O'BRIEN, RJ., PENDER-

GRASS, E.P., REGER, R.B.,, SHOUB, E.P. The prevalence of coal workers
pneumoconiosis in U.S. coal miners. Archives of Environmental Health 27(4):221226, October 1973.
MORRING, K.L., ATTFIELD, M. Dust Concentrations and Prevalence of Pneumoco-

niosis in the United States and Great Britain: A Re-Examination and Comparison

of Data Prior to 1970. Paper presented at the Coal Mine Dust Conference,

Morgantown, West Virginia, October 8-10, 1984.
MUELLER, R.E., KEBLE, D.L., PLUMMER, J., WALKER, S.H. The prevalence of
chronic bronchitis, chronic airway obstruction, and respiratory symptoms ina
Colorado city. American Review of Respiratory Disease 103(2):209-228, February
1971.

MURPHY, R.L.H., Jr., GAENSLER, E.A., FERRIS, B.G., FITZGERALD, M., SOLLIDAY, N., MORRISEY, W. Diagnosis of asbestosis : Observations from a longitudinal survey of shipyard pipe coverers. American Journal of Medicine 65(3):488-498,
September 1978.

MURPHY, R.L.H., Jr, GAENSLER, E.A., HOLFORD, S.K., DEL BONO, E.A.,
EPLER, G. Crackles in the early detection of asbestosis. American Review of
Respiratory Disease 129(3):375-379, March 1984.
MUSK, A.W., PETERS, J.M., WEGMAN, D.H. Lungfunction in fire fighters: II. A five

year follow-up of retirees. American Journal of Public Health 67(7):630-633, July
1977.
NATIONAL CENTER FOR HEALTHSTATISTICS.Mortality. Vital Statistics of the
United States, 1970, Vol. 2, Part A. U.S. Department of Health, Education, and

Welfare, Public Health Service, National Center for Health Statistics, DHEW Pub.

No. (HRA)75-1101, 1974, 648 pp.

175

of
Assigned Share for Radiation as a Cause
NATIONAL RESEARCH COUNCIL.
tion.
Causa
of
s
ilitie
Probab
ning
Assig
s
Table
Cancer: Reviewof Radioepidemiologic
Board on Radiation
ssion on Life Sciences,
National Research Council, Commi
s, Washingttee on Radioepidemiologic Table
Commi
ight
Overs
rch,
Resea
s
Effect
1984, 210 pp.
ton, D.C., National Academy Press,

G, M.O.,
N, L., FISHMAN, E.L., KJELSBER
NEATON, J.D., BROSTE, S., COHE
trial (MRFIT): VII. A
on
venti
inter
factor
risk
ple
multi

SCHOENBERGER, J. The
s. Preventive
es between the two study group
comparison of risk factor chang

Medicine 10(4):519-543, July 1981.
the
., RICE, D.B. Pathologic changes in
NIEWOEHNER,D.E., KLEINERMAN,J
ine
Medic
of
al
Journ
and
Engl
New
rs.
smoke
peripheral airways of young cigarette
291(15):755-758, October 10, 1974.
rison of
SEXTON, M., BROSTE, S.K. Compa
OCKENE, J.K., HYMOWITZ, N.,
multiple risk factor

e among smokers in the
patterns of smoking behavior chang
1982.
Medicine 11(6):621-638, November
ntive
Preve
T).
(MRFI
trial
intervention
of bronchitis
ip
ionsh
Relat
Jr.
M.H.,
,
IAMS
WILL
PARK, S.S., JANIS, M., SHIM, C.S.,
of Respiratory
nary function. American Review
and emphysema to altered pulmo
.
1970
Disease 102(6):927-936, December
HAMMOND, §.K.

N, L., WRIGHT, W.E.,
PETERS, J.M., SMITH, T.J., BERNSTEI
British Journal
in silicon carbide manufacturing.
Pulmonary effects of exposures

February 1984.
of Industrial Medicine 41(1):109-115,

nonexposed
Prevalence of chest symptoms in
PETERSEN, M., CASTELLAN, RM.
May 1984.
of Occupational Medicine 26(5):367-374,

blue-collar workers. Journal
rsity of
Trans. by W.C. Wright. Chicago, Unive
RAMAZZINI, B. Diseases of Workers.
Artificum. Geneva, 1713.)

shed as De Morbis
Chicago Press, 1940. (Originally publi
Medicine
lung disease. Western Journal of
e
uctiv
obstr
ic
Chron
RANK, P., BAL, D.G.
141(3):404-405, September 1984.
tive
M.L. Subjective assessment and objec
REGAN, G.M., TAGG, B., THOMSON,
1967.
11,
h
Marc
,
0-532
9):53
1(748
t
measurementoffinger clubbing. Lance
interaction.
§., WALKER, A.M. Concepts of
ROTHMAN, KJ. GREENLAND,
1980.
er
Octob
-470,
):467
112(4
American Journal of Epidemiology
DAVIS, J.M.G.,

MAN, J.S., COLLINGS,P.,
RUCKLEY, V.A., FERNIE, J.M., CHAP
A. Comparison of radiographic appearDOUGLAS, A.N., LAMB, D.. SEATON,
group of coalworkers.

lung dust content in a
ances with associated pathology and
41(4):459-467, November 1984.
ine
Medic
trial
Indus
of
al
British Journ
gic perspective on respiratory symptoms
miolo
epide
SAMET, J.M. A historical and
mber 1978.
of Epidemiology 108(6):435-446, Dece
questionnaires. American Journal
gism

, E.A., ROSNER, B. Absence of syner
SAMET, J.M., EPLER, G.R., GAENSLER
American
cigarette smoking in asbestosis.
between exposure to asbestos and
1979.
July
,
:75-82
Reviewof Respiratory Disease 120(1)
RespiraRD, C.A., KEY, C.R.. PATHAK, D.R.
SAMET, J.M., SCHRAG, S.D., HOWA
ispanic

ation sample of Hispanic and non-H
tory disease in a New Mexico popul
1982.
y Disease 125(2):152-157, February
rator
Respi
of
w
whites. American Revie
EPLER, G.R.,

AN, M.V., HUMBLE, C.G.,
SAMET, J.M., YOUNG, R.A., MORG
Mexico
respiratory abnormalities in New
of
y
surve
lence

McLOUD, T.C. Preva
A6(2):361-370, February 1984.
uranium miners. Health Physics
Epidemiology
gism. American Journal of
syner
SARACCI, R. Interaction and

er 1980.

112(4):465-466, Octob
tar content and
SPEIZER, F.E. Effect of cigarette
SCHENKER, M.B., SAMET. J.M.,
w of RespiraRevie
can
Ameri
n.
toms in wome
smoking habits on respiratory symp
1982.
tory Disease 125(6):684-690, June
Seaton, A. (eds.).
diseases. In: Morgan, W.KC.,
SEATON, A. Asbestos-related
Co., 1984a, pp.
ers
Saund
W.B.
ia,
delph
Phila
ed.
Occupational Lung Diseases. 2d
323-376.
176

al Lung
SEATON, A. Silicosis. In: Morgan, W.K.C., Seaton, A. (eds.). Occupation
Diseases. 2d ed. Philadelphia, W.B. Saunders Co., 1984b, pp. 250-294.

SHNEERSON, J.M. Digital clubbing and hypertrophic osteoarthropathy: The underlying mechanisms. British Journal of Diseases of the Chest 75(2):113-131, 1981.

miners and
SOUTAR, C.A., MACLAREN, W. A follow-up study of pneumoconiosis in

ex-miners. (abstract). Thorax 37(10):780-781, October 1982.

t.
STERLING, T.D., WEINKAM, J.J. Smoking characteristics by type of employmen

Journal of Occupational Medicine 18(11):743-754, November 1976.

and
THERIAULT, G.P., PETERS, J.M., JOHNSON, W.M. Pulmonary function
tal
roentgenographic changes in granite dust exposure. Archives of Environmen
Health 28(1):23-27, January 1974.
Journal
TODD, G.F. Cigarette consumption per adult of each sex in various countries.
of Epidemiology and Community Health 32(4}:289-293, December 1978.
TOWNSEND, M.C., BELK, H.D. Development of a standardized pulmonary function
61,
evaluation program in industry. Journal of Occupational Medicine 26(9):657-6
September 1984.

U.S. DEPARTMENT CF HEALTH, EDUCATION, AND WELFARE. Mortality. Vital

Statistics of the United Sta.es, 1960. Vol. 2, Part A. U.S. Department of Health,

Education, and Welfare, Public Health Service, National Center for Health
Statistics, 1963.

U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE.International

Classification of Diseases: Adapted for Use in the United States. 8th rev. Vol. 2.
U.S. Department of Health Education, and Welfare, Public Health Service,

National Center for Health Statistics, PHS Pub. No. 1693, 1968, 671 pp.
U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE. Proceedings,

First NHLBI Epidemiology Workshop. Washington, D.cC., U.S. GovernmentPrinting Office, 1971.

U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE. Vital Statistics:
Instructions for Classifying the Underlying Cause of Death, 1979. U.S. Department
of Health, Education, and Welfare, Public Health Service, National Center for
Health Statistics, September 1978, 96 pp.
U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE. Disability
Evaluation Under Social Security: A Handbook for Physicians. U.S. Department of
Health, Education, and Welfare, Social Security Administration, DHEWPub. No.

(SSA)79-10089, 1979a, pp. 23-27.
U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE. Smoking and
Health: A Report of the Surgeon General. U.S. Department of Health, Education,

and Welfare, Public Health Service, Office of the Assistant Secretary for Health,
Office on Smoking and Health, DHEW Pub. No. (PHS)79-50066, 1979b, 1,136 pp.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES. Characteristics of
Social Security Disability Insurance Beneficiaries. U.S. Department of Health and
Human Services, Social Security Administration, Office of Policy, Office of
Research, Statistics, and International Policy, SSA Pub. No. 13-11947, November

1983, 187 pp.
U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES. The Health Conse-

quences of Smoking: Chronic Obstructive Lung Disease. A Report of the Surgeon
General. U.S. Department of Health and Human Services, Public Health Service,
Office of the Assistant Secretary for Health, Office on Smoking and Health, DHHS

Pub. No. (PHS)84 50205, 1984, 568 pp.

U.S. DEPARTMENT OF LABOR. Occupational Injuries and Illnesses in the United
States by Industry, 1982. Bulletin 2196. U.S. Department of Labor, Bureau of Labor
Statistics. Washington, D.C., U.S. Government Printing Office, April 1984, 52 pp.

177

ON GOVERNMENT OPERAU.S. HOUSE OF REPRESENTATIVES COMMITTEE
nted, Unreliable, and Seventy
TIONS. Occupational Illness Data Collection: Fragme
House of Representatives,
U.S.
lance.
Surveil
Years Behind Communicable Disease
24 pp.
1984,
5,
r
Octobe
,
98-1144
No.
Report
98th Congress, House

iary transport. American Review of
WANNER, A. Clinical aspects of mucocil
Respiratory Disease 116(1):73-125, July 1977.

,K.G., KIM, C.S. Variability of
WANNER,A., BRODNAN, J.M., PEREZ, J., HENKE
normal subjects: Role of deposition.
airway responsiveness to histamine aerosol in
-7, January 1985.
American Review of Respiratory Disease 131(1):3
eporting of cigarette consumption.
WARNER, K.E. Possible increases in the underr
73(362):314-318, June 1978.
tion
Associa
ical
Journal of the American Statist

ogy in health and disease. American
WASSERMAN, K., WHIPP, B.J. Exercise physiol
August 1975.
Review ofRespiratory Disease 112(2):219-249,
MEYER,H.W., III, SHARON,
GLIND
Y.Y.,
WEILL, H., HUGHES, J.M., HAMMAD,

s exposed to man-made vitreous
G., JONES, R.N. Respiratory health in worker

164-112. July 1983.
fibers. American Review of Respiratory Disease 128(1):

§.T Clinical significance of pulmoWEINBERGER, S.E., JOHNSON, T.S., WEISS,

single-breath diffusing capacity.
nary function tests: Use and interpretation of the
Chest 78(3):483-488, September 1980.
ary fibrosis. Archives of EnvironWEISS, W. Cigarette smoking and diffuse pulmon
mental Health 14(4):564-568, April 1967.

ary fibrosis. American Review of
WEISS, W. Cigarette smoking and diffuse pulmon
Respiratory Disease 99(1):67-72, January 1969.
irregular opacities. American Review
WEISS, W. Cigarette smoke, asbestos, and small
1984.
August
,
293-301
of Respiratory Disease 130(2):

disease among asbestos workers in
WEISS, W., THEODOS,P.A. Pleuropulmonary
ne
of exposure. Journal of Occupational Medici
relation to smoking and type

20(5):341-345, May 1978.
of the healthy worker effect: A critical
WEN, C-P., TSAI, 5.P., GIBSON, R.L. Anatomy
83-289, April 1983.
review. Journal of Occupational Medicine 25(4):2

and injury data in the U.S.: Can this
WHORTON, M.D. Accurate occupational illness

l of Public Health 73(9):1031enigmatic problem ever be solved? American Journa
1032, September 1983.

J.R., LOKE, J. Exercise testing in
WIEDEMANN, ELP., GEE, J.B.L., BALMES,
Medicine. 5(1):157-171, March 1984.
Chest
in
occupational lung diseases. Clinics
the International Statistical Classiof
l
Manua
ON.
IZATI
WORLD HEALTH ORGAN
Vol. 1. Geneva, World Health
fication of Diseases, Injuries, and Causes of Death.
Organization, 1977, 773 pp.

178

CHAPTER 5
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Introduction

Occupational bronchitis is defined as the occurrence of bronchitis
caused by worksite chemical or physical agents, whether encountered as gases, fumes, vapors, or dusts. Having derived from a
crowded field of overlapping and confusing terms, the term occupational bronchitis has inherited a certain inexactitude and has been
applied with ambiguity. To complicate the issues further, some
industrial substances that cause bronchitis also frequently cause
other lung diseases, especially the pneumoconioses and asthma,the
symptoms of which may mimic those of occupational bronchitis.

Studies of these occupational lung diseases have not alwaysdifferentiated clearly between the development of bronchitis and the

development of other lung disorders. Hence, this review begins by
briefly applying the customary distinctions in terminology to the
area of occupationally derived bronchitis.

Whether caused by cigarette smoking, industrial agents, or

otherwise, chronic simple bronchitis denotes the presence of
persistent cough with phlegm production not attributable to a
specific pulmonary disease such as bronchiectasis or tuberculosis

(Ciba 1959; American Thoracic Society 1962). The operational definition of this form of bronchitis provided by consensus groups of
American and British investigators 20 years ago has been widely
used in industrial and nonindustrial studies: cough and sputum

production on most days for at least 3 months annually for 2
consecutive years (Ciba 1959). Fletcher and coworkers (1976) subse-

quently demonstrated that this hypersecretory disorder among
cigarette smokers can occur independentof airway obstruction and

does not of itself lead to an obstructive disorder. Brinkman and
colleagues (1972) confirmed these findings in an occupationalsetting

in a more abbreviated study. Mucus production causes morbidity in
that it may lead to increased pulmonary infections, but it does not
cause significant dyspnea or potentially disabling obstructive dis-

ease.
Chronic obstructive bronchitis

often included in the generic

term chronic obstructive pulmonary disease (COPD), is defined by
the presence of airflow obstruction as measured in most occupational
studies by the reduction in the ratio of forced expiratory volume in 1

second to forced vital capacity (FEV,/FVC). More recently, flow
rates at low lung volumes obtained from the same forced expiratory

maneuverhavebeen usedto detect dysfunction of the small airways.
In contrast to the mere production of cough and phlegm, the

presence of obstruction may have important impact on morbidity
and mortality (Fletcher et al. 1976). This subject is reviewed more
fully elsewhere in this Report.

The term occupational bronchitis has been used moreoften to

refer to simple bronchitis than to the airflow obstructive disorder
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simple bronchitis; 16.6 percent of the nonminers who smoked and
25.5 percent of the ex-miners who smoked had chronic bronchitis.
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Saric and Palaic (1971)
342 control workers of similar socioeconomic status without occupational exposure to dusts, and found thatcigarette smoking and coal
dust exposure were multiplicative in the production of chronic
simple bronchitis. Of the miners who smoked, 32 percent reported
of
chronic cough and phlegm production, compared with 10 percent
2
and
miners,
king
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the
of
percent
8
the controls who smoked,
chronic
of
rates
the
,
However
.
controls
percent of the nonsmoking
simple bronchitis for each exposure subgroup, except the workers
who smoked, were below other published rates.
Increasing coal dust exposure increased the prevalence of chronic
simple bronchitis in both smokers and nonsmokers in the studies by
Kibelstis and colleagues (1973) and Rae and colleagues (1971).
Neither study included groups not exposed to coal dust. Both studies
reported a larger effect of cigarette smoking than of coal dust
exposure in causing chronic simple bronchitis, but did demonstrate a
substantial coal dust exposure effect. One-third to one-half of the
nonsmoking American coal miners over the age of 50 reported
chronic cough and phlegm production (Kibelstis et al. 1973). Somewhat lower proportions (20 to 40 percent)of the nonsmoking British
coal miners with the highest levels of dust exposure suffered
symptomsof chronic cough and phlegm production (Raeet al. 1971).
In summary, coal dust exposure causes chronic simple bronchitis
independentof cigarette smoking. Although theeffects are additive,

the effect of smoking is somewhatgreater thantheeffect of coal dust
exposure in producing symptomsofchronic bronchitis.
Silica

Early studies showed no relationship between silica exposure and
chronic cough and phlegm production. In 1959, Higgins and colleagues (1959) found no increase in chronic simple bronchitis in
British foundry workers and former foundry workers, regardless of
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Cement

A cross-sectional survey of 847 cement workers and 460 controls

not exposed to occupational hazards found that 19.0 percent of the
cement workers had chronic simple bronchitis, compared with 9.62

percent of the control group, using the Medical Research Council
(MRC)(British Medical Journal 1966) criteria for bronchitis (Kalacic
1973a, b, 1974). However, the study group had more current smokers
and was somewhat older than the control group (Kalacic 1973a). The
nonsmoking cement workers had significantly more chronic simple
bronchitis than the nonsmoking control subjects: 11.7 and 2.2
percent, respectively (p<.00l). The cement workers who smoked
cigarettes reported a 21.2 percent rate of chronic simple bronchitis,
twice the rate of the nonsmoking cement workers.
An investigation of the relationship between chronic bronchitis
and occupation among 14,154 persons in numerous occupations,

including 344 cement workers (Deutsche Forschungsgemeinschaft

1978), revealed a positive association between the symptoms of
chronic bronchitis and exposure to cement dust only in heavy
smokers and younger nonsmokers.
In summary, cement dust exposure may cause chronic simple
bronchitis independent of cigarette smoking. The interaction between the two exposures is likely to be additive.
Grain

Although for several decades cereal grain dust has been knownto
affect human lungs (Williams et al. 1964; Kleinfeld et al. 1968), the
nature of grain-related chronic lung disease and its relationship to
cigarette smoking has been elucidated only in recent years. Compli-

cating factors have included the variety and overlap of the lung
diseases associated with grain dust (asthma,allergic alveolitis, grain

fever, and chronic obstructive lung disease) and the multitude of
potentially toxic materials found in grain dust (various cereal grains,

fungi, mites, insects, and pesticides) (Dosmanet al. 1979).

Dosman and colleagues (1980) compared 90 lifetime nonsmoking

grain workers with 90 lifetime nonsmoking control subjects selected
randomly from a hospital service plan in the same Canadian

Province. Study subjects and controls were individually matched for

age, resulting in a mean age of 30.8 years for both groups. Using
modified MRC criteria for the diagnosis of chronic bronchitis, the
investigators found that 23.1 percent of the grain workers had cough
and phlegm production compared with 3.1 percent of the control
subjects, an eightfold difference. Among the grain workers, the rate
of chronic bronchitis rose with duration of employment from 14.3
percent of the workers with less than 5 years of employment to 35.7
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TABLE 1. Prevalence of chronic bronchitis in grain-

exposed workers and controls

Exposure group

Percent with chronic bronchitis
3.5

Nonsmoking controls

Morbidity ratio
1
47

Nonsmoking grain-exposed workers

16.5

Smok-ryg controls

25.0

71

S- noking grain-exposed workers

36.5

10.4

SOURCE: Modified from Dosmanet al. (1979).

Polyvinyl Chloride and Vinyl Chtoride

Polyvinyl chloride (PVC) and related compounds, including vinyl
chloride monomer and products of decomposition, have been implicated in asthma (Bardanaet al. 1980), lung cancer (Wagoner 1983),

and pulmonary fibrosis (Mastrangelo et al. 1979; Cordasco et al.
1980; Lilis 1980).

In a series of studies in the mid-l970s, Miller and Lilis and
colleagues (Miller et al. 1975; Lilis et al. 1976; Miller 1975, 1980)
evaluated approximately 900 active or retired polyvinyl chloride
production workers exposed to a variety of levels of PVC dust and
vinyl chloride gas in three separatefacilities. Rates of chronic cough
and phlegm production were 20.4 and 16.0 percent, respectively,
among the workersin twoof the plants, most of whom were smokers.

Nonsmokers were not analyzed separately for symptoms, and no

control group was studied. The authors (Miller et al. 1975) stated
that the prevalence of chronic simple bronchitis in PVC production
workers was similar to that found in studies of industrial and
nonindustrial populations.
Gamble and colleagues (1976) studied 327 either active or retired
PVCand vinyl chloride workers at one plant and found a smokingadjusted prevalence of chronic simple bronchitis of 2.5 percent.
Soutar and colleagues (1980) performed a cross-sectional study of
818 Scottish PVC manufacturing workers, most of whom were

actively working. Airborne dust levels were used to calculate a dust
index. The authors found no relation between dust exposure index

and prevalence of chronic cough and phlegm production.
In conclusion, the studies of the effects of PVC dust and vinyl

chloride gas have not shownanassociation with symptoms of chronic
simple bronchitis.
Welding

Welding entails a variety of methods, materials, and potentially
hazardous exposures (Challen 1974; Parkes 1982). Welders may be
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e,to
exposed to irritants such as nitrogen dioxide, ozone, and phosgen

metal fumes such as cadmium,zinc, and iron, and to dusts including
free silica and asbestos (Parkes 1982). Hence, the task of elucidating

, if
welders respiratory disorders independent of cigarette smoking
t
difficul
been
has
es
any, and tying these disorders to specific exposur
(Parkes 1982; Morgan and Seaton 1984).

In an early study, Hunnicutt and colleagues (1964) compared 100

in a
electric arc welders with over 10 years of welding experience

shipbuilding plant with 100 other workers in the same plant.
Smoking and welding had equivalent effects on rates of cough and
phlegm production and theeffects were additive.

Fogh and colleagues (1969) examined 156 welders, mostly electric

and
arc welders, and 152 control workers from shipyards and engineand
tank-producingfacilities. The groups had similar smoking habits

similar rates of chronic simple bronchitis.
Peters and colleagues (1973) compared the pulmonary status of 61

pyard.
welders, 63 pipefitters, and 61 pipecoverers from the sameshi
were
Age (mean, 50 years) and smoking habits of the three groups
No
s.
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d.
observe
differences between groups in rates of chronic cough were

In a Roumanian study (Barhad et al. 1975), 173 shipyard welders

with
were compared with 100 shipyard workers of other trades, but
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nce
differe
similar age and smoking habits, and no significant

rates of chronic simple bronchitis were observed.
Antti-Poika and colleagues (1977) investigated symptomsin 157

control
electric arc welders without siderosis on chest x ray and 108
, and
smoking
age,
workers from engineering shops, matched for
were
s
worker
social class. The study workers and the control

relatively young, with mean agesof 36.1 and 36.8 years, respectively.

was
Under the modified MRCcriteria, chronic simple bronchitis
the
of
percent
14
reported in 24 percent of the welders versus
d
analyze
not
were
controls (p<.01). Nonsmokers and smokers
separately.

Oxhoj and colleagues (1979) studied 119 electric arc welders and 90

ing
clerks from a shipyard. The nonsmoking welders and the ex-smok
than
ration
expecto
and
welders had higher rates of chronic cough
The
the comparable controls (31 and 11 percent, respectively).
(77
ms
sympto
of
rates
welders who smoked experienced the highest

percent) compared with the controls who smoked (43 percent).

ent
Hence, smoking and welding had an approximately equival

ability to produce chronic simple bronchitis and the effects were
additive.

to
In conclusion, chronic simple bronchitis has been related
d.
reviewe
studies
the
of
some
in
welding apart from smoking habits

Smoking and welding have produced additive rates of respiratory
symptomsin those studies that have shownaneffect.
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Sulfur Dioxide

Archer and Gillam (1978) compared 953 copper smelter workers
and 252 control workers drawn from a nearby copper mine maintenance shop. With the smokers and nonsmokers combined, symptoms
of chronic simple bronchitis were noted in 15.8 percent of the smelter
workers compared with 9.5 percent of the control workers (p< .05);

the smelter workers smoked slightly more than the control workers.

Smoking was more important than the sulfur dioxide exposure in
causing symptoms of cough and phlegm production, and the effects
of the two factors appeared to be additive.
Other Exposures

Rubber curing workers had a 25.8 percent rate of chronic cough
and phlegm production versus 14.3 percent for the controls (p<.01)
(Fine and Peters 1976). The difference between nonsmokers was not
significant (5.9 and 12.0 percent in controls and workers, respectively). However, the difference between smokers was significant (17.4
and 29.2 percent in controls and curing workers, respectively;
p=.08).
In a comparison of 312 coke ovensmen with 464 other coke

workers of similar ages (Walker et al. 1971), chronic simple

bronchitis was reported in 32 percent of the smoking ovensmen
versus 23 percent of the other coke workers who smoked (p< .02).
Among the nonsmokers, 9 percent of the ovensmen noted these
symptoms compared with 6 percent of the other coke workers, an
insignificant difference. Hence, coke oven exposure potentiated the
bronchitic effect of smoking.

Summary and Conclusions
1. Chronic simple bronchitis has been associated with occupation-

al exposures in both nonsmoking exposed workers and populations 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 expectoration. Smoking has commonly been demonstrated to be the more
important factor in producing these symptoms.
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introduction
Cigarette smoke and asbestos are agents with well-documented

risks associated with exposure. Large numbers of individuals have

had exposureto either or both of these agents sufficient to generate
significant excess death and disability. The focus of this review is the.
effects of combined exposure to asbestos and cigarette smoke. The
literature that establishes the causal nature of the risks associated

with each of these exposures and the nature and extent of the
disease that can occur is extensive, and has been reviewed in detail

elsewhere (US PHS 1964; US DHEW 1979; US DHHS 1980, 1981,

1982, 1983, 1984; Selikoff and Lee 1978; Ontario, Royal Commission
1984; NRC 1984). However, populations with asbestos exposure
commonly have coincident cigarette smoke exposure, and the
magnitude of the risk of lung cancer and chronic lung injury
produced by smoking necessitates a careful examination of the

smoking habits of asbestos-exposed workers in order to define the

risks of isolated and combined exposures.
A numberof conditions or diseases known to be associated with
smoking, asbestos, or both, including mesothelioma, heart disease,
pleural plaques, adverse reproductive outcomes, and cancers other
than lung, are not discussed here; the focus of this chapter is lung
cancer and chronic lung disease, the disease processes for which the
largest amount of data on the effects of combined exposure is
available.
Asbestos-Exposed Populations
Some exposure to both cigarette smoke and asbestos appears to be
an inescapable consequenceofliving in the urban U.S. environment.
The relatively omnipresent nature of cigarette smoking as a social
phenomenon makesatleast incidental exposure to cigarette smoke a
universal experience, and the digestion of lung tissue from individuals with no known asbestos exposure commonly reveals low concentrations of asbestos bodies and asbestos fibers (Churg and Warnock

1977, 1980). It is technically extremely difficult to establish the

presence or absence of an effect in populations who have had no
exposure to asbestos other than the levels in ambient air or who
have not had repetitive exposure to smoke through active or
involuntary smoking. However, it is generally accepted that these

extremely low dose exposures do not substantially alter the occurrence of lung cancer or chronic lung disease in the general

population (Ontario, Royal Commission 1984).

The same statement cannot be made for individuals with repetitive low dose or indirect exposures to either of these agents, however.
Evidence continues to accumulate that shows that nonsmoker
exposure to environmental tobacco smoke may carry with it an
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Asbestos refers to a specific group
Figure 1. Commercialuse of
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with the cells of the lung.
mechanisms whereby the fibers interact
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The asbestos minerals are classified according to structural
features into two groups, serpentine and amphibole. Chrysotile, a
serpentine (white asbestos), comprises pliable, curl: fibers that are
formed individually from fibrillar subunits. Layers of linked silica
tetrahedra alternate with layers of magnesium hydroxide octahedra
to form long, hollow, scroll-like structures. Chrysotile accounts for
approximately 95 percent of the world usage of asbestos today. The

major producers are the Soviet Union and Canada.

The amphibole types of asbestos (crocidolite, amosite, tremolite,
actinolite, and anthophyllite) are generally made up of straight,

needle-like fibers consisting of strips of silica tetrahedra linked by

one or more cations (calcium, sodium, magnesium, and iron). The

mineral names are often distinguished by adding the modifier

asbestos after the name for those minerals that may occur both as a
fiber and not as a fiber. In this text, crocidolite refers to asbestiform
richterite and amosite refers to asbestiform grunerite. In the United
States, amosite and, to a lesser extent, crocidul'te were widely used
in the past, but their commercial importance has aecreased dramatically in the last two decades (Craighead and Mossman 1982). The
amphiboles tremolite, actinolite, and anthophy!lite are minor con-

taminants of some chrysotile and industrial tale products, are

present in both asbestiform and nonabestiform types, and are not
produced for commercialuse.

The occupations and industries in which the major mortality

studies of asbestos-exposed workers have been conducted are presented in Table 1. Groups not described in this table, but for whom
there is considerable concern about substantial asbestos exposure,
include workers in the building and demolition trades and mainte-

nance workers.
The number of workers exposed to asbestos in the United States

has been variously calculated, but a detailed review by Nicholson
and colleagues (1982) estimated that 18.8 million workers have had
more than 2 months of exposure in occupations where significant

asbestos exposure may haveoccurred.

An earlier chapter of this Report documents that ave and

occupation are associated with substantial differences in s

ing

behavior. These differences would be expected to substantia. « « ter
lung cancer and chronic lung disease mortality; therefore, a careful

examination of the smokinghabits of asbestos-exposed popula... 1s is

needed in order to interpret the data on mortality and disecs~
incidence and prevalence reported in the literature. Table 2 ore 3:
the smoking habits of asbestos workers from a number of «°: -¢s of
asbestos-exposed populations. In most of the studies o: ashestosexposed populations, approximately ;0 to 80 percent of male asbestcs
workers smoked. In some subsets of workers, well over 9C percent ot
the individuals were current smokers or had smoked in the past. Li
157-964 0 - 86 - 8
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GUS

d dis:eases in various cohort studies
TABLE 1. Mortality from asbestos-relate
Asbestosis

Type of
activity
Mining

Study

Place

Fiber type

Percent
smoking

General
manufacturing

Total
deaths

Mesothelioma

(pneumoconiosis)

Lung cancer

Observed

Expected
184

SMR
125

Quebec

Chrysotile

10,939

3,291

10

42

230

Quebec

Chrysotile

544

178

1

26

28

111

252

Italy

Chrysotile

952

332

0

9

i!

10.4

106

Western
Australia
Finland

Crocidolite

6,200

526

17*

14

60

38.2

157

1,092

248

0

13

21

12.6

167

Berry and
Newhouse
(1983)
McDonald et al.
(1984)

England

Chrysotile
Crocidolite *

M 9,113
W 4,347

1,640
346

8
2

NS
NS

143°
6?

139.5
11.3

103
53

Connecticut

Chrysotile
Crocidolite *
Anthophyllite*

3,641

1,267

0

125

73

49.1

148.7

United States

Chrysotile
Crocidolite
Amosite
Chrysotile
Crocidolite
Amosite

1,075

781

5

31

63°

23.3

270.4

Henderson and
Enterline
(1979)
Newhouse and
Berry (1979)

2,887
693

545
200

46
21

NS
NS

103°
27°

43.2
3.2

238
844

McDonald et al.
(1980)
Nicholson et al.
(1979)
Rubino et al.
(1979)
Hobbe et al.
(1980)
Meurman etal.

Anthophyllite

66.7

(1974)

Friction
materials

Number in
cohort

England

81
M
Ww

TABLE 1. Continued
Type of
activity

Textiles

Study

Place

Peto et al.
(1977)
Peto (1980)

England

Dementetal.
(1982)
McDonald et al.
(1983a)
McDonald et al.
(1983b)

South
Carolina
South
Carolina
Pennsylvania

Robinson et al.

Pennsylvania

England

(1979)
Cement

products

Weill et al.

New Orleans

Finkelstein
(1983)

Scarborough

Thomas et al.

Cardiff

(1979)

(1982)
Gas mask
manufacturing

0¢

Insulation
products

Jones et al.

Fiber type
Chrysotile
Crocidolite (?)
Chrysotile
Crocidolite (?)
Chrysotile
Crocidolite
Chrysotile
Crocidolite
Chrysotile
Amosite
Crocidolite *

Percent

smoking

Number in
cohort

Total

deaths

Meso-

thelioma

Asbestosis

(pneumoconiosis)

Lung cancer
Observed

Expected

SMR

1,106

317

10

NS

514

23.8

214

679

239

7

10

40

23.3

172

62.4

768

191

1

15

26

75

348

89°

2,543

| 857

1

21

59

29.6

199.5

75°

4,137

1,392

14

74

53

50.5

105

Chrysotile

M

2,722

912

13

NS

49

36.1

136

Amosite
Crocidolite ¢

W554

128

4

NS

14

17

824

5,645

601

0

NS

51

49.2

104

535

138

19

NS

26

5.4

480

1,592

351

2

NS

28

33.0

85

Chrysotile

Crocidolite
Amosite*
Chrysotile
Crocidolite
Chrysotile

Crocidolite *
England

Crocidolite

578

166

17

NS

12

6.3

190

New Jersey

Amosite

820

528

14

30

93

22.8

408

(1980)

Seidman etal.
(1979)

OS

TABLE 1. Continued
Asbestosis

Type of
activity
Insulators

Place

Study
Newhouse and
Berry (1979)
Selikoff et al.
(1979)

England
United States
and Canada

Selikoff,

New York and

Rossiter and
Coles (1980)

England

New Jersey

Seidman etal.
(1980)

Shipyard
workers

Fiber type
Chrysotile
Amosite
Chrysotile
Amosite

Percent
smoking

82.3

Chrysotile

Numberin
cohort

Total
deaths

Mesothelioma

(pneumoconiosis)

Lung cancer

Observed

Expected
5.6

375

486

105.6

480

4)

93

13.3

699

9

84

119.7

70

1,368

83

10

NS

17,800

2,271

175

168

632

478

38

6,076

1,043

31

21°

Amosite

Chrysotile
Crocidolite
Amosite

66.8

NOTE:NS,not stated; M, men; W, women.

Includes one suspected case of mesothelioma.
ma diagnosed to January 1, 1979.
January 1, 1978. The texto f this study also noted 26 cases of mesothelio
? According to the mortality study, which was restricted to deaths before
Table.
this
of
purpose
the
for
cancertotal
lung
the
of
out
taken
but
3 Pleural mesotheliomas included in lung cancertotal given by the authors
Minimal usage.
exposure.
® Authors stated that noneof the cases wereclearly attributable to asbestos
® Male eversmokers, 1910-1919 birth cohort.
"Two cases did not meet criteria for entry into the cohort.
* Includes mesotheliomas.

SMR

and colleagues (1983) showed lower rates of smoking among shipyard
workers in South Carolina. Only 42.9 percent reported that they
were current smokers, and 24.8 percent had ceased smoking. This
decline in smoking found in the United States is not evident in
studies of asbestos workersin Great Britain.
Lung Cancer
Cigarette smoking is the major cause of lung cancer in the U.S.
population considered as a whole (US DHHS 1982). Among U.S. men
aged 50 to 70 (the group most commonly examined in occupational
mortality studies), over 10 percent of the deaths were due to lung
cancer in 1977 (McKayet al. 1982). The prevalence of smoking and
the percentage of deaths due to lung cancer vary substantially in the
studies of asbestos-exposed populations reported in the literature,
but in the largest study (Hammondet al. 1979) of heavily exposed
workers with a high smoking prevalence (82.3 percent), 21.4 percent
of the deaths were due to lung cancer.
The high incidence of lung cancer in both asbestos-exposed
workers and the U.S. population, together with the potency of
cigarette smoking in determining lung cancer risk, makes the
determination of the smoking habits of asbestos-exposed populations
essential to any evaluation of lung cancer. The prevalence of
smoking varies markedly among men born in different years of this
century, between blue-collar and white-collar workers (see the
chapter on smoking patterns), and amongthe populations of asbestos
workers studied in the literature. In particular, men born between
1910 and 1930 have a higher prevalence of smoking than men born
earlier; men born after 1930 have had lower prevalences of smoking
at any given age than the men born between 1910 and 1930. Levels

of asbestos exposure have also not been constant with time. Since the

recognition of the hazards of asbestos exposure, improved control of
asbestos dust has reduce the levels of asbestos in mines and
manufacturing plants and. more recently, in other areas where
asbestos exposure mayalso occur. These temporal trends of smoking
prevalence and asbestos dust levels result in complex relationships
between cumulative asbestos dust exposure and cumulative smoking
exposure. The oldest workers (those born before 1910) may have
higher cumulative asbestos dust exposure at any given age than

younger workers, but will have a lower smoking prevalence.
Workers born between 1910 and 1930 are likely to have both a
higher smoking prevalence and a higher cumulative asbestos

exposure at any given age than workers born after 1930. Therefore,
in many studies of currently employed asbestos workers, cumulative
asbestos exposure will be somewhat correlated with smoking prevalence, and biased estimates of dose-response relationships with
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TABLE 2. Smoking characteristics of asbestos-exposed worker
Study

Number and type
of population

Selikoff et al.
(1968)

370 union local members,
aged 45-74, New Jersey

Hammond etal.
(1979)

17,800 union local
members, New Jersey

Langlands et al.
(1971)

252 insulation workers,
Belfast

Ferris et al.

183 shipyard workers

(1971)

Murphyetal.

101 shipyard pipecoverers,

Comments

Smoking characteristics (percent)
SM/EX
76.5
SM*
54.2
Age <40 years
>40 years

NR
13
EX
22.2

NS
10.8

SM

SM

NS/EX
45.4

EX

NS

66.4

26.8

6.9

2,443 male dockyard

64.7

2.2

33.1

Harries and Lumley
(1977)

945 royal naval dockyard
workers, Great Britain

67.2

16.2

16.6

McMillan et al.
(1979)

719 royal naval shipyard
workers, Great Britain

48.7

28.7

22.7

(1971)

Harries et al.
(1972)

New England

Pipe/cigar
59

*82.9% smoked
>20 cigs/day
19% smoked
>25 cigs/day

69°
74

54.6

*Never smoked
regularly

Pipe/cigar
10.5

workers, Great Britain

TABLE 2. Continued
Study

Number and type
of population

Smoking characteristics (percent)
Asbestos-exposed workers
Nonexposed workers
General population

63.8
62.5
58.8

Kolonel et al.
(1980)

Male shipyard workers,
Hawaii

Pearle
(1982)

131 male shipyard workers

75.6

Li et al.

3,991 shipyard workers,

SM
42.9

EX

SM*
85.3

NS
14.7

(1983)
Becklake et al.
(1972)

South Carolina
Asbestos workers, Canada

Comments

NS
32.3
* Smokers = ever

smoked 1 cig/day
for >1 yr;

includes pipe
and cigar
Meurman etal.

(1973, 1974)
Liddell et al.
(1982)
Berry et al.

(1972)

L026

Meurman etal.
(1979)

1936-1967

NS
33.8

515 asbestos workers,
Quebec
SM
74.5

1,203 male asbestos

workers
Asbestos workers, Finland

*28.1% smoked
>15 cigs/day

SM*
66.7

Anthophyllite mine workers,

Cohort survivors
Deceased workers

66.7
79.8

19.5

806

TABLE 2. Continued
Study
Weill et al.
(1975)

Number and type
of population
859 asbestos cement mfg.
workers, New Orleans

Comments

Smoking characteristics (percent)
SM
51

EX

NS

26

23

22.7

216

EX

NS

and
Selikoff et al.
(1979)
Greenberg et al.

890 asbestos workers,

Weiss and Theodos

40 asbestos workers

Berry et al.

Asbestos textile factory

(1976)

84

Texas

55.7°

*22.7% smoked

>1 pack/day

(1978)

(1979)

workers, Great Britain

Selikoff, Seidman,
et al. (1980)

933 amosite asbestos
workers, examined 20 yrs.
from employment start date

Skerfving et al.

241 asbestos workers,

Weiss etal.

45 asbestos workers, aged

(1980)

(1981)

SM
69.2

13.8

W

SM
617

EX
12.1

NS
13.4

64.3

Sweden

> 40, reexamined

SM

42.2

EX

31.1

NS

26.7

Other
12.6

TABLE 2. Continued
Study
McDermott et al.
(1982)

Acheson et al.

(1984)
Berry et al.

(1985)

Number and type

Two groups of asbestos
workers, Swaziland

NOTE: SM =Smoker; EX = Ex-smoker; NS = Nonsmoker.

606

Group

SM
38

EX
10

Group

3d

4

Men
Women

74.5
49.4

NS

19

7

Amosite asbestos workers,
Great Britain
1,253 male and 423 female
asbestos factory workers

Comments

Smoking characteristics (percent)

of population

19.6
22.7

5.9
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examined the mortality experience of the 17,800 members of the
International Association of Heat and Frost Insulators and Asbestos

Workers whowerealive on January 1, 1967. This group was followed

to December 1976, and the mortality of the 12,051 workers more
than 20 years after onset of exposure was analyzed. Of this group,
smoking histories were available for 8,220, of whom 6,841 (83.2
percent) had been regular smokers at some point and 891 (10.8

percent) had never smoked regularly. Of the 891 workers who had
never smoked regularly, death certificates indicated that 4 died of
lung cancer. The expected numberof deaths was calculated from the
mortality experience of a population of blue-collar workers who had
never smoked regularly, drawn from the American Cancer Society

(ACS) prospective mortality study of 1 million men and women. The
resulting expected number of lung cancer deaths of 0.7 and the

observed numberof 4 yielded a relative risk for asbestos exposure of

5.33. When the deaths wereclassified according to the best estimate
of the cause of death from all available data, rather than from the
death certificate alone, one additional case of lung cancer was
identified in a worker who had never smoked regularly.
Selikoff, Seidman, and Hammond(1980) reported the mortality of
933 men who began working in an amosite asbestos factory between
June 1941 and December 1945. Of these men, 78 (8.4 percent) were

known to have never smoked regularly; the death certificates of 5 of

this group listed lung cancer as the cause of death. When the best
estimate of cause of death was used, only three men werebelieved to
have died of lung cancer. The expected number of deaths was 0.2,
based on the ACS mortality study. This led to a relative risk of 25
(5/0.2) for workers who had never smoked regularly.

McDonald and colleagues (1980) examined the mortality experience of Quebec asbestos miners and millers and reported a dose

response relationship between cumulative asbestos exposure and
lung cancer in nonsmokers. They compared the standardized mortal-

ity ratio (SMR) for lung cancer in miners who had never smoked,

using the mortality rates for the Province of Quebec, which are based
on both smokers and nonsmokers. The SMR increased from 0.18

among nonsmoking miners with less than 30 million particles per
cubic foot times years (mppcfey) of exposure to 0.36 in miners with 30

to 299 mppcfey of exposure and 1.24 in nonsmoking miners with
more than 300 mppcfey of exposure. There were 19 lung cancer
deaths among nonsmoking asbestos miners. These authors (McDonald et al. 1980) also performed a case-control study of the 245 miners

who had died of lung cancer. The distribution of cumulative asbestos
exposure among the 20 nonsmoking miners with lung cancer and 20

nonsmoking control miners matched for year of birth and smoking
status was examined, and therelative risk for lung cancer was found
211
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calculated from the death rates for England and Wales multiplied by
the lung cancer SMR for greater London, and an adjustment for

smoking status was madeusing the data from the mortality study of

British physicians. Observed and expected numbers of lung cancer

deaths by smoking status and level of asbestos exposure are

presented in Table 4. One lung cancer death occurred among the
men who had never smoked (0.1 expected) and three lung cancer
deaths occurred among the nonsmoking women(0.2 expected).
Meurman andcolleagues (1979) reported 1 lung cancer death (of 23
total lung cancer deaths), a nonsmoking male anthophyllite miner.
Acheson and colleagues (1984) also reported 1 death from lung
cancer among the nonsmokers employed in an amosite manufacturing factory, with an expected numberof 1.1. However, the expected
number was calculated from age-specific population rates that
included both smokers and nonsmokers rather than from the rates
for a population of nonsmokers. Each of these studies supports an
increased risk for lung cancer in nonsmoking asbestos workers, but
the conclusions are based on a single death in a population.
In summary, the evidence that asbestos exposure results in an

increased lung cancer risk in the absence of cigarette smoking is
based on a small numberof cases, but has been confirmedin several
different populations of asbestos workers. The high smoking prevalence in asbestos workers introducesthe possibility that environmental tobacco smoke may increase the risk of lung cancer among the
nonsmokers, particularly if the synergism demonstrated between
active smoking and asbestos exposure pertains to environmental
tobacco smoke as well. In spite of these concerns, the available

evidence supports the conclusion that nonsmokers with substantial

occupational asbestos exposure are at increased risk of developing
lung cancer and that the risk increases with increasing cumulative
asbestos exposure.

Lung Cancer in Cigarette-Smoking Asbestos Workers
Therisk of lung cancerin cigarette smokers has been examined in
a numberof asbestos-exposed populations, and the increased risk of
lung cancer in smokers, coupled with the high prevalence of smoking
in many of these populations, has generated substantial numbers of
lung cancer deaths for analysis. These populationsdiffer in smoking

habits, type of asbestos and duration and intensity of exposure, type
of activity that resulted in exposure, and duration of the followup of
the population.
A number of authors have compared the lung cancer rates in
asbestos-exposed populations with the rates in control populations
(Table 1). This approach can establish an excess mortality in a
population, but may not identify the causes of that excess. To
establish a causal link between an exposure and lung cancer, specific
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TABLE 3. Comparison of number of observed and expected deaths from cancers of the lung
Smoking habits on
January 1, 1960

Number
of
subjects

Subject-years
at risk
(adjusted)

Observed deaths
(all causes)

Observed lung
cancer deaths
(ICD 162, 163)

Adjusted observed
lung cancer
deaths

Expected lung
cancer deaths

Men
Low/moderate asbestos exposure
Never smoked
Ex-smokers
Smokers
Not known

Severe asbestos exposure
Never smoked
Ex-smokers
Smokers
Not known

44
38
509

376
335
4,423

2
1
32

219

2,122

20

41
39
663

399
415
6,920

11
3
82

281

2,722

0
0
8(2)'
0

0
2
32(5)

0
0
46

0.0
0.1
6.2

3.4

2.0

0
16
25.5

0.0
0.2
9.9

29

4

10.9

8

0

0

24

Women
Low/moderate asbestos exposure
Never smoked
Smokers

Not known

Severe asbestos exposure
Never smoked
Smokers
Not known

25

271
577

19

195

0

120
292
157

1,404
3,474
1,547

23
52
9

1 Figures in parentheses indicate numberof pleuralmesotheliomas.
SOURCE: Berry etal. (1972).

6

45

1

0
21)
18(4)
0

1

0.0
03

0

0.1

17
15.5
28

0.2
14
0.4

TABLE 4. Observed and expected deaths from cancer of the lung during 1971-1980
Lung cancer deaths

Smoking habits in 1971

Number of subjects

Subject-years at risk

Total deaths

Observed

Expected!

Men
Low/moderate asbestos exposure
Never smoked
Ex-smokers

Smokers

45

396

6

1

123

1,092

18

3

441

3,557

0.10
1.07

84

17

11.29

0.06

Severe asbestos exposure
Never smoked
Ex-smokers

Smokers

29

273

2

0

123

1,003

38

8

1.25

522

4,394

135

35

14.63

Never smoked

7

128

5

0

0.04

Ex-smokers

12

27

93

220

3

4

0

0

0.09

Never smoked
Ex-smokers

101
84

799
659

26
24

3
2

0.20
0.50

Smokers

182

1,413

52

10

2.02

Women
Low/moderate asbestos exposure

Smokers

0.32

Severe asbestos exposure

GTé

Calculated after allowing forthe effect of smoking, sex, age, period, and region.
SOURCE:Berry et al. (1985).
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individual risks for cigarette smoking and asbestos exposure separately, and is quite close to the product of the separate mortality
ratios (5.17 and 10.85) together.
Accurate data on the intensity of asbestos exposure for individual
workers (dose} were not available for this group of insulation
workers, ad so an asbestos dose-response relationship was not
examinea. Dosage data were available for cigarette smokers in this
population, however, and the ratio of observed to expected lung
cancer deaths (with the expected deaths calculated from the rates in
nonsmoking non-asbestos-exposed controls) increased from 5.33 in
asbestos workers who never smoked regularly to 7.02 in pipe and
cigar smokers, 36.56 in ex-smokers, 50.82 in smokers of fewer than

20 cigarettes per day, and 87.36 in asbestos workers who smoked one

pack or moreper day.

Interaction between smoking and asbestos exposure in the development of lung cancer has also been explored in other populations.
In some studies the numbers have been too small to clearly
differentiate between an additive and a multiplicative effect with
combined exposure; however, the data have been consistent with an
effect that is at least more than additive. This interaction of
cigarette smoking and asbestos exposure has been demonstrated in
asbestos factory workers (Berry et al. 1972, 1985), Quebec miners and
millers (McDonald et al. 1980; Liddell et al. 1984), amosite asbestos
factory workers (Sc:ikoff, Seidman, and Hammond 1980) and Finnish anthophyllite miners and millers (Meurmanetal. 1979).
A dose-response relationship between cigarette smoking and lung
cancer in the general population has been readily demonstrated in a
numberof prospective mortality studies (US DHHS 1982); however,
dose-response relationships for asbestos exposure and lung cancer
have been moredifficult to establish. The carcinogenicity of asbestos

may vary with the type of asbestos, and possibly with the length or

diameter of the fiber. There are also potential differences in the
carcinogenic risk associated with the different stages and processes
of converting asbestos from the raw mineral in the mine into a
finished manufactured product. As a result, it is difficult to classify
the asbestos exposure of different study populations with a single
measurement that quantifies the carcinogenic dose. Even if such a

scale were agreed upon, actual measurementsof asbestos dust levels
in the work environment are often not available. Measures of dust

exposures for individual workers are even less frequently available.
The quantification of asbestos dust exposure has frequently used
estimates of likely exposures based on work conditions and job
classification, rather than actual measurements of asbestos dust in
the air, because of the absence of these measurements for most
workers. This lack of information has been particularly problematic
for workers employed more than 20 years ago, a group now at high
217

90
L

87.36

a

ONY
60
53.24

_

gs

40

AnZ
4

/

Ui

Y

WY

GYY
Y

Wy

eY
y
Z
Y}

YUy
Y
Uy
VY
4

e
2:

YyeY

gf
5

Tc

y

o

2b

10.85

ob
5.17

7

es

GY

Wy

47p

Uy

Y
Y
WY
Yi

Uy}
ZY
yy
Uy

y

VY7

y

Lo

None ee notexposed Smee stpack/aty)
workers

dying of lung cancer for
FIGURE 2. Relative risk of
estos workers
smoking and nousmoking asb
g control group
and smoking and nonsmokin
members
SOURCE: Hammond etal. (1979).

expoFinally, cumulative asbestos
risk of developing lung cancer.
y
e smoking exposure are generall

sure, age, and cumulative cigarett
218

correlated. Older employees worked underconditions of much higher

asbestos exposure than their younger counterparts, and these same
older cohorts probably also had higher prevalences of cigarette
smoking, as described in the chapter on smoking patterns by
occupation. Confounding between cumulative asbestos exposure and
cumulative cigarette smoke exposure may result when dose-response relationships between cumulative asbestos exposure and lung
cancer are examined without a control for differences in smoking
habits amongthe different asbestos exposure groups.
Berry and colleagues (1972) examined dose-responserelationships
in a population of 1,300 male and 480 female asbestos factory
workers in Great Britain. Workers were categorized as having low to
moderate asbestos exposure or severe asbestos exposure, and the
expected number of lung cancer deaths was calculated from standardized mortality rates for lung cancer for the greater Londonarea.
An adjustment for cigarette smoking status, derived from the
mortality study of British physicians by Doll and Hill (1964), was
used to estimate rates for smokers and nonsmokers. Theresults are

presented in Table 3. The small numberof lung cancer deaths makes

interpretation somewhatdifficult, but it appears that the increased
lung cancer death rate is limited to smokers with severe asbestos

exposure.

McDonald and colleagues (1980) examined Quebec miners and
presented evidence for a dose-response relationship between cumulative asbestos exposure and lung cancerrisk in the smoking miners.
They compared the lung cancer mortality rates in the Quebec miners

with the mortality rates for the Province of Quebec. Table 5 shows
the SMRs for lung cancer in minersby level of cumulative asbestos

exposure and smoking habits. Heavy smokers consistently had
higher SMRs than moderate smokersat the samelevel of cumulative
asbestos exposure, and the SMRsincreased with increasing cumulative exposure to asbestos in each of the smoking categories. Using
the same population of miners, these authors conducted a case
control study of 245 lung cancer victims and a similar numberof
control miners matched for smoking habits and year of birth. The
distribution of cumulative asbestos dust exposure was examined, and
the results in cigarette smoking miners showed an increase in

relative risk with increasing cumulative exposure. Therelative risk
of cigarette smokers in the lowest exposure category (< 30 mppcfey)

was set at 1.0, and the relative risk increased to 1.12 at 30 to 300
mppcfey of exposure, 1.58 at 300 to 1,000 mppcfey, and 1.99 at
> 1,000 mppcfey of exposure.
A more quantitative description of the smoking habits of the same
Quebec miners was provided by Liddell and colleagues (1984). Their
data are presented in Table 6. The dust exposure measurements
were made as particles per cubic foot with midget impingers, and
219

relation to dust
TABLE 5. Deaths from lung cancer in
exposure and smoking habit

Dust exposure (mppefey! accumulated to age 45

Smoking habit

0

SMR

0

SMR

All

> 300

30-299

«30

0

SMR

0

SMR

5

0.18

6

0.36

8

1.24

19

0.38

Moderate smokers

73

1.14

64

1.35

52

2.31

189

141

Heavy smokers

13

2.12

11

2.39

10

4.50

34

2.63

All smoking habits

91

0.93

81

1.18

70

2.25

242

1.23

Nonsmokers

SOURCE: Liddell et al. 1984)

the basis of the work
individual exposures were calculated on
dust counts in the work
histories and the measurements of impinger

counts were then
environment between 1949 and 1966. These
twenty-three cases of
converted to fibers per mL. Two hundred and
to 715 controls born in the
lung cancer were identified and matched

cted. As is shown in
sameyear, and a case-control analysis was condu

cancer increases with
Table 6, the relative risk of developing lung

of the cumulative
increasing asbestos exposure category for each
n

sts that the interactio
pack-year categories. The analysis also sugge
exposure is greater than
between cigarette smoking and asbestos
additive.
question of a doseThus the studies that have examined the

lung cancer in the
response relationship for asbestos exposure and
have shown an
ing
face of an adequate control for cigarette smok

exposure increases. This
increasing risk of lung cancer as asbestos
asbestos exposure and
suggests that a dose-response relationship for
ined by differences in
lung cancer does exist, and that it is not expla
smoking habits.
Threshold

exposure exists below
The question whether a level of asbestos
sedrisk of lung cancer
which an exposuredoesnot result in an increa
difficult to answer and
is one that is both technically extremely
olicy with regard to
extremely important to those required to makep
nogenesis and host
carci
of
asbestos exposure. Current understanding

iently to allow either
defenses against cancer are not advanced suffic
e

It is commonpractic
the acceptance or the rejection of a threshold.
of a carcinogen and
dose
the
to assumea linear relationship between
the dose-response
t
etha
assum
to
the development of carcinoma, and
r nonthreshold
linea
The
hold.
thres
relationship does not have a
r exposures
highe
for
ned
obtai
data
of
model allows the extrapolation
220

TABLE 6. 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
fimby
High and
Pack-years'
Number of cases

0

All

»< 100)

{+ 1.000)

6

7

very high
(> 1,000:
10

37
0.87

All
23

201
0.37

61
0.37

29

27

0.76

0.93

173

40

35

35

Relative risk

1.10

1.42

2.88

1.50

Number of cases
Number of referents
Relative risk

75
343
0.70

69
233
0.95

79
139
1.82

223
715
1.00

Number of cases

Number of referents
Relative risk

>40

Medium

103
0.19

Number of referents
Relative risk

1. « 40

Low

Number of cases

Number of referents

123

117

93

79

34

63

39

90

279
1.03
110

235

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

to the very low exposures. This extrapolation is substituted for the
examination of the very large populations that would have to be

examined in order to demonstrate the small expected excess risk
with low dose exposure. Such models are particularly attractive for

exposures for which human epidemiologic data are limited or absent.
As discussed earlier, however, minimal exposure to cigarette smoke

and asbestos is probably a nearly universal experience in urbanized

society. Because of the large population exposed, more careful
examination of the available evidence on the risks of these exposures
is necessary.
The numberof cigarettes smoked per day by an individual is a

readily available measureof the dose of smoke exposure in the active

cigarette smoker; therefore, it has been possible to examinerelatively completely the dose-response relationship for cigarette smoking
and lung cancer. Thereis a consistent increased risk for lung cancer
among smokers in the lowest category of number of cigarettes
smoked per day in the major prospective mortality studies on
smoking (US DHHS 1982). In the study of U.S. veterans (Kahn 1966),
a relative risk for lung cancer of 3.77 was demonstrated in those who
smoked only occasionally compared with those who had never

smoked regularly (the relative risk for those who smoked 1 to 9

cigarettes per day was 4.07 compared with those who never smoked
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hereis
regularly). It seems clear that for the active cigarette smokert
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y
thereb
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the dose-response relationship may extend even to those individ
who do not actively smokecigarettes.

The quantification of asbestos exposure is far more difficult. One

s fibers in
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Howeve
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the asbestos-exposed populations have even modestly
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be
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to
ty ratios at or below 1, careful consideration must be given
confounding by the smoking habits of the workforce before conclud
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risk. In
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populations do not
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d
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g
populations with similar smokin
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For lung cancer, the measurementof a threshold in epidemiologic
studies is further constrained by the certainty with which the
absence of an effect can be established. The precision and the
accuracy of an estimation of the expected number of deaths in a
workforce is heavily influenced by the detail with which the smoking
behaviors are determined and the accuracy with which the lung
cancerrisk of a given smoking history can be estimated.
In the U.S. population during 1977, 10 percent of the men whodied

between the ages of 50 and 70 died of lung cancer (McKayetal.

1982). Therefore, a workforce with smoking patterns similar to the
U.S. population would be expected to have a similar mortality
experience, in the absence of any asbestos exposure. A 10 percent
increase in the risk of lung cancer in a workforce (SMR 110, RR 1.1)
due to asbestos exposure would meanthat 1 percent of the deaths
among workers aged 50 to 70 would be excess lung cancers dueto
asbestos, a level of risk unacceptable as the basis for an industrial
hygiene standard. However, even with carefully determined smoking
histories for a worksite, no data are currently available that would
allow the calculation of expected death rates in smokers and
nonsmokerswith precision sufficient to establish that an increase of
10 percent was not simply an error in the estimates. In addition,
estimates of the smoking habits of the U.S. population are not known

with enough precision to adjust national or regional death rates for

the smoking patterns of a given workforce so that a 10 percent
difference could be considered significant. The result is a dilemma
for those who would try to measure a threshold level, or an
acceptable exposure level, for occupational exposure to asbestos:

an effect too small to measure in statistical termsis still too large to

be acceptable in human terms.
A final caution in the determination of a threshold for lung cancer
risk secondary to asbestos exposure, and in the use of such a
threshold to establish environmental dust standards, is the potential
differences between a threshold for lung cancer and one for
mesothelioma or other asbestos-related disease. Mesothelioma,
which is not associated with cigarette smoking, may occur following
exposure to low levels of asbestos, and a level of dust exposure

defined as a safe level for lung cancer risk may possibly continue

to produce an increased risk of mesothelioma.
A pragmatic approach to the problemsof defining a threshold or
establishing safe levels has been to define asbestos exposure standards on the basis of the lowest level of asbestos dust exposure that
can be produced with existing technology. This approach reduces the
risk, but does not answer the question whether the exposure of a
workeris safe.
An alternate approach has been to use the existing exposure
response data. In the face of uncertainty about the shape of the
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TABLE 7. Lung cancer mortality ratios with cessation of
cigarette smoking in male smokers who smoked
more than 20 cigarettes per day compared with
those who never smoked regularly
Years since

cessation

Not exposed

to ashestos'

Asbestos insulation

workers?

Current smokers

11.69

Under 1 year

Wi

1-4 years

101

11.5

5-9 years

65

4.2

>10 years

18

3.4

i

i

Never smoked

regularly

10.4

Data from Hammond (1972)
? Data from Hammond /1979).

Cessation of Exposure

A decline in the relative risk of developing lung cancer following

cessation of cigarette smoking was demonstrated in cigarette-smoking asbestos workers by Hammond and colleagues (1979). Table 7
shows the lung cancer mortality ratios in asbestos workers who are

current smokers and who have quit for varying periods of time,
compared with those workers who have never smoked regularly. A
companion set of numbersis provided of the relative risks for lung
cancer in men not exposed to asbestos, but who are current smokers

or have quit for varying periods of time, derived from the American

CancerSociety study of 1 million men and women (Hammond1972).

Several authors have attempted to approach the question of the
risk of lung cancer following cessation of asbestos exposure by
examining the relative risks of asbestos exposure in workers
following retirement (Walker 1984; Selikoff, Hammond et al. 1980).
The data in Figure 3 and Table 8 reveal that the relative risk for
lung cancer in asbestos workers increases and then declines with the
increasing numberof years from initial exposure. The workers with
the longest interval from onset of exposure are also of the greatest
age within the populations examined. Becauseof this link with age,
the interpretation of this decline in relative risk as indicating that
cessation of asbestos exposure results in a decline in lung cancerrisk
must be made with great caution. Examination of national agespecific mortality rates for lung cancer (Figure 4) also shows a
decline in male lung cancer death rates with increasing age. This
decline with age is an artifact of the cross-sectional nature of data
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ed by
presented in Figure 4. When cancer death rates are examin

birth cohort (Figure 5), no decline with age can be demonstrated. The
explanation for this seeming discordance in the data is the differ-

the
ences in pattern of cigarette smoking in different birth cohorts in

U.S. population (Figure 6) (US DHHS 1982). Those birth cohorts that

g
currently represent the oldest age groups have lower smokin
born
(those
ages
r
younge
the
in
cohorts
prevalences than the birth
nce
between 1910 and 1930), and this decreased smoking prevale
ratios
risk
The
ty.
mortali
cancer
resulted in a decreased lung

presented in Figure 3 are comparisons with the risk in the general
population, and therefore represent the combined effect of the

the
increased smoking prevalence among asbestos workers and
the
that
extent
the
To
increased risk due to the asbestos exposure.
s
asbesto
older
age-related changes in smoking prevalence among
the
below
or
workers presented in Table 9 represent a return toward
risk
smoking prevalence in the general population, a decline in the
of
ess
ratio among older asbestos workers would be expected. Regardl
(i.e.,
the reason for the change in risk ratio among older workers

either differences in smoking behavior or decline in risk following
is
cessation of asbestos exposure), the magnitude of the decline

modest, particularly when the rapidly increasing baseline risk of
lung cancer in the general population with increasing age used to
calculate these risk ratios is considered.
by
A somewhat different approach to this question was taken

Seidman and colleagues (1979), who examined the mortality experience of a group of workers exposed to asbestos over a very limited

period of time during World War II and followed them for 35 years
ly
after the onset of this exposure. These workers had an extreme

intense exposure to asbestos, but only very brief exposures with no

cancer
subsequent asbestos work-exposurehistory. If the risk of lung
,
asbestos
to
e
declines significantly following the cessation of exposur

then these workers would be expected to have a declining risk of
developing lung cancer with increasing duration from the onset of
d
asbestos exposure. Figure 7 shows the ratio of observed to expecte
25
lung cancer deaths for the 10-year periods beginning 5, 15, and
ess
years after the onset of exposure in workers who had workedl

than 9 months and those who had worked more than 9 months in

10-year
this plant. In both casesthe risk is greater in workers for the
period
the
for
than
e
exposur
of
onset
after
period beginning 25 years
deaths
of
number
small
The
e.
exposur
beginning 15 years after
are
recorded in the study limits its interpretation; however, the data
e
exposur
s
asbesto
of
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cessati
consistent with the conclusion that
of
risk
relative
the
in
may not be associated with a decline
last
developing lung cancer with increasing duration of time since

exposure.
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FIGURE 3. Ratios of observed to expected deaths from

lung cancer among 17,800 asbestos insulation

workers observed prospectively, 1967 and 1976,
in 5-year periods subsequent to beginning

employment in this trade

NOTE: The decline in ratios after the 30- to 35-year period maybe the result of a survivor effect, because
deaths associated with cigarette smoking (e.g., myocardial infarction, lung cancer) tend to selectively change the
composition of the surviving cohort in relation to smoking status with time.
SOURCE: Selikoff, Hammondetal. (1980).

A similar result was reported by Blot and colleagues (1980) in a
case-control study of male lung cancer patients. They found a small
excess risk of developing lung cancer in workers who had been

employed in shipyards for only a few years during World WarII, and
the relative risk in these workers was similar to that for workers

who had workedregularly in the shipyards.
In summary,the data suggest that elimination of further asbestos

exposure may prevent the further increase in relative risk that
would accompanyan increase in cumulative exposure. However, the
relative risk of developing lung cancer persists even after prolonged
avoidance of additional asbestos exposure. In contrast, the cessation
of cigarette smoking appears to reduce the risk of developing lung
cancer in asbestos insulation workers compared with those workers
who continue to smoke, and the time course of this reduction in risk
227

rved to expected
TABLE 8. Changes in the ratio of obse
four
hs with time since first employment,
deat
cohort studies

Years since

initial
exposure

North American
insulators *

<10

2.55

(71

11-15

3.40

(29)

16-20

3.48

(59)

21-25

5.00

(105)

26-30

6.08

(112)

31-35

5.68

(65)

36-40

4.93

(40)

41-45

3.89

(69)

46- > 50
Total number
of deaths

New York-

Quebec

(486)

miners and
millers?

Factory
workers*®

New Jersey
insulators
0.00

0.00

(0)

2.38

1.94

(7

3.73

{4)

8.67

(16)

1.67

(5)
(28)

137

(26)

(23)
6.63

4.19

(0)

Asbestos

cement
workers *
0.77

(1)

125

@)

1.54

(6)

2.33

(7)

3.33

(5)

3.08

(4)

(67)

(6)

(33)

(93)

(26)

Data from Selikoff, Hammondetal. (1980).
2 Data from Nicholsonet al. (1979).
3 Data from Nicholson etal. (1979).
Data from Selikoff et al. (1979).
5 Data from Weill et al. (1979).
eses.
NOTE: Number of deaths given in parenth
SOURCE: Walker (1984).

ers in the general population
is similar to that found among smok
who stop smoking.

rette-Smoking
Mechanisms of Carcinogenesis in Ciga
Asbestos Workers

cancer has been observed
An increased risk of developing lung
asbestos. Most studies indicate
with all commercially used types of
a higher human lung cancer
that crocidolite exposure may produce
Enterline and Henderson
risk than chrysotile (Weill et al. 1979;
the opposite (McDonald et al.
1973), but some studies have shown
four major histologic types of
1983a, b; Dementet al. 1982). All of the
asbestos workers who smoke
bronchogenic carcinoma develop in
well et al. 1974). Although
(Churg 1985; Auerbach et al. 1984; Whit
exposure to asbestos in
an increased risk of lung cancer with
in a numberof epidemiologic
nonsmokers has been demonstrated
nald et al. 1980), it remains
studies (Hammond et al. 1979; McDo
by itself acts as a complete
unclear whether the asbestos fiber
ratory tract of man. This is in
carcinogen for lung cancerin the respi
carcinogen in mesothelioma,
contrast to the role of asbestos as a
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where asbestos exposurealone is clearly able to produce the tumor
and where cigarette smoking does not alter the mesothelioma risk.
Laboratory investigations have been undertaken to evaluate the
mechanisms through which asbestos interacts with the combustion
products of cigarettes to induce neoplasms. In this regard, the
carcinogenic properties of polycyclic aromatic hydrocarbons (PAH),
documented chemical carcinogens in cigarette smoke, have been
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ng asbestos
TABLE 9. Prevalence of smoking amo

history was
insulation workers whose smoking

known

Current
smokers

Age

Former
smokers

Never
smoked
regularly

Pipe
and
cigar

25-29

64.8

19.3

13.0

2g

30-34

61.0

19.3

13.5

6°

35-39

60.9

22.2

11.6

49

40-44

613

25.0

9.2

45

45-49

55.8

28.8

9.8

5.6

50-54

53,7

32.2

91

5.0

55-59

50.1

34.1

98

6.0

60-64

45.4

35.1

10.4

91

65-69

42.3

33.7

12.4

116

70-74

30.7

34.3

17.5

175

76-79

515

34.3

71

71

80-84

37.1

33.3

Mt

18.5

> 85

30.0

35.0

25

10.0

Source: Hammond et al. (1979)
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evaluated in combination with asbestos
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grafts of respiratory tract epithelium
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(Botham and Holt 1972a, b: Gardner
nonhuman primates (Wagner
whereas cats (Vorwaldet al. 1951) and
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SOURCE: Seidmanet al. (1979).

numberof lesions of questionable malignancy in the lungs of Balb/c

mice 12 to 18 monthsafter a 75-day exposure to chrysotile asbestos.

Unfortunately, it is difficult to evaluate many of these animal
studies critically because satisfactory controls were not employed
and data on exposure regimens and concentrations of asbestos are

often not available. In addition, adequate pathologic documentation
of the lesions is often lacking. Benign adenomas could occur
spontaneously in many lesser species (Mitruka et al. 1976), and
luxuriant squamous metaplasia and bronchiolization of the respiratory mucosa may be misinterpreted as malignantlesions. These last
epithelial changes may occur as a response to injury induced by
asbestos (Davis et al. 1978; Mossmanetal. 1980; Reeveset al. 1974;
Wagner 1963; Woodworthet al. 1983a, b).

157-964 0 - 86 - 9
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tile to rats and
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n and malignant) of the
striking increase in neoplasms (both benig
a synergistic effect on
respiratory tract was observed. In contrast,
exposed to asbestos and
tumor development was not apparent in cats
al. 1974; Wehneretal.
cigarette smoke by inhalation (Shabad et
ls in these studies died
1975); however, the majority of the anima
prematurely of pulmonary fibrosis.
icity of PAH in the
The effects of asbestos on the carcinogen
grafts of tracheal tissue
respiratory tract have been evaluated using
systems have been
implanted into syngeneic animals. Two model
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TABLE 10. Tumors occurring in rodents after exposure to asbestos in combination with components

of cigarette smoke

Numberof tumors/Numberof animals
Chrysotile

Agent alone

Combination

Tumor types

Animal

Reference

5/51

12/51 (smoke)

9/51 (+smoke)

Adenoma, papilloma, carcinoma

Rat

Wehner et. al.

0/46

ND!

0/16 (+smoke)
0/21 (+ BaP?)

ND

Rat

Shabadet al.
(1974)

ND

8/37 (BaP)

18/35 (+ BaP)

Adenoma, papilloma, carcinoma

Hamster

Smith et al.
(1968)

0/17

10/34 (BaP)

24/31 (+BaP)

Adenoma, papilloma, carcinoma

Hamster

Smith et al.
(1968)

0/49

0/19 (BaP)

Rat

Pylev and Shabad

Inhalation
(1975)

Intratracheal instillation

0/10

4/10 (BaP)

6/11 (+BaP mixed)

Adenoma, carcinoma,

6/21 (+BaP adsorbed)

reticulosarcoma, mesothelioma

15/10* (+ BaP)

Papiiloma, carcinoma

(1973)
Hamster

Miller et al.

(1965)
ND no details provided.

céS

? BaP = benzofa]lpyrene.
* Animals developed multiple tumors.
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structure are not observed in tissues exposed to nonfibrous mineral
analogs of asbestos and glass, an observation indicating that the
fibrous geometry of the material is important (Woodworth et al.

1983b).

Cigarette smoke contains ciliostatic and toxic chemicals that
impair mucociliary transport and the function of phagocytic cells
(Warr and Martin 1978). Thus, intrapulmonary deposition and
clearance of asbestos might be affected, resulting in increased
retention of asbestos in the lungs. In addition, the development of
squamous metaplasia consequent to exposure to both PAH and
asbestos (Mossmanetal. 1984) might contribute to the retention in
the respiratory tract of asbestos and the constituents of cigarette
smoke.
Studies using artificial membranes and cells in culture suggest
other possible mechanisms of synergism between PAHandasbestos.
PAH are not carcinogenic in their natural state and must be
metabolized by a mixed-function, microsomal enzyme system (aryl
hydrocarbon hydroxylase, AHH)to degradative products andelectrophilic forms interacting with DNA (Freudenthal and Jones 1976). In
this regard, the association (adduct formation) of modified metabolites of PAH with the DNAof target cells is thoughtto be a critical
event in initiation of those cells. A number of studies suggest that
the addition of asbestos and PAH to tracheobronchialepithelial cells
(Mossmanand Craighead 1982}, microsomal preparations from lungs

(Kandaswami and O Brien 1981), and phagocytes (McLemoreetal.

1979) affects the normal metabolism of PAH as measured by an
increase (or decrease) in activity of AHH enzymes. Unfortunately,
these results are inconsistent, possibly a reflection of the different

experimental systems evaluated. Accordingly, this important area of
carcinogenesis needs further exploration.
PAH are ubiquitous in the environment and are associated with
airborne particulates (Natusch et al. 1974). Thus, the ability of
asbestos and other particles to act as condensation nuclei for
chemical carcinogens has been explored using tracheobronchial
epithelial cells (Mossman, Eastmanetal. 1983; Eastmanet al. 1983)

and artificial or isolated cell membranes (Lakowicz and Bevan 1979;
Lakowicz et al. 1978). Transfer of PAH to cell membranes by
asbestos appears to occur morerapidly than with use of nonfibrous
particulates (Lakowicz and Bevan 1979; Lakowicz et al. 1978).
Moreover, the normal uptake of BaP and the formation of BaP-DNA
adducts by tracheal epithelial cells are increased when BaP is
adsorbed to chrysotile and crocidolite asbestos (Mossman, Eastman
et al. 1983; Eastmanet al. 1983).
The pulmonary alveolar macrophage (PAM) is a key cell in the
response of the host to asbestos. PAMs accumulate at sites of
deposition of asbestos in the tracheobronchial tree (Brody et al.
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favoring the process of initiation. Finally, asbestos and the toxic
constituents of cigarette smoke injure cells, a situation potentially
encouraging the retention of these inhalants in the respiratory tract.
Chronic Lung Disease
Cigarette smoke (US DHHS 1984) and asbestos exposure (Selikoff
and Lee 1978) are well-established causes of chronic lung injury. As
in the preceding discussion of lung cancer, the enormous body of
literature that established the pathogenicity of each of these agents
is not presented; rather, this section focuses on the effects of
combined exposure. In contrast to their effect on the risk of
developing lung cancer, asbestos and cigarette smoke produce
different patterns of injury in the lung. The pattern of lung injury
associated with cigarette smoking is characterized by inflammation,
excess mucus production, narrowing of the airway lumen, and

emphysema (US DHHS 1984). The result is a reduction in maximal
expiratory flow rates and increased static lung volumes. The pattern

of lung injury associated with asbestos is fibrosis of the small
airways extending into the alveolar structures with obliteration of
alveoli, leading to a reticular nodular pattern of interstitial fibrosis
on chest roentgenogram and decreased lung volumes, with relative
preservation of the forced expiratory volume in 1 second (FEV) as a
percent of the forced vital capacity (FVC) (Selikoff and Lee 1978).
In spite of these relatively distinct patterns of lung injury,

interpretation of the pattern of injury in combined exposure is
difficult. Both agents may act separately, but simultaneously, to
injure the lung. The injury in an individual worker is the combination of the injuries due to cigarette smoke, asbestos and other
environmental agents, and all other injurious processes that have
occurred during that individual s lifetime. The presence of a lung
injury secondary to one agent or process does not prevent the lung
from being injured by a second agent. In evaluating impairmentin
an asbestos-exposed smoker, it may be difficult to apportion the
impairment between the two agents because both cigarette smoking

and asbestos exposure may alter a given lung function test in the

same direction (e.g., both of them reduce the diffusing capacity
(DLCO)), or they may change a test in opposite directions (e.g., an

increase in total lung capacity (TLC) due to smoking may mask a
decline in TLC due to asbestos). When a given physiologic test is

influenced in opposite directions by cigarette smoking and asbestos,
the degree of injury to the lung may be underestimated by the
changein that test. For example, the relative preservation of TLC in
cigarette-smoking asbestos workers does not represent a relative
protection of the lung in combined exposure, but rather reflects the
emphysematousdestruction of alveolar walls secondary to cigarette
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greater than additive effect for cigarette smoking and asbestos

exposure on death rates from chronic lung disease and asbestosis.

This may reflect a synergistic effect on death rates of the
addition of the two separate injuries, rather than an effect of
cigarette smoking on the degreeof fibrosis produced by a given dose
of asbestos. In addition, these data reflect the fact that a death
certification of asbestosis does not rule out the possibility of a second
disease process existing in the lungsof that individual.
Pulmonary Function Testing
The most frequently used measures of lung function are lung
volumes and measures of maximal expiratory airflow, either as the
volumeexpired during a given time (e.g., forced expiratory volume in
1 second, FEV,) or as the rate of expiratory airflow at a given lung
volume or between two lung volumes (e.g., forced expiratory flow
from 25 to 75 percent of the forced vital capacity, FEF25-75).
Classically, diseases are divided by their pattern of abnormality on
lung function testing into obstructive (processes that predominately
limit expiratory airflow) and restrictive (processes that predominately decrease lung volumes andspecifically decrease the total lung
capacity). Both of these processes may occur in a single individual,
resulting in a mixed pattern (both reduced lung volumes and
reduction in volume-adjusted expiratory flow rates).
Obstructive lung disease is marked by reductions in the rate of
expiratory airflow; normal or, more typically, increased TLC; and

substantial increases in residual volume (RV) and functional residual capacity (FRC) (Figure 8). Restrictive diseases are marked by a
reduction in TLC. The flow rates in restrictive disease are usually
normal or even increased once an adjustmentfor the decreased lung

volume has been made. FEV, is obviously limited by the total
volume that can be expired, as well as by the amountof obstruction

to expiratory airflow. For this reason, FEV, is commonly divided by

the forced vital capacity (FVC), and expressed as the percentage of
the FVC that can be expired in 1 second (FEV,/FVC%). This

adjustment of FEV, for reductions in FVC aids in separating the

decline in FEV, that is due to a restrictive process(i.e., reduced TLC)
from that which represents increased resistance to, and decreased
driving pressure for, expiratory airflow.
The pattern of lung function changein cigarette smokers has been
well described (US DHHS 1984), and consists of a reduced FEV, and
FEV,/FVC%, an increased RV and FRC, and an increased TLC
(particularly in those individuals with emphysema). In addition,
FEF25-75%, DLCO, and flows at specific lung volumesarealso usually
reduced.
The pattern of change with the developmentof interstitial fibrosis

due to asbestos is also clear. Figure 9 shows the changes in lung
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IV. Asbestos work and smoking

Mortality ratios
No asbestos work and no smoking (I + 1)
No asbestos work, but smoking (II + D
+ D
Asbestos work and no smoking di
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'
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this decline can be
FEV, also declines with increasing exposure, but
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accounted for by the decline in FVC, as FEV,
and is above 80
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75% Measurement would also be expected to decline with a fall in
FVC, independent of any change in the degree of obstruction to
airflow. Thus, in this group of nonsmoking asbestos workers, the
pattern of asbestos-induced lung disease is a reduction in lung
volumes with preservation of FEV,/FVC%.
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50 to 59. The differences in FVC between smokers and nonsmokers
were less than the differences in FEV,, demonstrating a relative
preservation of FEV,/FVC in nonsmokers, and a relationship
between duration of exposure and FVC wasagain presentonly in the
50- to 59-year-old age group. The absenceof a relationship between
TLC and duration of exposure may be due to the somewhat lower
intensity of asbestos exposure in this population in comparison with
the Quebec miners.
In a companion study of the same naval dockyards, Rossiter and
Harries (1979) examined the lung function in 1,200 men aged 50 to
59. The sample included all menin the register of asbestos workers,
1 in 3 of those currently in occupations where intermittent exposure
to asbestos might occur, and 1 in 30 of the remainder. Lung function
measurements were standardized to age 55 and a height of 1.7
meters. Smoking was characterized as nonsmoker, ex-smoker, or
current smoker, and lung function was analyzed by duration of
exposure to asbestos. FEV, was lower in the smokers than in the
nonsmokers, and the workers in the registered asbestos-exposure
group had lower values than workers in other occupational groups.
This was particularly true of the group of asbestos laggers who had
been employed prior to 1957. The differences in FVC among the
different smoking habits were less than the differences for FEV.
The FEV,/FVC ratio was markedly influenced by smoking. Even
among those workers employed before 1957, the FEV,/FVC ratio
was preserved in nonsmokers but declined among cigarette smokers.
Weill and colleagues (1975) adopted a somewhat different approach by developing predictive equations specific for the smoking
status of the worker, as well as age and height, for the individual

function tests. FEF2;75« was lower and declined more rapidly in

smokers than in nonsmokers (Figure 11) in the population used to
develop the predictive equations. The researchers applied these
smoking-specific regression equations to 859 workers who were
employed in two asbestos manufacturing plants in New Orleans on
November3, 1969. Dust exposure measurements were derived from

midget impinger samples taken between 1952 and 1969 and from

estimates of exposures derived from interviews with employees who
had worked prior to this time period. Figures 12 and 13 reveal a
decline in TLC with increasing cumulative asbestos exposure; as

would be expected, this decline is accompanied by declines in the

vital capacity, FEV,, and FEF25-75%. However, there is no decline in
FEV,/FVCwith increasing duration of exposure. The decline in TLC
and vital capacity at the lower exposure levels occurred entirely in
the group with x-ray changes, but for the two highest exposure
categories, the decline in TLC andvital capacity occurred even in the
group with no roentgenographic changes. Again, this study suggests
that the effect of asbestos dust exposure in a manufacturing plantis
247

5
Nonsmokers
(n= 57}
4p

Combined group
Ex-smokers (n= 45)

2

Current smokers

3+

9

9

(n= 147)

%

&

Z

&

>
tu

2b

i

1b

0

1

1
35

45

1
55

Age, years

for
between FEV2s-75% and age
FIGURE 11. Relationship
s in
ker
smo
and non
the smokers, ex-smokers,
cm
175
as
taken
the standard group (height
[5 feet 9 inches})

SOURCE: Weill et al. (1975).

, with
cess producing a decline in TLC
largely that of a restrictive pro
n 25
wee
bet
w
imal midexpiratory flo
the decline in FEV, and max
e in
lin
dec
%) being a reflection of the
and 75 percent of FVC (MMF»;-75
low
airf
ce of

an indication of the presen
lung volumes rather than
obstruction.
ary
d on the pattern of pulmon
Several analyses have focuse
nier
(For
ues
val
test
than on isolated
function response rather

n and
Becklake et al. 1976; Muldoo
Massey and Becklake 1975,
hors
aut
se
The
1978).
1972, Murphy et al. 1972,

Turner-Warwick
results in
whether asbestos exposure
were attempting to determine
cigarette
ase, either in the absence of
chronic obstructive lung dise
m smoking.
level to be expected solely fro
smoking or in excess of the
and millers
7 Quebec asbestos miners
The stratified sample of 1,02
n of

was also analyzed by the patter
described earlier in this section
1975;
(Fornier-Massey and Becklake
pulmonary function response
248

>400
eee

100-200

eee 200-400

100

50-100

< 50
mppct-yr

Total lung capacity

Percent standardized
90
All subjects

No x-ray
change

Any x-ray
change

All subjects

No x-ray
change

change

Vital capacity
100

Percent standardized
90

Functional residual capacity

Any x-ray

ee
e

eo
or
te

100

Percent standardized

os

8

_

»
(4)

r

90

F

All subjects

No x-ray
change

Any x-ray
change

FIGURE 12. Relationship between lung volumes and dust

exposure

SOURCE: Weill et al. (1975).

Becklake et al. 1976). These workers were categorized as having a
normal, undifferentiated, obstructive, or restrictive pulmonary function picture on the basis of a combined score of the percentage
deviations from the predicted value of five pulmonary function tests
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percentage predicted value was
(Table 12). The deviation of the
value, with lower numbers
scored from 7 through 13 for each
indicative of restrictive disease
representing those measurements
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and higher codes representing those values indicative of obstructive
disease. Scores of 45 to 55 were considered consistent with a normal
profile when all five coded values were between 9 and 11, and
consistent with an undifferentiated profile when a mathematical
balance of codes under, equal to, and over 10 resulted in a score of 45
to 55. Scores under 45 were assumedto represent restrictive profiles
and scores over 55 to represent obstructive profiles. Forty-three
percent of the population had normallung function profiles, and 26.5
percent had undifferentiated lung profiles. The remainder was
divided relatively evenly between the restrictive and obstructive
lung profiles, with 14.9 percent having a restrictive defect and 14.3
percent having an obstructive picture. In Table 13 are revealed the
results in smokers and nonsmokers, stratified by increasing asbestos
exposure category. The data seem to suggest that neither obstructive
nor restrictive lung disease occurs in nonsmoking asbestos workers
and that restrictive and obstructive lung disease occur with equal
frequency in asbestos miners who smoke. In addition, it appears that

there is, if anything, a negative dose-response relationship between
restrictive lung disease and increasing cumulative asbestos expo-

sure. These results are particularly remarkable in the face of data
from the same group of workers presented earlier in this section,

which show a relatively clear dose-response relationship between

cumulative asbestos exposure and decline in TLC and FEV, in both
smokers and nonsmokers. The authors have interpreted this data to
suggest that an association between smoking habit and the development of asbestos-related fibrosis may exist and that asbestos workers
who smoke may develop either obstructive or restrictive lung
disease. The inconsistencies between the data on pattern pulmonary
function tests and the measures of individual test responses described earlier may be explained by the effects of changes in lung
volumes on some of the measurementsused to code the lung function
profile. FEV7s. and MMEF2:75% are measurements that, when
reduced, are used in this coding scheme to define an individual as
being obstructed. Both of these are measurements of airflow
obstruction in the presence of normal lung volumes, but mayalso be
reduced in the presence of diminished lung volumes secondary to
restrictive lung disease. Indeed, examination of the pattern of
pulmonary function response in nonsmoking asbestos miners (Figure
10) reveals that with increasing cumulative asbestos exposure, the
decline in TLC in these workers was accompanied by a decline in
FEVi and MMEF%2s.75¢. This pattern, consistent with progressive
restrictive lung disease, would define the worker by the coding
schemeas having obstruction, or would counterbalance those scores
for a restrictive category, thereby placing the worker in the
undifferentiated category. A similar effect would occur in asbestos
miners who smoke. As canbe seen in Figure 10, the decline in FEV,,
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TABLE 12. Coding of lung function profile
Code

Volumes
(RV, TLC)

Flow rates
(FEV25e, MMF)

(FEV, /FVO)%
percent predicted

7

<70

> 130

>116

8

70-79

121-130

111-115

80-89

111-120

110-106

9
10

90-110

90-110

95-105

ll

111-120

80-89

90-94

12

121-130

70-79

85-89

13

> 130

<70

<84

SOURCE: Fornier-Massey and Becklake (1975).
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TABLE 13.-Effects of chrysotile exposure on the health of
1,015 current Quebec asbestos workers
Dust index*

<10

10-99

100-199

200-399

400-799

> 800

Nonsmokers
Prevalence percent?

Chronic bronchitis

10

19

19

46

21

49

0

19

24

31

13

44

3
0

3
1

3
0

1

1

1

VC
FEV,

0
0

-10
-9

-16
-9

-18
-13

-19
-15

-23
-22

DLCOw, rest

0

-ll

-15

-18

-12

-15

Dyspnea
Function profile-*

prevalence percent
Restrictive
Obstructive

Percentage fall in function?

DLCOss, exercise

0

38

-9

-18

-18

-20

Smokers
Prevalence percent?

Chronic bronchitis

23

22

30

29

46

45

4

15

18

21

30

32

Restrictive

8

14

16

10

4

13

Obstructive

12

12

13

12

23

12

0

-3

-7

-10

-13

-14

0
0
0

-3
~4
0

-8
+3
-2

-10
+5
0

-15
-3
5

-15
0
-7

Dyspnea
Function profile-*
prevalence percent

Percentage fall in function?
vc

FEV,
DLCO., rest
DLCOs, exercise

NOTE:For all measurements, prevalence percent has been age-standardized to the total working population as
of October 31, 1966. This was to allow for the smaller of number of men for whom function profiles were analyzed.
' Expressed in million particles per cubic foot years. *
? Based on a total sample of 1,015 men.
* Based on 995 men.?
SOURCE:Becklakeet al. 11976).

pipe coverers and compared them with 95 control subjects. The
prevalence of smoking in these two populations was approximately
the same. There weresignificant differences between the asbestosexposed workers and the control population in vital capacity and
FEV, in measurements taken both in 1966 and in 1972. However,
there was no difference between the two groups in FEV, as a percent

of FVC at either time point. In 1972, there was a significant
difference between the two groups in the reported symptom of
wheezing apart from colds. When this symptom was combined with
the prevalence of an abnormal FEV,/FVC%, using the criteria of
Ferris and Anderson (1962) for obstructive lung disease, the asbestos
workers had a significant higher prevalence of obstructive lung
disease in comparison with the control population. However, this
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not
increased prevalence resulted from their reported symptomsand
from differences in measured pulmonaryfunction.

In summary, lung function has been examined in several popula-
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there is a significantly greater decline in FVC and TLC,but the
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ions.
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independent effects of asbestos and cigarette smoking on lung
function. This issue has been examinedstatistically by Samet and

e effect
colleagues (1979) and by Rossiter and Weill (1974); an additiv
there
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sm.
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trable
was nostatistically demons
of 16
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y
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e
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s
asbesto
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g
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restrictive lung disease in workers with

exposure, but had little ability to distinguish between the two
processes. The best indicator for distinguishing between restrictive

lung disease and obstructive airway disease was FEV, as a percent

age of the vital capacity. This variable had a better ability to

either
distinguish between obstructive and restrictive disease than
of
tests
other
or
the clinical or the chest roentgenogram findings
pulmonary function.
The absence of an effect of asbestos exposure on FEV,/ FVC%

must be interpreted with caution. Although this test is the best

ce of
measure of the presence of airflow obstruction in the presen
small
the
in
s
change
to
ve
restrictive lung disease, it is not sensiti

airways. Because both cigarette smoking and asbestos exposure have
been shownto result in changes in the smallairwaysof the lung,it is
important to examine the effects of these two exposures on tests of
small airway function.
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Small Airways Function

Airways in the lung with diameters of 2 mm orless are considered
small airways and consist of bronchioles and respiratory bronchioles

(airways with both nonrespiratory epithelium and alveoli in their
walls). Considerable obstruction can be present in these airways
withoutsignificantly altering the airway resistance or lung mechanics. In addition, abnormalities in the small airways are a prominent
part of the abnormality present in chronic obstructive lung disease
(COLD). The relationship of cigarette smoking to abnormalities in
tests of small airways function, and of pathologic abnormalities of
the small airways to functional changes, was reviewed in a previous

Report of the Surgeon General (US DHHS 1984). Changes in the

small airways of cigarette smokers may occur within the first few
years of smoking, are more prevalent in heavy smokers, and increase
in frequency with increasing duration of the smoking habit. Because

the small airways are also involved in people who develop cigarette-

induced COLD,tests of small airways function are usually abnormal
in people with chronic airflow obstruction on conventional spirometry; however, it is not yet clear whether the early and reversible
inflammatory changes in the small airways of smokersarethefirst

stage in the pathophysiologic process of developing COLD or are

merely a nonspecific irritant response to smoke that does not

predispose to the development of COLD.
The response of the lung to asbestos also involves the small

airways, and there has been considerable interest in functional
changesof the small airways of asbestos workers. Relevant questions
are these: Does asbestos cause changes in the small airways
independent of smoking? Do the morphologic changes in the small
airways caused by smoking differ from those caused by asbestos? Do

the changes in the small airways of asbestos workers progress to

airflow obstruction, as measured by standard spirometry, independentof cigarette smoking?
Woolcock and colleagues (1969) demonstrated that a group of

bronchitic subjects with normal lung volumes and flow rates had
abnormaltests of small airways function. Cosio and colleagues (1978)
and Berend and colleagues (1979) were able to correlate abnormalities of tests of small airways function with morphologic changes in
the small airways. The morphologic changes consisted of a respira-

tory bronchiolitis with goblet cell metaplasia, inflammation of the
bronchiolar wall, smooth muscle hypertrophy, peribronchiolar fibrosis, and pigmentation of the bronchiole. Tests of small airways

function (closing capacity and slope of the single breath nitrogen
washout) were abnormal, with lower degrees of pathologic change;
however, abnormalities on spirometric testing (FEV,/FVC and
FEF25-75%) were also correlated with more severe morphologic
changesin the small airways.
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The changes in the small airways of asbestos workers have been
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exposure? (The increased resistance in the small airways may be
compensated for by an increased elastic recoil of the lung available
to drive expiratory airflow.) Does asbestos exposure increase the
prevalence of abnormalities on tests of small airways function above
that expected from smoking alone?
A numberof researchers have examined small airways function in
asbestos workers. Jodoin and colleagues (1971) examined 24 workers
with normal chest roentgenograms whose asbestos exposure ranged
from 6 months to 24 years. Two groups with comparable age and
smoking prevalence, but with differing exposure to asbestos dust,

were defined among those 24 workers. The more heavily exposed
group had a 30 percent increase in lung static recoil pressure and
had reduced rates of expiratory airflow for any given transpulmonary pressure, suggesting increased resistance in the small airways.
This increased resistance did not result in obstruction on spirometric
testing, as both FEV,/FVC% and FEF2s-75- actually increased in the
workers with heavier asbestos exposure. In five of the subjects with
heavier exposure, but with a normal FEV, and FEV,/FVC%, the
maximal expiratory flow was reduced throughout the entire range of
lung volume despite an increased driving pressure, suggesting that
the degree of small airway obstruction was greater than the degree
of increase in driving pressure. However, all five of the subjects were
cigarette smokers; therefore, the reduced airflow could not be
identified as due to the asbestos. The authors provided no separate

analysis of the data for the nonsmokersin the study.

Several other authors (Harless et al. 1978; Cohen et al. 1984;
Rodriguez-Roisin et al. 1980; Siracusa et al. 1983) have also
presented evidence suggesting that asbestos exposure results in
small airway dysfunction; however, the data on nonsmokers were
not presented in a mannerto allow evaluation as a separate group,
or included ex-smokers with never smokers, making interpretation
difficult.

Begin and colleagues (1983) examined airways function in 17

lifetime nonsmoking asbestos workers with an average of 28 years of
exposure in the asbestos mines and mills of Quebec. Seven workers
met the diagnostic criteria for asbestosis and 10 did not; none of the
workers met the diagnostic criteria for chronic bronchitis, emphysema, or asthma. The lifetime nonsmokers without asbestosis had

relatively normal lung function, but there was slightly lower

maximal expiratory flow at 25 percent of the vital capacity and a
significantly elevated isoflow volume, suggesting dysfunction in the

small airways. The seven workers with asbestosis had clear evidence
of smali airway obstruction with a threefold or fourfold increase in

upstream resistance at low lung volumes. These data were supported
by histologic evidence of peripheral airway obstruction and narrowing on lungbiopsies in three of these men. However, this obstruction
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Chest Roentgenographic Changes
One of the hallmarks of interstitial fibrosis due to asbestos is an
abnormal chest roentgenogram, and despite the fact that biopsy-

proven disease may be present with a normal roentgenogram (Epler

et al. 1978), the x ray commonly reflects both the presence and the
extent of fibrosis. Occasionally, particularly in early asbestos-induced lung disease, the chest roentgenogram may not be abnormal
and the only abnormalities may be a reduced diffusing capacity or
decreased lung volumes. The chest roentgenogram is less frequently
abnormalin cigarette-induced chronic obstructive lung disease, but
roentgenographic abnormalities can occur, particularly in advanced
disease or when extensive emphysema is present. The abnormalities
produced by these two processes are usually quite different on chest
roentgenogram once the disease processis sufficiently advanced, and
confusion about the roentgenographic diagnosis in severe disease is
unusual.
The radiographic changes associated with asbestos include small
irregular opacities, which commonly begin as a reticular pattern in
the lower lung fields and may progress to diffuse interstitial
densities throughout the entire lung with reduced lung volumes
(Selikoff and Lee 1978; Fraser and Pare 1979). The abnormalities

that have been reported with COLD include overinflation, promi-

nence of lung markings ( dirty lungs ), tubular shadows, and in the
presence of significant emphysema, oligemia, and bullae (Fraser and
Pare 1979).
Roentgenographic Changes in Non-Asbestos-Exposed

Populations

The literature establishing asbestos as a cause of interstitial

fibrosis is extensive, and no significant scientific debate remains over
the potential for occupational asbestos exposureto result in intersti-

tial fibrosis; substantial numbers of asbestos workers have developed
interstitial fibrosis as a direct consequence of their inhalation of
asbestos dust. A review of this evidence is beyond the scope of this
chapter and can be found elsewhere (Selikoff and Lee 1978). The
questions raised by the combination of cigarette smoking and

asbestos exposure do not include whether cigarette smoking is an
independent competing cause of the extensive fibrotic process found
in many workers following prolonged heavy exposure to asbestos.
Cigarette smoking has not been shown to independently cause this

kind of reaction in the lung. Therefore, this section focuses on three
questions concerning the relationship of cigarette smoking to the
roentgenographic changes caused by asbestos. In the absence of
asbestos exposure, are the chest roentgenogramsof cigarette smokers more likely to be interpreted as positive for interstitial fibrosis
than those of nonsmokers? Do cigarette-smoking asbestos workers
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TABLE 14. Analysis of x rays of asbestos workers, lowest readings by highest readings (ILO U/C
scale)
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0/-

0/2

0/0

0/1

1/0

1/1

1/2

2/1
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2/3
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94

47

56

15

2

6

2

2

1083

20449

3406

2162

2699

693
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47

18

29910

46

149

385
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39
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12

1

2
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29

189

100
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69
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1

2

53
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39
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6

7

1
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3
3

2

6
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6

8
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0
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0
2

SOURCE: Werner (1980)
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particularly in the population of shipyard workers with no known

asbestos exposure, suggests that classifying a mildly positive chest

roentgenogram as asbestosis in the absence of a clear exposure
history should require other confirming evidence of asbestos-induced
lung injury. This caution may be particularly true for cigarette
smokers.
Interstitial Fibrosis in Asbestos-Exposed Populations
As was mentioned earlier, cigarette smoking is not a competing
cause of the diffuse severe interstitial fibrosis that occurs in some
workers secondary to their inhalation of asbestos dust. However,
modest peribronchiolar fibrosis (Cosio et al. 1978; Berendet al. 1979)
and occasional fibrosis of respiratory bronchioles (Wright and Churg
1984) do occur as a response of the small airways to cigarette
smoking, in addition to the periobronchiolar inflammation that is
the predominant early response to cigarette smoking. These bron-

chioles are also the site of the early response to asbestos dust

(Craighead et al. 1982), and therefore the threshold for radiologic
perception of an abnormality may be crossed more frequently, or
earlier, or at a lower dose of asbestos exposure in cigarette-smoking
asbestos workers than in nonsmoking workers. In addition, the

inflammatory response to cigarette smoke may enable or facilitate
the fibrotic response to asbestos dust. Therefore, the question of a
different exposure response relationship between asbestos exposure

and roentgenographic changes for smoking and nonsmokingasbestos

workers shouldbe considered.
Weiss (1984) recently reviewed the evidence relating cigarette
smoking and roentgenographic fibrosis in asbestos-exposed populations. In Table 15, drawn from this review, is shown the prevalence
of radiologic
asbestosis
in studies of asbestos-exposed populations.
In general, the prevalence was higher in smokers than in nonsmokers; in several studies the difference wasstatistically significant. The
highest prevalence ratios for smokers compared with nonsmokers
are recorded in the populations with the lowest overall prevalence of
roentgenographic fibrosis, and it is the studies where a high
prevalenceof disease is present that show similarrates of roentgeno-

graphic fibrosis among smokers and nonsmokers (if studies of
populations of less than 100 are ignored). This observation is in part

an obligatory result of the mathematics involved (a given difference

in prevalence between smokers and nonsmokers produces a smaller
prevalence ratio when there is a high prevalence than when thereis
a low prevalence), but it is also the effect that would be expectedif
the effect of smoking were a small independent risk of radiologic
fibrosis or if the effect was to increase the frequency with which
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TABLE 15. Results of prevalence studies of the cigarette factor in asbestosis
Smokers

Nonsmokers

Asbestosis
Study

Number

Number

Percent

Number

Prevalence
ratio!

95% confidence limits
ras
Lower
Upper

Weiss (1971)

73

29

39.73

25

6

24.00

1.66

0.81

3.76

Langlands et al. (1971)

91

35

38.46

33

9

27.27

1.41

0.56

2.53

Harries et al. (1972)

1,635

49

3.00

808

20

2.48

1.21

0.72

2.03

Harries et al. (1976)

17,788

181

1.02

5,552

il

0.20

5.10

2.98

8.85

31
38

8
26

25.81
42.11

9
10

2
0

22.22
0.00

1.16
oo

0.29
1.26?

457
56.31?

Weiss and Theodos (1978)
Chrysotile
Chrysotile + amosite
Hedenberg et al. (1978)

103

7

6.80

94

1

1.06

6.42

1.07

38.34

Rossiter and Harries (1979)

944

39

4.13

142

3

2.11

1.96

0.65

6.30

McMillan et al. (1980)
Selikoff et al. (1980)

1,346

18

1.34

385

0

0.00

ed

1.09?

102.23?

228

180

78.95

56

44

78.57

1.00

_

_

Pearle (1982)

99

9

9.09

32

1

3.13

2.90

0.43

20.06

Liddell (1982)

341

89

26.10

174

46

26.44

0.99

0.61

1.59

Smokers to nonsmokers.
? Calculated by substituting 0.5 for 0 cases of pulmonary fibrosis in the nonsmoker group.
SOURCE: Weiss (1984).

G9%

Asbestosis
a
Number
Percent

TABLE 16. Prevalence (percentage) of suspected or

definite pulmonary fibrosis among 23,340 male
in-yard British dockyard workers during 1972
and 1973, by smoking habit and duration of
asbestos exposure
Smoking habit

Asbestos
exposure
(year]

Number

Smokers

Ex-smokers

Nonsmokers
With
fibrosis
(percent)

Number

With
fibrosis
(percent)

Number

With
fibrosis
(percent!

<5

3,516

0.1

2,746

0.4

7,300

0.6

5-9

784

0.2

581

0.3

1,686

0.5

10-14

392

0.0

442

11

979

1.5

869

2.5

15-19

293

0.3

320

16

20-24

208

10

330

17

667

3.1

25-29

140

ll

214

2.6

486

2.8

811

3.1

12,798

1

> 30
Total

219

0.9

357

2.2

5,552

0.2

4,990

0.8

SOURCE: Weiss (1984) (data derived from Harries et al (19760

than nonsmokers. These data are consistent either with a small
independent risk of interstitial fibrosis on chest roentgenogram
produced by smoking (as suggested by the studies in non-asbestosexposed populations) being added to the risk of fibrosis due to
asbestos exposure or with the combination of asbestos-induced and
smoking-induced changes in the small airways resulting in asbestos
workers who smokecrossing the threshold for perceptible abnormality earlier than nonsmokers. However, it is clear that if cigarette
smoking contributes to the development of interstitial fibrosis in
asbestos-exposed workers, the contribution is a minor one in
comparison withtheeffect of asbestos dust exposure.

Immunologic Response to Cigarette Smoke and Asbestos
Dust
There is an extensive literature on both animal models and
g
humans regarding alterations in the immune system followin
and
exposure to either asbestos or cigarette smoke; however, clinical
laboratory studies of combined exposure to asbestos and cigarette

smoke are morelimited.
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Humoral Immunity
Two independent studies (Kagan et al. 1977; Huuskonen etal.
1978) reported elevated polyclonal immunoglobulin (Ig) levels in
populations of workers with asbestosis. Lange (1980) also correlated
serum Ig levels with asbestosis. This study differentiated groups by
sex and age, characteristics that can also affect the immunesystem.
Cigarette smoking did not significantly correlate with serum Ig
levels, whereas individuals with roentgenographically demonstrated
asbestosis had increased levels of IgA and IgG. Asbestos workers,
including those with interstitial fibrosis, were also evaluated for
symptomsof chronic bronchitis. Male workers exhibiting symptoms
for longer than 5 years had lower IgG and IgA values than asbestos
workers without chronic bronchitis or with symptoms of bronchitis
present for less than 5 years. Elevated IgA or IgM levels were found
in a subgroup of male asbestos workers who were heavy smokers, as
assessed by the duration of smoking multiplied by the average
number of cigarettes smoked per day. The authors concluded that
the asbestotic process and not the presenceof chronic bronchitis was
responsible for the high serum IgA and IgG levels (variable results
have been reported regarding the level of serum IgA with chronic
bronchitis) (Falk et al. 1970; Medici and Buergi 1971; Varpelaetal.
1977). The immunoglobulin level alterations were found in workers
with demonstrable lung disease. Therefore, it is unclear whetherthis
alteration is involved in the pathogenesis of the disease or is an
epiphenomenon, because the measurements were made whendisease was already present.

Cellular Immunity
Wagner and colleagues (1979) evaluated factors affecting the

peripheral blood leukocytes and T lymphocytes in 138 asbestos-

exposed men. T lymphocyte subsets were identified by the ability of
lymphocytes to rosette with erythrocytes, after incubation either for
1 1/2 hours (T helper cells) or overnight (T suppressor cells). Age,
length of asbestos exposure, smoking history, evidence of roentgenographic fibrosis or pleural changes, and spirometric abnormalities

were assessed. The smoking history in these asbestos-exposed
workers was the factor that correlated best with lymphocyte

changes. The group with roentgenographic changes of asbestosis and
a history of smoking had an increased percentage in E-rosettes after

1 1/2 hours. This suggests an increase in the numberof the T helper
cells. Among workers with parenchymal chest roentgenographic
changes, those who smoked had an increased numberof the T helper
cells compared with those who did not smoke. The number of T
suppressor cells was not affected by the smoking history or by
roentgenographic change.
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blood lymphocyte parameters are altered. Although the differences

are most striking in subjects with roentgenographic changes, the

lymphocyte alterations may not be related to the pathogenesis of
these changes, but may be a secondary changedue to chronicdisease.
In other studies (Ginns et al. 1982; Miller et al. 1982), smoking was
also found to cause T lymphocyte subset changes. These changes
were found in heavy smokers (50 to 120 pack-years) and not in light
to moderate smokers (10 to 49 pack-years). Heavy smokers had
increased total T lymphocytes (OKrsuw3.-), a decreased percentage of
T helper cells (OKnsub 4+), an increased total numberof T suppressor
cells (OKrsub s~), and a decreased ratio of helper to suppressorcells.
De Shazo and colleagues (1983) also examined lymphocyte subsets
in 31 current and former asbestos-cement workers compared with 52
healthy controls after adjustments had been made for possible
confoundingeffects of age, race, and smoking. The asbestos workers
had significantly decreased percentages and numbers of B and T

lymphocytes in the peripheral blood. Analysis of T lymphocyte

subpopulations revealed that total T cell numbers (OKrsub »~) and
helper-inducer T cell numbers (OKrsusi ) were decreased by similar
proportions. These decreases were negatively correlated with time
since the end of exposure to asbestos. In both workers and controls,

lymphocyte proliferative response to phytohemagglutinin was corre-

lated positively with the number of (OKrisu«~) cells and negatively
with age. No relationship was detected between any of the immunologic aberrations noted in the workers and the radiographic category
of pneumoconiosis, estimates of cumulative asbestos exposure, or
abnormalities of pulmonary function.
Lymphocyte function was assessed by Campbell and colleagues
(1980) by the mitogen lymphocyte transformation response of
peripheral blood lymphocytes. Allowing for the decline in response
seen with increasing age, there was an increase in response to
phytohemagglutinin (PHA) and pokeweed mitogen (PWM) in asbestos workers who smoked compared with ex-smokers and nonsmokers. These findings were in agreement with those reported by
Haslam and colleagues (1978).

Sister Chromatid Exchange Frequency

An in vitro cytogenetic assay, sister chromatid exchange (SCE)

frequency, has been utilized to demonstrate chromosomal breakage

in different mammalian cell lines following exposure to asbestos. In
a study reported by Rom andcolleagues (1983), 25 asbestos insulators

had a small increase in frequency of SCE in peripheral blood

lymphocytes compared with controls. The SCE rate increased
slightly with increasing years of exposure to asbestos, when age and
smoking were controlled. Smokers had similar rates of occurrence of
SCE among both controls and asbestos workers. In nonsmokers,
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Public Health Implications
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The data are unequivocal that cigarette smoking and
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means possible, the enormous risk of death and disability that
currently exists for these workers. Smoking cessation is therefore an
intrinsic and essential part of any effort to reduce asbestos-related
disease and disability.
Summary and Conclusions
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 numberof 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 !ung 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 decreasedtotal lung capacities (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
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 nonsmokers, 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 contro] asbestos-related death anddisability.
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Introduction

An association between respiratory disease and coal mining has
been recognized since the 16th century, when Agricola and Paracelsus wrote of the diseases of miners (Hunter 1978). The first
description of coal workers pneumoconiosis (CWP) was given in the
early 1800s by Laennec (Meiklejohn 1951) when he described cystic
and noncystic melanotic masses in the lung, and in addition,
melanotic parenchymalinfiltrates in the lung. The melanotic masses
were almost certainly progressive massive fibrosis (PMF) and the

black infiltrates, simple CWP.It is clear from Laennec s description
that he recognized an association between coal mining and the

deposition of la matiere noire pulmonaire. An excellent history of
coal miners lung disease in Great Britain can be found in series of
articles by Meiklejohn (1951, 1952a, 1952b).
Overthe years, a large number of names have been attached to the

conditions that affect the lungs of coal miners. Many early physi-

cians assumed that there was a single respiratory condition arising
from coal dust exposure, which was variously referred to as spurious
melanosis, miners asthma, anthracosis, miners phthisis, and silicosis. With the passage of time, it became evident that, aside from the
lung diseases that commonly affect the general population, coal
miners are prone to develop occupationally related lung diseases,
namely coal workers

pneumoconiosis, silicosis, and chronic bronchi-

tis (Morgan and Lapp 1976). Silicosis is covered elsewhere in this
Report; therefore this chapter discusses coal workers pneumoconiosis and chronic bronchitis.
The paramount importance of exposure to coal dust in the
development of CWPis generally accepted, and complicated CWPis
clearly associated with significant and often disabling chronic
airflow limitation as well as with other respiratory impairments
(Morgan and Seaton 1984; Morgan and Lapp 1976). Less certain is
the magnitude of the role of coal mine dust as a cause or
contributory factor in the development of bronchitis and emphysema. The effects of long-continued inhalation of coal and other dusts
are currently of major interest to epidemiologists and to those
practicing occupational medicine. Clearly the results of the studies
designed to characterize the effects of coal dust on lung function are

of vital importance to officials concerned with compensation for

occupationally related pulmonary disability. In these studies it is
important to evaluate as potentially independent effects the role of
coal dust in producing radiologic CWP and therole of coal dust in
producing physiologic airflow obstruction (Weeks and Wagner 1986).
This separation of the radiologic and physiologic responses to coal
dust is even more critical when considering the effects of combined
exposureto coal dust and cigarette smoke.
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TABLE 1. Smoking characteristics of coal workers
Study
Higgins et al.

(1968)
Tokuhata et al.
(1970)

Number and type
of population
755 mining town residents,

Great Britain
801 anthracite coal miners,
Pennsylvania

Large colleries

Age <40
40-49
> 50

Independent
Age <40

40-49
> 50

SM
75

NS/EX
25

84.1
74.0
116

15.9
26.0
28.4

76.4
80.5
77.3

23.6
19.5
22.7

Ashford et al.
(1970)

30,000 underground and
surface workers, Great
Britain

SM
78.7

NS
15.3

Rae et al.
(1971)

3,379 workers, 20

SM
79.2

NS
20.8

colleries, Great Britain

Comments

Smoking characteristics (percent)

EX
6

Ex-smokers not
differentiated from
smokers

Saric and Palaic

T6¢

(1971)

Lignite and brown coal
miners, Yugoslavia

SM
64.7

NS
23.6

EX
11.7

366

TABLE 1. Continued
Study
Minette
(1972)

Phelps
(1972)
Skrabski-Kopp

et al. (1972)

Number and type
of population

SM

NS

256 miners, U.S. Rocky

65.6

34.3

1,068 coal miners,

SM

NS/EX

75.6

Mountain region

Hungary

Kibelstis et al.
(1973)

Bituminous coal
miners, United States

Ortmeyeret al.

Coal miners and ex-miners,

Fairman et al.
(1977)

* Nonsmokers
include smokers
who did not

NS*
29.4

inhale

3.012 ex-coal miners,

(1974)

SM
70.6

204 coal miners, Belgium

Lowe and Khosla

(1972)

Comments

Smoking characteristics (percent)

9,361 controls, Great
Britain

Appalachia

987 surface coal miners,
six U.S. States

Ex-miners

Controls

Coal miners,
Ex-miners

24.4

86.6

80.7

SM
50.8

NS
25.4

EX
23.8

60.9

19.7

19.4

47.1

52.3

70.7

29.3

20-39-year-old
miners smoked at

a rate above 65%

TABLE 1. Continued
Study
Armstrong et al.
(1979)

Number and type
of population

Coal and gold miners,
Australia

Szymezykiewicz
(1979)

Miners, Poland

Potkonjak

970 coal miners, 538

Cochrane and Moore

Coal miners, Great Britain

(1979)

controls with no dust exposure

(1980)

Comments

Smoking characteristics (percent)
SM

NS/EX

Coal miners

58.7

41.3

Gold miners

66.3

33.7

73.7

Miners

Controls

Age 25-34

46

54

47.9

52.1

5M

NS/EX

Pipe only

113

24.3

3.8

23.6

16

NS
23.6

EX
38.4

NS

EX

SM/cigs
1-14

>14
Age 55-64

32
39.3
60

SM/cigs

Rom etal.
(1981)
Love and Miller

62

(1982)

242 active and retired
miners, Utah
1,677 colliery workers,

Great Britain

NOTE: SM = Smoker; EX = Ex-smoker; NS = Nonsmoker.

1-14

32

>14

28

SM
38
SM

66.1

12.8

45

16.5% were

intermittent
smokers
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accounted for by the use of different readers, partly by more
stringent reading criteria, partly from the use of the ILO standard
films as yardsticks, and partly from improved coal dust control. An
exodus of workers with higher categories of disease between thefirst
and subsequent accumulations of subjects with radiographic evidence of pneumoconiosis also played a role, since those with CWP
qualified for compensation.
Both simple CWP and PMF are related to cumulative lifetime
exposure to coal dust. The reduction or elimination of category 2 and
category 3 simple CWP through effective dust control not only is
possible but is rapidly being achieved in the United States and Great
Britain (Jacobsen 1980). Since complicated pneumoconiosis develops
almost entirely in subjects who have the higher categories of simple
CWP(i.e., those with a high dust burden), the effective prevention of
category 2 and category 3 simple CWP should almost completely
eliminate PMFas well. The removal from further coal dust exposure
of miners with early categories of simple CWP should also aid in
reducing the incidence of PMF.

Pulmonary Function Abnormalities in Simple and

Complicated Coal Workers

Pneumoconiosis

The radiologic changes of simple CWP are associated with the
development of certain relatively minor pulmonary impairments.
These include an increased alveolar arterial gradient for oxygen,
abnormalities of the distribution of inspired gas, and a modest
increase in lung volumes (Morgan and Lapp 1976). The increase in
lung volumes is a consequence of the focal emphysemathat is an
integral part of the pathology found with simple CWP (Morgan and

Seaton 1984).
Complicated pneumoconiosis is associated with a reduction in lung
volume and diffusing capacity, ventilation perfusion mismatching,
an obliteration and destruction of the pulmonary vascular bed that
leads to nonhypoxic pulmonary hypertension and cor pulmonale,
and with the presence of generalized airways obstruction (Gilson and

Hugh-Jones and Seaton 1955; Lyons et al. and Seaton 1981; Morgan
and Seaton 1984).
Relationship of Small Opacities to Emphysema and
Airways Obstruction
The small opacities present in the lung in the various pneumoconioses can be classified as either rounded (regular) or irregular.
Small rounded opacities have a fairly rounded and regular margin.
They are classified according to their size into p, q, and r types: p is
up to 1.5 mm in diameter, q is between 1.5 and 3 mm, and r is
between 3 and 10 mm. Usually only one type of opacity is present,
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1966), it was known that not all subjects with chronic bronchitis
showed an associated reduction of FEV,, but the committee did not
elaborate fully on the implications of the term bronchitis. It was
assumed, moreover, that there was a relationship between the
symptoms of cough and sputum and a decreased ventilatory capacity, and that sooner or later most or all subjects with chronic
bronchitis would develop some degree of irreversible airways obstruction. The MRC s (1965) division of bronchitis into obstructive

bronchitis and simple bronchitis, a condition characterized by the

presence of cough and sputum in the absenceof airways obstruction,
was the first step taken toward a better understanding of the
implications of a diagnosis of bronchitis. Subsequently, the general

use of the MRC questionnaire on chronic bronchitis for symptoms

without reference to lung function led to an appreciation of the
pathophysiology of this condition (MRC 1965), and the pathological
features of bronchitis as described by Reid (1960) in her studies
provided a meansof quantitating the severity of the condition.

Bronchitis and Dust Exposure
Manyof the studies showing an association between dust exposure
and an increased prevalence of chronic bronchitis have been carried

out with coal miners. Coal miners represent a clearly defined and
relatively large group of
tion, and thus present
colleagues (1970) showed
increased with age and,

subjects who seldom change their occupaan ideal study population. Ashford and
that the prevalence of cough and sputum
it may be inferred, with cumulative dust

exposure. Shortly thereafter, Rae and colleagues (1971) demon-

strated a relationship to dust exposure. Kibelstis and colleagues
(1973) showed, in a U.S. population of more than 9,000 working coal
miners, that cough and sputum were related to dust exposure and
also to cigarette smoking. When only nonsmokers were considered,

there wasa gradient in the prevalence of bronchitis from the least to

the most dusty jobs. This occurred independent of age. In smokers,
the effect of cigarette smoking almost completely overwhelmed the
effects of dust and age, at least as far as symptoms were concerned.
Similar findings have been reported in Belgian coal miners (Minette

1976; Vuylsteek and Depoorter 1978).
The effect of dust and cigarette smoke on bronchial gland

dimensions in coal miners has recently been investigated (Douglas et
al. 1982). These investigators demonstrated that both dust and
cigarette smoking had an effect on the Reid index and that they led
to mucous gland hypertrophy. There is thus a fairly widespread
acceptancethat the long-continued inhalation of coal dust and other
dusts may lead to an increased prevalence of cough and sputum in
the absence of cigarette smoking. Moreover, it has been demonstrated that the prevalence of dust-induced bronchitis is related to
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cancer in particular (Liddell 1973b). There was a wide disparity

between the SMR of miners employed atthe face (49) and the SMRof

those working on the surface (82). This disparity can be explained in
that surface miners may smoke while at work, but underground
miners cannot, and that the less healthy miners tend to move away
from coal face work and to be employed in easier jobs on the surface.
Ortmeyer and colleagues (1973; Lainhart et al. 1969) studied the
death rate of Pennsylvania coal miners who had been awarded
compensation for occupationally related respiratory disability. The

overall SMR was the sameas that of white men in Pennsylvania.

Excess death rates were foundin subjects with a reduced ventilatory
capacity, in particular when the FEV,/FVC was below 50 percent,
and in ex-miners with stage B and C complicated CWP. Disabled

miners with simple CWP had a normal SMR.Later, Ortmeyer and
colleagues (1974) studied a group of randomly selected Appalachian

miners and ex-miners. They showed that the overall life expectancy
for miners and ex-miners combined was the same as that for the
general U.S. population and for the States from which the cohort

originated. The effects on mortality of the years worked under-

ground, cigarette smoking, and airways obstruction were investigated. Ex-miners had a slightly but significantly increased death

rate. Simple CWP had no effect on life expectancy; however,

complicated CWP wasassociated with decreased longevity. Although
both cigarette smoking and airways obstruction were associated with
an increased SMR, the numberof years of work underground had no
discernible effect.

About the same time these reports were published, Cochrane

(1973) described his findings from a 20-year followup of the male
population of the Rhondda Fach in Wales. Survival rates for miners
and ex-miners were independent of the radiographic presence of
simple CWP or category A complicated pneumoconiosis. Further
studies of the same cohort from the Rhondda Fach showed a normal
life expectancy in those with simple CWP and category A complicat-

ed CWP (Cochrane et al. 1979). The death rate for bronchitis and

other respiratory diseases was elevated. The smoking habits of this
population were not examined.
A 20-year followup of a population sample from Derbyshire
(Cochrane and Moore 1980), aged 25 to 34, included four groups of

workers whose work was categorized as nondusty, pure coal mining,
pure foundry, or other and mixed. There were no significant

differences in the SMRs of the dust-exposed group of miners,
compared with the non-dust-exposed group of miners; however,only
20 deaths wererecordedin the study.

Rockette (1977), in a NIOSH-supported study, investigated the

mortality rates among coal miners covered by the United Mine
Workers of America (UMW) Health and Retirement Fund. Unfortu301

nately, unlike the studies of Ortmeyer and colleagues (1973, 1974), in

this investigation the population was not randomly chosen and
smoking histories were not available. A 10 percent sample of miners
eligible for benefits in January 1959 was randomly selected from the
original 550,000. Doubt exists whether miners covered by the UMW
Health and Retirement Fund are necessarily representative of US.
coal miners as a whole. The SMRfor all causes was 101.6 and for all
cancer, 97.7. The SMRs for asthma, emphysema, and tuberculosis
The
were significantly elevated at 174, 144, and 145, respectively.

SMR for lung cancer was minimally but significantly elevated at

112; however, a disproportionate numberof miners from southwestin
ern West Virginia were subsequently shown to have been included
United
the
of
part
this
cancerin
lung
for
rate
death
the cohort. The
a
States is significantly higher than therate for the United States as

whole and for other parts of West Virginia. In the absence of
in
smoking histories, little can be made of such a small increment

mortality. Deaths due to accidents were high (SMR 144). The SMR
for bronchitis was 89.7, but, as previously mentioned, the SMR for

emphysemawas elevated. There was a significantly increased death
rate for stomach cancer, but the SMR for pneumoconiosis could not
be determined because of difficulties with death certification and
classification.
A lengthy report of coal miners morbidity in relation to x-ray
al.
category, lung function, and exposure to airborne dust (Miller et
were
who
1981) described the findings for 31,611 British miners

surveyed at 24 pits from 1953 to 1958. Again, the coal miners had a

lower mortality than British men in general. Although this was
attributed to the healthy worker effect, no supporting evidence for
this conclusion was given. Miners with PMF had an increased death
rate. Mortality from bronchitis was associated with increased dust
exposure, but it is apparent that with increased dust exposure, there
would also be an increased cumulative exposure to cigarette smoke.
Appropriate data whereby the two effects could be separated were
not available, since cumulative cigarette smoking history or, indeed,
a smokinghistory of any kind was not available. Deaths from lung

cancer were not increased.
Higgins and colleagues (1981), in a followup study of a group of
to
miners from Richwood and Mullens, West Virginia, were unable
exand
miners
of
y
mortalit
the
show anysignificant difference in

miners as compared with nonminers. The death rates from respira-

tory diseases were appreciably higher in coal miners; however, there

are doubts as to the accuracy of the cause of death on the death
certificates because compensation was often awarded to ex-miners

families solely on the basis of a death certificate that mentioned

respiratory disease (Comptroller General 1980, 1982). Another
problem encountered was that some miners had moved away from
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the district and could not be traced. In many instances, their status
proved impossible to determine. A clear-cut effect of smoking on
mortality was evident in nonminers, but was less evident in miners
and ex-miners. Here again the advent of black lung compensation
may have been an incentive for disability applicants to underestimate their smoking habits.
The publication of the Registrar General s Decennial Supplement
(1970-1972) on occupational mortality (1978) indicated that mortality rates for coal miners were somewhat increased for both underground and surface workers. The SMR for most respiratory diseases
other than lung cancer showed a mild to moderate increase.
Jacobsen (1976, 1977) concluded that coal miners as a group havea
normal SMR. Healso indicated that there was no excess death rate
from bronchitis and emphysema among coal miners, nor was there
an increase in mortality from these conditions with increasing time
worked in dusty occupations. Among men with no pneumoconiosis,
there was a clear and significant mortality gradient with increases
in estimates of cumulative exposures to airborne dust. However, the

decision to study the SMRof selected subgroups of miners whose

cigarette smoking habits were unknown, and in whom otherpossible
confounding factors may have been present, detracts from his
conclusions. The demonstration that the presence of bronchitis in

coal miners is associated with increased mortality and morbidity is

of little special significance for coal miners because the same
situation applies to the general population. The increased mortality
and morbidity are for the most part attributable to cigarette
smoking in the general population, and only if it were possible to
show an increased death rate in nonsmoking bronchitic coal miners
would this observation be convincing evidence that the presence of
bronchitis of itself portends prematuredisability and death.
In conclusion, the majority of recent mortality studies have shown
that coal miners have a normallife expectancy. Althoughthere is an
increased SMR in miners with PMF, the overall prevalence of PMF

in working minersis so low that any effect it has on the SMRis more

than counterbalanced by decreased death rates from lung cancer and

heart disease. Although in certain studies, death rates from bronchi-

tis and emphysema have been foundto be elevated, this has not been
a consistent finding; in other studies, especially those in which it has

been possible to quantitate the effects of cigarette smoking, no

increased death rates have been demonstrable. Thereis little or no
evidence that the inhalation of coal mine dust contributes to excess
morbidity or mortality in regard to lung conditions other than PMF,
such as emphysema, asthma, tuberculosis, or pneumonia. By way of
contrast, cigarette smoking has repeatedly been shown to have a
clear and easily demonstrable effect on the death rate of both miners
and nonminers. There is some recent suggestion that cigarette
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Emphysema, Exposure to Coal Dust, and Cigarette Smoking
The pathology associated with CWP, both simple and complicated,

has been well described, and it is generally accepted that simple
CWPhasa relatively specific set of histological findings (College of

American Pathologists 1979). Initially, dust starts to accumulate
aroundthe second division of respiratory bronchioles. As this occurs,
there may be a little reticulin or, exceptionally, some collagenous
fibrosis. Subsequently, the respiratory bronchiole dilates to form a
condition known as focal emphysema. Gough (1947) and Heppleston
(1947, 1954) suggested that this condition develops as a result of
weakening and atrophy of the smooth muscle in the bronchiolar
wall. The site at which focal emphysema developsis identical to that
of the centrilobular emphysema found in cigarette smokers. Some
researchers, however, believe that the focal emphysema of coal
workers seldom extends to involve the gas-exchanging regions of the
lung, namely, the respiratory bronchioles and alveoli (Heppleston
1972). Heppleston (1972) and Gough (1968), moreover, claimed to be
able to distinguish focal emphysema from centrilobular emphysema,
and suggested that the former is characterized by an absence of
bronchiolitis in the smaller airways. Not all researchers accept these
opinions(Cockcroft, Seal et al. 1982).
Dust exposure has long been associated with increasing severity of

focal emphysema. Gough (1968) wrote that in a young coal miner
with short exposure to dust, dying of accident or of nonpulmonary
disease, there is an accumulation of coal dust specifically related to

the terminal and respiratory bronchioles. The lungs can evidently

withstand this deposition without harm for some years. Emphysema
then develops, and in miners who have been exposed for 20 years,
some degree of dilatation of the proximal order of the respiratory

bronchiole is usual and may be marked. After 40 years of dust

exposure, the majority of miners will show focal dust emphysema
(FDE), although there is a surprising range in the quantity of dust

deposited, and in the degree of emphysema, in miners working under

similar conditions. FDE refers to dilatation of the respiratory
bronchioles and there can be no doubt, because of the time sequence,
that the dust deposition precedes the emphysema. Although Gough s

remarks imply that there is a direct relationship between dust
exposure and the development of focal emphysema, until recently
his views were not entirely accepted. In a similar context, there is a

clear-cut relationship between coal] dust exposure and the develop-

mentand progression of simple CWP (Jacobsen 1980).
Ryder and colleagues (1970) reported the results of a survey in
which they correlated pathological, physiological, and radiological
findings from the lungs of 247 deceased South Wales miners and exminers, most of whom had been diagnosed as suffering from coal
workers pneumoconiosis during life. The researchers were particu305
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grade A PMF, but there was no difference in mean FEV, for smokers
and nonsmokers among workers with more advanced PMF. The
authors suggested that the emphysemais a more important determi-

nant of ventilatory impairment than the radiograph and that the

emphysema is due to coal dust in both simple pneumoconiosis and
progressive massive fibrosis. However, they presented no data to
evaluate the possibility that emphysematous change dueto cigarette
smoking may have been responsible for the link between emphysema score and lung function and for the absence of a correlation with

the radiologic changes of pneumoconiosis.

Leigh and colleagues (1983) described the results of 886 postmortem examinations of Australian miners, relating years spent
underground at the coal face to bronchial gland wall ratio, the
presence and extent of emphysema in the lungs, radiographic
findings, and cigarette smoking history. Emphysema wasrelated to
years spent underground atthe coal face and to radiological evidence
of CWP. Radiological evidence of pneumoconiosis was negatively
associated with smoking. Even moresurprisingly, smoking was not
correlated with gland wall ratio or emphysema. This absenceof any
relationship between cigarette smoking and emphysemais unique in
the published literature and suggests a bias in the selection of
subjects who underwent post-mortem examination or in the manner
in which smoking habits were analyzed.
A relatively recent post-mortem study of coal miners and nonmin-

ers from South Wales compared the prevalence and extent of
emphysema in subjects who had died of ischemic heart disease
(Cockcroft, Berry et al. 1982). A greater percentage of smokers and
ex-smokers had emphysema(17/34) than never smokers (1/5) among
the coal miners, but there were too few cases of emphysema among

the nonminers to compare smokers and nonsmokers. Coal miners

were noted to have more emphysema than nonminers, but the
frequency of emphysema in the control population was very low.
While the degree of emphysema in these subjects was quantitated in

the absence of knowledge of the deceased subject s occupation, the

characteristic features of coal miners lungs(i.e., the formation of
macules and the presence of pigment and the accompanying focal

emphysema)would invariably indicate the deceased subject s occupation during life. There was a legal requirement for a post-mortem
examination for coal miners. Whether the pigment present also

highlighted and accentuated the emphysemais unknown.
Ruckley and colleagues (1984) examined the lungs of 460 British

coal miners at post-mortem examination for signs of dust-related
fibrosis and emphysema. Smoking habits had been determined
previously by questionnaire. The prevalence of emphysema was 9
percent in the nonsmoking miners whose lungs showed only
circumscribed dust accumulations of which any solid center wasless
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FEV, was generally lower in the most dust-exposed group than in
the low exposure group, but the rate of decline per year remained
the same from age 30 to age 60 in both exposure groups. The agerelated regression coefficients were the same in the heavily and
lightly dust-exposed nonsmokers. Subjects with PMF were excluded
from the analysis. Among smokers, the rate of decline in FEV, with
age was greater than for the nonsmokersin each exposurecategory,
but the absolute FEV, in smokers at a given age was uniformly
lowerfor the group with high dust exposure than the group with low
dust exposure.
Kibelstis and colleagues (1973) were also able to demonstrate a

slight effect of dust exposure on the ventilatory capacity of their

nonsmoking miners. These investigators divided their population
according to whether the men had workedattheface, in transportation, in miscellaneous other jobs, or on the surface. Dust measurements performed for these various jobs and work places had shown a
gradient, with the greatest exposure at the coal face and least on the
surface (Doyle 1970). Nevertheless, individual cumulative dust

exposure measurements were not available for the subjects. When

the nonsmoking coal face workers were compared with the nonsmoking surface workers, there was a slight but significant difference in FEV,. Thus, the coal face workers had an FEV, of 98 percent
of the predicted value; that of the surface workers was 102.4 percent.
The difference in FEV, for the smoking and the nonsmoking coal

face workers was 6 percent; the difference between the smoking

surface workers and the nonsmoking surface workers was 10.5
percent. Theeffects of cigarette smoking were therefore substantially larger than those of dust exposure. Among the ex-smokers and
nonsmokers, there was a significant difference in function between
coal face workers and transportation workers and their counterparts
who worked on the surface. Among the smokers, no such difference
was present, with smoking apparently overwhelming the effects of
dust. Airways obstruction was three times more common in the
smokers thanin the nonsmokers.
An extensive West German study of 6,700 workers employed in
coal mines, steel works, cement works, asbestos factories, and other

heavy industry related dust exposure to smoking habits and other

factors (Deutsche Forschungsgemeinschaft 1978). Each subject underwent a clinical examination, chest radiograph, and spirometry
along with measurements of airways resistance and arterial blood
gas analyses. The study showed that the most important factors
related to the prevalence of bronchitis and airways obstruction were
age and smoking habits. Among younger workers, there seemed to be
an additive effect of smoking, age, and dust, with the combined effect
of all three equaling the sum of their separate effects. Among older
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FIGURE 1. Mean flow volume curves expressed as
percentage of forced vital capacity
SOURCE: Hankinsonet al. :1977)

first survey. No data were provided to establish that the 1,677
survivors had similar characteristics to the original 6,191 subjects. It
is essential to know that the ventilatory capacities, age, height, and
smoking habits of the survivors did not differ from those of the
original cohort. Second, no quantification of smoking was available.
FEV, was regressed against age, regular smoking habit, and dust.
Unfortunately, smoking was treated as an unchanging variable such
as height, although Fletcher and colleagues (1976) had shown that

the effects of cigarette smoking increase with pack-years. Similarly,

Kibelstis and colleagues (1973) showed that while cough and sputum
relate well to current smoking habits, pack-years are a better
predictor of the prevalence of airways obstruction.
Attfield (1985) examined changes in ventilatory function among
smoking and nonsmoking miners in the United States. They
recorded the decline in FEV, over an 11-year period in a group of
1,072 U.S. miners. Over that time the loss in FEV, was 0.1 L more in
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of smoking coal miners, but appears to havelittle effect on the
prevalence of small rounded opacities or complicated CWP.

. Increasing category of simple radiologic CWPis not associated
with increasing airflow obstruction, but increasing coal dust
exposure is associated with increasing airflow obstruction in
both smokers and nonsmokers.
. Since the introduction of more effective controls to reduce the
levels of coal dust exposure at the worksite, cigarette smoking
has become the moresignificant contributor to reported cases
of disabling airflow obstruction among coal miners.
. Cigarette smoking and coal dust exposure appear to have an
independent and additive effect on the prevalence of chronic
cough and phlegm.
.Increasing coal dust exposure is associated with a form of
emphysema knownas focal dust emphysema, but there is no
definite evidence that extensive centrilobular emphysema

occurs in the absenceof cigarette smoking.

. The majority of studies have shown that coal dust exposure is
not associated with an increasedrisk for lung cancer.
. 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 successful smoking cessation.

313

References

Significance of
AMANDUS, H.E., LAPP, N.L., JACOBSON, G., REGER, R.B.
the USA. British Journal
irregular small opacities in radiographs of coalminers in
of Industrial Medicine 33(1):13-17, February 1976.

K.A., HOBBS,
ARMSTRONG, B.K., McNULTY, J.C., LEVITT, LJ., WILLIAMS,

with special
M.S.T. Mortality in gold and coal miners in Western Australia
-205,
36(3):199
Medicine
l
Industria
of
reference to lung cancer. British Journal
August 1979.
Respiratory symptoms in
ASHFORD, J.R., MORGAN, D.C., RAE, S., SOWDEN, R.R.
Disease 102(3):370-381,
ry
Respirato
of
Review
American
miners.
British coal

September 1970.

States coalminers. Thorax
ATTFIELD, M.D. Longitudinal decline in FEV, in United
40(2):132-137, February 1985.

British Medical
BRITISH MEDICAL JOURNAL.Chronic bronchitis and occupation.

Journal 1(5479):101-102, January 8, 1966.
ogram in smoking
CARILLI, A.D., KOTZEN, L.M., FISCHER, M.J. The chest roentgen

1973.
females. American Review of Respiratory Disease 107(1):133-136, January

s of coalworkers pneumoCOCHRANE, A.L. Relation between radiographic categorie

June 2,
coniosis and expectation of life. British Medical Journal 2(5865):532-534,
1973.

mortality of men in
COCHRANE, A.L., HALEY, T.J.L., MOORE, F., HOLE, D. The

36(1):15-22,
the Rhondda Fach, 1950-1970. British Journal of Industrial Medicine

February 1979.
ventilatory functions of
COCHRANE, A.L., HIGGINS, LT.T., THOMAS, J. Pulmonary
of pneumoconiosis.
coalminers in various areas in relation to the x-ray category
1961.
15:1-11,
Medicine
Social
and
British Journal of Preventive
n sample (aged 25COCHRANE, A.L., MOORE, F. A 20-year follow-up of a populatio

e. British
34) including coal-miners and foundry workers in Staveley, Derbyshir

Journal of Industrial Medicine 37(3).230-233, August 1980.

opacities and
COCKCROFT,A., BERRY, G., COTES,J.E., LYONS, J.P. Shape of smal!
1982.
lung function in coalworkers. Thorax 37(10):765-769, October

RYDER, R., ANCOCKCROFT, A., SEAL, R.M.E., WAGNER, J.C., LYONS, J.P.,

and non-coalworkDERSSON, N. Post-mortem study of emphysemain coalworkers
1982.
ers. Lancet 2(8298):600-603, September 11,

COMMITTEE.
COLLEGE OF AMERICAN PATHOLOGISTS, PNEUMOCONIOSIS

of Pathology and
Pathology standards for coal workers pneumoconiosis. Archives
1979.
July
5-432,
103(7):37
Medicine
ry
Laborato
to the Congress of the
COMPTROLLER GENERAL. Report of the Comptroller General
To Be Awarded
Benefits
Lung
Black
Allows
That
on
Legislati
United States:
on, D.C., US.
Without Adequate Evidence of Disability, July 28, 1980. Washingt
Government Printing Office, 1980.

of the
COMPTROLLER GENERAL.Report of the Comptroller General to the Congress
Awarded
Be
To
Benefits
Lung
Black
Allows
That
on
Legislati
United States:
on D.C., US.
Without Adequate Evidence of Disability, January 19, 1982. Washingt
1982.
Office,
g
Government Printin

Bronchitis
DEUTSCHE FORSCHUNGSGEMEINSCHAFT.Research Report: Chronic
Verlag
Boldt
Harald
,
Germany
West
Boppard,
Exposure.
Dust
onal
and Occupati
KG, 1978.
gland dimensions in
DOUGLAS, A.N., LAMB, D., RUCKLEY, V.A. Bronchial
37(10):760-764,
coalminers: Influence of smoking and dust exposure. Thorax

October 1982.
um on
DOYLE, H.N. Dust Concentrations in the Mines. Proceedings of Symposi

ntof the Interior,
Respirable Coal Dust. Information Circular 8458. U.S. Departme
Bureauof Mines, 1970.

314

ELMES, P.C. Relative importance of cigarette smoking in occupational lung disease.

British Journal ofIndustrial Medicine 38:1-13, 1981.

ENTERLINE, P.E. Mortality rates among coal miners. American Journal of Public
Health 54(5):758-768, May 1964.
ENTERLINE, P.E. A review of mortality data for American coal miners. Annals of the
Neu York Academy of Sciences 200:260-272, 1972.

FAIRMAN,R.P., O BRIEN, R.J.. SWECKER, S., AMANDUS, H.E., SHOUB, E.P.
Respiratory status of surface coal miners in the United States. Archives of

Environmental Health 32%5):211-215, September October 1977.

FERNIE, J.M., DOUGLAS, A.N., LAMB, D., RUCKLEY, V.A. Right ventricular
hypertrophyin a group of coalworkers. Thorax 38(6):436-442, June 1983.

FLETCHER, C.M., ELMES, P.C., FAIRBAIRN, A.S., WOOD,C.H. Thesignificance of
respiratory symptoms and the diagnosis of chronic bronchitis in a working
population. British Medical Journal 2(5147):257-266, August 29, 1959.

FLETCHER, C.M., PETO, R., TINKER, C., SPEIZER, F.E. The Natural History of
Chronic Bronchitis and Emphysema: An Eight-Year Study of Early Chronic
Obstructive Lung Disease in Working Men in London. New York, Oxford
University Press, 1976, 272 pp.
FRANS, A., VERITER, C., BRASSEUR, L. Pulmonarydiffusing capacity for carbon
monoxide in simple coal workers pneumoconiosis. Bulletin de Physiopathologie
Respiratoire 11(4):479-502, July-August 1975.
GILSON, J.C., HUGH-JONES, P. Lung Function in Coalworkers Pneumoconiosis.

Medical Research Council Special Report Series, No. 290. London, Her Majesty s
Stationery Office, 1955.
GOUGH, J. Pneumoconiosis in coal workers in Wales. Occupational Medicine 4:86-97,
1947.

GOUGH, J. The pathogenesis of emphysema. In: Liebow, A.A., Smith, D.E. (eds.). The
Lung. Baltimore, Williams and Wilkins, 1968, pp. 109-133.

GREENHOW, E.H. Report of the Medical Office to the Privy Council. Appendix 6.
London, Her Majesty s Stationery Office, 1860.
GURALNICK, L. Mortality by Occupation and Cause of Death Among Men 20 to 64
Years of Age: United States, 1950. Vital Statistics Special Reports, Vol. 53, No. 3.
U.S. Department of Health, Education, and Welfare, Public Health Service,

National Vital Statistics Division, September 1963.

HANKINSON, J.L., PALMES, E.D., LAPP, N.L. Pulmonaryair space size in coal
miners. American Reviewof Respiratory Disease 119(3):391-397, March 1979.
HANKINSON, J.L., REGER, R.B., MORGAN, W.K.C. Maximal expiratory flows in
coal miners. American Review of Respiratory Disease 116(2):175-180, August 1977.
HEPPLESTON, A.G. The essential lesion of pneumokoniosis in Welsh coal workers.
Journal of Pathology and Bacteriology 59:453-460, 1947.
HEPPLESTON, A.G. The pathogenesis of simple pneumokoniosis in coal workers.
Journal of Pathology and Bacteriology 67:51-63, 1954.
HEPPLESTON, A.G. The pathological recognition and pathogenesis of emphysema
and fibrocystic disease of the lung with special reference to coal workers. Annals of
the New York Academyof Sciences 200:347-369, 1972.

HIGGINS, I.T.T. An approach to the problem of bronchitis in industry: Studies in
agricultural, mining and foundry communities. In: King, E.J., Fletcher, C.M. (eds.).
Industrial Pulmonary Diseases. London, J. & A. Churchill Ltd., 1960, pp. 195-207.
HIGGINS, LT.T. Chronic respiratory disease in mining communities. Annals of the
New York Academyof Sciences 200:197-210, 1972.

HIGGINS, LT.T., GILSON, J.C., FERRIS, B.G., WATERS, M.E., CAMPBELL, H.,

HIGGINS, M.W. Chronic respiratory disease in an industrial town: A nine-year
follow-up study. Preliminary report. American Journal of Public Health
58(9):1667-1676, September 1968.

315

D.E. Chronic Respiratory Disease in
HIGGINS, I.T.T., OH, MS., WHITTAKER,
f Health and Human Services, Public
mento
Depart
U.S.
Miners. Report to NIOSH.
tional Safety and Health. WashingHealth Service, National Institute for Occupa

ton, D.C., U.S. Government Printing Office, 1981.
London, Hodder and Stoughton,
HUNTER,D. The Diseases of Occupations. 6th ed.
1978.
Classification of Radiographs of
INTERNATIONAL LABOUROFFICE. International
Series, No. 22. (rev.). Geneva,
Health
and
Safety
Pneumoconioses. Occupational
tional Labour Office, 1980.

Interna
and Coal Miners Mortality. Ph.D.
JACOBSEN, M. Dust Exposure, Lung Disease

1976.
Thesis, Edinburgh, University of Edinburgh,
About Occupational Hazards. Paper
JACOBSEN, M. Inferences From Mortality
tional

Meeting of the Interna
presented at the 8th International Scientific
ber 1977.
Epidemiological Association, Puerto Rico, Septem

between simple pneumoconiosis and
JACOBSEN, M. New data on the relationship
408-410, August 1980.
exposure to coal mine dust. Chest 78(2, Supp.):

SEATON, A., MORGAN,
KIBELSTIS, J.A., MORGAN, E.J., REGER, R., LAPP,N.L.,
nous
obstruction in American bitumi
W.K.C. Prevalence of bronchitis and airway
108(4):886-893, October 1973.
Disease
tory
Respira
of
Review
an
Americ
coal miners.

HENSCHEL, A., KENDRICK,
LAINHART, W.S., DOYLE, H.N., ENTERLINE,P.E.,
Miners. U.S. Departmentof
Coal
nous
Bitumi
chian
Appala
in
is
M.A. Pneumoconios
Service, Bureau of Occupational
Health, Education, and Welfare, Public Health
1969.
2000,
No.
Pub.
PHS
Health,
Safety and

M., WILES, A.N. Quantified
LEIGH, J., OUTHRED, K.G., McKENZIE, HI, GLICK,
bronchitis in coal workers.
chronic
and
is,
conios
pneumo
ema,
emphys
of
pathology
1983.
August
58-263,
40(3):2
British Journal of Industrial Medicine
. British Journal of
1961-62
in
miners
coal
British
of
ity
Morbid
LIDDELL, F.D.K.
1973a.
Industrial Medicine 30(1):1-14, January

in 1961. British Journal of
LIDDELL, F.D.K. Mortality of British coal miners
1973b.
Industrial Medicine 30(1):15-24, January
study of lung function in coal-miners.
LOVE, R.G., MILLER, B.G. Longitudina]

Thorax 37(3):193-197, March 1982.

in ex-coal miners working in the steel
LOWE, C.R., KHOSLA, T. Chronic bronchitis

29(1):45-49, 1972.
industry. British Journal of Industrial Medicine

COTES, J.E. Transfer factor (diffusing
LYONS, J.P., CLARKE, W.G., HALL, A.M.,
is of coal workers. British Medical
conios
capacity) for the lung in simple pneumo
1967.
30,
er
Decemb
4,
:772-77
Journal 4(5582)

E, W.G., GOUGH,J. SignifiLYONS, J.P., RYDER, R.C., CAMPBELL,H., CLARK
oniosis.
gy of coalworkers pneumoc
cance of irregular opacities in the radiolo
January 1974.
6-44,
31(1):3
ne
British Journal of Industrial Medici

, J. Pulmonarydisability in coal
LYONS, J.P., RYDER, R., CAMPBELL,H., GOUGH
18,
workers

:713-716, March
pneumoconiosis. British Medical Journal 1(5802)

1972.
R,J.C. Emphysemain smoking
LYONS, J.P., RYDER, R.C., SEAL, R.M.E., WAGNE
. Bulletin Europeen de Phipioponiosis
pneumoc
with
rkers
coalwo
oking
and non-sm

athologie Respiratoire 17(1):75-85, 1981.
entrants to mining. British Journal of
McLINTOCK, J.S. The selection of juvenile

Industrial Medicine 28(1):45-51, January 1971.
THE ETIOLOGY OF CHRONMEDICAL RESEARCH COUNCIL, COMMITTEE ON

of chronic bronchitis for clinical
IC BRONCHITIS. Definition and classification
9, April 10, 1965.
and epidemiological purposes. Lancet 1(7389):775-77
in Great Britain: Part I,
miners
coal
of
s
disease
lung
of
MEIKLEJOHN, A. History
1951.
37,
8:127-1
ne
1800-1875. British Journal of Industrial Medici

miners in Great Britain: Part I,
MEIKLEJOHN, A. History of lung diseases of coal
, 1952a.
1875-1920. British Journal of Industrial Medicine 9:93-98

316

MEIKLEJOMN, A. History of lung diseases of coal miners in Great Britain: Part III,
1920-1952. British Journal of Industrial Medicine 9:208-220, 1952b.

MILLER, B.G., JACOBSEN, M., STEELE, R.C. Coal Miners Mortality in Relation to
the Radiological Category, Lung Function and Exposure to Airborne Dust. Report
No. TM/81/10. Edinburgh, Institute of Occupational Medicine, 1981.
MINETTE, A. Apport Epidemiologique a l Etiologie de la Bronchite Chronique des
Mineurs de Charbon. Thesis, Louvain, Universite Catholique de Louvain, 1976.
MINETTE, A. Results of an epidemiological survey on bronchitic symptoms in the
male population of a Belgian mining community. In: Brzezinski, S., Kopezynski, J.,
Sawicki, F. (eds.). Ecology of Chronic Nonspecific Respiratory Diseases. Internation-

al Symposium, September7-8, 1972, Warsaw, Poland. Warsaw, Panstwowy Zaklad
Wydawnictw Lekarskich, 1972, pp. 87-96.
MORGAN, W.K.C. Industrial bronchitis. British Journal of Industrial Medicine
35(4):285-291, November 1978.

MORGAN, W.K.C., BURGESS, D.B., LAPP, N.L., SEATON, A., REGER, R.B.
Hyperinflation of the lungs in coal miners. Thorax 26(5):585-590, September 1971.

MORGAN, W.K.C., HANDELSMAN, L., KIBELSTIS, J., LAPP, N.L., REGER, R.
Ventilatory capacity and lung volumes of U.S. coal miners. Archives of Environmental Health 28(4):182-189, April 1974.
MORGAN, W.K.C., LAPP, N.L. Respiratory disease in coal miners. American Review
of Respiratory Disease 113(4):531-559, April 1976.

MORGAN, W.K.C., REGER, R., BURGESS, D.B., SHOUB, E. A comparison of the
prevalence of coal workers

pneumoconiosis and respiratory impairment in

Pennsylvania bituminous and anthracite miners. Annals of the New

York

Academy of Sciences 200:252-259, 1972.
MORGAN, W.K.C., SEATON, A., (eds.). Occupational Lung Diseases. 2d ed. Philadelphia, W.B. Saunders Co., 1984.
MUSK, A.W., COTES, J.E., BEVAN, C., CAMPBELL, M.J. Relationship between type
of simple coalworkers

pneumoconiosis and lung function: A nine-year follow-up

study of subjects with small rounded opacities. British Journal of Industrial
Medicine 38:313-320, 1981.

ORTMEYER,C.E., BAIER, E.J., CRAWFORD.G.M., Jr. Life expectancy of Pennsylvania coal miners compensated for disability: As affected by pneumoconiosis and
ventilatory impairment. Archives of Environmental Health 27(4):227-235, October

1973.
ORTMEYER,C.E., COSTELLO, J.. MORGAN, W.K.C., SWECKER, S., PETERSON,
M. The mortality of Appalachian coal miners,

1963 to 1971. Archives of

Environmental Health 29(2):67-72, August 1974.
PHELPS, H.W. Observations on high altitude coal miners. Rocky Mountain Medical

Journal 69(4):59-63, April 1972.
POTKONJAK, V. Airborne coalmine dust and chronic bronchitis. Revue de l Institute
d Hygiene des Mines (Hasselt) 34(2):77-83, 1979.
RAE, S., WALKER, D.D., ATTFIELD, M.D. Chronic bronchitis and dust exposure in
British coalminers. In: Walton, W.H. (ed.). Inhaled Particles IH. Vol. 2. Old
Woking, Surrey, England, Unwin Bros., Ltd., 1971, pp. 883-896.

REGISTRAR GENERAL. The Registrar General's Decennial Supplement, England
and Wales, 1951: Occupational Mortality. Part 2. London, Her Majesty s Stationery

Office, 1958.
REGISTRAR GENERAL. The Registrar General s Decennial Supplement, 1970-1972:
Occupational Mortality. London, Her Majesty s Stationery Office, 1978.
REID, L. Measurement of the bronchial mucous gland layer: A diagnostic yardstick in
chronic bronchitis. Thorax 15(2):132-141, June 1960.

317

Health and
ROCKETTE, H. Mortality Among Coal Miners Covered by the U.M.W.A.

Health, Education,
Retirement Fund. NIOSH Research Report. U.S. Department of
onal Safety
Occupati
for
Institute
National
Service,
Health
Public
Welfare,
and
and Health, DHEW Pub. No. 77-155, 1977.

, D.D., WALROGAN, J.M., ATTFIELD, M.D., JACOBSEN, M., RAE, S., WALKER

ent of chronic
TON, W.H. Role of dust in the working environment in developm
3Q(3):217bronchitis in British coal miners. British Journal of Industrial Medicine
226, July 1973.

BARKMAN,
ROM, W.N., KANNER, R.E., RENZETTI, A.D., Jr., SHIGEOKA,J.W.,
H.W., NICHOLS, M., TURNER, W.A., COLEMAN,M., WRIGHT, W.E.Respiratory
2disease in Utah coal miners. American Review of Respiratory Disease 123(4):37
377, April 1981.

,A.N.,
RUCKLEY, V.A., GAULD, S.J.. CHAPMAN, JS., DAVIS, J.M.G., DOUGLAS

dust exposure ina
FERNIE, J.M., JACOBSEN, M., LAMB, D. Emphysema and
129(4):528-532,
Disease
ry
Respirato
of
group of coal workers. American Review

April 1984.

main coal workers
RYDER, R., LYONS, J.P., CAMPBELL, H., GOUGH, J. Emphyse
29, 1970.
August
81-487,
pneumoconiosis. British Medical Journal 3(5731):4
group of miners
a
in
s
symptom
ry
respirato
of
ce
SARIC, M., PALAIC, S. The prevalen
parameters. In:
l
functiona
some
and
s
symptom
the
between
hip
relations
and the
England,
Surrey,
Woking,
Walton, W.H. (ed.). Inhaled Particles III. Vol. 2. Old
Unwin Bros., Ltd., 1971, pp. 863-871.

diffusione
SARTORELLI, E., BARALDI, V., GRIECO, A., ZEDDA,S. La capacita di

di carbonio.
pulmonare dei gas neisilicotici: Richerche con un metodoall ossido
Medicina del Lavoro 54(3):191-197, March 1963.
y impairment
SEATON, A., LAPP, N.L., MORGAN, W.K.C. Relationship of pulmonar
opacity. British
in simple coal workers pneumoconiosis to type of radiographic
Journal of Industrial Medicine 29(1):50-55, 1972.

logic study
SKRABSKLKOPP,M., TIMAR, N., SKRABSKI, A., HABER,J. Epidemio
s in miners. In:
of ventilatory capacity and prevalence of respiratory symptom

ic
Brzezinski, Z., Kopezynski, J., Sawicki, F. (eds.), Ecology of Chronic Nonspecif

1971, Warsaw,
Respiratory Diseases. International Symposium, September 7-8,
pp. 7-100.
1972,
h,
Lekarskic
ctw
Wydawni
Zaklad
wy
Panstwo
Poland. Warsaw,

go,
SZYMCZYKIEWICZ, K.E. Choroby drog oddechowych u gornikow wegla kamienne
Pracy
a
Medycyn
3].
Part
miners,
Cz. 3 (Respiratory system diseases in coal

30(6):439-446, 1979.
the Civic States
THACKRAH, C.T. The Effects of Arts, Trades and Professions and of
, Rees,
Longman
London,
ed.
and Habits of Living on Health and Longevity. 2d
1832.
Longman,
Orme, Brown, Green, and

TOKUHATA, G.K., DESSAUER,P., PENDERGRASS,E.P., HARTMAN, T., DIGON,
E,, MILLER, W. Pneumoconiosis among anthracite coal miners in Pennsylvania.
American Journal of Public Health 60(3):441-451, March 1970.

and
VUYLSTEEK, K., DEPOORTER, A.M. Smoking, occupational dust exposure
} 28(1):31-38,
chronic non-specific lung disease. Broncho-pneumologie (Les Bronches

1978.

with multiple
WEEKS, J.L., WAGNER, G.R. Compensation for occupational disease

causes: The case of coal miners respiratory diseases. American Journal of Public

Health 76(1):58-61, January 1986.

,
WEILL, H., HUGHES, J.M., HAMMAD,Y.Y., GLINDMEYER, H.W., III, SHARON

e vitreous
G., JONES, R.N. Respiratory health in workers exposed to man-mad
1983.
July
4-112,
128(1):10
Disease
ry
fibers. American Reviewof Respirato

318

CHAPTER 8

SILICA-EXPOSED WORKERS

CONTENTS
Silica Exposure
Population at Risk
Smoking Behavior of Silica-Exposed Workers
Definitions of Health Effects
Epidemiological Findings
Pathogenesis of Silica-Related Health Effects
Silica Exposure and Cancer
Epidemiologic Studies of Smoking, Silica Exposure,

Silicosis, and Cancer
Silica-Exposed Cohort Studies
Metal Ore Mining

Steel Industry

Workplaces With Exposure to Silica Only

Followup of Silicotics
Research Recommendations

Summary and Conclusions
References

321

Silica Exposure

The oxides of silicon (SiO,) are found in a numberof polymorphic

structures consisting of three-dimensional networksofsilica tetrahedra (Zoltai and Stout 1984). When SiO, is bound with cations, it is
considered to be
combined silica. When not combined, it exists in
its free forms polymorphiccrystalline, cryptocrystalline (minute
crystals), and amorphous (noncrystalline) (Parkes 1982). Whether
SiO, is in a free form is important from the standpoint of
occupational toxicity. The crystalline phases of SiO,, including
quartz, tridymite, and cristobalite, are recognized as causative
agents in silicosis. Diatomite tends to form amorphoussilica, and
crystalline lenses are found in diatomaceous earth deposits. Diatomite is converted to the biologically active cristobalite with calcining
at temperatures from 1000° C to 1723° C (Parkes 1982).
Occupational exposures to free silica are diverse. Major industries
with recognized significant silica exposures include metal mining,
coal mining, and nonmetallic mineral extraction, stone, clay, and
glass processing, iron and steel foundries, and nonferrous foundries.
A more complete listing of occupations with potential exposure to
silica is found in Table 1. Some of these exposures, including silica
flour production and use, sandblasting and certain mining, quarrying and tunneling operations, result in exposure predominantly to
silica. However, many silica exposures, including most mining
operations and foundry exposures, are mixed-dust exposures, which
has implications for the type and extent of biological response seen

among exposed workers.

A general pattern of noncompliance with the current permissible
exposure limit (PEL) for free silica has been documented in recent
papers appearing in the American medical literature. These reports
have included the Occupational Safety and Health Administration
(OSHA) compliance data for 205 foundries in which 40.6 percent of
samples exceeded the PEL (Oudiz et al. 1983); OSHA data showing a
53 percent rate of noncompliance with the silica PEL in 27silica
flour mills (Banks, Morring, Boehlecke 1981; Banks, Morring,
Boehleckeet al. 1981); and gross excesses (greater than hundredfold)
of the silica standard in sandblasting operations, which remain a
poorly regulated industrial process in the United States but are

banned in several other developed countries (Samimiet al. 1974).
Population at Risk

Estimates of the population at risk for potential silica exposure are

available from the National Institute for Occupational Safety and

Health (NIOSH) National Occupational Hazard Survey, which was
based on a probability sample of 5,000 industries between 1972 and
1974 (NIOSH 1978). From these survey results, NIOSH estimated
323

ntial exposure to silica
TABLE 1. Occupations with pote
Abrasive blasters
Abrasive makers
Auto garage workers

Bisque-kiln workers
Brick layers
Buffers
Burhstone workers
Carborundum makers

Casting cleaners (foundry)

Cement makers
Cement mixers

Ceramic workers

Chemical glass makers
Chippers

Coal miners
Construct workers
Cosmetic makers

Cutlery makers

Diatomaceous earth calciners

Electronic equipment makers
Enamellers
Fertilizer makers
Flint workers
Foundry workers

Furnace liners

Fused quartz workers

Glass makers
Glaze mixers (pottery)
Granite cutters
Granite workers

Grinding wheel makers

Grindstone workers
Hard rock miners

Insecticide makers
Insulators
Jewelers
Jute workers
Kiln liners

Masons
Metal buffers
Metal burnishers
Meta! polishers
Miners

Mortar mixers
Mortarmen

Oil purifiers
Oilstone workers

Optical equipment makers
Paint mixers

Polishing soap makers
Porcelain workers
Pottery workers

Pouncers (felt hat)
Pulpstone workers
Quarry workers
Quartz workers

Refractory makers
Road constructors
Rock crushers
Rock cutters
Rock drillers
Rock grinders
Rock screeners

Rubber compound mixers
Sand cutters
Sand pulverizers

Sand blasters
Sandpaper makers
Sandstone grinders
Sawyers

Scouring soap workers

Silica brick workers
Silicon alloy makers
Silver polishers
Slate workers
Smelters
Sodium silicate makers
Spacecraft workers
Stone bedrubbers
Stone cutters
Stone planners
Street sweepers
Subway construction workers

Tile makers

Toothpaste makers

Tube mill liners
Tumbline barrel workers
Tunnel construction workers
Whetstone workers
Wood filler workers

SOURCE:Aspen Systems (1978).
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Significant physical factors for occupational respiratory disease
risk include the percentageof free silica, the respirable fraction of
the mineral dust (which may havea highersilica content (Ayeretal.
1973)), and the concentration of dust (total and respirable) in the
worker s breathing zone. In addition, other workplace contaminants
may combine with silica particles to alter the toxicity of the given

mineral dust exposure. Individual factors such as pulmonary deposi-

tion and clearance, atopic status, genetic constitution, and immune
response may also be important risk factors in silica-related disease;
however, they are sometimesdifficult to measure and have been less
well studied. Hence, studies of workers exposed to silica must
provide clear documentation of the exposures in the workplace as

well as documentation of other personal and environmental factors
that may influencebiological response.

Smoking Behavior of Silica-Exposed Workers

The smoking behavior of workers in a variety of settings where

silica exposure can occuris detailed in Table 2. These studies in the
United States and abroad indicate that a very large proportion of
people whoare exposed to silica are also smokers.
Definitions of Heaith Effects
Several health effects are associated with occupational exposure to
silica dust. The causal role silica plays in some disease responses,
namely silicosis and silica-induced alveolar lipoproteinosis ( acute

silicosis ), is quite clear and widely accepted. Silica is recognized as

playing an important causal contributing role in a second group of
pulmonary responses silicotuberculosis, mixed-dust fibrosis (usually mixed with iron oxides), and the fibrosing alveolitis arising from
exposure to calcined diatomaceousearth (diatomite pneumoconiosis)

(Parkes 1982). Smoking appears to play no significant causal role in
the etiology of the first two categories of silica-induced diseases. In a

third group of health effects, silica dust appears to be a risk factor in
simple chronic bronchitis as characterized by mucus hypersecretion
and in chronic airways obstruction, which is often associated with a
progressive decline in expiratory flow rates and is largely irreversible. This last group of pulmonary responses is nonspecific, recognized to be multifactorial and causally linked to cigarette smoking. A
causal relationship between silica dust and chronic bronchitis or

chronic airways obstruction is less clear. This issue is of considerable

importance because of the prevalence of chronic bronchitis and
chronic airways obstruction in modern society and the large size of

the population at potential risk of silica exposure.
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TABLE 2. Smoking characteristics of silica-exposed workers
Study

Number and type
of population

Prowse
(1970)

240 gold miners,
South Africa

Brinkman et al.
(1972)

Sluis-Cremer

(1972)
Theriault et al.
(3 papers)

Smoking characteristics (percent)
SM
57

EX*
30

301 automotive industry

SM

NS/EX

workers, aged 40-65

34.2

Light (1-200) *
Moderate (201-600)

65.8
ll
22.3

Heavy (> 600)

32.5

NS
12

smoked

Men exposed to dust,

Exposed workers

70

30

Nonexposed workers

60.7

39.3

SM
60.4

EX
25.6

SM
66.3

NS/EX
33.7

42.8

33.6

NS
13.9

(1974)

Armstrong etal.
(1979)

Coal and gold miners,
Australia

Rom etal.
(1983)

Trona miners, Wyoming

NOTE: SM =Smoker; EX = Ex-smoker; NS = Nonsmoker.

Gold miners

Not smoked in
last 6 months

"Numerical rating
of cigs/day x years

Carletonville, South Africa
792 granite workers, Vermont

Comments

23.6

Epidemiological Findings
Early observers of occupational diseases, including Ramazzini in
1713 (1964), wrote about the respiratory problems of miners and
stone cutters, and recognized silicosis among miners, stone cutters or
hewers, and potters. Silicosis, and its previously described associated
health effects, have been given a variety of names that reflect the
several faces of silica exposure dust consumption, ganister disease,
grinders asthma, grinders consumption, grinders rot, grit consumption, masons disease, miners asthma, miners phthisis, potters rot,
rock tuberculosis, stonehewers

phthisis, and stonemasons

disease

(Hunter 1955). Greenhow (1878), in his treatise on bronchitis,
recognized that irritants which act immediately upon the bronchial
membrane may produce inflammation by means of either mechanical or chemical irritation. Fine coal and metal dust, stone and
porcelain grit, and even the flue of cotton wool .. . inhaled into the
lungs during various industrial processes are all of them mechanical
irritants which become fruitful causes of bronchitis in certain classes
of operatives (p. 30).
Mortality studies of silica-exposed cohorts have consistently shown
increased mortality rates for tuberculosis and nonmalignant respiratory disease, largely accounted for by silicosis (Guralnick 1962;
Registrar General 1958, 1978; Davis et al. 1983; Armstrong etal.
1979; McDonald et al. 1978; Fox et al. 1981). Although noneof these
studies accounted for the effects of smoking, the consistency and
magnitude of the increased rates suggest a causal relationship
between silica exposure and these cause-specific mortality rates.
Davis and colleagues (1983) demonstrated dose-response relationships between exposure category, tuberculosis, and silicosis, but
found no excess mortality from bronchitis and pneumonia. Finkelstein and colleagues (1982) investigated mortality among 1,190
Ontario miners receiving compensation awards for silicosis and
found nonmalignant respiratory disease (excluding tuberculosis) to
be the most frequent cause of death (standard mortality rate, 765).
NIOSH recently assessed causes of disability among employees of

the mining industry, based on the Social Security Disability Benefit

Awards and Allowances to Workers for 1969-1973 and 1975-1976

(Osborne and Fischbach 1985). The observed proportional morbidity
rate (PMR) for pneumoconiosis from silica and silicates (they were

not distinguished) was found to be somewhat higher (4,894) than for
other mining occupations. Workers employed in boring,drilling, and
cutting jobs appeared to experienceincreased disability from respiratory diseases, specifically pneumoconiosis includingsilicosis. These
findings, based on somewhat more recent exposures than the
previously cited mortality studies, confirm the major mortality
findings, but suffer from the same methodological problems. Again,
smoking data were not available or analyzed, and it is recognized
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due to previous exposures. Early studies of the refractory (silica)
brick industry documented high percentages of free silica, often in
the form of cristobalite and tridymite from burned bricks. Keatinge
and Potter (1949) and Fulton and colleagues (1941) studied 1,035
exposed workers in this industry, finding 52 percent to have some
stage of silicosis. A relationship with dust concentration and
duration of exposure was again documented, as was an apparent
increased risk among men exposed to burned brick dust (Keatinge
and Potter 1949; Fulton et al. 1941).
Epidemiological studies of workers in the Vermont granite industry have provided an important and interesting chronology of data
on the naturalhistory of silica-associated respiratory diseases. Early
US PHSstudies of this industry (Russell et al. 1929) documented
high dust concentrations (37 to 59 mppef) and a very high prevalence
of silicosis. On the basis of dust with a free silica content of 35
percent, a presumptive safe limit of dustiness was suggestedto lie
between 9 and 20 mppcf. A subsequent US PHS study (Russell 1941)
essentially confirmed the findings of the original study, noted an
increased progression of silicosis among the highly exposed cutters,
and concludedthat a limit below 10 mppeffor this industry would be
desirable. Subsequent followup studies in 1955 by the US PHS and
the VermontState Board of Health (Hoseyet al. 1957) found that the

prevalenceof silicosis had decreased from 45 percent in 1937-1938 to

15 percent in 1956, that the silica content of the dust averaged a
somewhat lower 22 to 25 percent free silica, and that nearly all
workers with silicosis had been exposed prior to implementation of
dust controls in 1937. This report was consistent with an earlier
report by Ashe (1955), and was subsequently supported by a further
followup study by Ashe and Bergstrom (1965), which reported no
cases of silicosis among 1,478 granite workers employed after 1937,
and a study by Davis and colleagues (1983) that reported only one
case in the samepopulation.
All of these early studies of silica exposure concentrated on
radiographic evidence of silicosis and tuberculosis and the association with silica content and concentration. These studies formed the
basis for environmental control ofsilica exposures, demonstrated the

effectiveness of dust control, and provided a widely held impression

that silica exposures, and hence disease arising from silica exposures, were well controlled.
Beginning in the 1950s, British epidemiologists introduced standardized respiratory questionnaires, field spirometry, and sound
epidemiological methodology to the study of bronchitis and chronic
obstructive lung disease, and werethefirst to use these methods to
assess respiratory effects among industrial workers. This allowed
assessment of other risk factors, including cigarette smoking, and
quantitation of major risk factors compared with appropriate
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reference populations. At the sametime, on the basis of clinical case
series, it was becoming clear that bronchitis and nonspecific airways

obstruction were more common than pneumoconiosis among work-

ers exposed to coal mine dust andsilica dust. The significance of
these health effects was not clear. Modern epidemiological studies
began with the Higgins and colleagues (1959) investigation of

Stavely, an English industrial town of 18,000 and home to a
significant numberof coal miners and foundry workers. This study

and other cross-sectional studiesof silica exposure that have assessed
standardized respiratory symptoms, lung function, smoking, and
occupation (only those with non-coal-mining silica exposures) are
summarized in Table 3.
Review of these studies has found them to be heterogeneous in
regard to workforce composition, free silica content and dust
concentration (if reported), and other associated occupational exposures that may contribute to respiratory symptoms and declines in
lung function. In some instances associated occupational exposures
other than silica dust appear to be as important or more important
thansilica dust (Higgins et al. 1959; Gamble etal. 1979, Manfreda et
al. 1982; Graham et al. 1984). Two of these studies found lung
function to be somewhat better among exposed workers than among
reference subjects (Clark et al. 1980; Graham et al. 1984). However,
in both of these studies, one of potash miners and one of taconite
miners, it is very likely that the free silica exposure, although not

documented, was low. Onestudy of fluorspar miners (Parsonsetal.

1964) and one of copper miners (Federspiel et al. 1980) suggest a
significant dust effect on bronchitis prevalence and a somewhat
lower lung function among exposed miners. Specific environmental
data on free silica content or dust concentration were not providedin
either study, although most likely some of the dust exposure in these
mineswassilica.
Four of the studies reviewed in Table 3 have documented
significant exposuresto free silica with the relative absence of other
exposures: the Welsh slate workers study (Glover et al. 1980), the
Vermont granite workers study (Theriault, Burgess et al. 1974;
Theriault, Peters, Fine 1974; Theriault, Peters, Johnson 1974) and
two studies of South African gold miners (Sluis-Cremeret al. 1967;
Wiles and Faure 1977). Silicosis was reported in all four study
populations, ranging from 5 to 33 percent. Sluis-Cremer and
colleagues (1967) surveyed the prevalence of chronic bronchitis in a
mixed mining and nonmining population in Carletonville on the
Witwatersrand, South Africa. Chronic bronchitis was more common
among miners who smoked than among nonminers who smoked,but
there were no significant differences in prevalence of bronchitis
between miners and nonminers who did not smoke. The prevalence
of bronchitis was substantially higher among smokers than among
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worker (39) dust exposure;
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exposed workers (Exp) and nonexposed
(NS) to assess smoking effect and of nonsmoking
ons are of nonexpcsed smokers (S) and nonsmokers
NOTE:Bronchitis ratios and lung function comparis
are addreesed under comment.
and exposure effects are not shown,but
workers (Not) to assess exposure effect. Combin: ed smoking

nonsmokers in both the dust-exposed and the nonexposed populations. Evaluation of Vermont granite shed workers (Theriault,
Burgess et al. 1974; Theriault, Peters, Fine 1974; Theriault, Peters,
Johnson 1974) revealed that both smoking and cumulative dust
exposure contributed to the differences in FVC and FEV, among

these workers, but the effect of smoking was larger than theeffect of
dust exposure, using a multiple regression technique. A dose re-

sponse relationship between silica dust exposure and decreased lung

function was demonstrated in both the Vermont granite shed
workers and the South African gold miners (Wiles and Faure 1977).
Glover and colleagues (1980) examined 725 workers and former
workers from the slate mines and quarries of North Wales and 530
men from the same area who had never been exposed. The
prevalence of chronic cough ranged from 5.2 percent in the nonsmokers not exposed to dust to 19.4 percent in the nonsmokers with dust
exposure. Smokers with no exposure to dust had a prevalence of
cough of 27.5 percent; the prevalence was 38.9 percent among the
smokers with dust exposure. FEV, (standardized to a fixed height)
was lower in the smokers than in the nonsmokers. The dust-exposed
nonsmoking workers had a lower mean FEV,, but the values for the
dust-exposed and the nonexposed smokers were similar. The regression coefficients for FEV, with age were 20 mL per year in the
nonexposed nonsmokers and 38 mL per year in the dust-exposed
nonsmokers, but the coefficients for smokers were similar between
the dust-exposed (40 mL/year) and nonexposed (46 mL/year) men.

The absenceof an effect of dust exposure among the smokers in some
of these studies may be the result of the cessation of smoking by

those workers with declining lung function, as suggested by the
observation that the mean FEV, and regression coefficient for
decline in FEV, with age among slate workers was worse in exsmokers than in either current smokers or nonsmokers. In contrast,
the values for ex-smokers in the general population were between
those for smokers and those for nonsmokers.

Only a few prospective studies of silica-exposed workers have been

reported in the literature. Four of these studies are summarized in

Table 4 (Higgins et al. 1968; Pham et al. 1979; Kauffmannet al. 1982;
Manfredaet al. 1984). Two other prospective studies of silica-exposed
workers are not included in this table because of methodological

questions. Brinkman and colleagues (1972) followed a group of
foundry workers with silica exposure and withsilicosis over an 11year period. Only a third of the men known notto have died in that
interval were restudied, however, raising questions about the
validity of the finding of no apparent difference between thesilicaexposed workers and the unexposed workers in decline in lung
function over time. The original cross-sectional study found poorer
lung function amongsilica-exposed workers and silicotics. Musk and
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TABLE 4. Prospective studies of workers occupationally exposed to silica
Number and

Age

type of
population

(mean or
range)

Higgins et
al. (1968),

80 foundry workers,
100 nondusty

25-34

United
Kingdom

workers

Study,
country

43 foundry workers,

Annual decline in lung function

8
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A

38 *
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17
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Comments
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+3
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TABLE 4. Continued
Study,
country
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(1982),

France
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sensitive indicator; data consistent with mining

e effect
and smelter exposure and smoking additiv

; Not= Not exposed.
NOTE: §=Smoker; NS= Nonsmoker; Exp = Exposed

Pathogenesis of Silica-Related Health Effects
The characteristic pathology of the various formsofsilicosis are
well described in recent texts dealing with occupational respiratory
diseases (Parkes 1982; Kleinerman and Merchant 1983). The mature
lesion of silicosis is the hyalinized nodule that is spherical and
typically varies in size from 3 to 12 mm. The nodules are more
commonly found in upper lobes, but are found throughout the lung
and are frequently subpleural. Microscopically, the nodules have a
whorled appearance composed of lamina of acellular hyalin. The
borders of the lesions are typically serpiginous and are composed of
pigment (especially if associated with a coal exposure), chronic
inflammatory cells (mainly lymphocytes and plasmacytes), and
connective tissue extending into the surrounding lung parenchyma.
With phase microscopy, doubly refractile silica particles 1 to 5 pm in

size may be observed within the lesions and within macrophages in

the surrounding infiltrate.
Acute silicosis, or acute silicoproteinosis, differs from classical
nodularsilicosis in that the principal finding is alveolar proteinosis
associated with a diffuse interstitial reaction. Scanning electron
microscopy and x-ray microanalysis have demonstrated small bire-

fringentsilica and silicate particles (less than 1 pm in diameter) in

these processes (Abraham 1978, 1984).
Progressive massive fibrosis may develop on a background of
silicosis through the enlargement and sometimes the coalescence of
the nodular lesions of silicosis into conglomerate silicosis. These
lesions form most commonly in the apical or middle portion of the
upper lobes and are frequently complicated by tuberculosis. Cavitation of these lesions may occur with or without tuberculous infection
(Kleinerman and Merchant 1983).
The mechanismsthat producesilicosis, and particularly conglomerate silicosis, are still not fully understood. The cellular events
leading to lung injury appear to arise from the cytotoxicity of the
respirable silica particle for a principal lung defender, the alveolar
macrophage. Upon phagocytosis of the silica particle, cell death is
caused by the release of proteolytic and hydrolytic enzymes into
macrophage cytoplasm. The release of these cytoplasmic constitu-

ents, including the still biologically active silica particle and
fibroblast stimulating factor, may then lead tofibrosis (Allisonetal.
1966, 1977).

As has been noted with other types of pneumoconiosis, silicosis
(and particularly conglomeratesilicosis) is associated with a high
prevalence of circulating autoantibodies (ANA and RF) (Jonesetal.
1976; Turner-Warwick et al. 1977). Although silica exposure and
particularly silicosis may be associated with rheumatoid arthritis
and several other collagen-vascular diseases, the role of these
antibodies in the etiology, onset, and progression ofsilicosis is not
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clear (Parkes 1982). Angiotensin ,-converting enzyme (ACE) elevation

has also been reported amongsilicotics (Gronhagen-Riska 1979;
Nordmanet al. 1984). Nordman and colleagues (1984), in a casereference study of the Finnish Occupational Diseases Register from

1965 to 1977, reported an association between ACE activity and

progression of silicosis. Smoking, age, and bronchitis were not
related to ACE activity, which was thoughtto reflect accumulation
and increased degradation of macrophages. Histocompatibility antigens (HLA) havealso been studiedas possible genetic risk factors for
silicosis, but with variable results. Koskinen and colleagues (1983)
found that the prevalence of HLA-AW19 washigherin their Finnish
silicosis patients than in the silica-exposed referent population and
that the highest risk of developing advancedsilicosis was associated

with the phenotypic combination AW19 and B18. However, SluisCremer and Maier (1984) reported only a decrease in HLA-B40

among 45 South African gold miners. These variable associations are
statistically weak and may berelated to the numberofstatistical
tests performed on the multiple HLA antigens.

The pathogenesis of airways obstruction in silica-exposed workers
is less well understood. Although increased rates of bronchitis and
decreased lung function have been observed in epidemiological
studies comparingsilica-exposed and unexposed workers, it appears
that these findings are largely separate from the clinical and
epidemiological pictureofsilicosis. In the largest and best controlled
study of a reasonably puresilica-exposed sample of 1,973 white gold
miners (Irwig and Rocks 1978), chronic bronchitis was found to be
equally common among those with radiographic evidenceofsilicosis

and those without. The smoking habits of miners with radiographic

silicosis and of those withoutsilicosis were not significantly different
statistically. Silicotics reported only more days away from work, a
finding the authors suggested may have been as related to their

compensation status as to their disease. Comparison of lung function

between silicotics and their silica-exposed referants revealed equivalent FVC, FEV,, and FEF25-75« amongsilicotics.
Recent pathological evidence of a nonfibrous mineral dust small

airway lesion has been provided by Churg and Wright (1983). This

pathological process, which they labeled mineral dust airways
disease (MDAD), is similar to that produced by tobacco smoke. This
pathological process involves primarily respiratory bronchioles, with
a lesser extension into alveolar ducts. This lesion generally involves
morepigmentation and morethickening of the bronchiole walls than
is typically found in cigarette smokers. In a recent study by Churg
and colleagues (1985) of 13 cases of patients with MDAD, 7 had
occupational histories consistent with a primary silica exposure.
Only 1 of 121 cases without a clear history of dust exposure was
found to have MDAD. Those. with MDAD, matched for age and
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not adjusted, nor were there any quantitative estimates of thesilica
exposure or assessmentsof the severity of the silicotic lesions.
Epidemiologic Studies of Smoking, Silica Exposure,
Silicosis, and Cancer
Silica-Exposed Cohort Studies
Occupationalsilica dust exposure is common in many industries;
therefore this section is organized so that exposure studies in work
settings that are similar can be examined together, i.e., metal ore
mining, the steel industry, and workplaces where exposures are to
silica only.

Metal Ore Mining
McDonald and colleagues (1978) conducted an enlarged followup
study from 1937 to 1973 of the Homestake Veterans Association
cohort that included 1,321 men with at least 21 years of employment
at the mine. Standardized mortality ratios (SMRs) were calculated
using South Dakota mortality rates as opposed to U.S. rates. The
South Dakota lung cancer rates were lower than those for the United
States as a whole. Using dust exposure data from company midget
impinger samples, the authors examined the pneumoconiosis (mostly
silicosis) and cancer risks in five categories of dustiness, collapsing
them when indicated owing to small numbers. The data showed
striking trends for pneumoconiosis and tuberculosis, but no gradi-

ents emergedfor respiratory cancer.

Brown and colleagues (1985) also conducted an assessment of the
Homestake gold miners. The cohort included 3,328 white male

miners employedat least 1 year between 1940 and 1965 andfollowed
until June 1, 1977. The authors calculated SMRs using person-years

and contrasted mine mortality rates with rates for U.S. white men.
An index of dust exposure by job location was assembled for the
purpose of assessing dose-response gradients. The SMRfor malignant neoplasmsof the trachea, bronchus, and lung was 100, with no
trends in latency or dust exposure by length of employment.

Katsnelson and Mokronosova (1979) examined the mortality at a

U.S.S.R. gold mine and at several brick plants from 1948 to 1974.
Dust concentrations were not specifically stated for workers in the
gold mine, and an approximation of the SMR (which the authors
termed relative risk ) was calculated to compare the cancerrisk
among gold miners with the cancerrisk of residents of a nearby town
(excluding those who worked with chromate dusts and adding to the
comparison group those who workedless than 3 yearsin the plants

under study). The authors reported a relative risk (RR) of 7.9

(p< 0.001) for lung cancer among the male undergroundgold miners;
without thesilicotics, the RR was 3.1 (p< 0.02). Surface workers had
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smokers, 70.5 percent were current smokers, and 37 percent were

pipe and cigar smokers. The smoking status of 0.4 percent was
unknown. Costello argued that on the basis of a relationship between

lung function tests and lung cancer, cigarette smoking was the major
predictor of excess lung cancer in these metal ore miners.

Steel Industry

Gibson and colleagues (1977) conducted a retrospective cohort
study of the Dofasco steel mill workers in Hamilton, Ontario,

Canada, from 1967 to 1976. The authors compared foundry workers
with nonfoundry workers and reported a lung cancer SMR of 250
(p<0.0005). They used metropolitan Toronto male mortality rates to

calculate expected values. The authors noted that the finishing area

had the highest mean level of total suspended particulates (much of
it silica), respirable particulates, and benzene-soluble fraction of
total suspended particulates. The molding and furnace work areas
had similar industrial hygiene characteristics. No smoking histories
were available for the cohort as a whole. However, 22 of the 24 men
with lung cancers were cigarette smokers. The authors proposed that

smoking and particulate exposure (containing adsorbed organic

material) might be an explanation for the excess lung cancers.
Blot and colleagues (1983) conducted a case-control study of lung
cancer among white men in eastern Pennsylvania to assess the
association with employmentin the steel industry. Interviews with
next of kin provided information about residential, occupational, and
smoking histories. The authors demonstrated a smoking-adjusted
odds ratio of 2.2 for usual employmentin the steel industry (95
percent confidenceinterval, 1.5 to 3.3). The odds ratio for lung cancer
was also calculated by smoking category and was significantly
elevated for light smokers and heavy smokers but not for nonsmokers or for moderate smokers.

Workplaces With Exposure to Silica Only

In contrast with workers in the foundry and mining industries,
where silica exposure is most likely to be contaminated by
combination with organic foundry fumesor asbestiform materials, or
radon in the case of mining, some workers are exposed to pure
silica. These workers are found in several industries, including
ceramics or firebrick manufacture, granite quarrying, or tunnel

digging.
Katsnelson and Mokronosova (1979) examined lung cancer at two
aluminosilicate fireclay plants and at silica firebrick plant.

Although the firebricks and thefireclay dusts contain high levels of

quartz, no dust samples were collected in the plants. The relative
risk (RR) for lung cancer for the male workers was 4.0 (p<0.01) and
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4.5, respectively, at the fireclay plants, and a nonsignificant SMR of
5.1 was reported for the female workers at the first plant. At the
firebrick plants the RR was 2.0 (p< 0.05) for male workers and 0.8 for
the female workers.
Vermont granite workers are exposed to quartz dust with a
concentration of #pproximately 30 percent free silica. Davis and
colleagues (1983) conducted a proportional morbidity rate (PMR)

study of 969 deceased white granite workers whose x rays were on

file at the Vermont Division of Industrial Hygiene and who had died
between 1952 and 1978. The authors developed a dust exposure
index for the purpose of assessing exposureprofiles for their study
subjects. They analyzed the data, excluding tuberculosis andsilicosis
after both of these causes of death showed powerful excess disease
risks. Slight excesses for digestive tract, lung, larynx, and prostate
cancers were reported, including a PMRof 1.3 for general respiratory cancer (95 percent confidence intervals, 1.0 to 1.6). No apparent
trends emerged relating dust exposure categories with either digestive cancer, respiratory diseases, or lung cancer. Smoking data were
not available for the subjects.
Costello and Graham (1985) conducted a cohort study of 5,414
Vermont granite workers from 1950 to 1982. The authors used the
personnel information on file in the Occupational Hygiene Division

of the Vermont State Health Department to ascertain date of hire

and date of death. Significant overall excess mortality was observed
for silicosis (SMR 586.6) and tuberculosis (SMR 473.8), but the
excesses were confined to workers hired before 1940. However, no
increased risks were observed for either respiratory system cancer or
lung cancer. The latency time may have been too short to determine
the lung cancer risk among granite workers hired after 1940.
Information was lacking on smoking and dust exposure, and the
Vermontrecords regarding employeesat risk were incomplete.
Selikoff (1978) examined a 932-man cohort of unionized New York

City tunnel workers from 1955 to 1972. These men were exposed to

silicious dusts containing sizable amounts of quartz, schists, and
gneises, but there was little likelihood of exposure to asbestos. There

was an SMRof 495 for pulmonary tuberculosis, an SMR of 160 for
lung cancer, and a gradient in the risk of respiratory cancer
according to the number of years worked. No smoking data were

available, andit is possible that this elevated risk maybe a reflection

only of long-term smoking habits and not of silica exposure.

Followup of Silicotics

Westerholm (1980) conducted a followup study from 1931 to 1969
of silicotics from the Swedish Pneumoconiosis Register. For those
whose silicosis arose from employment in mining, quarrying, or
tunneling (MQT) and whosesilicosis was diagnosed between 1931
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Research Recommendations

1. Further prospective dose-response studies on chronic bronchitis and airways obstruction assessing silica concentration,
smoking, and airwayreactivity should be undertaken.
2. Systematic, well-controlled studies of lung tissue from silica-

exposed workersto assess the pathology and associated impair-

ment of small airways disease should be undertaken.
3. Experimentalstudies of the interaction of cigarette smoke and
silica dust on the pathogenesis of small airways disease should
be undertaken.
4.The potential for silica to act as a carcinogen alone or in
combination with other exposures should be investigated in
carefully controlled studies that include a detailed examination of the smoking habits of the participants.
5. Priority should be given to compliance with the current silica
permissible exposurelimit.
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Summary and Conclusions
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Introduction

Workers employed in industries that produce or use petrochemicals, aromatic amines, and pesticides can be exposed to chemicals
that threaten their health. Substantial proportions of these workers
smoke tobacco. It is possible that the hazards of smoking and
occupation have independent damaging effects on health, but it is
also possible that the two exposures act synergistically. It is the

purpose of this chapter to review the available evidence bearing on

the hazards of working in industries where petrochemicals, aromatic
amines, and pesticides are produced orutilized, and to explore the
likelihood that smoking and chemical exposuresinteract to enhance
the risk of various cancers and chronic obstructive lung disease.
Unfortunately, there are very limited data on such potential
interactions.
Petrochemical, Aromatic Amine, and Pesticide Workplace
Exposures
The word petrochemical means any substance derived from
petroleum or natural gas. By this definition, petrochemicals are
pervasive in modern industry and agriculture, and worker exposure
might logically include almost the entire workforce. Historically,
however, concern aboutadverse effects on human health has focused
mainly on industries where petroleum is separated into its many

valuable components (refineries) or where the various products of
that separation are used in such a way that workers are substantially exposed (manufacture of rubber and processing of leather, for
example). Workers exposed to the products of inefficient hydrocar-

bon combustion (vehicle exhaust, coke production) are also objects of
concern because they inhale unburned hydrocarbons and also the
manyreactive substances generated by pyrolysis.
A number of aromatic amines, such as betanaphthylamine and

benzidine, are used in the manufacture of dyes for the textile and

garment industries. Industrial exposure to some of these chemicals
has been reduced because of the known carcinogenicity of betanaphthylamine and similar compounds. However, naphthylamines are
sometimes used as antioxidants in the manufacture of rubber

products, and significant numbers of workers are still exposed to
benzidine, 4-aminobiphenyl, and other hazardous aromatic amine
products. The groups of interest with regard to exposure are,
therefore, rubber workers and people employed in the manufacture
of aromatic amine dyes.
Workers exposed to pesticides include manufacturers, formulators,
custom applicators, and end-users, principally farmers. Farming, as
an occupational category, has been included in some epidemiologic

studies. Degrees of pesticide exposure on the part of farmers vary

enormously both qualitatively and quantitatively; therefore, the
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This may result because chloromethyl ethers are direct-acting

carcinogensthat hydrolyze in water.
To the extent possible, interactions between workplace exposure
and cigarette smoking are discussed in terms of Reif s definitions.
Studtes of Workers Exposed to Petrochemicals
Refinery, Coke Oven, and Gas Workers

The Bureau of Labor Statistics (US DOL 1984) reported that

83,200 workers were employed in petroleum refining in September
1984. These workers are exposed in varying degrees to crude
petroleum and to various fractions produced in the refining process,
including polycyclic aromatic hydrocarbons (PAH). Many ofthese

substances have been shown to produce lung and kidney cancer in

animals (IARC 1972).
Because of exposure to known carcinogens, a numberof cohorts of

refinery workers have been investigated. The results of these cohort

mortality studies, summarized in Table 1, were not consistent
regarding cancer risk, but were consistent in their lack of welldefined chemical exposures and the absence of information on

smoking habits of individuals within the cohort. Some of these

investigations suggested an increased risk of death for specific
cancer types; others suggested a decreased risk.
Hanis and colleagues (1979) showed statistically significant increases in risk of death due to esophageal and stomach cancer
combined and due to lung cancer. Combined mortality due to bladder
and kidney cancerwas also slightly greater than expected. Smoking
could not be ruled out as a contributor to the increased risk in this
group of refinery workers.
Thomas and colleagues (1982) observed increased proportionate
mortality ratios for stomach and pancreatic cancer in their study of
2,500 refinery workers. Risks of death due to leukemia, prostatic
cancer, brain neoplasia, and skin cancer also appeared to be
elevated. The role that smoking might play in relation to the
findings for stomach andpancreatic cancer was not discussed.
Hanis and colleagues (1982) demonstrated elevated risks of death

due to pancreatic and kidney cancer in a cohort of refinery and

chemical workers. Pancreatic and kidney cancer mortality was
greater than expected by approximately 50 percent, but these
elevations in observed deaths were notstatistically significant.
Although smoking information was not available for the entire

cohort, 17 of the 24 pancreatic cancer deaths occurred in men who

smoked (15 smoked cigarettes, 2 smoked cigars). Wen and colleagues
(1983) also showeda slight, but nonsignificant, increase in pancreatic
cancerin a cohort of refinery workers.

15737-964 0 - a6 ~ 43
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TABLE 1. Epidemiologic studies of mortality amon
related industries

Study
Hanis et al.

Type of population

Study design

15,032 male petrochemical

Historical prospective

Major findings
in refineries had a relative risk of
Compared with nonexposed workers, men working
h, lung, and bladder/kidney cancer,
s/stomac
esophagu
of
dying
for
1.08
and
1.89°,
3.25",

(1979)

workers

mortality

Theriault and
Goulet
(1979)

1,205 male refinery
workers

Historical prospective
mortality

than one expected; fewer
Three primary brain cancer deaths in this small cohort, less
than expected lung cancer and respiratory disease deaths *

Rushton and
Alderson

34,708 male petrochemical

workers

Historical prospective
mortality

bladder cancer (SMR
Fewer than expected deaths due to lung cancer (SMR 0.78*),
0.77), and bronchitis (SMR 0.64*)*

Thomas etal.
(1982)

2,509 oil refinery workers

Proportionate

Hanis et al.
(1982)

8,666 refinery and
chemical plant workers

(1981)
mortality

Historical prospective

mortality

respectively

cancer, 1.14 for lung cancer,
Proportionate mortality ratios (PMRs) 1.42* for pancreatic
PMRs elevated for stomach
and 0.57 for respiratory disease, compared with U.S. men;
(1.61) and leukemia (1.83)"
(1.52), prostate (1.38), skin (1.81), and lymphatic cancers

pancreatic, bladder, and kidney
SMRs 0.92, 0.99, 1.53, 1.55 for death due to lung,
to control for smoking; of deaths due
cancer, respectively; medical records inadequate
men with a history of tobacco
to pancreatic cancer, 71 percent (17/24) were in

smoking*

Waxweiler et al.
(1983)

7,595 petrochemical plant
men

Historical prospective
mortality

SMR 1.98 for mortality due to

total brain tumors ; SMR 0.78 for lung cancer and

0.57* for nonmalignant
0.64 for bladder cancer in hourly petrochemical workers; SMR
workers"
hourly
white
in
deaths
respiratory disease

TABLE 1. Continued
Type of population

Study

Major findings

Study design

Essentially same cohort as Waxweiler et al. (1983); similar results!

Austin and
Schnatter
(1983)

6,588 white male
petrochemical workers

Historical prospective
mortality

Wenet al.
(1983)

16,888 refinery workers

Historical prospective
mcrtality

McCraw etal.

3,976 refinery workers

Historical prospective
mortality

Fewer than expected deaths due to all cancers (SMR 0.91) and all respiratory tract

Historical prospective
mortality

Small but significant increases in all cause and circulatory disease mortality in workers
exposed to petrochemicals, differences not explained by smoking; small, statistically

(1985)
Hanis et al.
(1985a, b)

21,698 petrochemical

workers

Fewer than expected deaths due to lung cancer (SMR 0.99), bladder cancer (SMR

0.46°), and nonmalignant respiratory diseases (SMR 0.68°); SMR 1.09 for cancer of
pancreas; SMR 2.28° for bone cancer!

diseases (SMR 0.44*); SMR 2.13° for leukemia!

insignificant increases in all malignancy deaths and prostate and lung cancer deaths;

compared with U.S. mortality rates, no significant increase in mortality for any cause
in this cohort!
Redmond etal.
(1972)

3,530 coke oven workers,
subgroup of 59,000

Historical prospective
mortality

Male coke oven workers had relative risks of 2.85° and 2.05° for dying of lung cancer

Doll et al.
(1972)

3,028 gas workers

Historical prospective
mortality

Compared with unexposed workers, coal carbonization process workers had a relative

steelworkers

*SCMsignificantly different from 1.00 at p< .05.
Smokinghistory not considered.

9b

* Smoking history considered.

and bladder cancer, respectively; relative risk 1.11 for other respiratory diseases

risk of 2.40°, 2.35*, and 1.83* for dying of lung cancer, bladder cancer, and bronchitis,

respectively '

their previous work to
Hanis and colleagues (1985a) expanded

two additional U.S.
include current employees and retirees of
3,198 deaths from
refineries and chemical plants. They analyzed
of 21,698 workers;
1970 through 1977 in an exposed population

calculated, using for
standardized mortality ratios (SMRs) were
specific to age, sex, race,
comparison U.S. population mortality rates

nt of deaths in the
calendar year, and cause. Ninety-one perce
g retirees. Although
refinery and chemical workers occurred amon
redto be either
appea
that
death
of
s
this study identified some cause
er of the three
anoth
or
one
unusually frequent or infrequent in
or

y significant excesses
chemical plants studied, no statisticall
found for the cohort as a
deficits of cause-specific mortalities were

. Specifically, neither
whole, relative to the general US. population
lymphopoietic malignor
brain tumors nor gastrointestinal cancers
on in the full worker
nancies were found to be unusually comm
rs had suggested.
cohort, as previous studies of chemical plant worke

malignant neoplasms in
At oneof the three plants, deaths caused by
particular were signifigeneral and by digestive organ cancers in

erbalanced by the
cantly in excess, but this result was count
causes at the other
unusually low mortality experience from these
of
that certain subgroups
two plants. The authors were impressed
increased. They speculate
digestive and urinary organ cancers were

role in these findings.
that smoking could have played a significant

Hanis and colleagues
In a second report on the same cohort,
rates. This report
lity
morta
of
ation
(1985b) used direct standardiz

s, of which five had
categorized workersinto nine occupational group

in their work (process
potential exposure to petrochemicals
ce workers, and laboservi
ers,
operators, mechanical workers, labor
had no exposure
four
and
ratory technicians and field workers),
s, and office and
ician
techn
(officials and managers, professionals,
between these
ience
exper
clerical workers), and compared mortality
calendar-year
and
race,
groupings. Comparisons used age, sex,
higher for
was
lity
morta
adjusted rates. In the aggregate, all-cause
than for
ear)
000/y
s/10,
the potentially exposed workers (236.1 death

r). This increase
the nonexposed workers (189.1 deaths/ 10,000/yea

(145.6
deaths
system
circulatory
more
from
resulted
nant
malig
and
000/year)
deaths/10,000/year versus 106.6 deaths/10,
r)
0/yea
10,00
s/
41.0 death
neoplasms(49.8 deaths/ 10,000/year versus
for
rate
The mortality
among the potentially exposed workers.
r was lower for the
cance
lung
ding
exclu
ses
disea
respiratory system
000/year versus 14.7
potentially exposed workers (10.8 deaths/10,
(ever smoked or never
deaths/10,000/year). Smoking histories
the cohort. As a group,
smoked) were available for 70 percent of
tly elevated mortality
workers who had ever smoked had significan
all malignant neo(1.9),
s
cause
all
rate ratios (relative risks) for
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plasms(2.3), circulatory diseases (1.7), respiratory diseases (3.5), and

diseases of the digestive system (2.2).

Among workers who had ever smoked, all-cause mortality and
diseases of the circulatory system were increased in the subgroupof
potentially exposed workers compared with the nonexposed workers

(risk ratios 1.2 and 1.4, respectively). Rates for the potentially
exposed groups who had never smoked were not elevated compared

with the rates for the nonexposed who had never smoked. The
number of deaths in these groups was small, so power for these
comparisons is low. The analysis did not specifically test for an
interaction between smoking and petrochemical exposure. Addition-

al followup of this particular cohort may permit a more powerful

analysis, including examination of the interaction of smoking and
petrochemical exposure for specific cancersites.

Certain epidemiologic studies have been directed at the hazards of

specific tasks performed in the course of petroleum refining. The
refining of lubrication oils involves exposure to unique solvents

(benzene, hexane, methylethylketone, xylene, and toluene) and to
the oils themselves, which have some carcinogenic potential. A

recent study (Wen et al. 1985) focused on mortality among 1,008
male refinery workers engaged in the lubricating-dewaxing process
at any time between 1935 and 1978; 210 observed deaths were

analyzed by cause. Standardized mortality ratios were calculated,

using for comparison rates specific for age, sex, race, and cause,
based on the U.S. population at 5-year intervals from 1935 to 1975.
Recently measured air concentrations of solvents were far below
regulatory workplace standards. The standardized mortality ratio

for all causes was 0.70 (significantly less than 1.0, p=0.01) and for
malignantdisease, 0.86 (not significantly different from 1.0). Of the
site-specific cancer mortality ratios, only that for bone cancer was

significantly elevated (SMR 10.3), but the elevation was based on

only three cases, and subsequentinvestigation showed that only one
of these was truly a mesenchymal tumorof bone origin. The other
two represented metastatic cancers, one from a lung tumor and the

other from glial (brain) malignancy. Eight prostate cancer deaths

were identified; the corresponding SMR of 1.82 was not significant.

No deaths from cancer of the mouth or pharynx were observed, thus

failing to confirm a previously reported association of these cancers

with lubricating oil refining. No significant excess of leukemia
deaths was found (SMR 1.67). No data on smoking habits were
collected.

The other studies of refinery workers summarized in Table 1

showed an average or a decreased risk for lung and bladder cancer.

Most showed a decreased risk for nonmalignant respiratory disease
deaths, leading one group of researchers (Waxweiler et al. 1983) to
speculate that strict enforcement of antismoking policies might be
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s in
responsible for the reduced risk of smoking-related disease
refinery workers.

l
Cohort mortality studies in industries with similar environmenta

colleagues
exposures are also described in Table 1. Redmond and
r cancer
(1972) described the increased risk of lung cancer and bladde
from
mortality in coke oven workers. The risk appears to result
coking
the
exposure to PAH emitted in the exhaust created during

ed in
process. Unfortunately, smoking information was not collect

this classic study.

Doll and colleagues (1972) showed comparable results in their
are
cohort study of gas workers. Coal carbonization workers who

increases in
exposed to PAH emitted by retort ovens had significant
bronchitis.
and
mortality resulting from lung cancer, bladder cancer,
cohort
this
in
Smoking histories on a 10 percent random sample
houses
retort
the
in
s
showed that the smoking habits of gas worker
authors
did not differ from the habits of other gas workers. The

not
concluded, therefore, that differences in smoking prevalence did
retort
in
s
worker
gas
by
explain the mortality excess experienced
to tell
houses. They commented that the sample size was too small

and the
whether there was any interaction between smoking habits
occupational hazard.
Rubber Workers

Workers engaged in the manufacture of rubber products have long

their
been of concern to occupational health professionals because
the
and
dusts
with
inated
work environments are commonly contam

fumes of hundreds of industrial chemicals, including hydrocarbon
solvents. The carcinogenic potential of a number of materials used in
rubber

manufacture benzene,

betanaphthylamine,

and

other

amine and nitroso derivatives of hydrocarbons is well documented
in man, laboratory animals, or both. Worker exposure to some of the
n
most likely carcinogens has been described (Mancuso and Brenna

1970; Monson and Fine 1978). In addition, exposure to talc, carbon
es
black, and the dust from the milling and grinding process
tract.
tory
respira
the
o
hazardt
ing
represents a continu
The feedstocks and solvents used in this industry are chemically

diverse, and the mix of chemical exposures changes from one year to
the next. Worker exposures are so different from one plant to
r
another and from onetime to another thatit is questionable whethe
rubber manufacturing should be considered an

industry.

Diver-

gent findings from the many studies since Case andcolleagues (1954)
first attributed an excess of bladder cancer in rubber workers to
their occupational exposure may well result from the diversity and

evolution of pollutants in this unique work environment.
Production workers employed in manufacture, fabrication, and

reclamation of rubber in September 1984 totaled 188,000 (US DOL
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1984). There are no current estimates of the frequencyor intensity of

smoking in this specific segment of the workforce. Because of
smoking restrictions at some worksites where explosion hazards
exist, smoking may not be quite as pervasive among rubber workers
as it is in other blue-collar populations who work where similar
restrictions are notin effect.
Epidemiologic studies aimed at determining the risk of cancer
attributable to employment in the rubber industry are summarized
in Table 2. All of these studies are surveys of mortality experience
over the last several decades. All but two were of the historical

prospective design. In none was smoking taken into consideration as

a factor contributing to cancer mortality. Direct information regarding the smoking habits of decedents was probably difficult, or
impossible, to obtain. Also, with the exception of bladder cancer, the
forms of malignancy most often identified as possibly excessive
(brain, hematopoietic, lymphatic) are not commonly regarded as
smoking-related cancers.
An early analysis of proportionate mortality in Akron, Ohio,
rubber workers suggested excess rates of cancer affecting the
respiratory, genitourinary, and central nervous systems (Mancuso et
al. 1968). A subsequenthistorical prospective study (McMichaeletal.
1974) analyzed 1,783 deaths by cause in a cohort of 6,678 male
workers employed from January 1964 and compared cause-specific
SMRs with rates based on the U.S. male population and on
previously published rates for steelworkers. Elevated ratios suggested excess risks of malignant disease of the stomach, prostate, and

lymphatic and hematopoietic systems. There was no indication of

excess risk of cancer of the lung or bladder at one Akron plant, and
only slight risk elevations at five other plants. No attempt was made
to assess the impact of smoking. A followup study (McMichaeletal.
1975) tended to associate leukemia deaths with job assignments
involving solvent exposure.
In a prospective mortality study of rubber workers, Fox and
colleagues (1974) demonstrated an increased risk of mortality due to

all cancers combined and to bladder cancer specifically. In subsam-

ples of this cohort, specifically workers in the tire sector and the hose
rubber sector, significant increases in lung cancer mortality were

observed. These sectors of the workforce had known exposures to
asbestos. Smoking histories were not available in this study,

although deaths due to bronchitis and emphysemawere fewer than
expected in tire workers.

A study of mortality and morbidity among Akron rubber workers

included a cohort of 13,570 workers (Monson and Nakano 1976;
Monson and Fine 1978). Information was assembled from death
certificates, and incidence data were also collected from local

hospital tumor registries. Comparisons were made between the
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TABLE 2. Epidemiologic studies of mortality amon
Study

Type of population
1,877 rubber workers;

Study design
Historical

Controls
Office workers in
rubber industry

Disease status studied
All causes

Mancuso etal.
(1968)

463 deaths

Mancuso and

1,877 rubber workers

Historical
prospective
mortality

Office workers in
rubber industry

Cancer of gallbladder,

40,867 cablemakers

Historical

U.K. male
population

All diseases

Brennan

(1970)
Fox et al.
(1974)

prospective

Apparent excess mortalities from various
malignancies among nonoffice workers, including
cancers of the gastrointestinal tract, lung, and

mortality

prospective

Major findings

hematopoietic tissues; mortality from nonmalignant
diseases of the circulatory and respiratory systems
also apparently elevated; not tested statistically

ducts, salivary glands

mortality

Apparent excess mortalities in particular plants
and jobs from cancer of the gallbladder, bile ducts,
and salivary glands; not tested statistically

Elevated SMR for all neoplasms and bladder
cancer mortality; greater than expected lung
cancer mortality in tire makers and hoserubber

sector; fewer than expected deaths from bronchitis

McMichael
et al.
(1974)

6,678 male rubber
workers

Historical
prospective
mortality

U.S. male
population

All diseases

McMichael
et al.
(1975)

6,678 male rubber
workers; 8 leukemia
deaths

Case-control

Other deceased
rubber workers
(matched)

Leukemia

Elevated SMRs for neoplasms of gastrointestinal

tract and lymphatic and hematopoietic systems; no

excess of lung or bladder cancer or chronic
pulmonary disease

Significant excess of mortality from lymphatic
leukemia associated with past exposure to solvents

TABLE 2. Continued
Study
Monson and

Nakano
(1976)

Type of population
13,571 white male

rubber workers

Study design
Historical

White U.S. men

Disease status studied
All causes

prospective
mortality

Major findings
Excess deaths from specific cancers at specific

work sites: gastrointeatinal/processing, lung/tire
curing, bladder/all workers, brain and
lymphatic/tire building, leukemia/all workers

US. men, and

Cancer

Excess rates of cancer of gastrointestinal tract,

Fine
(1978)

workers; 1,359 deaths

prospective
mortality,
morbidity

within-plant
comparisons

Arp et al.
(1983)

15 cases of lymphatic
leukemia

Case-control

Other deceased
employees,
matched

Lymphocytic leukemia

Cases more likely than controls to have had
exposure to benzene and other coal-tar-based
solvents

Monson and

13,750 rubber

Historical

NOTE: Smoking history was not considered in any of these studies.

696

Controls

lung, bladder, skin, brain, and hematopoietic
tissues in specific jobs
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to pancreatic cancer were also observed. Smokinghistories were not
obtained.

Zavon and colleagues (1973) identified a small cohort of workers

involved in the manufacture of benzidine. These workers averaged
13 years of exposure to benzidine. Of the 25 workers, 13 developed
bladder tumors and 4 developed kidney tumors. Smoking histories
were not reported, so the possibility of interaction cannot be

addressed.

A risk assessment of a cohort exposed to aromatic amines has
recently been reported (Schulte et al. 1985). Thirteen confirmed
cases of bladder cancer occurred in a cohort of 1,385 workers in a
plant where betanaphthylamine and benzidine were manufactured
and used intermittently from 1940 to 1972. Cases were identified
from an ongoing mortality survey, from a bladder cancer screening
clinic, and from a survey of local urologists. Incidence rates were
calculated on the basis of person-years of exposure, and were
compared with the Surveillance, Epidemiology, and End Results

(SEER) program s incidence rates for the entire United States.

Overall, bladder cancer incidence in the cohort was 3.9 times the
incidence in the U.S. general population. The incidence rate in-

creased dramatically with duration of employment; this increase was
independent of age. Peak incidence occurred with people younger

than most bladder cancer victims in the general population. Smoking histories were evaluated; no significant differences in smoking
patterns were found between cases and controls.
The relationship between exposure to aromatic amines and

bladder cancer has also been explored in case-control studies. These

studies are reviewedlater in this chapter.
Investigation of the carcinogenicity of betanaphthylamine and
other aromatic amines has provided important insights into the
nature of chemical carcinogenesis in general. Decades ago, it was

realized that bladder carcinogenesis was a species-specific phenome-

non: betanaphthylamine induced bladder tumors in dogs but not in

rats or mice (Scott 1962). Carcinogenic potential apparently depends
on the pathwayof biotransformation of the amine compoundand the
efficiency of urinary excretion. This differs markedly in various
species. Because the oxidation products formed are dependent on
activities of various oxidizing enzymes (mainly hepatic), substances

capable of modifying these enzymeactivities (induction or inhibition)

could influence the carcinogenicity of the aromatic amines. Thereis,
therefore, a rational biochemical basis for xenobiotic interactions. It
is now known that aromatic amines are capable of causing tumors in
many organs and tissues of laboratory animals in addition to the
urinary bladder. The distribution of cancers induced is again
remarkably different among species (Clayson 1981). Finally, it is
noteworthy that tobacco smoke contains measurable amounts of
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pesticide applicators
Barthel (1981) surveyed 1,658 German male
developed malignant
in a retrospective cohort study, of whom 169

ed a variety
tumors that resulted in death. These workers had appli
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similar smokinghabits: 49.7 percent of the pesticide applicators were
smokers versus 49.1 percent of the controls from the screeningclinic.
Lifetime tobacco exposures were also similar for the two groups.
Barthel speculated that the increased risk of lung cancer death
could be partly attributed to arsenicals used prior to 1955 and
possibly to asbestos present in the carrier substances (talcum, kaolin,
and bentonite) used in pesticide dust formulations.

Mortality surveys were conducted (Ott et al. 1974) to detect excess

cause-specific death rates among workers engaged in the manufacture of arsenical pesticides. Proportionate mortality ratios were
calculated for the arsenic-exposed workers (173 decedents) and were
compared with ratios derived from the mortality experience among
approximately 1,800 nonexposed workers at the same company.
Arsenic exposure was found to pose an average 3.5-fold increased

risk of lung cancer, the magnitude depending on the estimated

intensity (airborne arsenic concentrations) and duration of arsenic
exposure. An elevated risk ratio was also found for lymphatic and
hematopoietic malignancies (3.9), but this was based on just five
cases (1.3 expected). There was no evident increase in risk for any
other malignant disease. A cross-sectional review of smokinghistories of the arsenic-exposed workers showed no differences from the
employee population in general, and no relationship to arsenic
dosage estimates.

A subsequent study examined causes of death among 1,393 persons

(male and female) over several decades at a pesticide manufacturing
plant in Baltimore, Maryland, where several hundred workers had
been exposed to airborne arsenical compounds, mainly in the 1940s
and 1950s (Mabuchi et al. 1979). Additional workers had been
exposed to various other pesticides, including organochlorines and
carbamates. Those who had left employment were traced. The
mortality experience of the white population of the city of Baltimore
was used for comparison, allowing the calculation of SMRs for the
target population. As in the study by Ott and colleagues (1980),
significantly and substantially elevated ratios were found for lung
cancer among male workers exposed to arsenicals specifically. The

ratios increased with the duration of employment in arsenical

manufacture, suggesting a dose-response relationship. Two cases of
anemia were identified, one pernicious and the other aplastic. No
excess of lymphatic cancer was identified. Among workers involved
in the manufacture of nonarsenical pesticides, the mortality pattern
was essentially the same as that of the Baltimore city white
population. Although the smoking habits of decedents were not
determined, the authors offered cogent arguments in support of an
occupational rather than a smoking causality: (1) SMRs for smokingrelated causes of death other than lung cancer were not elevated in
the arsenic-exposed group, and (2) the strong dose-response relation373
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Health Interview Survey of 75,827 American men and women

reported by Sterling and Weinkam (1976). The authors not only
reported their own findings, but also compared their results with
those from 11 other large-scale mortality surveys.
In this study a large number of occupations wherein death caused
by particular forms of cancer appeared to be excessive wasidentified.
Certain associations, such as lung cancer in shipyard workers, have
been confirmed by other studies; the associations are plausible in
terms of well-known exposures, especially exposure to asbestos.
Significant excesses of bladder cancer were found among chemical
workers and engineers, cosmetologists, leather workers, and garage

mechanics, again generally in accord with the view that particular

occupational exposures pose carcinogenic risks. High rates of certain
cancers in schoolteachers, clergymen, administrators, judges, and
lawyers are much more difficult to understand in environmental
terms.
To the extent that the adjustment for smoking effects used in this
analysis can be relied upon, the study would appear to show that
certain occupationsare, in fact, associated with excess risk of cancer,
quite apart from therisk of smoking.It is not possible to estimate the
relative magnitudes of the two risk factors, or the existence of
interaction between them.

Data from the Third National Cancer Survey (TNCS) Interview

Study of 7,518 incident cases were used to seek associations between
various occupations and types of cancer (Williams et al. 1977). Data

assembled on each case included a synopsisof lifetime employment,

education, residential location, and use of tobacco and alcohol, as
well as age, sex, race, and socioeconomicstatus. The large numberof
cases and the detailed information available made possible a number
of adjustments and comparisons not possible in other studies. The
main analytical strategy was to compare,serially, the proportionsof
specific main lifetime industries and occupations among patients
with cancerat onesite with proportions of patients having cancersat
other sites combined as a control group (intercancer comparisons).
The advantages and limitations of this approach were discussed by
the authors. Even when smoking was controlled for statistically,
people engaged in trucking were found to be at excess risk of lung

cancer, a finding supported by the Massachusetts cancer mortality
survey (Dubrow and Wegman 1984). Other transport, service,

manufacturing, and construction workers were also at excess risk of
lung cancer. As often happens, some associations were discovered
that are difficult to understand mechanistically: excess leukemia
and multiple myeloma in salespeople and malignant melanoma in
schoolteachers, for example. The study does not present relative risk
ratios for smoking within occupational categories from which the
relative importance of the two factors might be assessed. As in the
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difference was due in part to the increased odds for developing
squamouscell carcinoma (OR 2.11, p<0.05) compared with average
odds for developing adenocarcinoma (OR 0.97) and small cell
carcinoma (OR 1,22). When the data were analyzed using more
narrowly defined occupational groups, no statistically significant
associations were found. However, when histologic types were
considered separately, laborers had higher odds ratios for small-cell
carcinoma (OR 2.47, p< 0.05) and squamouscell carcinoma (OR 1.97,
p< 0.05) after adjustment for smoking.
Stayner and Wegman reported positive associations between
smoking and all three histologic types of lung cancer. Theydid not
consider the potential interactions between smoking and occupation
in discussing their data. Their report did illustrate the importanceof
considering histologic type when conducting etiologic studies of lung

cancer.

Fewstudies of occupational risk focus on women. Leung (1977)
reported an association between cooking with a kerosene stove and
lung cancer in Chinese women living in Hong Kong. This casecontrol study was conductedto identify factors that might account
for the relatively high mortality rates for lung cancer experienced by
women in Hong Kong. In 260 consecutive cases of histologically
proven lung cancer, 92 percent (166/180) of the men and 56 percent
(45/80) of the women smoked cigarettes compared with 59 percent of
the male smokers and 11 percent of the female smokers in a
nonrandom population sample. In a secondseries of 44 lung cancer
cases in women. 91 percent (40/44) used a kerosene stove daily for
over 2 years compared with 36 percent of the families sampled in
seven areas of Hong Kong.
The sampling schemes used in this study could easily produce
biased results. Smoking prevalence in the community was based on a
convenience sample and might have underestimated the prevalence

of smoking by women. Kerosene stove usage could be associated with

many other environmental exnosures that might be related to lung
cancer. Nevertheless, strong associations between smoking and
kerosene stove use and lung cancer were found among women. The
author concluded that the question of synergy between stove usage
and smoking requires further study.

In a case-control! study of lung cancer, Pastorino and colleagues

(1984) estimated the proportions of lung cancer attributable to
smoking and occupational exposure to known or suspected carcinogens. Lung cancer cases were drawn from a well-defined geographic
area in northern Italy where a large proportion (74 percent) of
employed men work in industry. In this area, 240 incident cases of
lung cancer in men occurred between 1976 and 1979. Twenty-nine
cases were excluded because diagnostic criteria were not met and 7
cases could not be reached for interview, leaving 204 cases (85
377

percent oftotal) for analysis. Controls were selected at random from

the electoral rolls of men living in the same region and matched with
cases for age within 2 years. Of the 366 controls enrolled, 15 could
not be reached for interview. Interviews were conducted by two
occupational physicians and two public health nurses. Occupational
histories focused on specific exposure to asbestos, tars and mineral
oil, chromium, nickel, arsenic, bis-chloromethy]ether, chloromethyl]

methyl ether, vinyl chloride, and polycyclic aromatic hydrocarbons
as contained in soot. No exposure was defined strictly as a work
situation where the subject could not have been exposed to these
materials. Possible and probable exposures were defined on the

basis of descriptions of specific job tasks. Ten percent of the control
interviews and 50 percent of the case interviews were with next of
kin.
The relative risk for lung cancer was strongly related to cigarette
smoking in a dose-related way. Relative risk ranged from 2.3 for
smokersof 1 to 9 cigarettes per day to 9.0 for smokers of 30 or more
cigarettes per day. Occupational exposures were also positively
associated with lung cancer. Therelative risk for possible exposure
was 1.6, and for probable exposure, 2.7. The authors estimated that
81 percent of lung cancerscouldbe attributed to smoking (95 percent
confidence interval, 69 to 93) and that 33 percent could be attributed
to occupational exposure to known carcinogens (95 percent confidence interval, 19 to 47).
Pastorino and colleagues (1984) illustrated how relative risk varies
positively with occupational exposure and cigarette smoking. The
relative risk increased in men without occupational exposure from
1.0 in nonsmokersto 2.7, 6.2, 9, and 11 in men who smoked1 to 9, 10
to 19, 20 to 29, and 30 or morecigarettes per day, respectively. In
men with possible and probable occupational exposure, the relative
risk increased from 2.5 in nonsmokersto 3.8, 14, 19, and 20 in men
who smoked1 to 9, 10 to 19, 20 to 29, and 30 or morecigarettes a day,
respectively. Occupational exposure was subcategorized by exposure
to asbestos and PAH, the most common occupational exposures in
this study. Both were independently associated with lung cancer
risk. The relative risks associated with asbestos and PAH exposures
in combination with smoking were more consistent with additive
effects, but a specific analysis of the possible interactions was not
discussed.

Bladder Cancer

In the last 15 years, many case-control studies and analyses of
mortality statistics have been used to examine relationships between
occupation and bladder cancer. In only a few has enoughhistorical
information been aggregated in detail sufficient to permit exploration of interactive effects between occupation and smoking.
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A case-control study of bladder cancer patients in the hospitals of
Leeds, England, failed to show that smoking was a risk factor for
bladder cancer, but did indicate that the prognosis was worse in
patients who continued to smoke (Anthony and Thomas 1970a).
Controls for this study were lung cancer patients and surgical cases
interviewed 5 years previously at the same hospital. They were not
matched to cases by age. In an expansionof this study, Anthony and
Thomas (1970b) matched cases to controls (again using previously
interviewed

patients) with

respect

to

age,

sex,

residence,

and

smoking habit (never smoked, greatest amount ever smoked, cessation of smoking). They then calculated risk ratios for aggregates of
cases according to their predominant occupations and employmentin suspect environments. They identified significantly elevat-

ed risks of bladder cancer among workers in the chemical dye

industry, textile workers, tailors, engineering workers, and hairdressers. Because cases and controls were matched for smoking habit,
risks were presumably attributable only to occupation.
In an extensive case-control study of bladder cancer in the
Boston-Brockton, Massachusetts, area in 1967-1968, Cole andcolleagues (1971, 1972) examined occupation and smoking information
obtained by interviewing 470 incident cases and 500 age- and sexmatched controls. Controls were selected at random from published
resident lists. Smoking was taken into account with respect to

intensity (cigarettes per day) and also estimated total dose (pack-

years). Thirteen occupational exposure categories were used in
classifying patients and controls: dyestuffs, rubber, leather, printing,
paint, petroleum, other organic chemicals, other chemicals, fumes
and dust, manufacturing (not elsewhereclassified), farming, service,
and office. From this study the authors calculated meanrelative risk
ratios of 1.89 and 2.00 for bladder cancer in male and female
smokers, respectively, and demonstrated gradients of risk in both
sexes, based on numbers of cigarettes smoked per day. The maximum meanrelative risk ratio (3.8) was for women who smoked more
than one and one-half packs per day. Standardization by occupational categories did not alter the relative risk estimates for smoking.
Whenrisks were analyzed by occupational categories (ever em-

ployed), significantly elevated ratios were found in only two categories: those working with rubber and rubber products (1.57) and those

working with leather and leather products (2.00). People exposed to

dyestuffs, paint, and other organic chemicals exhibited apparent
elevations of risk, but the numberof cases available for study was too
small to yield statistically significant increases. Relative risks were
very similar whether or not controlled for smoking. Examined in
terms of usual occupation instead of ever employed, risk
associations with occupation tended to be weaker, but rubber and
leather industries were again identified as those most likely to
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and mechanics. No excess risk was indicated for people engaged in

the dyeing of cloth or tanning, but the numberof pairs available for

analysis was not sufficient to provide reliable estimates. Discordant
pair ratios of 4/3 and 5/1 were recorded for past contacts with
benzidine and bis-chloromethyl ether, respectively, on the part of

male respondents. The numbers were too small to permit an

examination for the confounding effects of smoking. Very few
women were employed in the suspect industries, and nosignificant
risk elevations associated with occupation were identified among

women.

Miller and colleagues (1978) matched each of 265 incident bladder
tumor patients diagnosed at the Ottawa Civic Hospital Urology
Clinic to two control patients treated at the clinic who did not have
bladder tumors. Administered questionnaires inquired into previous
disease in self and family, occupational exposures, use of coffee,
tobacco, and sweeteners, exposure to radiation, and prior treatment
with antituberculosis drugs. Relative risk calculations and discriminant analysis identified the following significant risks, in apparent
order of importance: in men, a family history of allergy (1.8),
occupational exposure to radiation (1.6), occupational exposure to
chemicals (1.5), cigarette smoking (1.6), and a history of gout (1.7). In
women, coffee drinking (1.6) and a history of tuberculosis (2.0) were
identified as risks; a history of allergy in the patient appeared to be
protective (0.3). Chemical exposures were identified tentatively as
paints, varnishes, lacquers, gum and wood chemicals, and industrial

chemicals. Risk ratios derived from this study are uniformly low, and
those for factors traditionally regarded as important for bladder
cancer (smoking and occupation) are lower than a risk ratio having
no previously recognized association with the disease (family history

of allergy, in men only). This aspect of the findings casts a degree of

doubt on the soundness of the study design, particularly the use of
patients with urologic disease other than bladder canceras controls.
Discriminant function analysis presumably identified both smoking
and occupational exposure to chemicals and radiation as independent risk factors for bladder cancer. No data wereoffered from which
to determine whetherthese risks are additive or synergistic.
Calculating proportionate incidence ratios for bladder cancer

within broad occupational categories used by the Los Angeles
County/University of Southern California Cancer Surveillance Pro-

gram, Weinberg and colleagues (1983) examined incidence data for
Los Angeles County over the period 1972-1976. They found higher

relative risks of bladder cancer among managers and salesmen (high

on the socioeconomic scale) than among service workers, laborers,
and transportation workers (low on the socioeconomic scale). The
latter group have been reported to be the heavier smokers (CDC
1976; Bonham and Leaverton 1976). The authors argued that, at
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A case-control study in the greater New Orleans area, wherein 82
patients with bladder cancer and 169 matched general population
controls were interviewed by telephone, was used to identify
smokingoffilter cigarettes (but not of unfiltered cigarettes or other
tobacco products) as a risk factor for bladder cancer (Sullivan 1982).
Matchingcriteria were not specified. A large number of employment
categories and chemical exposures appeared to involve risks, most
prominently mechanical engineers and people exposed to paint
thinners, coal, petroleum, metals, welding materials, office supplies,

and industrial equipment.
In a study in northern New Jersey (Najem et al. 1982), 75 cases
were compared with 150 patient controls, matched by age, sex, race,
place of birth (in New Jersey or elsewhere), current residence, and
the clinic providing care. Occupations were recorded only when job
tenure was more than 1 year. Smoking habits were characterized as
never smoked, former smoker, or current smoker. Several criteria
were used to test the significance of associations, and significant
risks were analyzed to test for the confounding effects of smoking.
Significant risk ratios were identified for cigarette smoking (2.0) and
work in dye (3.1), petroleum (2.5), and plastics (3.4) industries, but
not for employmentin rubber, textile, printing, rodenticide, or cable
industries, although some ratios did exceed 1. When thesignificant
occupational risk ratios were analyzed within the three strata of
smokingstatus, ratios for current smokers wereessentially the same
as those calculated without controlling for smoking. Curiously, the
occupational risk ratios for nonsmokers in the dye, plastics, and
petroleum industries consistently exceeded the ratios for current
smokers, but the ratios for ex-smokers were consistently lower (1.3 to
1.5). Some ratios were based on only a single case in a smokingoccupationcell.
In a recently reported case-control study at Turin, Italy, 512 male

bladder cancer patients diagnosed from 1978 to 1983 were compared

with 596 patient controls (225 urologic, 371 surgical) (Vineis et al.
1984). Smoking and occupational information was assembled by
interview. Highly significant relative risk ratios were found for
cigarette smoking, the magnitude depending on smokingintensity,

on age when smoking started, and possibly on brand of cigarettes
smoked. Occupational risk analysis was based on 64 patients
classified as exposed : 14 cases and 2 controls employed more than

6 months in dye production (said to include exposure to benzidine
and betanaphthylamine), plus 28 cases and 20 controls employed in
the rubber industry. From this, the authors calculated risk ratios
strongly suggesting interactive effects of occupational exposure and
smoking, most striking in workers less than 50 years of age, and
dependent on smoking intensity (relative risk was 144.0 for hazardously employed workers who smoked). The relative risk for
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upon, they suggest a strong interaction between smoking and

occupational exposure.
Silverman and colleagues (1983), in a population-based case
control study of 303 white male bladder cancer cases in Detroit

(1977-1978), explored occupational, dietary, and personal habit
associations. Controls under 65 years of age were chosen from the

Detroit population by random digit dialing, operating with a pool of
2,110 households. Controls of retirement age were selected at

random from Health Care Financing Administration lists. A total of
296 controls were recruited for home interviews. Analysis of

occupational associations relied on an ever employed query, and
responses were classified according to the industry identified and by
occupation. An apparentstrong interaction involved truck driving as
an occupation and cigarette smoking. Among people who had never

been truck drivers, smoking one or two packs of cigarettes per day

increased the risk of bladder cancerby a factor of 1.6; smoking more
than two packs increased the risk ratio to 2.1. The ratio for truck
drivers smoking less than one pack per day was 1.3; for smokers of

one or two packs per day,the ratio was 6.8. The risk ratio for heavy
smokers could not be calculated because none of the controls
reported smoking more than two packs per day. A relationship with
the inhalation of diesel exhaust was suspected, but could not be

confirmed from the data.
Not unexpectedly, the case-control studies used to test a relationship of pesticide exposure to urinary tract cancer are inconclusive.
Pesticides are chemically and toxicologically diverse; worker expo-

sures to them are equally varied. It is unlikely that in epidemiologic

studies based on broad occupational categories carcinogenic risk
would be detected, if indeed it exists. Several case-control studies of
bladder cancer have indicated that as an occupational group, people

working in agriculture are at no more than averagerisk of urinary

tract cancer, or are actually at less than average risk (Anthony and
Thomas 1970b; Cole et al. 1972; Howeet al. 1980). In somestudies of
exposures to pesticides, specifically, nonsignificantly elevated risk

ratios have been shown (Najem et al. 1982; McLaughlin et al. 1983).
In Canada, bladder cancer was found to be significantly associated
with crop spraying and nursery work as occupations (Howeetal.

1980). These associations were said to be unaffected by controlling
for smoking.

Other Specific Cancer Sites
Cancer of the kidney and upper urinary tract has received less
attention than bladder cancer. In a nationwide case control study of
202 patients with renal adenocarcinoma (Wynderet al. 1974), the
past personal and occupational histories of the patients were

examined in relation to histories from other hospitalized patients.
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occupational risk ratios for nonsmokers were calculated. Particularly with respect to occupational risk calculations, the appropriateness
of neurologically afflicted patients as controls must be questioned.
Nonetheless, the authors were inclined to indict modern pesticides

andfertilizers as causal factors for gliomas.

Austin and Schnatter (1983), in a followup case-control study of 21

patients dying from a brain tumorin a Texas petrochemical worker
cohort, indicated that the tumors were of several different types.
Efforts to identify unique past chemical exposures of brain tumor
victims were not successful.
Using case-control methodology in reviewing 142 cases of pancre-

atic adenocarcinoma in several large U.S. clinical centers, Wynder

and colleagues (1973) demonstrated that cigarette smokers were at
increased risk of developing this disease. Risk ratios increased
progressively with the number of cigarettes smoked per day.
Controls for this study were patients in the same hospitals who had

been interviewed for other epidemiologic studies. Controls did not

include patients suffering from tobacco-related cancers (mouth,
larynx, lung, esophagus, bladder, kidney) or other tobacco-related
diseases (bronchitis, emphysema, coronary heart disease). Fifteen
male cancer patients reported having been occupationally exposed to
dyes, chemicals, metal dust, saw dust, grease, oil, or gas fumes, but
there was no difference between cases and controls with respect to
the frequency with which this exposure was reported.

A case-control study in New Jersey (Stemhagen et al. 1983) of 265

victims of primary liver cancer occurring from 1975 to 1980 was

conducted by interview of family members. Controls were selected

from hospital records and death certificates, and were matched by
age, sex, race, and county of residence. No evidence was adduced to
indict smoking as a factor in causing this disease. Significantly
elevated risk ratios were derived for farm laborers but not for farm
owners or farm managers or for people engaged in manufacturing
pesticides. Other people apparently at risk were gasoline service
station employees, those employed at eating and drinking establish-

ments, and those providing laundry and dry cleaningservices. It was
not possible to identify specific past chemical exposures that might
have contributed to the risk.

A recent study of 102 cases of primary liver cancer in Sweden

utilized controls matched by age, sex, race, year of death, and
municipality where the decedent had lived (Hardell et al. 1984). No
association with smoking history was found. Occupational exposure
to solvents appeared to double the risk of liver cancer. No other

occupations or chemical exposures were identified as risk factors,
althougha strong association with alcoholism was indicated.

Investigation of 207 cases of large bowel cancer in a Quebec

community explored several risk factors in cases and controls, the
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at 50 percent FVC. These results were independent of smoking

variables, ethnicity, socioeconomic status, and age. The absence of a
correlation between decrement in lung function and cigarette
smoking and the small number of workers in this study raise
questions about the generalizability of the data in this study.
Lednar and colleagues (1977) examined the work history and
smoking habit backgrounds of 73 former rubber workers who were
retired prematurely between 1964 and 1973 with medically documented, disabling pulmonary disease. They were members of a
cohort of 4,302 workers employed in 1964 at an Akronplant. Thirtynine were retired with emphysema, 10 with lung cancer, 8 with
asthma, and 16 with other pulmonary conditions. Work background

and likely exposure to dusts and fumes were determined from

company records; smoking histories were obtained from questionnaires mailed to retirees or relatives. The investigators utilized two
control groups, the first consisting of disabled employees retired
because of diseases other than pulmonary(disabled controls) and the
second of currently employed workers and early retirees free of
acknowledged pulmonary disease (nondisabled controls). Relative
risk ratios were calculated for smoking and for occupational
exposures to dusts and fumes. Relative risks for pulmonarydisability
retirement in relation to smoking and various occupationaltitles

were also calculated. Risk ratios for smoking alone (based on

smokers and nonsmokers at worksites not otherwise contaminated)
were consistently greater than 1.0, but they were significant only in
the case of maintenance workers. For all workers combined, the
smoking risk ratio was 2.95 (p<0.05). Ratios for occupational
exposure alone were remarkably elevated in somejob classifications,

but none were significant. When the combination of smoking and

occupational exposure was considered, however, substantially and
significantly elevated risk ratios were found for workers engaged in
extrusion (15.8), finishing and inspection (7.8), curing (6.7), and other
tasks. Furthermore, combined exposure to dust and cigarette smoke
appeared to increase by tenfold to twelvefold the risk of pulmonary
disability. The data suggested interactive effects between smoking

and occupational pollutants, more in the range of potentiation than
simple addition.

Another suggestion of enhanced adverse effects from cigarette
smoke andirritating air pollutants has come from examination of

workers exposed to airborne contaminants from the milling of

rubber (Sparks et al. 1982). For the factory worker population as a
whole, productive cough was definitely more common amongcurrent
smokers than among nonsmokers: 35.5 percent of the smokers versus
6.5 percent of the nonsmokers in parts of the plant where dust
concentrations were minimal. Among workers exposedto irritating
dust, 8 percent of the nonsmokers experienced a productive cough
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Research Recommendations
known and suspect1. Efforts to minimize workplace exposure to

ed in anticipaed carcinogens should continue and not be delay
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tion of definitive evidence of hazard from occupational or
environmental studies in humans.
2. Efforts to assist smokers in their efforts to quit smoking must

continue in all sectors of the population. Blue-collar workers

have a higher prevalence of smoking and a higher exposure to
materials that might interact with cigarette smoke to increase
disease risk. Because of these dual exposures, an intensive

effort should be made to reduce the smoking rates of these
workers.
3. Epidemiologic studies to assess the health impacts of smoking
or work exposures to noxious substances should take both
factors into account as potentially causative. Additionally, the
possibility of interaction should be kept in mind, and whenever
possible, tested for.
4. Laboratory animal studies designed to explore the healthdamagingeffects of tobacco smoke should include experiments
capable of identifying interactions with major industrial pollutants.

5. There should be continuing research aimed at identifying the
principal constituents of commonindustrial pollutants that act
as cancer initiators and promoters. There should also be
continuing efforts to demonstrate the mechanism of tissue
damage caused by cigarette smoke and various industrial
pollutants, alone and in combination.

6. Moderntissue culture techniques employed to identify carcinogens should be exploited as test systems for interactive effects
between tobacco smoke constituents and industrial pollutants.
Summary and Conclusions
1. The biotransformation of industrial toxicants can be modified
at least to some extent by the constituents of tobacco smoke
through enzymeinduction 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. Thereis, therefore, an ample

biologic basis for suspecting that important interactive effects

between some workplace pollutants and tobacco smokeexist.
2.In mortality studies of coke oven workers and gas workers,
convincing evidence hasindicated 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 diseases, such as pancreatic cancer in refinery workers, cannot be
interpreted without more information on smoking.
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Introduction

Exposures to cotton, hemp, and flax dust have been associated
with two acute pulmonary responses: irritant (industrial) bronchitis
and chest tightness (byssinosis). These symptoms, often accompanied
by reduction in lung function, have occurred in 2 to 30 percent of
cotton textile workers within hours of resuming exposurefollowing a

weekend or holiday (Schilling 1956; Morgan et al. 1982). These

elements of the acute cotton dust pulmonary response may not occur
together, and may represent responsesof distinct pulmonary mechanisms. The exposure variables or host characteristics that lead to

cough rather than to bronchoconstriction are currently under

careful study (Hogg and Eggleston 1984). The effects of cigarette
smoking upon these different responses is also incompletely understood.
In the manufacture of cotton textiles, cotton dust exposure occurs
most intensely when the tightly packed bale is opened and when
abrasive crushing and carding remove the trash (plant bracts and
other parts, dirt, bacteria, and fungi) and align the fibers for
spinning (Gideon and Johnson 1978). Normally, as the cotton fibers
are spun, twisted, and woven into cloth, progressively less dust is
generated. By the time cotton cloth is processed, the procedure is
practically free of cotton dust (Kilburn 1983).
Cross-sectional studies have shown that byssinosis prevalence is
greatest among cotton textile workers in the dusty preparation jobs
(e.g., carder, stripper, or grinder) (Figure 1). Byssinosis prevalence
has been related to the duration of cotton dust exposure, to the
quality of the raw cotton, and to the levels of lint-free cotton dust
(Molyneux and Tombleson 1970; Merchant, Lumsden, Kilburn,
O Fallon et al. 1973b; Kamatet al. 1981). At a cotton dust levelof 0.2
mg/m (lint-free dust of approximately 15 ym orless), approximately
15 percent of the cotton textile workers have some grade of
byssinosis (Merchant, Lumsden, Kilburn, O Fallon et al. 1973b).
While a small sex-specific effect (male disadvantage) has been noted

(Berry et al. 1974), no age effect has been shownafter adjustment for

exposure (Merchant, Lumsden, Kilburn, O Fallon et al. 1973b; Berry

et al. 1974). Cigarette smoke interacts with cotton dust exposure in
cotton textile workers and has been associated with increased
byssinosis prevalence and severity (Berry et al. 1974). The frequency

of byssinosis has been closely correlated with the presence of chronic
bronchitis, and both symptomshave been associated with ventilatory

impairment (Imbus and Suh 1973). Cross-sectional studies have

correlated cotton dust exposure with two componentsof ventilatory
impairment: reduction in the baseline level of forced expiration and

reversible loss of function across a work shift. The relationship of

byssinosis and bronchitis with ventilatory impairment and its
403
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later
relationship to cigarette smoking is discussed in greater detail

in this chapter.
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1.
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TABLE 1. Prevalence of smoking in studies of cotton workers
Study

Number and type
of population

Schrag and Gullett
(1970)

509 cotton textile workers

Kari-Koskinen and

987 female cotton workers,

Hirvonen (1970)

Merchant, Kilburn,
et al. (1972)

Kilburn, Kilburn

et al. (1973)

Finland

1,046 female textile

637 men, 2,530 women

Fox et al.

Cotton workers, 35 mills,

al. (1970)

Great Britain

EX/NS

16.9

83.1

39.8
14.1

40-49

9.0

50-60

5.0

SM
64.7

Percent smoking
<1 pack/day not
available
>53% began

smoking at 15-19
years of age

EX

NS

12.0

33.3

NS

EX

SM

Syn. wool workers
Cottonmill workers
Men

Women

45.2
35.8
80.5

8.9

SM

62

Ciga/day
1-14

38.2

15-24

21

>a

SOF

SM
38

17-29
30-39

workers, North Carolina

Szymezykiewicz et

(1973)

Age

435 cotton-synthetic blend

workers, North Carolina

Comments

Smoking characteristics (percent)

2.8

31.6

6.3

90F

TABLE 1. Continued
Number and type

Study
Imbus and Suh
(1973)

10,133 cotton workers,
North Carolina

Berry etal.

14 cotton and 2 manmade
fiber mills, Great Britain

(1974)
Zuskin etal.
(1976)

Khogali

Smoking characteristics (percent)

of population

Wool workers and controls

Workers
Controls

Men
Women

78

Men
Women

15.6
56.5

Men
Women
Men
Women

47

(1976)

Jones et al.
(1977)

153 cottonmill workers,
southeast United States

Boubuys et al.
(1977)

Card and weave room
workers, South Carolina

SM/EX
70
Men
Women

Smokers include
ever smoked
1 cig/day for 1
year
Former smokers
not reported

55

SM
36.5

971 ginnery workers, Sudan

Comments

SM
18-41
15-25

Almost 1/2
smokers said
smoked <5
cigs/day

TABLE 1. Continued
Study
Palmeretal.

Number and type
of population

Smoking characteristics (percent)

203 gin workers

(1978)

Ginners
Presamen
Others

Bouhuys et al.

(1979)

Jones et al.

LOP

(1979)

Textile workers, aged > 45,

South Carolina

EX

NS

25.5

23.4

(16.0)*

(9.6)

(7.3)

(4.1)
15.1

39.4

(15.3)
52.3
(11.4)

(8.0)
19.2
(9.1)

28.5

57.1

19.1

23.8

Women

SM

EX

NS

Carding
Spinning
Preparing
Weaving
Others*
Men
Carding
Spinning
Preparing
Weaving

18
20
17
20
15

14
10
14
10
11

68
70
69
69
74

26
37
50
38

44
45
42
37

26
18
8
18

Others*

20

35

30

Cotton and wool/synthetic

mill workers

SM
51.1

45.5

Controls

Comments

Mill
Mill
Mill
Mill

1
2
3
4

SM*

NS

52.8
66.9
64.8
38.0

47.2
33.1
35.2
62.0

*( )=mean

pack-years

(1 pk/day/year)

"Includes cloth
room workers and
miscellaneous job
categories

Smokers include
ex-esmokers

80F

TABLE 1. Continued
Number and type

Study

Smoking characteristics (percent)

of population

Barman
(1979)

70 cottonmill workers

Sparks and Peters
(1980)

Cotton dust-exposed workers

Grimard and Adams

Textile workers, Canada

Beck et al.
(1982)

118 male and 162 female
cotton textile workers

Men

SM
44

EX
28

44
55

28
_

Women

(1981)

Men
Women
Men

60.4

Men
Workers
Controls

27
16

Women

Workers
Controls
NOTE: SM = Smoker; EX - Ex-smoker; NS «= Nonemoker

76.6

Women

31
43

Comments

greater frequency than do American workers, with manystudies
showing the proportion of smokers to be well over 70 percent.
Acute Effects of Smoking and Cotton Dust Exposure on
Respiratory Symptoms
The symptoms ol Mondaychest ti;htness begin gradually, 3 or 4
hours after the cotton textile worker returns to work. A dry cough
and shortness of breath on exertion frequently accompany the
sensation of chest tightness. However, the physiologic reaction
associated with Mondaychest tightness is not confined to the chest.
A low grade temperature. a 20 to 30 percent increase in the
peripheral white blood cell (polymorphonuclear leukocyte: count,
and a general malaise have been frequently reported. These systemic
symptoms suggest the presence of a host inflammatory response;
however, the relationship between these svstemic symptoms and the
symptom of chest tightness is not well defined.
By 1936, an association had heen recognized between Monday
chest tightness and detectable loss of ventilatory capacity and
increased breathlessness (Prausnitz 1936). Recognition that in susceptible cotton mill workers. Monday chest tightness may be
followed by permanent respiratorydisability led to the evolution of a
standard byssinosis case definition. Schilling and colleagues (1955)
developed specific questions concerning Monday chest tightness for
the British Medical Research Council's respiratory symptom survey
questionnaire (British Medical Journal 1960). A positive response to
the standardized questions regarding Monday chest tightness defined the presenceof byssinosis.
Molyneux and Tombleson (1970) conducted one of the first
prospective studies of byssinosis. At the initial examination, these
investigators interviewed 1,359 workers from 14 cotton spinning
mils and 227 workers from 2 manmade fiber spinning mills in
Lancashire. United Kingdom. Followup examinations were conducted at 6-month intervals over 3 years, from 1963 to 1966. Byssinosis
and bronchitis prevalence were determined bythe use of the Medical
Research Council's questionnaire on respiratory symptoms (British
Medical Journal 1960), to which the Roach and Schilling (1960)

questions on chest tightness were added. Byssinosis was graded as
follows (Molyneux and Tombleson 1970:.'

Grade 0: No evidence of chest tightness or breathing difficulty on the first day of the workweek
Grade 1/2: Occasional! chest tightness on Mondays
Note Other unvestizators fave
meicate the presence of crrons
category would cise include tite cheara

In not specific for disease reated oo. tat Ghat exposure
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Grade 1: Chest tightness or difficulty in breathing on

Mondaysonly

Grade 2: Chest tightness or difficulty in breathing on
Mondayand other days
Age, length of exposure to cotton dust, and smoking habit were
determined by questionnaire. Individuals were considered smokersif
they regularly smoked one or more cigarettes per day. Hexlet and
total dust air samplers were used to measure the mass concentration
of the respirable, medium, and fly components of the total airborne
dust.
Byssinosis prevalence (adjusted for age, sex, and mill type) showed
a progressive increase with increasing duration of cotton dust
exposure (Table 2) (Molyneux and Tombleson 1970). A rearrangement of the data from this Lancashire mill workers study and
calculation of the Mantel-Haenszel (weighted) odds ratios (Mantel
1963) showsan interesting relationship between smoking, byssinosis,
bronchitis, and sex. A similar relationship is demonstrated by data
from studies of American cotton mill workers (Merchantet al. 1972;
Imbus and Suh 1973). Cigarette smoking was associated with an
overall 2.21-fold excess risk of bronchitis in the Lancashire cotton

mill workers (Table 3). Cotton mill workers of both sexes who smoked

had a consistently greater prevalence of bronchitis than did nonsmokers. The magnitude of the smoking effect was similar for men
(2.28-fold) and women (2.16-fold). The presence of bronchitis con-

ferred an approximately twofold excess risk of developing byssinosis

(Table 4). This risk was significant for men and for women, for
smokers as well as for nonsmokers. Oncethe presence of bronchitis
had been controlled for, however (Table 5), cigarette smoking did not
add significant additional risk for developing byssinosis.

One mayinterpret these observations to show that amongcotton

mill workers both cotton dust exposure and cigarette smoking
to
produced the symptoms of bronchitis. Bronchitis, in turn, seemed

confer additional risk for the development of acute chest tightness
(byssinosis). Cigarette smoking, therefore, seems to facilitate the
development of byssinosis in smokers exposed to cotton dust, perhaps
bythe prior induction of bronchitis. Applying an additive logit model
(6 dust levels x 3 lengths of exposure x 4 combinations of sex and
smoking habit) to these data, Berry and colleagues (1974) found that
cigarette smokers had a modest (1.4-fold) increase in the adjusted
prevalence of byssinosis when compared with nonsmokers and exsmokers. Two years after the initial questionnaire survey, these
investigators were able to reinterview about half of the original
population (669 cotton workers and 127 manmade fiber workers).
Incidence and remission rates were tabulated for byssinosis and
bronchitis by length of exposure, sex, and smoking status. The
incidence of both bronchitis and byssinosis was greater among
410

TABLE 2. Prevalence (percent) of byssinosis in nine

exposure groups

Prevalence
Prevalence
(yr)

in group

04

305

5-9
10-14

155
168

20-24

ll?

age, mill type.
and sex

8.0

23.3
28.0

20.5
22.3

19.2
21.0

36.8

30.9

311

29.5

35.8

40.2

43.5

30.2
36.5
37.7

30.9
35.4
33.6

94
99
119

30-34
35-39
>40

8.8

5.2

116

25-29

for age

prevalence

187

15-19

adjusted

Observed

Number

Exposure

adjusted for

27.5

42.4
35.1
41.4
41.8

SOURCE: Molyneux and Tombleson (1970)

TABLE 3. Age-adjusted association of bronchitis and
smoking, by byssinosis status and sex
Chi square and

Bronchitis

Bronchitis

without byssinosis

with byssinosis

odds ratio for
the association of

Present

Absent

smoking/bronchitis*

301

46%

54%

X?=15.20

105

21%

79%

Smoker

N

Present

Absent

N

Yes

127

55%

45%

No

33

55%

45%

Yes

125

48%

52%

Men
OR = 2.28
(p< 0.0001)
Women
No

78

33%

67%

322
268

31%
16%

Chi Square :

X?7=2.83

X?=36.8

Odds Ratio?:

OR=1.49
(p=0.09}

OR=2.63
(p< 0.0001)

69%
84%

Chi Square *:
Odds Ratio®:

X?=21.10
OR=2.16
(p< 0.0001)

X?=36.3
OR=2.21
(p< 0.0001)

1 Weighted by Mantel-Haenszel techniquefor byssinosis frequency.
? Weighted by Mantel-Haenszel technique for sex distribution.
* Weighted by Mantel-Haenszel technique for frequency of both byssinosis and sex.
SOURCE: Molyneux and Tombleson (1970).

smokers than among nonsmokers or ex-smokers of both sexes;
however, these differences were notstatistically significant (Berry et

al. 1974).
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bronchitis and
TABLE 4. Age-adjusted association of

byssinosis by smoking status and sex

Association of byssinosis and bronchitis

Odds ratio

Men and women combined
Cigarette smoker
Nonsmoker

pValue

1.73

0.0002

3.13

< 0.0001

Combined smoking status
Men

Women
Combined overall

1.80

0.001

2.25

< 0.0001

2.02

< 0.0001

41970).
SOURCE: Data from Molyneux and Tombleson

nosis and
TABLE 5. Age-adjusted association of byssi
smoking by bronchitis status and sex
Odds ratio

p-Value

Bronchitis present

0.82

0.39

Bronchitis absent

1.44

0.03

1.19

0.45

1.17

0.36

1.18

0.23

Association of byssinosis and smoking
Men and women combined

Combined bronchitis status
Men

Women
Combined overall
(1970).
SOURCE: Data from Molyneux and Tombieson
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percent underwent spirometry again 6 hours into the work shift
(Imbus and Suh 1973).

Like Molyneux and Tombleson (1970) in their study of the

Lancashire mill workers, the North Carolina investigators found
that smoking was responsible for a doubling of the bronchitis risk

and that the presence of bronchitis was strongly associated with

byssinosis. After controlling for the effect of bronchitis, there was no
additional significant smokingeffect on the risk of chest tightness at
the observed dust levels. Cigarette smoking seemed to play a greater
role in byssinosis prevalence as cotton dust levels rose (smokingcotton dust interaction). Figure 2 shows no cigarette smoking effect
on byssinosis prevalence at low dust levels. However, at the highest

dust levels, cigarette smoking was found to interact with cotton dust
exposure to substantially increase the acute symptom prevalence

(Merchantet al. 1972; Merchant, Lumsden, Kilburn, O Fallonetal.

1973a).

No safe level of cotton dust exposure has been identified for
cigarette smokers (Merchant, Lumsden, Kilburn, O Fallon et al.
1973b). However, among nonsmokers, these investigators found no
case of byssinosis below a cotton dust level of 0.2 mg/m*. An
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(ACGIH)

early cotton dust standard was based upon the work of Roach and

Schilling (1960), which concluded that 1 mg/m* gross(total) dust was
a safe level for occupational exposure. Further study, however, found
that the biologic activity of cotton dust resided primarily in the
respirable dust fraction (McKerrowet al. 1962). The use of total dust
as the only measure of exposure has sometimes resulted in a
misleading lack of association between cotton dust level and
byssinosis symptoms (McKerrowet al. 1962; Molyneux and Tombleson 1970; Merchant et al. 1972).
High correlations between byssinosis symptoms and respirable
dust levels were observed, using the vertical elutriator to sample

dust of an aerodynamic diameter of 15 tm and less (Merchant.

Lumsden, Kilburn, O Fallon et al. 1973b). In Figure 3, cigarette
smokers are shownto have a slightly higher prevalence of byssinosis
symptoms than nonsmokers at each measured dust level. A linear
dose-response model fits the data at low dust levels. At respirable
dust levels from 0.1 to 0.75 mg/m , the byssinosis prevalence in
nonsmokers rose from 5 to 24 percent, and in smokers, from 8 to 53

percent. The tapering of the dose-response curve at higher dust
levels has been attributed to self-selection by less susceptible cotton
workers (Kilburn 1983).
To minimize the acute symptoms andto inhibit possible chronic
consequences, the Occupational Safety and Health Administration

(OSHA) (US DOL 1981) has modified the permissible exposure limits

to acknowledge the importance of the respirable fraction of cotton
dust (approximately 15 wm or less aerodynamic equivalent diameter). The OSHA standard specifies that employees engaged in yarn
manufacturing may not be exposed to respirable cotton dust levels
greater than 0.200 mg/m? over an 8-hour average, and employees
assigned to the slashing/weaving processes can be exposed to no
more than an 8-hour average of 0.750 mg/m? of cotton dust (US DOL
1981). No specific accommodation has been made to recognize the
increased byssinosis susceptibility of cigarette smokers.

Effects of Smoking and Cotton Dust Exposure on
Pulmonary Function Tests
In a cross-sectional study of 61 textile workers on carding

machines, Zuskin and colleagues (1975) found a rough correlation
between the grade of byssinosis and the 1-second forced expiratory
volume (FEV,) before dust exposure. These observations confirm
those of Merchant, Halprin and colleagues (1974) (Figure 4). It is
suggested that those with byssinosis symptomsstart the workweek
with a lower FEV, than those without symptoms (age, height, sex,
race unaccounted for), and at least for the individuals with byssinosis
grade 1/2, that overnight exposure cessation is insufficient for
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TABLE 6. Average percentage of predicted FEV, in
smokers and nonsmokers with and without

byssinosis and bronchitis

Average percent of predicted FEV,
(sample size)

Subjects

Nonbyssinotic

Byssinotic

Male nonsmokers
Nonbronchitic

Bronchitic

89.4 (993)

84.5 (28)

85.9 (3,172)
81.2 (434)

81.5 (157)
73.7 (109)

85.7 (1,729)
82.9 (68)

76.6 (47)
78.4 (11)

82.6 (1,213)
81.3 (93)

77.0 (30)
73.5 (15)

88.2 (59)

80.1 (16)

Male smokers

Nonbronchitic
Bronchitic
Female nonsmokers

Nonbronchitic
Bronchitic
Female smokers
Nonbronchitic
Bronchitic
SOURCE: Imbus and Suh (1973).

across a workshift in FEV, and midexpiratory flow at 50 percent

(MEFs0x) and a statistically significant increase in residual volume.
In contrast, plethysmographically determined total lung capacity (a

measure of alveolar volume) andthesingle-breath diffusing capacity
(a measure of gas diffusion) were unchanged.
In Figures 5 and 6 are showntheeffects of byssinosis, bronchitis,
and smoking on FEV, measured before and after 6 hours work,
adjusted to a base age of 40 years. People with bronchitis alone

(without byssinosis) and people with byssinosis alone (without
bronchitis) experience a decline in FEV, during the workday. People

with a combination of both conditions, however, show the greatest

decrement. Although forced expiration change across a work shift
also showsa strong association with dust levels (Merchant, Lumsden,

Kilburn, O Fallon et al. 1973b), the relationship of cigarette smoking

to the cross-shift decline in function is less clear. Merchant,
Lumsden, Kilburn, O Fallon, and colleagues (1973a) found no
smokingeffect on acute ventilatory function change within any dust
level, over all dust levels, or as part of a dust times smoking
interaction (Merchant, Lumsden, Kilburn, O Fallon et al. 1973a).
Zuskin and colleagues (1969) and Jones and colleagues (1979)
reported similar observations. However, Haglind and Rylander
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(Schilling 1956; Roach and Schilling 1960; Merchant, Lumsden,
Kilburn, O Fallon et al. 1973b; Merchantet al. 1975; Castellan et al.

1984). Under the conditions of an experimental card room (using
carding machines under typical commercial production conditions),
concentrations of gravimetric elutriated cotton dust and the corresponding acute FEV, change were measured (Table 7). In Figure 7 is
shownthesignificant association of dust concentration and ventilatory response found by Castellan and colleagues (1984). Bacterial
endotoxin, a contaminate of cotton dust, was found in this study to
correlate even more closely with a decline in ventilatory function,
but Diem and colleagues (1984) found that the across-shift decline
was more closely correlated with the log dust level than with the
number of gram negative rods or log endotoxin level.
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TABLE 7. Slopes of dose-response regre

individual cottons, using vertically elutriated
gravimetric dust as an exposure index
Change (percentage per mg/m® of dust)

Cotton type
California strict middling

California strict low middling
California strict low middling spotted
Texas strict low middling
Texas strict law middling spotted
Mississippi strict low middling
Mississippi strict low middling spotted

FVC
0.9!

-2.3?
-2.7%
-2.3°
~3.6*
-3.15
-15.9°

FEV,
0.4!

~3.44
3.1%
~2.9°
6.28
-3.5%
-24.4°

FEF6%
+4.0'

-18.0°
~13,.2?
~18.4°
-27.3°
~20.1*
88.6%

= forced
s of 54 persons. FVC forced vital capacity; FEV,
NOTE: Regressions based on spirometric response
75 percent of expired vital capacity.
at
flow
maximal
=
FEF-5~
second;
1
n
expiratory volumei
p=notsignificant
3 p< 0.0001.
SOURCE: Castellan et al. (1984).
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significantly to the development of byssinosis. Contrasting results
were reported by Berry and colleagues (1973), who examined cotton
textile workers at several plants and found that the cotton textile
workers had a 54 mL peryear decline in FEV, compared with 32 mL
per year in workers in the synthetic textile mill; however, most of

this excess decline could be attributed to workers in only one mill.

FEV, declined 19 mL per year faster in smokers than in nonsmokers.
However, despite these differences between the cotton workers and
the control group, no difference in annual FEV, decline was found
between the subjects with and without byssinosis symptoms. Cotton
textile workers with acute (grades 0 or 1) byssinosis symptoms and
those with bronchitis following cotton dust exposure may be a subset
of the population at risk of further ventilatory deterioration. The
sensitivity and specificity of these symptoms for subsequent lung
injury is yet to be established by cohort studies.
Followup studies of cotton textile workers have been weakened by
several sources of bias. Self-selection of workers for continued
employmentin dusty environments introduces bias into studies that

examine only the currently available workforce, who may be
healthier than workers who have left the industry. Berry and

colleagues (1973) reported that less than half of the subjects were
available sufficiently often to calculate an annual FEV decline.
Merchant, Lumsden, Kilburn, O Fallon, and colleagues (1973b)
reported substantial evidence of selection away from dust exposure
in the cotton textile industry, which results in the presence of
relatively resistant workers in dustier areas at the time of crosssectional surveys. As Beck, Schachter, and Maunder (1984) have
shown, it is feasible to survey the retired workforce in addition to
those currently active in order to account for workers whoretire
prematurely because of poor respiratory health. To finally determine

the magnitude of the cotton dust effect on chronic lung function of
cotton textile workers, studies must carefully distinguish the separate indices of cotton dust lung injury, and impairment rates must be

tabulated over the entire population at risk. However, documenta-

tion of the association between exposure and lung injury will become
increasingly difficult as industrial hygiene control reduces the levels
of occupational cotton dust exposure.
Mechanisms of Cotton Dust Lung injury
Epidemiologic observations have suggested that cigarette smoking
and cotton dust have complementary effects on the airways. A
discussion of the mechanisms of cotton dust lung injury may
facilitate an understandingof this interaction.
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(1984) found a dose-responserelationship between the average FEV,
decrement across a work shift and the amount of airborne dust or
endotoxin. These data have been used to suggest that endotoxin
contamination of cotton, rather than the plant dust itself, is
responsible for the byssinosis syndrome. However, Buck and colleagues (1984) have reported that cotton bract extract contains a
bronchoconstricting agent or agents distinct from endotoxin and
have suggested that an interaction may exist between theeffects of
endotoxin and these other agents; Diem and colleagues (1984) have
157-964 0 - 86 -
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deformed by this osmotic disruption. In addition, epithelial injury
and sensory receptor sensitization account for increased susceptibility to cough following airwaysirritation in asthmatic subjects (Empey
et al. 1976). It is possible that acute bronchitis in cotton workers may
be caused, in part, by similar mechanisms.

Airways Constriction
Cotton dust exposure may induce airways narrowing in atopic
individuals (Jones et al. 1980; Parkes 1982). Skin iest atopy identifies
those at risk of acute bronchoconstriction (cross-shift FEV, change)
following exposure to high concentrations of cotton dust (elevated
levels of both total and respirable dust) (Jones et al. 1980). These
results do not necessarily imply that a specific immunoglobulin E
(IgE) response is triggered or that elevated levels of IgE (beyond
those found in atopic individuals) must be detected in serum (Pepys
et al. 1973). The cotton dust bronchoconstrictor response seen in

atopics may be nonspecific. Agents extracted from cotton dust have

been documented to produce lung injury and physiologic responsein
previously unexposed volunteers. The presence of an airways
response in individuals not previously exposed suggests a pharmacologic or irritant mechanism rather than an idiosyncratic (allergic)
one (Buck and Bouhuys 1981; Wegmanetal. 1983; Douglas et al.
1984; Haglind and Rylander 1984; Schachter et al. 1985). The
nonimmunologic character of the cotton dust lung response is
supported by the failure to find precipitating antibodies in the sera
of cotton textile workers to extracts of cotton bract, carpels, stems,
leaves, cotton lint, or card room cotton dust (Kutzet al. 1981).
Release of bronchoconstricting mediators from the mast cells
beneath the bronchial epithelium does not require development of
immunehypersensitivity (Dosmanet al. 1981; Findlay et al. 1981).
The nonspecific reaction induced by cotton dust contrasts with the
specific hypersensitivity reactions due to inhaled organic dusts such
as complete allergens, e.g., grain dust (Dosman 1977); incomplete
haptens, e.g., penicillin (Davies et al. 1974); simple but very reactive

copolymerizing compounds, e.g., isocyanate (Butcheret al. 1977); or
wood dusts (Chan-Yeunget al. 1973). These specific hypersensitivity
reactions are found in relatively few of the exposed individuals, even

after a suitable period of exposure (Dosmanetal. 1981), and atopy is
not required for mediator release (Lam etal. 1979; Bryant and Burns

1976; Bousheyet al. 1980).

Nonspecific hyperreactivity may be acquired as a result of chronic
exposure to inhaled occupational irritants (Lam et al. 1979). One
mechanism for triggering mast cell degranulation and subsequent

smooth muscle contraction may result from PGF release from

macrophages activated by cotton dust. An aqueous extract of cotton
plant trash has caused in vitro elaboration of prostaglandins (PGF,
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Chronic Inflammatory Lung Destruction
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Emphysema has been demonstrated post mortem in the lungs
ant
signific
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1980).
al.
et
cotton workers (Edwardset al. 1975; Pratt
degree of emphysema, as measured by a reduction of lung elastic
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recoil pressure at total lung capacity, was found only in older (aged

56 to 69) hemp workers (smokingstatus unspecified) by Guyatt and
colleagues (1973). These workers hadatleast 20 to 30 years of cotton
dust exposure. The younger population (aged 31 to 51), studied witha
variety of pulmonary function measurements by Zuskin and colleagues (1975), showed no emphysema as documented by normal
values of the single breath carbon monoxidediffusing capacity. This
finding of emphysematous changes only among older workers is
consistent with the data for smokers in the general population, and
therefore does not demonstrate a specific effect of cotton dust
exposure. Kilburn (1981) reported the prevalence of radiographic
changes consistent with emphysema(flattening of the diaphragms

and radiolucent or avascular zones of lung) in 233 male cotton textile

workers and found that these radiographic changes were present
only in the smokers and former smokersin the population.
The data in Tables 8 and 9 are from the study of Pratt and
colleagues (1980), who examinedfixed, inflated lung specimens from
unselected autopsies performed at the Durham (North Carolina)
Veterans Administration Medical Center. The findings from the 565
cases with known smoking histories are presented. The mean
percentages of centrilobular emphysema (CLE), mucous gland volume, goblet cell metaplasia, and pigmentation grouped by employment or nonemployment as a cotton worker and by smokingstatus
are shown in Table 8. There were 44 cotton workers, 8 of whom were

nonsmokers. Thestatistical results of covariance analyses performed

on these data are shown in Table 9. Cotton dust exposure is
significantly associated with mucous gland volume and peripheral
goblet cell metaplasia in nonsmokers. Cigarette smoking and pipe
smoking showedassociations with centrilobular emphysema,but no
association of emphysema was found with cotton dust exposure.
Examination of the main lobar and segmental bronchi showed no
morphologic differences between smokers and nonsmokers (Edwards
et al. 1984). These data may be interpreted to show that airways
inflammation (bronchitis) rather than parenchymal destruction
(centrilobular emphysema) follows chronic cotton dust exposure.

Cotton Dust Exposure and Mortality From Respiratory Disease
and Lung Cancer
Owing partly to the difficulty in following cohorts of cotton textile
workers and partly to the lack of a smoking history among the
recorded deaths, there have been few studies of mortality related to
cotton dust exposure. In a mortality study of two cohorts of cotton
textile workers, Henderson and Enterline (1973) found lower mortality rates overall (SMR 71.7 to 89.6), lower respiratory disease
mortality (SMR 36.4 to 76.1) and lower lung cancer mortality (SMR
429

OeF

lands, goblet cell metaplasia, and
TABLE 8. Mean percentages of centrilobular emphysema, mucusg
pigmentation

Mean percent
CLE

Mean percent
CLE (cases

Gland volume

Goblet cells

Pigmentation

N

Age

(all cases)

with CLE)

(percent)

(percent)

(percent)

All
Noncotton
Cotton

565
521
44

56.2
56.4
57.6

9.3
9.2
10.4

24.9
24.7
26.9

12.1
12.0
13.0

7.1
16.7
216

5.3
5.4
4.5

All smokers
Smokers
(noncotton)
Smokers (cotton)

460

56.3

11.1

26.4

12.6

18.3

6.3

424
36

56.1
57.9

11.0
12.6

26.2
28.4

12.6
12.0

18.0
20.4

6.8
47

Nonsmokers
Noncotton
Cotton

105
97
8

57.3
57.4
56.5

1.0
11
0.4

6.7
6.9
3.0

9.8
9.3
16.3

12.0
10.7
28.0

2.6
2.5
3.8

Cigarettes

427

55.6

11.6

26.6

12.6

18.8

6.7

Pipe/cigar

33

65.1

5.6

23.0

12.8

12.2

3.3

Group

CLE =centrilobular emphysema.
SOURCE:Prattet al. (1980).

TABLE 9. Covariance model results (F-test probabilities)
Variable

Age

Cigarette smoker

Pipe smoker

Textile exposure

Cigarette textile

Pipe smokers excluded

CLE!

002

.0001

NS?

NS

Pigment

NS

0001

NS

NS

Mucus
Goblet

NS
02

NS
NS

NS
NS

NS
03

Cigarette smokers excluded

CLE

NS

001

Pigment

03

NS

NS

02

Goblet

NS

NS

03

Mucus

NS

NS
NS

CLE=centrilobular emphysema

?7N5-: not significant
SOURCE: Pratt et al. 11980).

20.5 to 65.3) than expected from the mortality rates of Georgia white
men. In a more recent study, Merchant and Ortmeyer (1981) found a
doubling of respiratory disease mortality (SMR increased from 61 to
126) with increasing duration of cotton dust exposure from less than
20 to more than 30 years, although no overall mortality excess was
observed. Berry and Molyneux (1981) also found no excess mortality
associated with cotton dust exposure. Although consistent with
previous studies, this last observation must be considered preliminary because less than 10 percent of the Lancashire cotton mill
workers understudy havedied.
Two studies of cancer rates among North Carolina cotton textile
employees showed no excess of lung cancer mortality (Heyden and
Pratt 1980). Data from the Third National Cancer Survey contain a
representative sample of incident cancer cases occurring over 3 years
in a population of 21 million men and women who wereinterviewed
to determine their occupation, socioeconomic status, and tobacco and
alcohol consumption (Williams et al. 1977). These data indicated a
slight (2.06), nonsignificant odds ratio excess risk for lung cancer
among male cotton textile workers. While this observation is of
interest because the odds ratio was adjusted for smoking, it depended

upon only three cases of lung cancer. At this time, therefore, thereis
ne evidence to suggest a lung cancer excess among cotton textile

workers.

Control of Cotton Dust Exposure
The feasibility of controlling cotton dust exposure by preprocessing the cotton (heating, washing, or steaming) has been studied by
Merchant, Lumsden, Kilburn, Germino, and colleagues (1973).
431

the
Although washing the cotton removed detectable biologic effects,
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itis in
in increased dust levels and symptomsof byssinosis and bronch

ant, Lumsden
the areas when these processes were performed (Merch

et al. 1974).

cotton
The inability to control cotton dust levels by treating the
Health
and
Safety
has led to the imposition of Occupational

these
Standards for containment of dust (US DOL 1981). Although
textile
cotton
the
to
standards have resulted in substantial cost

made by the
industry, progress in reducing byssinosis has been
rn 1983;
(Kilbu
es
implementation of competent air hygiene practic

lint and
Gideon and Johnson 1978) using commercially available
dust control systems (Barr etal. 1974).
Summary and Conclusions
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1. Byssinosis prevalence and severity is increased in cottont
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smoke.
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2.Cigarette smoking seems to facilitate the development
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byssinosis in smokers exposed to cotton dust, perhaps by

prior induction of bronchitis. Cotton mill workers of both sexes
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6. 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.
7. Cotton dust exposure is significantly associated with mucous
gland volume and peripheral goblet cell metaplasia in nonsmokers, a pathology consistent with bronchitis. Among cigarette smokers, the interaction of cotton textile exposure and
smoking is demonstrable for goblet cell hyperplasia. Centrilobular emphysemais found only in association with cigarette
smoking and pipe smoking. There is no emphysemaassociation

found with cotton dust exposure.

8. The evidence does not currently suggest an excess risk of lung
cancer among cotton textile workers.
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Introduction

The major focus of this chapter is the interaction of cigarette
smoking with radiation exposure; epidemiologic and experimental
studies are reviewed. Radon is a noble gas that is created as a
consequenceof the radioactive decay of radium 226. Its half life is 3.8
days. Radon is of much less health concern than are its immediate
decay products (Po-218, Pb-214, Bi-214, and Po-214), which have a
collective half-life of approximately 30 minutes. Known collectively
as radon daughters, they decay to lead 210, which has a halflife of 22
years. Because there are small amounts of radium in all rocks and
soils and in most building materials, radon is ubiquitous and is
constantly being emanated from ground surfaces; when it diffuses
into the atmosphere, it is rapidly diluted. Radon levels are enhanced
whenever radon is emanated into an enclosed space rather than into
the open air; therefore, radon levels in most underground mines are
higher than in open air. There are elevated levels of radium in
uranium and phosphateores, so there are naturally enhanced levels
of radon and its daughters in such underground mines (NCRP

1984a).

Human Exposure to Radiation From Radon Daughters
When radon in air decays, its daughters, being ionized metal

atoms, tend to become attached to the nearest solid object, usually a

dust particle. These dust particles and attached ions are inhaled by
people breathingtheair, and a fraction is deposited within the lungs.
From the standpoint of radiation dose to the critical cells, the
amount deposited on the tracheobronchial epithelium is important.

Because radon daughters decay rapidly, they deliver their radiation

before they can be removed by normal lung clearance mechanisms.
Particles deposited by inertial forces (impaction) would also be
present preferentially at bifurcations. Although alpha, beta, and
gamma radiations are emitted by radon daughters, the alpha

radiation delivers over 95 percent of the radiation dose to the

epithelium. The beta and gamma contribution to dose is therefore
generally disregarded (NCRP 1984b).
Exposures to radon daughters are generally measured in working
levels (WL) or working level months (WLM). One WLis defined as a
concentration of any combination of short-lived radon daughters in
air that produces, from complete decay, 1.3 times 10° MeV (million
electron volts) of alpha energy per liter. A person exposed while
working for 1 working month (170 hours) in such an atmosphere
would receive an exposure of 1 WLM. The maximum permissible
exposure for underground miners is 4 WLM per year, which is
approximately equivalent to an average monthly exposure of 0.38 WL
for 12 working months per year. In the past, many miners in both
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ative exposures of
uranium and nonuranium mines received cumul

study of these
between 10 and 10,000 WLM. It is primarily from the

h hazards of radon
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d, average levels
studie
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quate
daughters has come. Although inade
0.004 WL in the
to
close
be
to
r
of radon daughters in homes appea
United States (NCRP 1984a).

ds that exposure
Use of the awkward WLis justified on the groun

cannot be readily
to the alpha radiation from radon daughters
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Smoking Habits of Exposed Miners

been obtained on
Although information on cigarette usage has not

cancer, it has been
all mining groups that have been studied for lung
smoking histories of
obtained in many of them (Table 1). Cigarette
1950 and 1960, when
U.S. uranium miners were obtained between

net al. 1971).
they were admitted toa prospective study group (Lundi
United States
It was found that white uranium miners in the
in the US.
smoked a little more heavily than comparable men
light smokers
population and that Navajo miners were extremely
have a much
s
(Tables 2 and 3) (Archeretal. 1976). Swedish miner

(Cederlof et al. 1975;
lower smoking prevalence than U.S. miners

Radford and Renard 1984).
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already been
uranium miners was observed in 1965, there had
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of
TABLE 1. Epidemiological reports on interaction
smoking and cancer
Type of
analysis

Cancer
site

Study

Group studied

Saccomanno etal.
(1967)

US. uranium
miners

Case
collection

Lung

Lundin etal.

US. uranium

Cohort

Lung

One cancer among
nonsmokers vs. >60 among

smokers

ag69)

miners

Lundin et al.
(1971)

U.S. uranium
miners

Cohort

Lung

Ten times more lung cancer

in smokers than
nonsmokers

Archer etal.

U.S. uranium

Case control

Lung

ag73)

miners

Axelson and
Sundell (1978)

Swedish leadzine miners

Case-control

Lung

Archeret al.
1976)

U.S. uranium
miners

Cohort

Lung

Dahlgren (1979)

Swedish leadarsenic-sulfide
miners

Case control

Lung

Hornung and
Samuels (981)

U.S. uranium
miners

Cohort, Cox
regression

Lung

U.S. Navajo

Case

Lung

Gottlieb and

Results

collection

Smoker I-L period shorter;

histologic type distribution
same in smokers and
nonsmokers
Smoker I-L period much
shorter

Smoking not large factor in
excess lung cancers

Smoking little role in

Navajo lung cancers

Husen (1982)

uranium

Damber and
Larsson (1982)

Swedish
miners

Case control

Lung

Smoker I-L period shorter

Edling (1982);
Edling and Axelson
(1983)

Swedish iron
miners

Case control

Lung

Smoker I-L period shorter

Whittemore and
McMillan (1983)

U.S. uranium
miners

Nested case
control

Lung

Radford and
Renard (1984)

Swedish iron
miners

Cohort

Lung

miners

Smoker I-L periods slightly
shorter
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TABLE 1. Continued
Type of
analysis

Cancer
site

Results

Study

Group studied

Archer (1985)

U.S. uranium
miners

Case control

Lung

Smoker I-L period
significantly shorter

Samet, Kutvirt
et al. (1984)

U.S. Navajo
uranium

Case-control

Lung

Smoking little role in
Navajo lung cancers

Hinds et al.
(1979)

Hospital
patients

Case-control

Larynx

Prior dental x rays

Prentice et al.
(1983)

A-bomb
survivors

Cohort

Esophagus
and lung

miners

ts of white U.S. uranium
TABLE 2. Cigarette smoking habi
nonminer
U.S.
miners at study entry and of
men

Nonminers

Uranium miners
Smoking status

Nonsmokers
<1 pack/day
> 1 pack/day

(percent)

(percent)

28.8

45.4

54.2

39.8

16.9

14.8

and ex-smokers.
Includes smokersof pipes or cigars only
(1971).
SOURCE: Adapted from Lundin etal.

ts of Navajos in U.S.
TABLE 3. Cigarette smoking habi
y
entr
uranium miner study group, at
Percentage
former smokers

Percentage
never smoked

Packs/day

Percentage
smoking at entry

0.00

_

0.01-0.19

15.1

2.3

_

0.20.59

14.6

17

_

0.6-0.99

0.7

0.000

_

>10

2.7

0.001

62.8

al. 1976).
SOURCE: Adapted from Archer et

arette-smoking US. uranium
nearly 80 lung cancer deaths amongcig
approximately one-third of the
miners (Archer 1985). Because
discrepancy was sostriking that
miners did not smokecigarettes, the
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it led some observers to blame cigarette smoking for the entire
problem and to conclude that if uranium miners did not smoke, they
would rarely develop lung cancer.
A second lung cancer among nonsmoking uranium miners was
observed in a mortality analysis of the U.S. uranium miner cohort
published in 1969 (Lundinet al. 1969). These two cases represented a
fourfold excess of lung cancers (only 0.5 case was expected among
nonsmokers) the samerelative risk noted for cigarette smokers (15
expected versus 60 observed). Since the U.S uranium miners were
known to smoke at a somewhat higher rate than other U.S. men
(Table 2), in an analysis of how muchextra cancer could be due to
this extra smoking, Lundin and colleagues (1971) concludedthat this
extra smoking could account for no more than a 50 percent increase;
a fivefold to tenfold increase had been observed. The discrepancy
between smoker and nonsmoker lung cancer rates suggested an
interaction between the two agents.
A later study of white U.S. uranium miners reported that the
incidence of lung cancer varied both by cumulative amount of
radiation exposure and bytheintensity of cigarette smoking (Figure
1) (Archer et al. 1978). The mean exposure of these miners was about
870 WLM. Approximately 780 of the uranium miners in the U.S.
study group were Navajo Indians. They had a much lower smoking
prevalence than white miners (Table 3), but nevertheless had
elevated lung cancer rates (Archeret al. 1976, Gottlieb and Husen
1982; Samet, Kutvirt et al. 1984). Many of those who developed lung
cancer had smoked little or not at all (Table 4). Most of the lung
cancers were therefore attributed to mining exposure (Samet,

Kutvirt et al. 1984).
The role of other factors in the lung cancers of U.S. uranium
miners wasalso studied. The induction-latent (I-L) period (time from
start of mining to diagnosis of cancer) was shortened by increased
age at the start of mining, by cigarette smoking, and by high
exposure rates (Archer 1981). The attributable lung cancer risk
tended to decline among miners who had reached the age of 65 and
had 25 or more years of latency (Roscoe et al. 1983). An updated
analysis of these data, using deaths occurring through 1982 and an

adjustment of expected numbers of deaths for smoking habits,

indicated that the drop in attributable risk appeared to occur mainly

among the smokers, not the nonsmokers(Figure 2) (Roscoe et al., in

press).
Because the I-L period is dependent on factors other than cigarette
smoking (Archer 1981) and the smoking-related shortening of the I-L
period was minimal in miners exposed to low radiation dose rates
(Radford 1984), a more detailed case-control study was done of USS.
uranium miners (Archer 1985). There were 35 lung cancer cases
among nonsmoking underground uranium miners (defined as smok449
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TABLE 4. Smoking habits of 21 Navajo uranium miners
with lung cancer
Cigarettes/day

Number of men

0.0

8

el

2

1-3

6

4-8

5

SOURCE: Adapted from Samet, Kutvirt et al. 11984)
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FIGURE 2. Influence of age at observation and inductionlatent period on attributable lung cancer

deaths among U.S. uranium miners

NOTE: Error bars are 90 percent confidence intervals
SOURCE: Adapted from Roscoe et al. in press.

birthdate, on year when their mining started, and on the magnitude

and rate of exposure to radon daughters. The mean I-L period was
23." and 18.5 years for nonsmokers and smokers, respectively
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(p<0.001). The mean age at death was 54.7 and 50.2 years,

respectively (p< 0.001).
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and
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respectively, for nonsmokers and smokers among the miners with
lung cancer. The mean exposure was not given, but was probably

about 100 WLM,as manyof the subjects were the individuals studied
by Radford and Renard (1984). This difference was considered to
represent a multiplicative effect of cigarettes and radon daughters,

but it was not possible to rule out an additiveeffect.

Case control studies were done with a different group of Swedish
iron miners (Edling 1982; Edling and Axelson 1983). Cases were
deaths from lung cancer, and controls were miners who died from
nonmalignant causes, matched for birthdate, sex, and year of death.
Mean exposures were about 100 WLM. There were 44 cases among
miners, and a standardized mortality ratio (SMR) of 11.5 to 16.2 was
calculated for lung cancer. Of these 44 cases, 38 were smokers and 6
were nonsmokers. The risk ratio was 1.5 to 2 times greater among
smokers than among nonsmokers. The mean age at death was 67 and
61 for nonsmokers and heavy smokers, respectively. The mean I-L
period was 40 and 37 for nonsmokers and heavy smokers, respectively. The authors concluded that the interaction was probably additive.
A retrospective cohort study was done of another group of workers

from two iron mines, one worked since 1890, the other since 1920

(Radford and Renard 1984). Death data were collected for a 26-year
period (1951-1976). There were 50 lung cancer deaths that occurred
10 or more yearsafter start of mining. The mean exposure was about
94 WLM (84 WLM corrected for exposure immediately prior to
death). Smoking information wasobtained from relativesfor all lung
cancer deaths and by questionnaire from approximately half of those
study members alive in 1973. Using general population data on
smoking and mortality, a dose-response relationship for radon
daughter exposure was demonstrated. There were 18 lung cancer
deaths among nonsmokers versus 32 among smokers. Therelative
risk due to radon daughter exposure was 10 for nonsmokers and 2.9
for smokers (p<0.001), and the radiation exposures were approximately equal for both groups. The absolute excess lung cancer risk
attributable to radon daughter exposures was slightly higher for
smokers than for nonsmokers. The mean I-L periods were 41.3 for

nonsmokersand 38.8 years for smokers. The mean age at death from

lung cancer was approximately 65 years, but was not calculated by
smoking status. The authors concluded that the interaction was

slightly more than additive.
Canadian Miners

In studies of a group of Canadian fluorspar miners there were only
2 lung cancer deaths among nonsmokers versus 76 among smokers
(Wright and Couves 1977; Morrison et al. 1981). Smoking data were
incomplete, but it was estimated that only 5 percent of the miners
were nonsmokers. The mean exposure was approximately 600 WLM.
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TABLE 5. Interaction of radiation and cigarette smoking
among Japanese A-bomb survivors
Relative risk estimates

Number

Nonsmokers

of
Cancer site
Stomach

Esophagus
Lung

Smokers

cancers

~<10 rad

10-99 rad

> 100 rad

- 10 rad

10-99 rad

>100 rad

658

1

1.2

1.4

1.3

10

13

58

1

3.2

6.5

5.6

6.6

7.8

281

1

11

23

24

2.4

3.6

SOURCE: Adapted from Prentice et al. '1983)

and increasing smoking(Table 5). The use of Cox regression analysis
did not distinguish between an additive or a multiplicative interaction.
Preliminary findings from a case-control study among A-bomb
survivors suggest that gamma radiation and cigarette smoking
combine in an additive fashion to increase lung cancer risk (Blot et

al. 1984).

Comment on Epidemiological Studies
With the exception of some of the U.S. studies with over 300 lung
cancer cases, most of the human studies were of relatively small
populations, with small numbers of lung cancers. Although confidence in the risk estimates and the mean I-L periods derived is
decreased, there is no reason to suspect that the small population
sizes provided any qualitative distortion of the smoking-radiation
interaction. The studies varied in the quality of their radiation dose
estimates and of their smoking information. Some of the smoking
data was obtained by interview, some retrospectively from relatives,
and some at entry into the study with no consideration given to

subsequent changes in smoking habits. Because of the small numbers, pipe and cigar smokers and ex-smokers were sometimes

combined with other groups or light smokers and heavy smokers

were often combined. Some had smoking information on little more

than half of the population. The observations of protective, additive,

or multiplicative effects cannot be easily dismissed. These observed

differences could all be correct for specific groups at specific times
without violating any biological principles.
The mean I-L periods in the various studies differ considerably, as
do the relationships between nonsmoker and smoker I-L periods. It
should be noted that in all of the studies the I-L period was shorter
among smokers than among nonsmokers, although in some studies
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smoking and nonsmoking uranium miners
with uniform radon daughter exposure and
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radiation and CSC were applied periodically (both separately and

together) so that large total doses of both were used. Thefirst report
gave results at 18 months and considered the interaction to be
synergistic. Fifty-four percent of the mice with combined agents had
skin cancer versus 37 and 5 percent, respectively, when the agents
were used singly. However, when the study was completed by
following the mice until they died naturally, the sum of the skin
cancers amongthe groups treated with single agents was nearly as

large as the number found amongthe mice treated with both agents.

Cancers appeared 6 to 7 months earlier in mice treated with both
agents.

A preliminary experiment using CSC andbeta particles on rat

skin (McGregor 1976) found a threefold increase in skin tumors over

that induced by beta radiation alone. The effect was attributed to
tumor promotion activity because the CSC applications were started
2 monthsafter beta exposure and because the amount of CSC used
did not produce any tumors when used alone. This was followed by
further experiments (McGregor and Meyers 1982), using 916 rats.
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significantly higher in the group given ENU alone than in any of the

irradiated groups. The histology of tumors in all groups resembled
those induced by ENU.
When mice wereirradiated in utero (36 rad x ray) and then given

urethane at 21 days of age, the yield of lung tumors was enhanced
over urethane alone (Nomura 1984). X ray alone yielded no tumors.

The x-ray effect was seen during the first 14 days of gestation, but

not during the later fetal or neonatal stages.
Intraperitoneal application of tetradecanoylphorbol acetate (TPA)
e
(a strong tumor-promoting agent) had no influence on the incidenc
ray
x
of
Gy
of malignant lymphomasfollowing four doses of 1.7
(Brandner et al. 1984).
When beta particles from phosphorus 32 were used with TPA and
high fat, high protein diets as potential tumor-promoting agents, no
evidence of tumor promotion was foundon livercell transformation
(Berry et al. 1984).

Comment on Animal Studies

Although the results of the animal studies indicate that the
interaction between radiation and cigarette smoke, or its components, ranges from no interaction to protection, promotion, and

synergism, there are several features common to many of the

experiments. When cigarette smoke or BaP is administered before
the radiation, there is little or no interaction with respect to tumors.
When administered several months after the radiation, the interaction is greater. In addition, as a general rule, tumors appearearlier
in animals when cigarette smokeis used. In someof the experiments,

the early appearance of cancers caused investigators to apply the
word synergism to the interaction, but further followup plus the
production of few or no cancers by the smoke or CSC alone, usually

led the investigators to conclude that the interaction was mainly one

of cancer promotion (Chameaudet al. 1981; McGregor and Meyers
1982). Some of the experiments with cigarette smoke components led
to the same conclusion (Little et al. 1978). This conclusion is
of
buttressed by the observation that the cancer-promoting activity
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g
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cigarette
1972; Van Duuren et al. 1971; Wynder 1983). Cancer promoters
sometimes increase the yield of cancers in animal experiments by
simply speeding up the appearanceof the tumors. Nonspecific injury

sometimes promotes radiation-induced tumors.
Polonium 210 in Cigarette Smoke

Lead 210, which has a 22 year halflife, is widely deposited on plant

the
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s
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Hypothesis That Reconciles Discrepancies in Epidemiological
Data

A hypothesis that could reconcile the discrepancies in the epidemi
ologic data has been presented (Archer 1985). Alpha radiation dose

from radon daughters may inducea finite numberof lung cancers in

an irradiated group, with most of these cancers being expressed. In
the absence of cigarette smoking, these cancers could have a longer
latent period and may or may not be fully expressed among the
population, depending on the force of competing causes of death

among the older members of the population and the presence or

absence of promoting agents. In the presence of continuing exposure

to cigarette smoke, these radiation-induced cancers could appear at
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an earlier date following exposure (and at younger ages) than among
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ier
Theearl
.
smoking
by
ed
shorten
been
not
had
the latent period
nce of
appearance of cancers among smokers would give an appeara
start
the
after
years
30
or
20
within
ed
synergism in studies conduct
of exposure.
This hypothesis is best understood by examining Figure3. In this
hypothetical graph it is assumed that an equal numberof smoking
the
and nonsmoking minersof the sameage are exposed at age 30 to

same amount of radon daughters. The resultant curves of lung

nce of
cancer incidence reflect the distribution in time of the appeara
at
somewh
vary
the induced cancers. The shape of the curves might
is
It
ages.
from the curves for people whoare first exposed at older
lung
evident from these curves that investigators who examine

cancer mortality data at different points in time after the subjects

to 60
had begun mining could obtain data indicating synergism (at 40
veness
protecti
or
age),
of
years
70
to
60
(at
ty
additivi
yearsof age), or

(at 70 or more years of age). The

synergism

noted in the U.S.

for
uranium miner studies (mean age at death was 55 years
as
1967),
al.
t
annoe
(Saccom
ed
explain
be
nonsmokers) would thus
(mean
studies
Swedish
the
of
one
in
would the protection found
Sundell
age at death was 70 years for nonsmokers) (Axelson and

1978). The additive effect noted by another Swedish study (mean

26-year
age at death was 65 years) with deaths collected over a
long
The
d.
explaine
be
also
period (Radford and Renard 1984) would
young
from
deaths
of
on
data-gathering period resulted in a collecti
as well as aged miners. The short collection period used in another

Swedish study (Damber and Larsson 1982) (meanage at death was69

biased
years), interpreted as synergism, may have resulted from a
or
only,
sampling of deaths because they were from a 5-year period
by
were from the entry into mining at different times or ages
smokers and nonsmokers.
25
A mortality analysis of radon daughter-exposed miners within
is,
years after they started mining would, according to the hypothes
in
ions
observat
early
as
just
sm,
synergi
of
ion
give an early impress

al.
two of the animal studies did (Suntzeff et al. 1959; McGandy et

1974), even thoughlifetime studies would indicate otherwise.
lung
According to some experts, even if the final incidence of
the
were
als
individu
adiated
cancer in smoking and nonsmokingirr
because
is
this
tic;
synergis
as
d
same, the net effect could be regarde
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smoking shortens the tumor-free life of those who develop cancer
UN Sci. Comm. 1982).
Interaction of Radiation and Cigarette Smoke on Other
Aspects of the Respiratory Tract
Larynx and Nasal Sinuses

The attachment of radon daughters to dust particles that are
deposited in the airways (along with unattachedions) of animals and
man means that the upper respiratory tract and bronchi receive
higher total doses of radiation than any other part of the body.
Excess cancers of the larynx have been reported in uranium miners

(Tichy and Janisch 1973). Although this cancer site has been

associated with cigarette smoking, the possible interaction of the two
agents on the larynx has not been evaluated. Cancer of the sinuses
has been attributed to the radon and radon daughters thatcollect in
the paranasai sinuses of people with elevated radium body burdens
(Rowland et al. 1978; Schlenker and Harris 1979). Cancer of these
sinuses has not been attributed to cigarette smoke in U.S. populations. The nasal and pharyngeal and tracheal epithelium in man
maybe sufficiently thick and covered by enough protective mucus so
that the alpha particles from radon daughters rarely penetrate to
those cells where permanent injury can result (presumably the basal
germinal layer). The thin epithelium of the bronchial subdivisions
apparently may not provide similar protection.
Pulmonary Function and Fibrosis

Epidemiologic studies have demonstrated that the pulmonary
function of uranium miners is compromised (Archer, Carroll et al.
1964; Archer, Brinton et al. 1964; Trapp et al. 1970; Samet, Younget
al, 1984). The loss in pulmonary function is followed in time by
greatly elevated mortality rates from or with nonmalignant pulmonary disease (Archeret al. 1976; Archer 1980; Waxweiler et al. 1981).
In these analyses several diseases were grouped together cor
pulmonale, silicosis, pulmonary fibrosis, chronic obstructive lung
disease, emphysema, and related diagnoses because diagnostic
criteria for them are known to vary greatly between physicians.

They usually reflect injury by inhaled toxic agents. Uranium miners

were also exposed to a third toxic agent, silica (alpha quartz), in ore
dust as well as to radon daughters and cigarette smoke.
Uranium ore dust and tobacco smoke, as well as radiation,

undoubtedly contribute to the nonmalignant pulmonary problems of
uranium miners. Both human studies and animal studies have
indicated that radiation contributes to the lung pathology and
functional loss (Archer, Brinton et al. 1964; Cross et al. 1978; Cross,
Filipy et al. 1981; Cross, Palmer et al. 1981). Very few of the uranium
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miners disabled by shortness of breath had typical silicotic nodules
saon x ray and were therefore unable to obtain workmen s compen
of
tions
interac
tion for silicosis. Neither the relative roles nor the
these
these three agents (radon daughters, cigarette smoke, silica) in

conditions is well characterized.
The pathology of radiation pneumonitis after larger acute radia-

at high
tion doses is well known (Gross 1981). Following irradiation
s
doses, there is death of some of the epithelial and endothelialcell

within 3 to 6 months, resulting in increased capillary permeability
1 to
and leakage of plasmaproteins into the alveolar surface. Within
which
3 years, the pneumonitis is followed by a fibrotic reaction,
the
may represent a healing of the radiation pneumonitis, but has
effect of reducing the functional capacity and compliance of the lung.

After relatively low chronic doses of alpha radiation, as occurs in

some
uranium miners, such changes have not been reported, but
fibrotic change is implied by the aforementioned epidemiologic

studies. The high linear energy transfer of alpha radiation leads to
of
the belief that cellular injury and repair after chronic low doses
injury
alpha radiation could slowly lead to fibrotic changes. The

would be so diffuse, however, that fibrosis would be detectible only
after many years. Loss of pulmonary function, fibrosis, and other
changes have been observed in the lungs of rats, hamsters, and dogs
chronically exposed to radon daughters, cigarette smoke or diesel

1977,
exhaust, and uranium ore dust (Gavenet al. 1977; Stuart et al.
et
Filipy
1978; Wehneret al. 1979; Cross, Palmeret al. 1981; Cross,
ents
experim
al. 1981; Cross et al. 1982; NCRP 1984b). Although these
tion of the
were not designed to evaluate the degree of interac
gic
different agents, it was clear that the fibrotic and other patholo

changes were much more severe when the animals were exposed to
two or three of the agents together than when exposed to a single
agent.

ary
The relatively low radon daughter exposures at which pulmon
in
found
been
function effects (possibly due to radiation) have
may
there
that
uranium miners (Samet, Younget al. 1984) suggest
be no threshold for such effects.

Research Recommendations

1. The possibility that alpha radiation from background radon
daughters in homes may contribute to lung cancer in human
populations (Axelson 1983; NCRP 1984a, b; Harley 1984;
Radford and Renard 1984) and the interaction of both active
of ©
and involuntary tobacco smoking on this possible effect
have
may
They
ation.
investig
radon daughters need further
important implications for the ventilation of homes andfor the
.
effects of involuntary smoking
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radiation-induced
2. The influence of tumor-promoting agents on
Further animal
cancers has not been adequately explored.
studies of this interaction are indicated.

Summary and Conclusions

ters and cigarette
1. There is an interaction between radon daugh
r in both man
smoke exposures in the production of lung cance
not entirely clear
and animals. The nature of this interaction is
iological and
epidem
both
in
because of the conflicting results
animalstudies.

tte smoke
2. The interaction between radon daughters and cigare

is an additive
exposures may consist of two parts. The first
two agents. The
effect on the numberof cancers induced by the
promoters in
tumor
the
second is the hastening effect of

ed by
cigarette smoke on the appearance of cancers induc
g
amon
r
radiation, so that the induction-latent period is shorte

ant cancers are
smokers than nonsmokers and the result
and nonsmokrs
smoke
en
betwe
distributed in time differently
ers, appearingearlier in smokers.
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Introduction

Cigarette smoking by employees results in increased expenses for
employers. Smokers use the health care system up to 50 percent
more than nonsmokers(Fielding 1984); this means higher health

insurance costs for companies. Studies have reported higher rates of
work-related accidents, disability reimbursement payments, and
absenteeism among employees who smoke than amongthose who do
not (Terry 1971). Although it is difficult to assess exact dollar
amounts because of the variety of circumstances and assumptions
involved (Warner 1983), estimates of excess annual costs to employ-

ers per smoking employee generally run from $200 to $500 (Luce and

Schweitzer 1978; Kristein 1982). Costs attributable to smoking

among employees in the high risk occupations discussed in this

Report are likely to be considerably higher than these overall
estimates.
These data, as well as consideration for the welfare of their
employees, have led a numberof businesses to establish workplace
antismoking programs. Because of the magnitude of the health
effects of smoking and the benefits of cessation, smoking cessation
programsare likely to yield a higher return on investment than
worksite health promotion programs targeting other risk factors
such as obesity and lack of exercise (Fielding 1984). Surveys reveal
that 11 to 15 percent of American businesses provide smoking
reduction programs and many moreareconsidering such programs
(Dartnell Inst. 1977; NICSH 1980). In response to the recommendations of a panel of experts concerningpriorities for health promotion
activities, the Health Insurance Association of America has established a smoking reduction program thatis available to its members
(Fielding 1984). From one-third to one-half of the large organizations
have designated no-smoking areas (Dartnell Inst. 1977; NICSH 1980).
A great variety of worksite smoking-modification approaches have
been devised, including monetary incentives and contests for not
smoking, distribution of self-help materials, physician messages and
health education lectures on the adverse effects of smoking, and
stop-smoking clinics (Chesney and Feuerstein 1979; Danaher 1980;

Klesges and Glasgow 1985; Orleans and Shipley 1982). Stop-smoking
sessions have been led by coworkers, volunteers from health

organizations, commercial cessation consultants, and health professionals. Ongoing multiple risk factor intervention programs, either
for the entire workforce or for individuals at especially high risk of
developing cardiovascular disease, have been offered. The purpose of
this chapter is to critically review the literature on such programs.
First, however, it is helpful to consider both the potential advantages
and the possible disadvantages of worksite smoking modification
programs versus the moretraditional, clinic-based programs.
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The potential advantages of worksite-based smoking modification

programs can be considered from the perspective of employees,
employers, and public health researchers. For employees, the
primary potential advantages appear to be increased convenience
(particularly if the program is held during work hours), reduced
expenditure if the companypaysall or part of the program fee, and
the opportunity to participate with friends and coworkers rather
than a group of strangers. For the employer, potential benefits
include increased worker productivity, better employee morale, and
better employee and public relations from health promotion efforts.
The potential monetary savings from reduced absenteeism and

medical costs are also appealing.
For public health researchers, worksite programsoffer the advantages of a much larger number (and possibly different types) of
smokers involved in efforts to quit than would otherwise be thecase,
greater ease in obtaining long-term followup data, and the opportunity to provide sustained or ongoing programsrather than one-time
offerings. In worksite programs, treatment is conducted in the
environment in which participants spend a large portion of their
day, which should facilitate generalization of treatment effects and
potentially lead to the establishment of nonsmoking norms. Possibly
the greatest potential resource available in worksite programs from
all three perspectives is the additional incentive and motivational
components that can be brought to bear through both monetary and
social support manipulations.

It is important to realize, however, that these potential benefits do

not occur automatically (Klesges and Glasgow 1985), and that they
may be offset by possible disadvantages of worksite smoking
modification programs. From an employee perspective, participation
mayinterfere with work activities or be outwardly condoned, but not

supported, by a supervisor. Meetings may be held at inconvenient
times or in inconvenient locations. If promotional activities are not
handled appropriately, workers may feel coerced to participate.
From an employer s perspective, there are the direct costs of the
program, such as advertising, counselor time, and materials, as well

as indirect costs, such as time off work for employees to participate.
Sponsoring an antismoking program can also create employee
relations problems. Nonsmoking employees may resent the timeoff
work available to smokers and may demand that their own
participation in health promotion programs be subsidized. The
critical issue here may be company norms, whether time off is
consistent with previous companypractice regarding other programs
for employee benefit. In organizations in which workers are exposed
to hazardous substances such as asbestos, unions may view smoking
cessation programs as attempts by managementto absolve them478
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General Review of Worksite Programs
A large number of worksite smoking control programs have been
conducted. Unfortunately, only a small percentage of these programs
have been evaluated. The characteristics and results of experimental
investigations of occupational smoking control programs that have
presented more than anecdotaldata are outlined in Tables 1 through
3. Many of these studies have consisted of pretest-posttest or posttest-only evaluations without control conditions and have not
reported objective measures to validate self-reports of smoking
status. The sample size, type of worksite setting, and reported results
of such uncontrolled studies are listed in Table 1. Because of the
absence of comparison conditions, the lack of verification of smoking
status, and the general sparsity of information about program
procedures and treatment effectiveness in these reports, there are a
host of alternative explanations of their results. Therefore, they are
only briefly summarized.
Uncontrolled Studies
Although programs have been conducted in a variety of worksite
settings (Table 1), the majority have been either conducted in
companies of small to moderate size with white-collar employees or
offered only to supervisory personnel. The number of participants is
generally small. Self-reported abstinence rates for these uncontrolled studies ranged from 25 to 90 percent (median, 60 percent) at
posttreatment and from 6.5 to 91 percent (median, 33 percent) at 6monthor 1-year followup. These figures, while encouraging, must be
interpreted with caution because it is often unclear whether the
reported rates have excluded subjects who dropped out of treatment

or followup, and because, in several studies, subjects received sizable

monetary rewards based upon reports of abstinence that were not
corroborated by objective measures of smoking.
Not known is the impact of the programs listed in Table 1 on

overall rates of smoking in the worksites in which they were
conducted (see Bishop and Fisher 1984). The majority of investigations do not report rates of participation in their programs, but the

studies that have reported (other than in very small companies as

noted below) have been discouraging. For example, Kanzler and
colleagues (1976) found that despite an intensive promotional
campaign, only 4 percent of smokers in their workplace began the
cessation program. Grove and colleagues (1979) found that of 409
smokers in their worksite, only 101 attended the first meeting, and

only 33 (8 percent of the smokers in the workforce) completed
treatment. Of these 33 subjects, only 9 were abstinent at 6-month

followup. Stachnik and Stoffelmayr (1981), noting these generally
low participation rates, stated:

The question of how one can
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objective measures
TABLE 1. Uncontrolled studies without
of smoking status

Cessation rate (percent)

ee

Number of subjects,
type of worksite

Study
Andrews (1983)
Bauer

1978:

Bishop and Fisher
(1984)

Dawleyet al. (1984)

965 hospital employees
81 Bell Laboratories
employees
10-46 employees in
each of six companies

15 VA hospital

Followup

Posttreatment

(No. months)

Not reported

26 (20)

90

30 (6)

25-60

6.5-33
(12)

88

50 (6)

Not reported

30 (48)

employees and 2 patients

Ellis (1980)

Asbestos company
employees

Grove et al. (1979:

33 Blue Cross employees

33

27 (6)

Heckler (1980)

16 Thomas Lipton, Inc.

Not reported

50 (1)

67

40 (12)

Not reportea

55 (12)

58

33 (12)
(at work)

Kanzler et al. (1976)
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9 psychiatric institute

employees and 21

community members

Miller (1981)

33 engine manufacturing

Rosen and
Lichtenstein (1977)

12 ambulance company
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Shepard (1980)

26 electronics mfg.
company employees

Not reported

35 (48)
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Sorman (1979!

55 Riviera Motors
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31 (12)

Stachnik and
Stoffelmayr 1983)

Employees in three
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manufacturer, and
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Controlled Studies

Studies that have included control or comparison conditions are
presented in Tables 2 and 3%. To emphasize the importance of
worksite and participant characteristics, these characteristics as
well as data on the public health issues of recruitment strategies
employed and on the participation and attrition rates experienced
are listed in Table 2. The type of intervention and experimental
design employed, short- and long-term cessation rates, and type of
biochemical validation of smoking status obtained, if any, are
described in Table 3. In this section, a general discussion of the
status of the worksite smoking modification literature with emphasis
on the characteristics of the most successful programs is followed by

a more detailed review and discussion of several important subtopics

within the occupational smoking modification field the role of
social support, physician assistance, incentive approaches, employees at particularly high risk for the development of cardiovascularor
respiratory disease, multiple risk factor reduction programs, and
organizational characteristics that affect program success.
The varied programs conducted have ranged in intensity from a
brief physician message (e.g., Li et al. 1984) to ongoing programs
involving multiple componentsovera 4- to 5-year period (e.g., Rose et
al. 1980). Recent programs have offered participants a variety of
behavior changeoptions. In particular, 7 of the 14 studies outlined in
Tables 2 and 3 allowed subjects to select as goals either smoking
reduction or abstinence.
The most encouraging finding is that the long-term successratesof
the programs reviewed are relatively high. Although initial cessation rates do not appear to differ from those typically produced by
community-based smokingclinics, the longer term followup data are
more positive if viewed as a percentage of posttreatment cessation
outcome. Abstinence rates at 6 to 24 months after a program are
approximately 60 to 65 percent of those observed at posttest, in
contrast to the 20 to 30 percent figures classically cited for clinic
programs (Hunt and Bespalec 1974; McFall 1978). In fact, the lowest
maintenancerate in the studies summarized in Tables 1 and 3 was
26 percent of the posttest rate, and some studies report followup

results equalto or better than posttest (e.g., Malott et al. 1984; Meyer

and Henderson 1974; Schlegel et al. 1983). On the other hand, much
higher long-term abstinence rates, 50 percent or better of all
subjects, have recently been reported from a number of treatment
programs (US DHHS1982), and results from the 22-center Multiple

*Stitzer and colleagues at Baltimore City Hospitals have conducted a series of studies with hospital employees
to investigate the effects of making monetary incentives contingent upon reductions in carbon monoxide levels
Rand et al. 1984; Stitzer and Bigelow 1982, 1983. in press:. These studies have been excluded from the tables
simply
because the participants were not asked to produce long-term changes in their smoking behavior, but have
to produce
been paid to participate in laboratory research. Only the Rand group study 1984) has attempted
complete cessation: if is included in Tables 2 and 3
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PSP

cteristics of controlled outcome studies
TABLE 2. Worksite, subjec t, and procedural chara
Study
Abrams etal.
(1985)

Size and type of worksite
800-employee medical

manufacturing company and
1,600-employee insurance

Participation rate
(percent)

Not reported

(estimated 6)

Characteristics of
participants

54 clerical and blue-collar

Attrition rate
(percent)

42

employees

carrier

Glasgow et al.

600-employee telephone

(1984)

company

Glasgow et al. (in

VA hospital, health care

press)

services company, and
savings and loan

Klesges et al.

Four banks and one savings

(1985)

and Joan, 115-180 workers

Kornitzer,

30 Belgian factories

each

Not reported

(estimated i8)

Not reported

88 with competition;

53 without

Not
reported

84 agreed to screening

Dramaix et al.

Paycheck stuffers, posters, newsletter
articles

Employee organization sponsorship,
newsletter notices, posters

20 female, 9 male employees

7

Brochures, posters, newsletter notices,

82 female, 25 male

9

Brochures, announcements by bank

employees

19,390 male employees, aged

40-59 years; high risk: upper

memos

presidents, time off work for

participation; prize to bank with highest
participation

(p <0.05)
Not

Not reported

reported

20 percent of risk

(1980)

Li et al.
(1984)

25 female, 11 male
employees

Recruitment strategies

distribution
Naval shipyard

87

871 male shipyard workers

Ww

Participation asked at required screening

TABLE 2. Continued
Study

Size and type of worksite

Characteristics of

Participation rate

(percent)

participants

Malott et al.

Medical clinic and telephone

Not reported

20 female, 4 male

(1984)

company

(estimated 7)

employees, primarily clerical

Meyer and

Varian Corporation; 240

Not reported

36 employees identified at

Henderson

employees, volunteers for

(1974)

Attrition rate

(percent)
0

Recruitment strategies
Newsletter notices, brochures distributed
by supervisors, recruitment in

and nurses

lunchrooms
0

Invitation to health screening

67

Posters, desk drops, company newsletter

Not

Advertisements, word of mouth

screening as high risk for

risk factor screening (13

cardiovascular disease

percent of workforce)

Nepps (1984)

Johnson & Johnson

Not reported

Corporation

Rand et al.

Large city hospital

36 white-collar employees: 20
women, 16 men

Not applicable

18 female employees

(1984)

reported

Rose et al.

24 large British industrial

(1980)

groups

86 agreed to screening

18,210 male employees, 40

6-12

Invitation to health screening exam

59 years old; high risk:
upper 12-15 percent of

distribution
Schlegel et al.
(1983)

28 Canadian military bases

Scott et al.

Large VA hospital

(1983)

Not reported

100

243 armed forces personnel
(65 percent male)

Not
reported

26 nurses (22 women, 4

0 of those

men)

continued

CoP

at VA

Posters, news releases

Individually approached

98F

studies
rolled worksite smoking modification
TABLE 3. Design and outcome of cont
Cessation rate (percent)

Study
Abrams et al.
(1985)

Glasgow et al.
(1984)

Program intensity
and components
Basic four-session nicotine-fading
cessation program; four-session
maintenance treatment

Seven weekly small group meetings
on brand changing and number
reduction; goal choices, abstinence or

Experimental
design
Basic program plus
health education (n= 18);
stress management (n= 18);

or social support (n= 18)

Gradual reduction (n= 12);
abrupt reduction (n= 13);
gradual plus feedback (n=1))

Posttreatment

Followup
(No. months)

Biochemical
verification

38
33

33° (3)
27!

co

6?

6?

Not
reported

33? (6)
0?
0?

co

54
36

25 (6)
23

co
SCN

31

14 (6)

controlled smoking

Basic treatment program (n=13)
vs. basic treatment plus

(in press}

(See Glasgow et al. 1984) Social
support with two meetings,

installments of manual, and phone
calls

significant other social support
(n= 16)

Klesges et al.

(See Glasgow et al. 1984)

Quasi-experimental,

Glasgow et al.

(1985)

Competition, with monetary prizes,

weekly feedback charts

basic treatment (n=16) vs.

basic treatment plus
competition (n=91)

22

18

co

SCN

TABLE 3. Continued
Cessation rate (percent)

Program intensity
and components

Study

Experimental
design

Posttreatment

Followup
(No. months)
High risk

Biochemical
verification

Kornitzer,

Multiple risk factor program, written

Dramaix et al
(1980)

advice and antismoking posters, high
risk subjects, semiannual physician
counseling and stop-smoking booklet

Treatment (n=7,398) vs.
screening only (n=8,824)

Not
reported

19? (24)
12?
Random sample
12.5
12.6

No

Li et al.
-(1984)

One-session physician advice and
stop-smoking pamphlet

3 to 5-minute behavioral
counseling (n=215) vs.
warning to quit (n=361)

Not
reported

84' (3, 11)

co

17

27 (6)

co

\7

17

20 (3)

No

Malott et al.

(1984)

(See Glasgow et al. 1984) Coworker

support: partner support manual,

buddy system, individualized support

Basic treatment program (n= 12)

vs. basic treatment plus coworker

3.6?

social support (n= 12)

behaviors
Meyer and
Henderson
(1974)

LEP

Nepps (1984)

Behavior modification (n=12) vs.

40

meetings; 2- to 3.5-hour behavior
modification group meetings with

individual counseling (n= 10) vs.
physician advice alone (n= 14)

25
0

25
33

Nine written self-help modules;
minimal therapist contact

Quasi-experimental: minimal

22

14 (6)

Multiple risk factor program, 9 to 12
spouses

contact (n=36) compared with
earlier group cessation program

co

8BF

TABLE 3. Continued
Cessation rate (percent)

i

Study

Program intensity
and components

Randet al.
(1984)

Monetary incentives for low daily co
levels; 1 week of reducing CO levels
and 2 weeks of abstinence

Rose et al.
(1980)

Multiple risk factor program: posters
and stop-smoking booklets; high risk
subjects, four company physician
consultations

Experimental
design
Within-subjects design (n= 18):
baseline cutdown abstinence
goals

Posttreatment

Followup
(No. months)

Biochemical
verification

61

28 (3 wks)

co

High risk
12' (5 yrs)
0?
Others

No

Treatment (n=9,734) vs.
screening only (n=8,476)

7 1

0?

Schlegel et al.
(1983)

Scott et al.

(1983)

6month program; 160-page workbook;

Full treatment (17 sessions)

abstinence or reduced smoking goal
choice; base personnel were

vs. minimal contact (4
sessions) vs. self-help; crossed

therapists

with nicotine gum/no nicotine
gum

Brief daily sessions with brand

Treatment (n=16) va.

fading, treatment manual, and CO
feedback, 3 months; abstinence or
reduced smoking goal choice

no treatment (n=10)

45-68*

25-38 * (12)

28-315
6-14°

17-29°

56?

25 (9)

0?

No

7-10*

co

0

the study (see Table 2).
differs from the total number of subjects initiated into
receiving each treatment condition, which in some instances
treatment conditions.
to
t
i
NOTE:The sample sizes reflect the number of subjects
rand
was
there
desi
n-subjects
ts using b
Li and colleagues (1984) studies, in experi
Except for the Klesges and colleagues (1985) and the
NOTE: CO=carbon monoxide; SCN =saliva thiocyanate.
ts.
tly different (p <0.05) are identified by different superscrip
1.2 At each assessment point, conditions that were significan
ion (numbers for treatment conditions not reported).
summarize with a notation system; see text for clarificat
to
lt
anddifficu
complex
are
study
factorial
this
of
3 Results

Risk Factor Intervention Trial (MRFIT) study showed that long-term
abstinence rates actually rose from 1-year to 6-year followup under
both intervention and control conditions (US DHHS 1983). These
results again indicate the need to separate point prevalence of
nonsmoking rates from continuous abstinence rates. Unfortunately,

data are seldom presented in terms of survival curves (e.g., Curry et

al., in press) or in a manner that permits assessment of the
consistency in smokingstatus over time.
These high followup rates suggest that the worksite may offer
more than a convenient location for cessation interventions, and
that interactions or changesin attitudes or behaviors in the worksite
may be important determinants of the successful maintenance of
abstinence. Although there are several potential explanations for
these relatively good maintenance data, the most obvious is the
ongoing contact that coworkers have with each other during the
followup period. Consistent with this hypothesis, the clinic-based
smoking cessation program in the MRFITstudy, which produced one
of the most impressive maintenancerates of any study (Hughesetal.
1981; Ockene et al. 1982), involved ongoing contact over several
years. Even if coworkers are not highly supportive of each other,
they may come to provide no-smoking cues for other participants.
It is important to note that people involved in many of the
worksite studies described here are both self-selected and selfmotivated, as there are few usual care or no-treatment conditions.
Some of the high maintenance rates may be reflective of new
quitters who would stop in any program, or even without one.
This comparison of clinic-based programs and worksite programs
assumes that participants in each setting are similar. Although the
demographic and smoking history characteristics of subjects in these
reports do not appear to differ systematically from other studies in
the cessation literature, there may still be marked differences
between the groups. For example, since worksite programs generally
attract a higher percentage of smokers than do community-based
clinics, some of these subjects may be more recalcitrant smokers
(Bishop and Fisher 1984). The convenience of the worksite setting

may also attract more smokers. On the other hand, it may be that
only individuals who have repeatedly failed to quit on their own will
expend the time, effort, and money often involved in participating in
community clinics (Schachter 1982). To date, the primary determinant of participant characteristics in the controlled outcome studies
(Table 2) seems to be the type of worksite in which a program is

conducted. Research is needed on the hypotheses concerning possible

differences between participants in worksite programs and smokers
attending community clinics.
Several differences between studies reporting high success rates
and those with less favorable results are clear. One of the more
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striking differences to emerge is that the results of the better

controlled studies summarized in Table 3 (median posttest cessation

rate, 28 to 31 percent) are generally lower than those of the
uncontrolled studies outlined in Table 1 (median posttest cessation

rate, 60 percent), The most obvious explanation for this finding is
that most of the controlled studies included objective biochemical

indices of treatment outcome and subjects in these studies may have
moreaccurately reported their smokingstatus.

The intensity of smoking modification programming also appears

to be related to treatment outcome. Programs involving only a brief
session or two or relying primarily on self-help materials generally
produced the lowest cessation rates from 4 to 14 percent long-term
abstinence (e.g., Li et al. 1984; Nepps 1984). In contrast, the best
cessation rate reported came from an intensive multicomponent

program involving 20 group meetings over a 7-month period
(Stachnik and Stoffelmayr 1983). The only worksite study to directly

compare different levels of program intensity found that a greater
number of sessions was associated with higher cessation rates
(Schlegel et al. 1983).
Another fairly consistent finding is that programs conducted in
larger worksites generally seem to produce poorer outcomes. Of the
abstinence-based programs, studies taking place in worksites with
100 or fewer employees (e.g., Miller 1981; Shepard 1980; Stachnik

and Stoffelmayr 1983) seem to attain the highest abstinence rates,

and the larger scale controlled trials (e.g., Kornitzer, Dramaix etal.
1980; Li et al. 1984; Rose et al. 1980) to result in much lower
abstinence rates. Bishop and Fisher (1984), who have conducted
programs in a variety of different sized worksites, concluded that
larger worksites also typically produce lower participation rates
than do smaller companies. However, a greater numberof employees

maystill be served.
Programs addressing multiple risk factors (e.g., Rose et al. 1980) in
worksite settings generally yielded poorer cessation rates (and

tended to be conducted in larger worksites) than did smoking- modification-only programs. Multiple risk factor programs may
achieve greater overall reductions in morbidity and mortality
because of their effects on other risk factors, however. Finally,
programs providing incentives for smoking abstinence (e.g., Shepard

1980; Stachnik and Stoffelmayr 1983) were among those with the

more impressive outcomes, although not objectively verified. These
findings are discussed in more detail in the section on incentives. Remaining Issues

Few worksite studies have investigated participant characteristics
associated with treatment outcome. The most consistent finding to
emerge is that smokers of lower numbers of cigarettes have greater
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Special Issues Relevant to Worksite Programs

Social Support

ting smoking
One of the most frequently cited reasons for conduc
potential for
modification programs in occupational settings is the
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invoking peer and environmental support for nonsmoking (Chesney
and Feuerstein 1979; Stachnik and Stoffelmayr 1981). It has been
argued that peer support has important, long-lasting effects on the

outcome of stop-smoking efforts (Janis 1983), and there have been

several calls for increased study of the role of social support in
smoking modification (Klesges and Glasgow 1985; Lichtenstein 1982;

Stachnik and Stoffelmayr 1981). There are also correlational find-

ings that suggest the importance of social support to successful
smoking cessation (e.g., Coppotelli and Orleans, in press; Mermelstein et al. 1983).

Given this background,it is surprising that a large-scale correla-

tional study of occupational settings by Caplan andcolleagues (1975)
found that the degree of perceived support from coworkers was
inversely related to smoking status. Among workers with low levels
of job stress, ex-smokers reported lower levels of support than
current smokers. There was no relationship between social support
and smoking status for people with high levels of job stress.
However, Caplan and colleagues measureof social support was not
specific to smoking cessation, and may have been more an index of
the employee s responsibility for supervising or otherwise interacting with other worksite personnel. More recent studies by Malott
and colleagues (1984) and by Glasgow and colleagues(in press) have

found a complex relationship between social support and outcomeof

worksite smoking modification programs. Using a measure that
produced a score for both supportive and nonsupportive (negative)
social interactions, these two studies found that the presence of
smoking-related negative social interactions was inversely related to
treatment success. The presence of positive social support, which is
more frequently the target of social support interventions, was not
related to outcome.
Social support procedures such as use of a buddy system and
inclusion of nonsmoking coworkers or family membersin treatment
sessions have been part of a variety of worksite programs(e.g., Bauer
1978; Sorman 1979; Stachnik and Stoffelmayr 1983). Unfortunately,
it is impossible to evaluate the contribution of social support in these
studies because of the multitude of other intervention strategies also

employed. In a review of studies on the effects of worksite incentive
programs for smoking cessation, Shepard and Pearlman (in press)

concluded that incentive programs that included spouses produced

better outcomes than those that did not.
The few worksite smoking studies that have attempted to experi-

mentally manipulate the level of social support have produced

discouraging results. Abrams and colleagues (1985) compared a
social support/social skills training program including a buddy
system with health education and cognitive-behavioral stress management procedures as ways to improve the long-term effectiveness
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of a nicotine-fading cessation program. By the end of the program,
subjects in the social support/skills condition had relapsed significantly more than subjects in the other conditions, and these
differences persisted at followup. In addition, consumersatisfaction
ratings revealed that subjects liked the social support/skills program
less well than other options. Abramsand colleagues concluded on the
basis of these findings that factors such as social support, theoretically assumed to enhance treatment, may actually reduce the effectiveness of a treatment program in some instances.
Malott and colleagues (1984) evaluated the effects of adding a
coworker support component to a multicomponent treatment program offering subjects the options of abstinence or controlled
smoking. They found that the addition of coworker support did not
improve treatment outcome on any dependent variable and that
subjects found the condition with social support to be less credible
than the basic treatment program. A replication and extension of the
Malott group s (1984) study by Glasgow and colleagues (in press)
involved family or significant-other social support and included a
partner-support manual, two group meetings for supportive others,
individualization of support procedures, and semiweekly phonecalls
to partners. The results of this study were consistent with those of
Malott and colleagues (1984): no incremental effects of the social
support program were obtained from any dependentvariable.
Thus, in research conducted to date, the inclusion of existing social
support procedures has not been found to enhance outcome in
worksite smoking modification programs. This is not to say that
social support is not important to treatment success, but that the
issue is more complex than was initially believed. It may prove

difficult to alter existing levels of social support, and novel waysof
enhancing coworker and family support for smoking modification
need to be developed.
Physician Advice

Because as manyas 70 percentof adults in our countryvisit their
physician at least once in a given year (US DHEW 1979), there has
been growing interest in finding ways in which physicians can

convince patients to give up smoking (Ewartet al. 1983; Russellet al.
1979).

Some of the best data come from recent Europeanclinical trials
(Rose et al. 1980, 1982; Kornitzer, Dramaix et al. 1980). The Belgian
Heart Disease Prevention project (Kornitzer, Dramaix et al. 1980)
found that significantly more individuals at high risk for developing
heart disease stopped smoking in an intervention condition emphasizing semiannual physician messages than in a screening-only
control condition (see Table 3). When comparing a representative
sample of all intervention subjects (many of whom did not receive
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by staff physicians significantly increased cessation rates over those
resulting from a simple warning to quit smoking (see Table 3). In
addition, the compliance of health care providers with treatment
protocols also affects outcome. For example, Li and colleagues (1984)
reported great difficulty in getting clinic physicians to consistently
deliver a brief 3- to 5-minute message to patients, yet Ewart and
colleagues (1983) found that providing physicians with regular
performance feedback appears to improve the quality and quantity
of stop-smoking messages. Future research should identify procedures to improve both the implementation and the outcome of
physician stop-smoking advice. Perhaps a stop-smoking message in

conjunction with other interventions mayincrease successrates.

Basic research on the effects of threatening communications such
as those describing health risks of smoking indicates that such
messages have their greatest impact if individuals know not only
what to do (eg., stop smoking) but how to do it, and believe
themselves capable of acting (Leventhal 1970). The recent approval
of nicotine chewing gum by the U.S. Food and Drug Administration

and the availability of high quality self-help stop-smoking manuals

(e.g., Davis et al. 1984) now present an opportunity for physicians to
deliver a health warning accompanied by concrete recommendations

for what to do and how to doit. Recent data suggest that nicotine

chewing gum may assist heavier or more addicted smokers in
quitting (Fagerstrom 1978, 1984; Raw et al. 1980), and gum prescriptions can be written at the same time that a stop-smoking messageis
given. Only one study reviewed in this chapter has investigated the

use of nicotine gum (Schlegel et al. 1983). That study, which did not

involve physician advice, found that the gum enhanced treatment

outcomein self-help conditions, but in the context of an intensive 17-

session treatment program, subjects receiving the gum actually had
lower cessation rates than subjects not receiving gum. Particularly
in companies that employ their own medical staff or in which
employees are at risk because of occupational hazards, programs
combining physician stop-smoking advice with other intervention
options should be evaluated.

Incentives

Recently there has been increased interest in the motivational

factors associated with smoking behaviors (Shepard and Pearlman,

in press; Brownell 1985). This section focuses on two recent
approachesto increasing motivation: personal incentives and competition among participants.
Rosen and Lichtenstein (1977) published the first report on the
effects of an employee incentive program for stopping smoking. Of
the employees of a small ambulance company who smoked, 75
elected to participate in a program that involved a $5 per month
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Little systematic research with smokers in jobs that place them at
risk because of occupational hazards has been reported. For example,
asbestos workers are at high risk for respiratory disease, and

asbestos workers who smokeincrease their risk synergistically (US

PHS 1977; see the chapter on asbestos in this Report). Ellis (1980)
informally reported on the results of a program for former employ
oking
ees of an asbestos company that involved incorporating antism

advice into regularly scheduled appointments with company physi-

cians, pairing written self-help materials with feedback on physical
status, and offering individual smoking cessation counseling. Over a
4-year period, this relatively low cost intervention was associated
with a 30 percent reduction in the proportion of employees who
reported being smokers. A related publication by Ellis (1979)
provides suggestions for recruiting and treating asbestos workers.

The most extensive no-smoking program involving high risk
occupations has been been conducted by the Johns-Manville asbestos

company. In addition to a smoking ban throughout the worksite and
a company policy of no longer hiring new employees who smoke

(Cooper 1978), Johns-Manville launched an intensive antismoking

campaign at 14 companysites. This program involved an educational

campaign coordinated with SmokEnders cessation clinics and the
institution of the companywide smoking ban. Although systematic,

published reports of this program could not be located, Orleans and

Shipley (1982) reported participation rates of 16 to 20 percent in the
t
cessation clinics and an approximately 75 percent posttreatmen
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reinforce smoking abstinence (Morgan 1981). Many smokers, particularly women, are concerned about potentia! weight gain as a result
of smoking cessation, and such programs can address these concerns

(Ellis 1980).

There are also potential disadvantages of multiple risk factor
reduction programs. They may be difficult to implement because
staff expertise is required in multiple areas and because some risk

factors, such as smoking, may not be relevantfor all participants. In

addition, multiple risk factor reduction programs must present a
large amount of complex information, usually in a limited time, and
consequently the amount of attention devoted to a given risk factor
such as smoking must often be less than is the case in single
modality programs.

Two main types of multiple risk factor reduction programs have

involved smoking cessation. Thefirst is large-scale clinical trials for
the prevention of coronary heart disease. The Belgian and British
WHOstudies reported by Kornitzer and Dramaix and colleagues
(1980) and by Rose and colleagues (1980) were conducted solely in

industrial settings and were discussed in detail in the 1983 Report of
the Surgeon General (US DHHS 1983). These studies are well
designed and have collected multiple dependent variables, including

indices of overall health risk or morbidity and mortality statistics.
The other main type of multiple risk factor reduction program
that has been developed is worksite wellness programs conducted by
large companies for their employees. Examples include the STAY-

WELLprogram of the Control Data Corporation (Naditch 1984), the

Live for Life program of Johnson and Johnson (Nathan 1984), and
programs offered by IBM, the Campbell Soup Company, and the
Ford Motor Company (Parkinson et al. 1982; Ware and Block 1982).
Unfortunately, the outcomes of almost all industry-sponsored programs reported to date are difficult to interpret owing to varying
methods of reporting results, difficulties in following subjects, and
lack of objective measures of smoking status. Reports of company
wellness programs with more than anecdotal data on smoking

modification results (e.g., Grove et al. 1979; Sorman 1979) are

summarized in Table1.

Cessation rates in multiple risk factor reduction programs in
worksites have ranged from 7 to 33 percent at followup. Many of
these rates are lower than those typically reported in other worksite

smoking studies and are not consistently better than comparison

conditions in controlled studies (Kornitzer, De Backer et al. 1980;
Meyer and Henderson 1974). Interpretation of these data is problematic because of the lack of direct comparisons with smokingcessation-only interventions, because subjects with multiple risk

factors may be morerecalcitrant than other subjects, and because
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implementation, not design. Company policy regarding vesting
responsibility in division leadership maybe a critical variable.
In terms of the second variable in Table 4, worksite smoking
policies, it is important to emphasize that smoking cessation groups

are but one way to influence rates of worksite cigarette smoking
(Bennett and Levy 1980). Although there have certainly been more

reports on cessation programs than on other approaches to occupational smoking control, evaluations of alternative procedures are
beginning to appear. In particular, Dawley and colleagues (Dawley
and Baldwin 1983; Dawley and Burton, in press; Dawley et al. 1980)
and Jason and colleagues (Jason and Liotta 1982; Jason and Clay
1978; Jason and Savio 1978) have studied the effects of no-smoking
signs and requests not to smoke. These studies indicate that the
posting of nonsmoking signs and the establishment of nonsmoking
areas temporarily reduce smoking rates, but that active enforcement
of such policies is necessary to produce substantial or lasting
decrements in smoking behavior (Dawley et al. 1980; Jason and
Liotta 1982; Jason and Savio 1978). One caveat to be kept in mind in
evaluating the effects of worksite smoking restrictions is that
workers may compensate by smoking more during breaks and
after work (Meade and Wald 1977). Evaluations of the effectiveness
of smokingrestrictions should therefore assess smoking rates during

both work and nonwork hours and include objective measures of

smoking exposure.
Dawley and colleagues subdivided smoking modification efforts
into three categories: smoking control (limiting or restricting smoking to designated areas); smoking discouragement (educational
efforts to encourage people to stop smoking); and smoking cessation
(more formal treatment programs). They also suggested that worksite smoking cessation programs operate most effectively when
offered in conjunction with worksite smoking control and discouragement efforts (Dawley et al. 1984, p. 329), a highly testable
hypothesis that has yet to be experimentally investigated.
The potential to use modifications of the work environmentto aid
in smoking cessation, including restricting smoking, removing
cigarette machines, and altering work rules or situations that
promote smoking, make the worksite more than simply a location for
cessation interventions. The elimination of environmental supports
for smoking, alteration of the smoker s self-image, changing the
perception of the smoker amongpeers, and revising the social norms
about smoking in the worksite may all provide a powerful motivation for the smoker to quit and support the successful maintenance
of cessation. These changes in the workplace environment and
attitudes may be more important than the components of the
behavioral intervention used to get workers to quit, and experimental verification of the impact of these changes would provide a useful
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During the recruitment phase, information about the program
should come from a variety of sources, such as posters, memos, and

brochures. Advertising experts recommend providing multiple exposures to a product (in this case, a smoking program) to promote
attitude change and to convince participants to take action regarding the product (Sawyer 1981). Promotional! materials should include
information about the cost of a program, stress that participation is

voluntary and individual results are confidential, and counter

possible misconceptions(e.g., I have to quit at the first session ; Tl
lose my job if I don t participate ). It is helpful if at least one memo
or announcement comes from top management. At this stage,
human resources or personnel directors can be extremely useful in
suggesting the best ways to promote the program in their particular
setting. Involving the local media mayalso increasethecredibility of
the program as well as provide no-cost advertising for both the
program and the worksite.
Prior to the actual implementation of a smoking program, some

programs prepare worksites for health-behavior change (Andrews

1983; Bennett and Levy 1980; Ellis 1979; Grove et al. 1979; Heckler
1980). These preparatory procedures have ranged from prescreening
health exams (Ellis 1979) to the initiation of smoking restrictions
(Andrews 1983; Bennett and Levy 1980). Warnings of the impending
restrictions with indications of the target restriction date allow
workers to prepare for changes, such as by joining available
programs. Although empirically untested, these recruitment procedures may help to convince employees to join smoking programs.
Program Characteristics
The advantages of occupational smoking control programs discussed earlier do not automatically or necessarily occur. Programs
must be made convenient. Higher participation rates are usually
found in programs that offer time off work (e.g., Klesges et al. 1985;

Scott et al. 1983). Time off work for participation can be a doubleedged sword, however. It may increase the number of smokers who
participate primarily to be excused from their work stations, and it

may also create demands among nonsmoking employees for time off
work to attend other health-related classes. Generally, the benefits
of conducting programs during work hours outweigh the potential
costs, and if managementis not willing to grant time off work,it may
at least be possible to negotiate time sharing between employee and
employer(e.g., 1/2 hour of work time, 1/2 hour during lunch hour or
after work). Investigators should also be aware of the difficulties
involved in scheduling group meetings in worksites where employees
work rotating shifts, such as hospitals.
In addition to being convenient, programs should be attractive to
participants. For example, allowing smokers to choose the type of
505

program (such as nicotine fading versus aversive smoking), the

),
modality of intervention (self-help manual versus group meetings
the treatment goals (abstinence versus reduced smoking), and the
type of group leader(health professional versus peerfacilitator) may

be helpful in attracting and retaining participants. Different compo-

nonents of a comprehensive program, such as physician advice,
may
s,
smoking policies, stop-smoking contests, or group meeting

mutually reinforce each other. While these suggestions await

empirical verification, providing smokers with a numberof choices

should serve to increase participation rates.

Finally, feedback on progress may serve to increase the magnitude
of behavior change. For example, participants can be provided with
frequent feedback on carbon monoxide levels as they reduce their
ng
smoking (e.g., Rand et al. 1984; Scott et al. 1983). Charts displayi
e
employe
in
the weekly progress of different groups can be posted
ent
lunchrooms or lounges. Periodic progress reports to departm
supervisors might also be helpful. To avoid stigmatizing particular
individuals, public feedback should be provided on progress by the

group rather than by individuals.
There are a numberof problems in conducting worksite smoking
modification groups that should be avoided, or at least anticipated.
Group composition is one such sensitive issue. For example, mixing

high-ranking executives with production workers can almost elimi-

nate group discussion. However, this may depend on the company s
tradition of interaction among workers of different levels, on the
skills of the group leaders, and so on. Scheduling difficulties can
arise in settings were employeesrotate shifts or travel frequently, or
where meeting roomsare scarce or distant from work stations. One
also needs to be sensitive to negativism or complaining, which can
become contagious; the group s focus must be kept positive. A
positive perspective is particularly important when conducting
competition or incentive interventions in which certain individuals
be
or groups must lose. A more optimistic perspective that can
by
ng
somethi
used to encourageparticipants is that eveyone can win

changing their smoking,so there are nolosers.
Finally, Marlatt and Gordon s (1985) concept of stopping smoking
as a journey can be quite helpful. On their journey, people may
experience temporary setbacks or detours (relapses), but this should
not prevent them from reaching their destination (abstinence). The
presence of an ongoing program that makes it easy to try different
options or to recycle a procedure can serve to reinforce this concept
and to improve long-term results.

Recommendations for Future Research

A number of suggestions for the implementation of worksite

smoking modification programs have been outlined. Given the
limited nature of the data available, few of these guidelines are
experimentally derived. Research is needed to empirically support or
refute these recommendations. This section discusses needs for

future research in the field of worksite smoking modification.

Recommendations are made on both research methodology and
substantive issues for further investigation.

Methodological Issues
Greater use should be made of creative experimental and quasiexperimental designs, as discussed by Cook and Campbell (1979). In
particular, it should be possible to sequentially introduce an
intervention or intervention componentsin different worksites using

time-series or multiple baseline designs or to investigate the

incremental effects of adding different strategies, such as physician
messages, incentives, and social support procedures, to a basic
treatment program.

Greater consistency across studies in the criteria used to define

smoking status would substantially aid in the interpretation of

results. Berglund and colleagues (1974) and Shipley and colleagues

(1982) have provided guidelines for reporting outcomes of smoking
cessation studies that should be more widely adopted. For caiculating abstinence rates, a standard common denominator representing

the numberof subjects entering a program should be used acrossall

points in time and any dropouts should be considered conservatively
as smokers. In studies in which it is deemed important to evaluate
reductions in smoking behavior(e.g., percent reduction in numberof
cigarettes smoked or nicotine content) in addition to the proportion
of abstinent subjects, analyses should be conducted on nonabstinent
subjects only. This procedure avoids confounding the results due to
cessation with results due to changes in smoking rate or topography.
Worksite programs should report cessation success as the fraction of
the smokers in the workforce as well as the fraction who agreed to

participate in the program.

Objective verification of smoking status is particularly important
in programs involving financial incentives, competition between

rival organizations, social pressure and support to quit, or controlled

smoking instead of abstinence. Each of the biochemical measures of
smoking exposure has its own advantages and limitations (Benowitz
1983; Pechacek et al. 1984).
Another methodological problem faced by occupational smoking
modification programs concerns the consistency between units of
assignment and units of analysis (Biglan and Ary 1985). Typically,
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whole companies are assigned to treatment or control conditions, but

results are analyzed using individual subjects as the unit. This

creates interpretive problems because of the potential dependency
among results of smokers within a given worksite (or treatment
group). Although there are no easy answers to this dilemma,
investigators should consider (1) conducting treatment in a suffi-

ciently large number of companies that the worksite can be used as

the unit of analysis; (2) utilizing hierarchical or nesting designs to
separate the effects of worksite from intervention condition (Myers

1972); or (3) when feasible, assigning individuals within worksites to

different treatment conditions.
Future research should pay greater attention to possible interactions between worksite and treatment variables. For example,
interorganizational competition procedures may be highly effective
in worksites where employeesfeel highly committed to the company,
but ineffective in settings low in organizational commitment.
Organizational and social network factors may also interact with,
mediate, or enhance program impact.
Moredata also need to be collected on the generalization effects
of worksite smoking modification programs. Employers may be more
interested in program effects on employee morale, job satisfaction,
and absenteeism than on health outcomes such as smoking status.
Similarly, more information should be reported on the costs and
health benefits of occupational smoking reduction programs. Progress in this area would befacilitated by a systematic review of and
recommendation for procedures to be employed in determining the
cost effectiveness and cost benefit of worksite smoking programs.
Substantive Areas

Three primary objectives need to be achieved by future research in
worksite smoking modification. First, more research should be
conducted on waysto increase participation and followthrough rates
in worksite programs. For example, using various incentive proce-

dures (e.g., paycheck bonuses versus team competition versus

lotteries) might be expected to enhance participation. Further
investigations are needed on the impact on participation rates of
interventions such as quitting contests, self-help materials, or
hotlines that do not require a large investmentof time and effort by
participants. The majority of worksite smoking studies to date have
focused on group cessation programs, but surveys consistently
indicate that most smokers are not interested in participating in
such programs (US DHHS 1982; Schneider et al. 1984). For the
reasons discussed earlier, renewed emphasis on physician stopsmoking messagesis also indicated.
The second main content issue is how to enhance the outcome
rates of worksite smoking modification programs. One approach to
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this problem is to evaluate the utility of comprehensive intervention
programs and environmental changes (no-smoking policies, cigarette
machine removal, prominent no-smoking posters) with cessation
groups. Other approaches are assessing the impact of multiple risk
factor programs versus single modality programs and of ongoing,
continuous intervention programsin place for a year or more versus
one-time-only program offerings.
The final category of recommendations for future research involves investigating subject and therapist factors that affect treatment outcome (Klesges and Glasgow 1985; Orleans and Shipley

1982). Additional study is needed of the enrollment patterns and

success rates of men versus women, white-collar workers versus blue-

collar workers, and heavy smokers versus light smokers. Also, little
is known about the characteristics of successful program leaders
(e.g., ex-smoker coworkersversusprofessional group leaders).
Summary and Conclusions
1. Smoking modification and maintenance of nonsmoking status
amonginitial 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.
2. Incentives for nonsmoking appearto be associated with higher
participation and better success rates. Further research is
needed to specify the optimal types of incentive procedures.
3. Success of a worksite smoking program depends upon three
primary factors: the characteristics of the intervention program, the characteristics of the organization in which the
program is offered, and the interaction between thesefactors.
4. Research is needed on recruitment strategies and participation
rates in worksite smoking programs and on the impact of

interventions on the entire workforce of a company.

5. More investigations are needed on worksite characteristics
associated with the success of occupational programs and on
comprehensive programs including components such as quitsmoking contests, no-smoking policies, physician messages, and
self-help materials in addition to smokingcessationclinics.
6. The implementation of broadly based health promotion efforts
in the workplace should be encouraged, with smoking interventions representing a major component of the larger effort to
improve health through a worksite focus.

509

References

R., ELDER,J.P.
ABRAMS, D.B., PINTO, R.P., MONTI, P.M., JACOBUS,S., BROWN,

Support for Relapse
Health Education vs. Intrapersonal Coping vs. Social Network
presented at the
Paper
Program.
n
Prevention in a Worksite Smoking Cessatio

Orleans, March 1985.
annual meeting of the Society of Behavioral Medicine, New

An effective model program.
ANDREWS, J.L., Jr. Reducing smoking in the hospital:
1983.
Chest 84(2).206-209, August

smoking. American Lung
BAUER, R.B. Bell Laboratories helps employees to quit
Association Bulletin 64(6):11-14, July-August 1978.

programs of large
BENNETT, D., LEVY, B.S. Smokingpolicies and smoking cessation
70(6):629-631,
Health
Public
of
Journal
n
employers in Massachusetts. America
June 1980.
in assessing tobacco smoke
BENOWITZ, N.L. The use of biologic fluid samples
ment in the Analysis and
Measure
(eds.).
C.S.
Bell,
J.,
i,
Grabowsk
In:
consumption.
48. U.S. Department of
No.
ph
Monogra
Treatment of Smoking Behavior. NIDA
Drug Abuse, and
Alcohol,
Service,
Health
Public
Services,
Human
Health and
1983, pp. 6-26.
-1285,
(ADM)83
No.
Menta! Health Administration, DHHS Pub.

UM, G.M.,
BERGLUND, E., BERNSTEIN, D.A., EISINGER, R.A.. HOCHBA
es for Research
LICHTENSTEIN, E., SCHWARTZ, J.W., STRAITS, B.G. Guidelin

National Interagenon the Effectiveness of Smoking Cessation Programs. Chicago,
on, October 1974.
Associati
Dental
n
cy Council on Smoking and Health, America
on smoking
research
in
issues
ogical
methodol
Current
D.V.
BIGLAN, A. ARY,
: Deterring Drug
prevention. In: Bell, C., Battjes, R. (eds.). Prevention Research
ent of Health and Human
Abuse Among Children and Adolescents. US. Departm
Services, National Institute on Drug Abuse, 1985.

ion: The Second
BISHOP, D.B., FISHER, E.B. Employer Assisted Smoking Eliminat

n Lung Association
Year (9/83-10/84). Unpublished, annua! report to the America
1984.
Louis,
of Eastern Missouri, St.

as an index of smoking
BLISS. R.E, O'CONNELL, K.A. Problems with thiocyanate

g the usefulness of
status: A critical review with suggestions for improvin

gy 3(6):563
biochemical measures in smoking cessation research. Health Psycholo
58], 1984.

The power of social and
BROWNELL, K.D. Weight control at the workplace:
Health Promotion in
(eds.).
TJ.
Coates,
M.F.,
behavioral factors. In: Cataldo,

Wiley and Sons,
Industry; A Behavioral Medicine Perspective. New York, John
1985.

COOLEY, N.B.
BROWNELL, K.D., COHEN, R.Y., STUNKARD, A.J., FELIX, M.R.J.,

morale, and costWeight loss competitions at the work site: Impact on weight,
press.
in
Health,
Public
of
Journal
n
America
ness.
effective
of cessation of smgking
CAPLAN, R.D., COBB, S., FRENCH, J.R-P., Jr. Relationships
of Applied Psychology
Journal
support.
social
and
ty,
personali
stress,
job
with

60(2):211-219, April 1975.
onal setting.
CHESNEY,M.A., FEUERSTEIN, M. Behavioral medicine in the occupati
ion and
Applicat
:
Medicine
to
es
Approach
In: McNamara, J.R. (ed.). Behavioral

Analysis. New York, Plenum Press, 1979, pp. 267-290.
and Analysis Issues for
COOK, T.D.. CAMPBELL, D.T. Quasi-Experimentation: Design
1979.
McNally,
Rand
Chicago,
Settings.
Field
Association Bulletin
COOPER, W.A. Johns-Manville says no smoking. American Lung

64(6):7-10, July-August 1978.

cessation by women.
COPPOTELLI, H., ORLEANS, C.S. Spouse support in smoking
press.
in
gy,
Psycholo
Clinical
and
ng
Consulti
of
Journal
g smoking cessation:
CURRY, 8.J., GORDON, J.R., MARLATT, G.A. Relapse followin
Donovan, D. (eds.).
G.A.,
Marlatt,
In:
quitters.
unaided
and
aided
of
on
A comparis
in press.
Assessment of Addictive Behaviors. New York, Guilford Press,

510

DANAHER,B.G. Smokingcessation programsin occupationalsettings. Public Health
Reports 95(2):149-157, March Apri] 1980.
DARTNELLINSTITUTE OF BUSINESS RESEARCH. Target survey: Smoking in the
office Is it a problem? Target Survey 9:1-2, September 1977.
DAVIS, A.L., FAUST, R., ORDENTLICH, M. Self-help smoking cessation and
maintenance programs: A comparative study with 12-month follow-up by the
American Lung Association. American Journal of Public Health 74(11):1212-1217,
November 1984.
DAWLEY, H.H., Jr.. BALDWIN, J. The control of smoking: Smoking rate in
designated smoking and no-smoking areas. International Journal of the Addictions

18(7):1033-1038, 1983.

DAWLEY, H.H., Jr.. BURTON, M.C. Smoking control in a hospital setting. Addictive
Behaviors, in press.
DAWLEY, H.H., Jr., FLEISCHER, B.J.. DAWLEY, L.T. Smoking cessation with
hospital employees: An example of worksite smoking cessation. International
Journal of the Addictions 1%3):327-334, 1984.
DAWLEY, H.H., Jr.. MORRISON, J., CARROL, S. Compliance behaviorin a hospital
setting: Employee and patients reactions to no-smokingsigns. Addictive Behaviors

5(4):329-331, 1980.

ELLIS, B.H., Jr. How to reach and convince asbestos workers to give up smoking. In:
Schwartz, J.L. (ed.). Progress in Smoking Cessation. Proceedings of the Internation-

al Conference on Smoking Cessation. New York, American Cancer Society, 1979,
pp. 160-182.

ELLIS, B.H. Prerequisites for Successful Workplace-Based Smoking Cessation Programs. Proceedings of Ohio Department of Health Conference Smoking and the
Werkplace, Columbus, May 1980.

EWART, C.K., LI, V.C., COATES, T.J. Increasing physicians antismoking influence
by applying an inexpensive feedback technique. Journal of Medical Education

58(6):468-473, June 1983.
FAGERSTROM,K.-O. Measuring degree of physical dependence to tobacco smoking
with reference to individualization of treatment. Addictive Behaviors 3(3/4):235-

241, 1978.
FAGERSTROM, K.-O. Effects of nicotine chewing gum and follow-up appointments in

physician-based smoking cessation. Preventive Medicine 13(5):517-527, September

1984.

FIELDING, J.E. Health promotion and disease prevention at the worksite. Annual

Review ofPublic Health 5:237-265, 1984.

FREDERIKSEN, L.W., MARTIN, J.E. Carbon monoxide and smoking behavior.

Addictive Behaviors 4(1):21-30, 1979.
GLASGOW,R.E., KLESGES, R.C., GODDING, P.R., VASEY, M.W., O NEILL, H.K.
Evaluation of a worksite-controlled smoking program. Journal of Consulting and
Clinical Psychology 52(1):137-138, February 1984.
GLASGOW, R.E., KLESGES, R.C., O NEILL, H.K. Programmingsocial support for

smoking modification: An extension and replication. Addictive Behaviors, in press.
GLASGOW, R.E., ROSEN, G.M. Behavioral bibliotherapy: A review of self-help

behavior therapy manuals. Psychological Bulletin 85(1):1-23, January 1978.

GROVE, D.A., REED, R.W., MILLER,L.C. A health promotion program in a corporate
setting. Journal of Family Practice 9(1):83-88, July 1979.

HECKLER, L.M. Employee education programs: One aspect of a nurse s expanded role
in an occupational health program. Occupational Health Nursing 28(8). 25-29,
August 1980.

HUGHES, G.H., HYMOWITZ, N., OCKENE, J.K., SIMON, N., VOGT, T.M. The
Multiple Risk Factor Intervention Trial (MRFIT): V. Intervention on smoking.
Preventive Medicine 10(4):476-500, July 1981.

511

methods of modifying
HUNT, W.A., BESPALEC, D.A. An evaluation of current
October 1974.
31-438,
30(4):4
ogy
Psychol
l
Clinica
of
smoking behavior. Journal
ce to stressful decisions. American
JANIS, LL. The role of social support in adheren

Psychologist 38(2):143-160, February 1983.
rs in a barber shop. ManJASON, L.A., CLAY, R. Modifying smoking behavio
Environment Systems 8(1):38-40, January 1978.

g in a university cafeteria.
JASON, L.A., LIOTTA, R.F. Reduction of cigarette smokin

Winter 1982.
Journal of Applied Behavior Analysis 15(4):573-577,
e setting. Health Values:
anoffic
n
smokei
e
cigarett
ng
JASON, L.A., SAVIO, D. Reduci

gust 1978.
Achieving High Level Wellness 2(4):180-185, July-Au

Response of medical personnel to an
KANZLER, M., ZEIDENBERG, P., JAFFE, J.H.

l Psychology 32(3):670-674,
on-site smoking cessation program. Journal of Clinica
July 1976.

ation in the worksite. In: Cataldo,
KLESGES, R.C., GLASGOW, R.E. Smoking modific
y: A Behavioral Medicine
MF., Coates, R.J. (eds.). Health Promotion in Industr
1985.
Sons,
and
Wiley
John
Perspective. New York,

ion of a Worksite Smoking
KLESGES,R.C., VASEY, M.W., GLASGOW,R.E. Evaluat
meeting of the Society of
annual
the
at
ed
Competition Program. Paper present
Behavioral Medicine, New Orleans, March 1985.

, C. The Belgian Heart
KORNITZER, M., DE BACKER,G., DRAMAIX, M., THILLY
an
the coronary risk profile in
Disease Prevention Project: Modification of

y 1980.
industrial population. Circulation 61(1):18-25, Januar
,G. The Belgian Heart
BACKER
DE
,F.,
KITTEL
,
IX,M.
KORNITZER, M., DRAMA

g habits after two years of
Disease Prevention Project: Changes in smokin
1980.
July
6-503,
9(4):49
e
Medicin
intervention. Preventive

a Worksite. (mimegraph). New
KRISTEIN, M. The Economics of Health Promotion at
1982.
ion,
York, American Health Foundat
study of fear communications. In:
LEVENTHAL, H. Findings and theory in the

Psychology. Vol. 5. New York,
Berkowitz, L. (ed.). Advances in Experimental Social

Academic Press, 1970, pp. 119-186.

,J.C., WOOD, J., EMMETT,
LI, V.C., KIM, Y.J., EWART, C.K., TERRY, P.B., CUTHIE
on the smoking behavior of
ing
counsel
an
physici
of
Effects
.
TT,S
E.A., PERMU

13(5):462-476, September 1984.
asbestos-exposed workers. Preventive Medicine
ral perspective. Journal of
behavio
A
:
problem
g
smokin
The
E.
LICHTENSTEIN,

er 1982.
Consulting and Clinical Psychology 50(6):804-819, Decemb

in the modification of cigarette
LICHTENSTEIN, E., BROWN, R.A. Current trends
A.E. (eds.). International
dependence. In: Bellack, A.S., Hersen, M., Kazdin,

York, Plenum Press, 1982,
Handbook of Behavior Modification and Therapy. New
pp. 575-611.

n the physiciandoto assist the patient
LICHTENSTEIN, E., DANAHER, B.G. Whatca

Chronic Obstructive Lung
to stop smoking? In: Brashear, R.E., Rhodes, MLL. (eds.)}.

St. Louis, C. V. Mosby, 1978, pp.
Disease: Clinical Treatment and Management.

227-241.

alcohol abuse: A comparison oftheir
LUCE, B.R., SCHWEITZER, S.O. Smoking and

e 298(10):569-571, March
economic consequences. New England Journal of Medicin

9, 1978.

JOHNSON,C.A., HUND, F.,
LUEPKER, R.V., PECHACEK, T.F., MURRAY, D.M.,
or of cigarette smoking in
indicat
JACOBS, D.R. Saliva thiocyanate: A chemical

71(12):1320-1324, December 1981.
adolescents. American Journal of Public Health
H.K., KLESGES, R.C. Co-worker social
MALOTT, J.M., GLASGOW, R.E., O NEILL,
. Journal of Applied Behavior
program
control
g
support in a worksite smokin
Analysis 17(4):485-495, Winter 1984.
ion: Maintenance Strategies in the
MARLATT, G.A., GORDON, J.R. Relapse Prevent
d Press, 1985, 558 pp.
Guilfor
k,
NewYor
rs.
Behavio
ve
Addicti
of
nt
Treatme

512

McFALL, R.M. Smoking-cessation research. Journal of Consulting and Clinical
Psychology 46(4):703-712, August 1978.
McMORROW, M.J., FOXX, R.M. Nicotine s role in smoking: An analysis of nicotine
regulation. Psychological Bulletin 93(2):302-327, March 1983.
MEADE, T.W., WALD, N.J. Cigarette smoking patterns during the working day.
British Journal of Preventive and Social Medicine 31:25-29, 1977.

MERMELSTEIN, R., LICHTENSTEIN, E., McINTYRE, K. Partner support and

relapse in smoking-cessation programs. Journal of Consulting and Clinical

Psychology 51(3):465-466, June 1983.
MEYER, A.J., HENDERSON, J.B. Multiple risk factor reduction in the prevention of
cardiovascular disease. Preventive Medicine 3(2):225-236, June 1974.

MILLER, G.H. SOS stop smoking clinic: A one-year report on the program at the
Cummins Engine Company. Journal of the Indiana State Medical Association
74(5):292-294, May 1981.

MORGAN, W.P. Psychological benefits of physical activity. In: Nagle, F.J., Montoye,
H.J. (eds.). Exercise in Health and Disease. Springfield, Illinois, Charles C Thomas,
1981, pp. 299-314.
MOSS, R.A., PRUE, D.M. Research on nicotine regulation. Behavior Therapy 13(1):3146, January 1982.
MYERS, J.L. Fundamentals of Experimental Design. 2d ed. Boston, Allyn and Bacon,
1972.
NADITCH, M.P. The STAYWELL Program. In: Matarazzo, J.D., Weiss, S.M., Herd,
J.A., Miller, N.E., Weiss, S.M. (eds.). Behavioral Health: A Handbook of Health
Enhancement and Disease Prevention. New York, John Wiley and Sons, 1984, pp.

1071-1078.
NATHAN, P.E. Johnson & Johnson s Live for Life: A comprehensive positive lifestyle
change program. In: Matarazzo, J.D., Weiss, S.M., Herd, J.A., Miller, N.E., Weiss,

S.M.(eds.). Behavioral Health: A Handbook of Health Enhancement and Disease
Prevention. New York, John Wiley and Sons, 1984, pp. 1064-1070.

NATIONAL INTERAGENCY COUNCIL ON SMOKING AND HEALTH. Smoking
and the Workplace: National Interagency Council on Smoking and Health Business
Survey. Unpublished manuscript, 1980.
NEPPS, M.M. A minimal contact smoking cessation program at the worksite.
Addictive Behaviors 9(3):291-294, 1984.

OCKENE, J.K.. HYMOWITZ, N., SEXTON, M., BROSTE, S.K. Comparison of
patterns of smoking behavior change among smokers in the Multiple Risk Factor
Intervention Trial (MRFIT). Preventive Medicine 11(6):621-638, November 1982.
ORLEANS, C.S., SHIPLEY, R.H. Worksite smoking cessation initiatives: Review and
recommendations. Addictive Behaviors 7(1):1-16, 1982.

PARKINSON, R.S., BECK, R.N., COLLINGS,G.H., Jr., ERIKSEN, M., McGILL, A.M.,
PEARSON, C.E., WARE, B.G. Managing Health Promotion in the Workplace:
Guidelines for Implementation and Evaluation. Palo Alto, Mayfield Publishing
Co., 1982, 314 pp.
PECHACEK,T.F., FOX, B.H., MURRAY,D.M., LEUPKER,R.V. Review of techniques
for measurement of smoking behavior. In: Matarazzo, J.C., Weiss, S.M., Herd, J.A.,
Miller, N.E., Weiss, S.M. (eds.). Behavioral Health: A Handbook of Health
Enhancement and Disease Prevention. New York, John Wiley and Sons, 1984.
RAND, C., STITZER, M., BIGELOW, G., MEAD, A. Contingent Reinforcement for
Smoking Abstinence. Poster presented at American Psychological Association,
Toronto, 1984.

RAW, M., JARVIS, M.J., FEYERABEND, C., RUSSELL, M.A.H. Comparison of
nicotine chewing-gum and psychological treatments for dependent smokers.
British Medical Journal 281(6238):481-482, August 16, 1980.
157-964 0 - 86 - 18

513

ed trial of the effect on middleROSE, G., HAMILTON, P.J.S. A randomised controll

ology and Community
aged men of advice to stop smoking. Journal of Epidemi
Health 32(4):275-281, December 1978.

Y, MJ. A randomized
ROSE, G. HAMILTON, PJS., COLWELL, L., SHIPLE
Journal of Epidemiology
results.
10-year
controlled trial of anti-smoking advice:
and Community Health 36(2):102-108, June 1982.

Heart disease prevention
ROSE, G., HELLER, R.F., PEDOE, H.T., CHRISTIE, D.G.S.
Medical Journal
British
.
industry
in
trial
ed
project: A randomised controll
1980.
15,
March
751,
280(6216):747e program to reduce
ROSEN, G.M., LICHTENSTEIN, E. An employee incentiv

Psychology 45(5):957-959,
cigarette smoking. Journal of Consulting and Clinical
October 1977.

C.D. Effect of general
RUSSELL, M.A.H., WILSON, C., TAYLOR, C., BAKER,
practitioners

231-235,
advice against smoking. British Medical Journal 2(6184):

July 28, 1979.

on. In: Petty, R., Ostrom,
SAWYER, A. Repetition, cognitive responses, and persuasi
on. Trenton, Erlbaum, 1981.
Persuasi
in
es
Respons
ve
Cogniti
(eds.).
T.
Brock,
T.,

g and obesity. American
SCHACHTER, S. Recidivism and self-cure of smokin
Psychologist 37(4):436-444, April 1982.

Out: Evaluation of the
SCHLEGEL, R.P., MANSKE, S.R., SHANNON, ME. Butt

. In: Forbes, W.F., Frecker,
Canadian Armed Forces smoking cessation program
World Conference on Smoking
R.C., Nostbakken, D. (eds.). Proceedings of the Fifth
n Council on Smoking and
Canadia
Ottawa,
and Health, Winnipeg, Canada, 1983.
.
445-452
pp.
Health, 1983,
rized direct mail to treat
SCHNEIDER, S.J.. BENYA, A., SINGER, H. Compute

Research 17(5):409-418,
smokers who avoid treatment. Computers and Biomedical

October 1984.
g Intervention With Health
SCOTT, R.R., DENIER, C.A., PRUE, D.M. Worksite Smokin
the Advancement of Behavior
for
tion
Associa
the
at
ed
present
Paper
onals.
Professi
Therapy annual convention, Washington, D.C., 1983.
nce at the Speedcall Corporation.
SHEPARD, DS. Incentives for Not Smoking: Experie

Of Health Practices,
A Preliminary Report. Boston, Center for the Analysis

Harvard School of Public Health, 1980, 14 pp.
pay off. Business and Health,
SHEPARD, D.S., PEARLMAN, L.A. Health habits that
in press.
mentof smoking: Surveys and
SHIPLEY, R.H., ROSEN, T.J., WILLIAMS, C. Measure
-302, 1982.
7(3):299
some recommendations. Addictive Behaviors
an Lung Association Bulletin
Americ
works.
m
progra
oking
SORMAN, K. This quit-sm
65(6):2-6, July-August 1979.
a future for smoking cessation
STACHNIK, T.J., STOFFELMAYR, BE. Is there

programs? Journal of Community Health 7(1):47-56,Fall 1981.
cessation programs: A
STACHNIK, T., STOFFELMAYR, B. Worksite smoking

Public Health 73(12):1395potential for national impact. American Journal of
1396, December 1983.
cement for reduced carbon
STITZER, M.L., BIGELOW, G.E. Contingent reinfor
rs 7(4):403-412, 1982.
monoxidelevels in cigarette smokers. Addictive Behavio

monoxidereduction:
STITZER, M.L., BIGELOW, G.E. Contingent payment for carbon

November1983.
Effects of pay amount. Behavior Therapy 14(5):647-656,
for reduced breath carbon
STITZER, M.L., BIGELOW, G.E. Contingent reinforcement
. Addictive Behaviors,
smoking
e
cigarett
on
effects
pecific
monoxide levels: Target-s
in press.
of Public Health 61(2):233TERRY, L.T. The future of an illusion. American Journal
240, February 1971.

514

U.S. DEPARTMENT OF HEALTH AND HUMANSERVICES. The Health Consequences of Smoking: Cancer. A Report of the Surgeon General. U.S. Department of
Health and Human Services, Public Health Service, Office of the Assistant
Secretary for Health, Office on Smoking and Health, DHHS Pub. No. (PHS)82-

50179, 1982, 322 pp.
U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES. The Health Consequences of Smoking: Cardiovascular Disease. A Report of the Surgeon General. US.

Department of Health and Human Services, Public Health Service, Office of the

Assistant Secretary for Health, Office on Smoking and Health. DHHS Pub. No.
(PHS)84-50204, 1983, 388 pp.
U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE. Respiratory

Diseases: Task Force Report on Prevention, Control, Education. U.S. Department of
Health, Education, and Welfare, Public Health Service, National Institutes of
Health, Heart, Lung, and Blood Institute. DHEW Pub. No. (NIH)77-1248, March

1977.

U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE. Health: United

States. U.S. Departmentof Health, Education, and Welfare, Public Health Service,
Office of the Assistant Secretary for Health, Office on Smoking and Health, DHEW

Publication No. (PHS)80 -1232, 1979.
WARE, B.G., BLOCK, D.L. Cardiovascular risk intervention at the worksite: The
Ford Motor Company program. International Journal of Mental Health 11(3):68~
75, Fall 1982.
WARNER, K.E. Economic Incentives and Health Behavior. Paper presented at the
Vermont Conference on the Primary Prevention of Psychopathology, Burlington,
June July, 1983.
WINDSOR, R.A., BARTLETT, E.E. Employeeself-help smoking cessation programs: A
review of the literature. Health Education Quarterly 11(4):349-359, Winter 1984.

515

INDEX

ABSTINENCE

worksite vs. clinic-based program
participants, factors, 483, 489-

490

AGE FACTORS

cancer mortality, age-specific rates
for white men and women, 229
chronic bronchitis in coal workers,
effect with dust exposure and
smoking, 299-300
lung function in asbestos workers,

smokers vs. nonsmokers, 246-247

lung function in occupationally exposed workers, effect with smok-

ing, 166-167

T lymphocyte changes in asbestos
workers, with smoking, 267-269

AIRFLOW OBSTRUCTION

(See also LUNG FUNCTION; RES-

PIRATORY SYSTEM)

chronic effects of cotton dust exposure, 420, 422-423
chronic obstructive bronchitis
symptom, 183
coal and silica dust exposure as
risk factors, 330

coal miners, occupational relation-

ship, 289
coal miners, smoking as factor, 14
coal workers, dust exposure effect
in smokers vs. nonsmokers, 313
coal workers, small opacities in
pneumoconioses, relationship,
295-296
coal workers, smokers vs. nonsmokers, 309
cotton workers, smoking as additive
risk, 16
individual abnormalities, determination of occupational exposure vs.

smoking effects, 168
nonspecific hyperreactivity follow-

ing exposure to cotton dust, 427

AIRFLOW OBSTRUCTION Contd.
occupationally exposed workers,
patterns of injury in large and
small airways, 150-151
silica-exposed workers, pathogene-

sis, 340
smokers, patterns of injury in

large and small airways, 148150
Amines See AROMATIC AMINES
ANIMAL STUDIES
(See also SMOKE INHALATION,
ANIMAL)
carcinogenic effects of uranium ore
dust exposure in dogs, 458
carcinogenicity of chemicals in cigarette smoke, effect with radiation, 459
carcinogenicity of cigarette smoke
and asbestos, 232-234
industrial pollutants, interactions
with tobacco smoke, recommended research, 391
lung function effects of radon
daughters, uranium ore dust,
cigarette smoke, 464
3-methylcholanthrene and crocidolite asbestos effects in hamster
trachea, 234
polycyclic aromatic hydrocarbons
and chrysotile asbestos effects in
trachea of rats, 234
radiation and cigarette smoke in
tumor formation, 456-460

ANTISMOKING MATERIALS
components of controlled worksite
smoking modification programs,

486-488
517

INDEX
Antismoking campaigns See PROGRAMS AND POLICIES;
SMOKING CONTROL PRO-

GRAMS; WORKPLACE INTERVENTION PROGRAMS

AROMATIC AMINES
(See also OCCUPATIONAL EXPOSURES)

betanaphthylamine, carcinogenicity,

371-372

bladder cancer risk, interactive effects with smoking in exposed
workers, 383
chemical carcinogenesis as speciesspecific phenomenon, 371
occupational exposure, disease
risks, 359-392
workplace exposures in cancer risk,

370
AROMATIC HYDROCARBONS
(See also BENZO[AJPYRENE)

asbestos exposure and smoking, interactive effects on metabolism,

237-238

interactive effects with asbestos in
animals, 234
jung cancer in exposed workers, relative risk, with smoking, 378

ASBESTOS
(See also OCCUPATIONAL EXPOSURES)
animal studies of carcinogenic interactions with cigarette smoke,

fibers as carriers of carcinogens in
cigarette smoke, risk relation-

ship, 238
health effects in chrysotile-exposed
smokers vs. nonsmokers, 253
industrial exposure standards and
environmental control, public
health implications, 270

interstitial fibrosis in exposed populations, smoking relationship,
263-264, 266
intrapulmonary deposition and

clearance, effect of chemicals in

cigarette smoke, 236-237
low-dose environmental exposure as

disease risk factor, 199-200

jung cancer and chronic lung disease, combined risks of exposure
and smoking, 199
lung cancer in exposed workers,
risk with smoking, 13-14, 378
lung cancer in exposed workers,
sex ratio of observed vs. expected deaths, 214
lung cancer in exposed workers,
smoking status in risk determin-

ation, 205, 210, 213, 216-220
lung cancer in workers, interactive
effects of exposure level and
smoking category, 219-220
lung cancer risk in exposed smok-

ers vs. nonsmokers, summary

232-234

and conclusions, 271
lung disease and cigarette smoking

231

in exposed workers, 147
lung function changes in exposed
workers, smokers vs. non-

carcinogenesis in exposed workers
who smoke, mechanisms, 228,
carcinogenesis role, tumor promoter
vs. initiator, 236-237
carcinogenic risk, establishing dose
and exposure levels, 217-219
chest x rays of exposed workers,
lowest readings by highest readings, 261
chronic lung disease risk, effect
with smoking, 239-266
commercial products, differences as
factors in respiratory tract fiber
disposition, 200-201
crackles and clubbing in exposed
workers, independent effects of
smoking, 156

518

ASBESTOS Contd.

smokers, 241, 243-254
lung injury risk determination,
problems, 239-241
mortality, cohort study data by
type of exposure, 202-204
observed vs. expected mortality in
workers, 227-228
occupational exposure, public
health implications, 9-10

principal varieties and structural
features, 200-201
pulmonaryfibrosis in dockyard
workers, by smoking habit and
exposure duration, 266

INDEX
ASBESTOS Contd.
reduction/cessation of exposure and
smoking, effect on lung cancer
risk, 224-228
restrictive and obstructive lung injury in exposed workers, 151
roentgenographic changes in exposed vs. nonexposed workers,
smoking relationship, 259-260,

262

small airways injury in exposed

workers, smokers and non-

smokers, 256-258
tumors in rodents following exposure, with/without cigarette
smoke components, 235
ASBESTOSIS
(See also OCCUPATIONAL DISEASES)
prevalence in asbestos-exposed populations, smokers vs. nonsmokers, 263, 265

BACTERIA

endotoxins in cotton bract and byssinosis symptoms in cotton work-

ers, relationship, 424-426

BENZO[A]JPYRENE
(See also AROMATIC HYDROCARBONS)
carcinogenic interaction with chrysotile asbestos in rats and hamsters, 234
carcinogenicity in animals, interactive effect with radiation, 459

BIRTH COHORTS

lung cancer mortality, occupation
and smoking as factors, 102
race- and sex-related changes in
smoking habits, 38-53

BLADDER CANCER
(See also CANCER; OCCUPATION-

AL DISEASES)

betanaphthylamine and benzidine
manufacturing workers, exposure
duration as factor, 371
chemical workers, relative risk, 380
chemical workers, risk of naphthylamines and benzidine exposure,

370
mortality in refinery and chemical
workers, study data, 362-363

BLADDER CANCER Contd.

occupation and smoking, interactive

effects, 378-385

occupational groups at risk, smoking as factor, 383
radiation and chemica] exposures
as risks, with smoking, 381
relative risk for cigarette smoking,
lifetime consumption as factor,

380

sex ratio of risk, by smoking habit
and occupation, 379-380
truck drivers, diesel exhaust inhalation and smoking in risk, 385

BRAIN CANCER
pesticide-exposed workers, possible
risk relationship, 386-387

BRONCHI

(See also BRONCHIOLES,; LUNGS)
radiation and cigarette smoke, interactive effects, 463

BRONCHIAL CANCER
uranium miners, influence of radiation exposure and smoking, 450

BRONCHIAL DISEASES

simple and chronic bronchitis,
symptoms, 299

BRONCHIOLES
(See also BRONCHI)
inflammatory response and fibrosis,
effect of smoking vs. asbestos exposure, 255-256
silica-induced injury, 340

BRONCHITIS
(See also BRONCHIAL DISEASES;
LUNG DISEASES; OCCUPATIONAL DISEASES; RESPiRATORY TRACT DISEASES)
age-adjusted association with byssinosis, by smoking status and
sex, 412
age-adjusted association with smoking, by byssinosis status and sex,

411

cement workers, dust exposure and
smoking as independent risk factors, 187
chronic simple and chronic obstructive bronchitis, symptoms, 183
coal and silica dust-exposed workers, 330

519

INDEX
BRONCHITIS Contd.
coal miners, dust exposure and
smoking, risk determination,
184-185
coke oven workers, exposure and
smoking as factors, 191
copper smelter workers, exposures
and smoking as risk factors, 191
cotton workers, agents responsible
for inflammatory response, 424

427

cotton workers, chronic exposure as
factor, 429
cotton workers, possible additive effect of dust exposure and smoking, 426
cotton workers, smoking as factor,

410
grain workers, dust exposure and

smoking as risk factors, 187-189
occupational exposure, pattern of
development, 150
occupational exposures and smoking risks, summary and conclusions, 191
pattern of smoking-related development, 148
silica-exposed miners and other
workers, smokers vs. nonsmokers, 331-334
simple and chronic bronchitis,
symptoms, 299
worksite chemicals or physical
agents as cause of occupational

bronchitis, 183
BYSSINOSIS

(See also DUST; OCCUPATIONAL

DISEASES; PNEUMOCONIOSIS)

age-adjusted association with
bronchitis, by smoking status
and sex, 412

age-adjusted association with smoking, by bronchitis status and

sex, 412
containment of cotton dust levels
as factor in reduced risk, 431432
cotton dust exposure duration as
factor, 410
cotton textile workers, job category
as factor in risk, 403

520

BYSSINOSIS Contd.
cotton textile workers, smoking influence on development, 16, 403-

423
cotton workers, correlation with endotoxins in airborne dust, 425

cotton workers, definition of
grades, 409-410
cotton workers, prevalence by me-

dian dust level, smokers vs. nonsmokers, 414

dust levels as factor in cotton
workers, 16
expiratory volume in cotton workers with/without disease, smokers vs. nonsmokers, 417

prevalence and severity in cotton

workers who smoke, dust exposure level as factor, 432

prevalence data for nine exposure
groups, 411

textile mill workers, by grade,
smoking status, and dust level,
413
ventilatory deterioration risk in

cotton workers with acute symptoms, 423

CANCER
(See also CARCINOGENESIS; OCCUPATIONAL DISEASES)
historical association with tobacco

use, 6
Japanese A-bomb survivors, relative
risk in smokers vs. nonsmokers,

455

leather industry workers, exposure
as risk independent of smoking,

376
mortality, age-specific rates for
white men and women, 229

mortality, age-standardized rates
with/without asbestos exposure
and smoking, 242

mortality, confounding of occupa-

tional exposure effects by smok-

ing, 114-122

mortality in rubber workers, study

data, 368-369
mortality ratios in metal ore min-

ers, smoking as factor, 343-344
occupational exposure relationship,
overview, 7

INDEX
CANCER Contd.
occupational exposures and smoking as causal factors, 374-388
radiation and cigarette smoke induction in animals, 456-460
radiation and smokingin risk,

summary and conclusions, 465

refinery and chemical workers,
smoking and exposure as risk

factors, 361, 364-366

workers exposed to pure silica,
standard mortality ratios, 344-

345

workplace and smoking, evaluation
of interactions, 12

workplace exposures and smoking
as risk factors, 101

CARCINOGENESIS
(See also CANCER)
animalstudies of interactive effects

of cigarette smoke and asbestos,

232-234

animal studies of radiation and cigarette smoke effects, 456-460
aromatic amines, pathway of bio-

transformation and urinary excretion efficiency, role, 371

concepts of initiation and promo-

tion, 234, 236-239

enzymatic activity of pulmonary alveolar macrophages, role, 237

238
hazardous occupational exposures

and smoking, possible synergism,

8

mechanisms in cigarette-smoking
asbestos workers, 228, 231
occupational exposures and smoking as initiators and promoters,
107-108

CARCINOGENS
aromatic amines, regulation of

workplace exposure, 370
asbestos, problems in establishing
carcinogenic dose and exposure
levels, 217-219
chemicals in cigarette smoke, interactive effects with radiation in
animals, 459-460
disposition and activation, effects of
occupational exposure and smok-

ing, 106-107

CARCINOGENS Contd.
lung cancer risk of known or suspected occupational exposure,
with smoking, 377-378

naphthylamines and benzidine,

bladder cancer risk in exposed
workers, 370
silica, research recommendations,

347

tobacco smcke at worksite, possible
occupational carcinogen in nonsmokers, 126
workplace exposures, recommendations for control, 390-391

CELLS
function and structure alterations
by asbestos fibers, role in carcinogenesis, 236
CELLS, EPITHELIAL
asbestos as promoter of transformation by carcinogens in cigarette
smoke, 239

CESSATION OF SMOKING
(See also REDUCTION OF SMOKING; WORKPLACE INTERVENTION PROGRAMS)
asbestos workers, effect on lung

cancer risk, 224-225, 227-228

asbestos workers, to alter future
disease risk, 270-271
biochemical verification in controlled worksite modification studies,

486-488

blue-collar vs. white-collar workers,
sex differences, 33
blue-collar workers, workplace environment as factor, 10
coa] miners to reduce respiratory
morbidity and mortality, 312-313

controlled studies, data by worksite
type, procedural characteristics,

484-485

controlled studies, design and outcome data of smoking modification programs, 486-488
cotton workers, effect on byssinosis
symptoms, 414

multiple risk factor intervention

programs, efficacy for worksites,

500-502

nicotine chewing gum as aid in
worksite programs, 495
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race, sex, and occupation as factors, 53-55
uncontrolled studies, 481-482
workplace program effects, evalua-

tion criteria, 479-480

workplace program participants,

consumption level as factor in

success, 490-491
workplace program participants,
controlled studies, 483, 489-490
workplace program participants, efficacy of social support, physician s advice, 491-495
workplace programs, recommendations to reduce occupational
risks, 391

CESSATION OF SMOKING,
METHODS
(See also REDUCTION OF SMOKING; SMOKING CONTROL
PROGRAMS; WORKPLACEINTERVENTION PROGRAMS)

CHEST X RAY Contd.

ILO classification system, variability of interpretation, 260
lung injury from occupational expo-

sures and smoking, efficacy for

evaluation, 153-155
occupationally exposed workers, effect of smoking, 154-155
pneumoconiosis defined as
roentgenographic changes produced by coal dust, 290

Chronic airflow obstruction See
AIRFLOW OBSTRUCTION;

RESPIRATORY SYSTEM

CHRONIC BRONCHITIS
(See also BRONCHIAL DISEASES;
BRONCHITIS; LUNG DISEASES; OCCUPATIONAL DISEASES)

chrysotile asbestos workers, prevalence in smokers vs. nonsmokers,

253

monetary incentives and competition in worksite programs, efficacy, 495-498
physician s advice in worksite pro-

coal miners, dust exposure and
smoking as factors, with age,

programs used in controlled worksite smoking modification stud-

occupational exposure and smoking,
additive effect, 13, 15

grams,efficacy, 493-495

ies, outcome data, 486-488

CHEMICALS
(See also OCCUPATIONAL EXPOSURES)

bladder cancer in exposed workers,

risk factor with smoking, 384
occupational exposure, bladder cancer risk, with smoking, 381-382

CHEST X RAY
(See also HEALTH EXAMINATIONS)

abnormal in patients with asbestosinduced interstitial fibrosis, 259

298-300

coal miners, occupational relation-

ship, 289

silica-exposed workers, dust exposure and smoking as factors,

330, 335

silica-exposed workers, research recommendations, 347
surveys of prevalence, 145-146

CHRONIC LUNG DISEASE

(See also LUNG DISEASES; OCCU-

PATIONAL DISEASES)

asbestos exposure and smoking, ef-

fects of combined exposure, 239266

exposure vs. smoking, 259-260,
262
asbestos workers, lowest readings
by highest readings, ILO U/C

etiology, occupational and lifestyle
influences, 8
mortality in asbestos workers,
smoking as factor, 240-241
occupational exposure relationship,
overview, 7

scale, 261
changes in non-asbestos-exposed
workers, cigarette smoking relationship, 259-260, 262

risk evaluation techniques, 142
occupation-related and smoking-related, relative frequencies, 145

abnormalities related to asbestos
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pneumoconioses, bronchitis, and

asthma, occupational exposure

risk relationship, 141
workplace and smoking, evaluation
of interactions, 12

CHRONIC OBSTRUCTIVE LUNG
DISEASE
(See also CHRONIC LUNG DISEASE; LUNG DISEASES; OCCUPATIONAL DISEASES)

ICD addition 1967, effect on time
trends in respiratory disease
mortality, 143
mortality, occupation and smoking

as factors, 145

CIGARETTE SMOKE
(See also SMOKE INHALATION,
ANIMAL)
animal studies of carcinogenic interactions with asbestos, 232-234
asbestos fibers as carriers of carcinogens, interactive effect, 238
carcinegenic interactions with asbestos, animal studies, 232-234
exposure measurement, importance
in workplace studies, 161
impairment of mucociliary transport and function of phagocytic
cells, 236-237
large airways, small airways, and
parenchymaas sites of lung injury, 148-151
tumor induction in animals, radiation effect, 456-460

tumors in rodents following expo-

sure to asbestos and smoke components, 235

COFFEE DRINKING
bladder cancer risk relationship,
380, 382
COMPENSATION CLAIMS
apportioning impairment between
occupational causes and cigarette
smoking, 170
coal workers, establishing independent effects to determine disease
causes, 289

COST BENEFITS ANALYSIS
(See also STATISTICAL ANALYSIS)

COST BENEFITS ANALYSIS Contd.
worksite smoking intervention/control programs, 477

COUGH
(See also RESPIRATORY SYMPTOMS)

rubber workers, duration of employment as factor, with smok-

ing, 388-390

COUNSELING

physician s advice in smoking cessation programs, efficacy, 493-

495

Demographic factors See OCCUPATIONAL GROUPS; OCCUPATIONS
DUST
(See also OCCUPATIONAL EXPOSURES)

cement, independent risk factor for
bronchitis, with smoking, 187
coal dust exposure and bronchitis,
risk relationship, 184-185
coal dust exposure as emphysema
risk in miners, smoking role,

305-308

coal dust exposure, underground

vs. surface workers, 290

coal, exposure area and duration
as factors in pneumoconiosis,

294-295
cotton, bronchitis and byssinosis

risk in exposed workers, with
smoking, 16, 412-414
cotton, byssinosis in workers, by
median dust level, smokers vs.
nonsmokers, 414
cotton, chronic clinical effects of
exposure, 420, 422-423

cotton, endotoxins in airborne dust
in inflammatory lung injury,
424-426
cotton, hemp, and flax, industrial
bronchitis and byssinosis in
workers, 403

cotton, lung cancer and respiratory
disease mortality in exposed
workers, 429, 431
cotton, mechanisms of lung injury,

423428

cotton, nonspecific hyperreactivity
to exposure, 427-428
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cotton, standard maximum levels
for occupational exposure, 414415
grain, bronchitis risk factor in exposed workers, with smoking,

187-188
lung diseases in exposed workers,
underreporting, 144

ventilatory function effects in coal
workers, with smoking, 308-312

EMPHYSEMA
(See also CHRONIC LUNG DISEASE; OCCUPATIONAL DISEASES)

coal workers, dust exposure and
smoking in risk, 14, 304, 313
cotton vs. noncotton workers, smokers vs. nonsmokers, 430
cotton workers, smoking as causal

factor, 16-17, 428-431, 433

parenchymal injury caused by
smoking, 149
radon daughters, uranium ore dust,
and cigarette smoke effects in
dogs, 458
surveys of prevalence, 145-146
time trends in mortality, effect of

changes in ICD categories. 143

ENZYME ACTIVITY

biotransformation of industrial toxicants by smoke constituents, 391

carcinogenesis, stimulation by as-

bestos, 236-237
carcinogenicity of aromatic amines,
role, 371
silica-induced lung injury, relation-

ship, 339-340

ENZYMES

angiotensin-converting enzyme, 340

EX-SMOKERS
(See also NONSMOKERS)
occupational differences, 11

GASTROINTESTINAL CANCER

synthetic fiber factory workers, interaction of exposure and smok-

ing, 387-388
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Health education See SMOKING
CONTROL PROGRAMS; WORKPLACE INTERVENTION PROGRAMS

HEALTH EXAMINATIONS

chest x ray, efficacy for evaluating
occupation and smoking risks,

153-155

occupationally exposed workers,

need for smoking information,
131

physiological assessment, efficacy
for evaluating occupation and
smoking risks, 155-157
respiratory symptomshistory to
evaluate occupation and smoking

risks, 152-153

HEART DISEASES

etiology, occupational and lifestyle

influences, 8

IMMUNE SYSTEM

alterations following combined exposure to cigarette smoke and
asbestos, 266-270

IMMUNITY

cellular, lymphocyte changes in asbestos workers, smoking habit
correlation, 267-270
humoral, immunoglobulins in asbestos-exposed workers vs. cigarette smokers, 266-267

IMMUNOGLOBULINS

IgA and IgG levels in asbestos
workers vs. cigarette smokers,

266-267

INCENTIVES
monetary incentives and competi-

tion in smoking cessation, effica-

cy, 495-498

KIDNEY CANCER
mortality in refinery and chemical
workers, study data, 362-363
occupations at possible risk, smoking as factor, 385-386

LARYNGEAL CANCER

uranium miners, possible interaction of radiation and smoking,

463

LARYNX
(See also RESPIRATORY SYSTEM)
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radiation and cigarette smoke, interactive effects, 463
LIVER CANCER
occupational groups at risk, 387
solvent-exposed workers, risk relationship, 387

LUNG CANCER
(See also BRONCHIAL NEOPLASMS; OCCUPATIONAL DISEASES)
asbestos-exposed nonsmokers, risk
determination, 210-213
asbestos-exposed smokers, risk determination, 213, 216-220
asbestos-exposed workers, sex ratio
of observed vs. expected deaths,
214
asbestos-exposed workers, smoking

status in risk determination,

205, 210

asbestos exposure, multiplicative
risk in smokers, 13
asbestos exposure risk in smokers

vs. nonsmokers, summary and

conclusions, 271
asbestos workers, expected vs. observed mortality, by smoking
habit, 215
asbestos workers, interactive effects

LUNG CANCER Contd.
metal ore miners, smoking as risk
factor, 343-344
miners, interaction of smoking and
cancer, study data, 447
mortality, causal relationship with
smoking, 101-104
mortality in coal workers vs. general population, 301-304
mortality in male asbestos workers,
observed vs. expected weighted

average probabilities, 233

mortality in men, ratios by age,
smoking characteristics, 105
mortality in pesticide-exposed workers, 372-374

mortality in refinery and chemical
workers, study data, 362-363
mortality in cotton workers, 429,

431

occupational exposure and smoking
risks, controlling for independent
effects and interactions, 124-125
occupational exposure relationship,
smoking status as source of confounding, 115-122
occupational exposure to known or
suspected carcinogens, risk with
smoking, 377-378
occupational exposures and smoking, causal relationship, 376-378

of exposure level and smoking

polonium 210 in cigarette smoke in

376-377

race, sex, occupation, and birth cohort as factors, 39-40, 43
radiation and smoking in epidemiology, studies on interactive
effects, 455-456

category, 219-220
blue-collar workers, odds ratio,

Canadian fluorspar miners, risk
with smoking, 453-454

coal dust exposure and smoking in

risk, 313
coke oven workers, occupational exposure as factor, 391
gold miners, risk in smokers vs.
nonsmokers, 343
histological types, positive association of smoking, 377
historical association with cigarette
smoking, 6
hypothesis to reconcile discrepancies in epidemiological data,
461-463
hypothetical distribution in smoking and nonsmoking uranium
miners, U.S. white men, 457

carcinogenesis, with chemical
constituents, 461

radiation-exposed miners, risk in

smokers vs. nonsmokers, 446
radon daughter exposure and

smoking as risk factors, 17
reduction/cessation of asbestos exposure and smoking, effect on

risk, 224-228

residential exposure as risk factor,

research recommendations, 464

silica-exposed workers, 341-348
silicotics, proportional morbidity
rate during followup, 345-346
steel workers, risk ratios in smokers vs. nonsmokers, 344
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Swedish miners, radiation and
smoking in risk, 452-453
threshold of risk in asbestos workers, exposure level and smoking
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silica-exposed copper miners, early
study of risk relationship, 328
statistical analysis of independent

and interactive effects of smok-

ing, 162-164

as factors, 220-224
uranium miners, induction-latent
period in smokers vs. non-

survey populations, prevalence of
cigarette smoking, 147

smokers, 451
uranium miners, risk in smokers
vs. nonsmokers, 449-452
women, risk factors, 377

LUNG FUNCTION
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LUNG DISEASES
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hazardous occupational exposures
and smoking, possible synergism,

8-9
individual relative risk determina-

tion, guidelines, 167-169
interstitial fibrosis in asbestos
workers, 271
mortality, age-standardized rates
with/without asbestos exposure
and smoking, 242
mortality in asbestos-exposed workers, smoking status as factor,

201

asbestos exposure and smoking, additive effects, 14, 271
asbestos exposure level as factor,

257
asbestos workers, forced expiratory
volume in smokers, ex-smokers,

nonsmokers, 248
asbestos workers, patterns of

change in smokers vs. non-

smokers, 241, 243-254
asbestos workers, predictive equation by smoking status, age,
height, 247
chrysotile asbestos workers, profile
of smokers vs. nonsmokers, 253
coal miners with irregular opacities, exposure, age, and smoking
as factors, 297-298

coal miners with rounded or regular opacities, 296
coal workers, 304

obstructive and restrictive, role of
asbestos exposure and smoking,

coal workers, dust exposure and

occupational exposure and smoking
effects, summary and conclusions, 169-170

coal workers with pneumoconiosis,
abnormalities, 295
coding of lung function profile, 252

241, 243-254

occupational exposures and smoking, potential interactions, 159
pneumoconiosis, silicosis, chronic
bronchitis in coal workers, 289
pneumonitis in uranium miners,

radiation exposure as factor, 464
restriction and obstruction processes in occupationally exposed
workers, 151
restrictive and obstructive in asbestos workers who smoke, 271
rubber workers, occupational exposures and smoking as factors,

388-390
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smoking effects, 296-297, 306
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cotton textile workers, dust expo-

sure and smoking as factors, 16,
403, 415-419
cotton workers, hyperreactivity to
dust exposure as possible factor
in decline, 428
cotton workers, smoking as factor,

432
cotton workers, type of dust and
exposure level as factors, 419
cotton workers with byssinosis and
bronchitis, risk with smoking,

422-423
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cotton workers with/without
bronchitis or byssinosis, smokers
vs. nonsmokers, 417
expiratory flow and lung volume,
asbestos dust exposure relation-

ship, 249-250

foundry workers exposed tosilica,
effects, 336
occupational exposure effects,
simultaneous contribution of ag-

ing and smoking, 166-167

physiological assessment in occupationally exposed workers, smoking as factor, 157
prospective study data on silica-ex-
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asbestos deposition and clearance,
effect of chemicals in cigarette

smoke, 236-237

chronic inflammatory destruction
in cotton workers, smoking factor, 428431
coal workers, confounding of dust
exposure effects by smoking,

289-290

cotton workers, agents responsible

for inflammatory response, 424427

elastic recoil effects of asbestos exposure and smoking, differences,

258

posed workers, 337-338

emphysema, mucus glands, goblet
cell metaplasia, pigmentation in
smokers vs. nonsmokers, 430
mechanisms of cotton dust-related

ployment as factor, with smoking, 388-389

patterns of injury from asbestos exposure and smoking, risk determination, 239
patterns of injury from occupational exposures and smoking, 148-

silica-exposed miners and other
workers, smokers vs. nonsmokers, 331-334

silica exposure vs. smoking effects,
340-341
uranium miners, ore dust, radiation, smoking effects, 463-464
ventilatory function decline in
smokers, 150

LUNG VOLUME
(See also RESPIRATORY FUNCTION TESTS)
asbestos exposure effect in smokers
and nonsmokers, 258
asbestos workers, by dust index in
nonsmokers vs. smokers, 244
chronic obstructive vs. restrictive
lung disease patients vs. normal
individuals, 243
coal workers, additive effects of
dust exposure and smoking, 308
coal workers with pneumoconiosis,
295
coal workers with/without bronchitis, smokers vs. nonsmokers,
310-312
dust exposure relationship, 249

LUNGS
(See also RESPIRATORY SYSTEM)

injury, 423-428

151

silica-exposed workers, mechanisms
of injury, 339-341
small opacities in coal workers
with pneumoconiosis, smoking ef-

fect, 296

LYMPHOCYTES

age and smoking as correlates of
changes in asbestos workers,

267-269

Mathematical models See STATISTICAL ANALYSIS
MESOTHELIOMA

wives and children of asbestos
workers, risk, 200

MODELING TECHNIQUES
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analyses to control potential confounding of occupational exposure by smoking, 129-130

MORBIDITY

(See also OCCUPATIONAL DIS-
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restrictive vs. obstructive effect of
asbestos exposure, smoking as
factor, 248-252
rubber workers, duration of em-
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respiratory diseases, smoking as
predominant cause, 142
silica exposure effects, early studjes, 328

MORTALITY
(See also OCCUPATIONAL DISEASES; WORKPLACE EXPOSURE STUDIES)
asbestos-exposed persons, industrial
standards and smoking cessation
to reduce risk, 270
asbestos-related, data from cohort
studies, 202-204
asbestos workers, observed vs. expected, 227-228
asbestos workers, smoking as factor, 241

bladder cancer in chemical workers, 370-371
bronchial and lung cancer in men,

by birth cohort and age at

death, 230
bronchial, tracheal, and lung cancer, age-specific rates, white men
and women, 229
cancer in rubber workers, 366-370
cancer risk in certain occupations,

375-376

chronic respiratory diseases in

1960, 1970, 1980, by ICD catego-

ry, 143
coal workers, cigarette smoking as
major factor, 303-304

lung cancer and chronic lung dis-

ease in asbestos workers, smoking as factor, 201
lung cancer, causal relationship
with smoking, 101-104
lung cancer in asbestos-exposed
workers, expected vs. observed,
by smoking habit, 215
lung cancer in asbestos-exposed
workers, sex ratio of observed
vs. expected, 214
lung cancer in male asbestos workers, observed vs. expected
weighted average probabilities,
233
lung cancer in men, mortality ratios by age, smoking characteristies, 105
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lung cancer in Swedish miners, radiation and smoking as factors,
452-453

lung cancer in U.S. uranium min-

ers, smoking as factor, 446, 448-

452

metal ore miners, pneumonconiosis,
tuberculosis, cancer risks, 342
occupational exposure risk, smoking
prevalence and age distribution
as factors, 127-128
occupationally related, potential

confounding by smoking, 114-123
pesticide-exposed workers, 372-374
refinery and chemical workers,
smoking and exposure in risk,

361-366

respiratory disease and lung cancer
in cotton workers, factors, 429,
431
respiratory diseases in coal work-

ers, 300-304

respiratory diseases, smoking as

predominant cause, 142
respiratory diseases, underestimation with vital statistics, 144
selected causes, age-standardized
rates with/without asbestos exposure and smoking, 242

time trends for respiratory dis-

eases, effect of changes in disease classifications, 143
tuberculosis and nonmalignant res-

piratory disease in silica-exposed

workers, 327
tuberculosis, silicosis and cancer in
silicotics, smoking factor, 347
workplace environment and cigarette smoking as factors, 11

MORTALITY RATIOS
cancer and pneumoconiosis in met-

al ore miners, smoking as factor,

343-344

cancer, confounding of occupational
exposure effects by smoking,

114-118

lung cancer in asbestos-exposed vs.
control populations, smokers vs.
nonsmokers, 216, 218
occupation and smokingeffect, control of potential confounding,
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silicotics, age at diagnosis and
smoking as factors, 346-347
Motivation See INCENTIVES

NATIONAL HEALTH INTERVIEW
SURVEYS
(See also SMOKING SURVEYS)

current smokers, 1978-1980, by sex

and occupation, 58-59

current smokers by sex and selected occupations, 61-63
net change in smoking prevalence
by sex and occupation, 19701980, 64-65

occupations by category and code,

57
percentage of population in selected occupations, 1978-1980, 66-67

Neoplasms See CANCER
NONSMOKERS
(See also EX-SMOKERS)

asbestos workers, confirmation of
status to establish disease risk,

210-213
asbestos workers, exposure effects
on small airways function, 257
asbestosis prevalence, 264
lung cancer in asbestos-exposed
workers, risk determination,

210-213

occupationally exposed, comparison
group to control for potential
confounding by smoking, 124-126
Obstructive airway diseases See

BRONCHIAL DISEASES; EMPHYSEMA; OCCUPATIONAL
DISEASES

OCCUPATIONAL DISEASES
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acute and chronic respiratory effects of exposure in cotton workers, 420, 422-423
airways inflammation and restriction in cotton workers, causes,
424-428
asbestosis in exposed populations,
smokers vs. nonsmokers, 263-264
bladder cancer in chemical workers, exposures and smoking as
factors, 378-384
bladder cancer in dye, petroleum,
and plastic industries, smoking
factor, 383
bladder cancer in truck drivers,
smoking factor, 385

bladder cancer in workers exposed
to benzidine and betanaphthyla-

mine, smoking factor, 383
bladder cancer in workers exposed
to radiation, 381
bronchitis in cement workers, dust

exposure and smoking as factors,
186

bronchitis in coal miners, dust and
smoking as factors, 185
bronchitis in copper smelter workers, smoking as factor, 191
bronchitis in gold miners, silica exposure and smoking as factors,
185-186
bronchitis in grain workers, dust
and smoking as factors, 187-189
bronchitis in welders, additive ef-

fect of smoking, 190

byssinosis in cotton textile workers,

prevalence of smoking, 147

byssinosis in cotton textile workers,

smoking as factor, 16, 403-423
cancer, causal relationship of occupational exposures and smoking,

374-388

cancer, evaluation of smoking and

workplace interactions, 12

cancer in pesticide-exposed workers,
smoking role, 372-374
chronic bronchitis and chronic airways obstruction in silica-exposed workers, smoking as factor, 15

INDEX
OCCUPATIONAL DISEASES Contd.
chronic bronchitis in grain workers, prevalence of smoking, 147
chronic bronchitis, smoking and
workplace interactions, 13
chronic lung disease, evaluation of

smoking and workplace interac-

tions, 12-13
development and organization of
1985 Report, 5
emphysema in coal workers, dust
exposure and smoking as factors,

305-308

historical perspective, 6
interstitial fibrosis in asbestos-exposed populations, 263, 265-266
large bowel cancer in synthetic fiber factory workers, smoking ef-

fect, 387-388

liver cancer in farm laborers, risk
relationship, 387

liver cancer in solvent-exposed

workers, 387
lung cancer and chronic lung disease in asbestos workers, smoking factor, 201
jung cancer and respiratory disease
mortality in cotton workers, 429,

431

lung cancer in asbestos-exposed
nonsmokers, risk determination,

210-213

lung cancer in asbestos-exposed
smokers, risk determination, 213,

216-220

lung cancer in asbestos workers,
interactive effects with smoking,

219-220

lung cancer in asbestos workers,
sex ratio of observed vs. expected deaths, 214
lung cancer in asbestos workers,
smoking status in risk determin-

ation, 205, 210
lung cancer in coke oven workers,
exposure risk, 391
lung cancer in miners, inductionlatent period in smokers vs. non-

smokers, 451

lung cancer in miners, interactive

effect of smoking, study data,

447-448
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lung cancer in radiation-exposed
miners, smokers vs. nonsmokers,
446
lung cancer in Swedish miners, radiation and smoking as risk factors, 452-453

lung cancer in uranium miners,

risk in smokers vs. nonsmokers,
449-452
lung cancer mortality ratios for asbestos workers, smokers vs. nonsmokers, 216, 218
lung disease in coal miners, prevalence of smoking, 147
lung disease mortality in asbestos
workers by exposure type, 202204
pneumoconiosis, silicosis, chronic
bronchitis in coal workers, 289
pulmonary fibrosis in dockyard

workers, by smoking habit and

asbestos exposure, 266
respiratory, mortality in coal workers, 300-304
silica-induced, epidemiology, 327-

330, 335-336

simple and complicated pneumoconiosis in coal miners, radiologic
characteristics, 290, 294
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asbestos, for reduction of interstitial fibrosis in workers, 270
coal dust, prevention/reduction of
pneumoconiosis, 295
cotton dust, development of maximum exposure levels, 414-415

OCCUPATIONAL EXPOSURES

(See also AROMATIC AMINES,
AROMATIC HYDROCARBONS;
ASBESTOS; CHEMICALS;
DUST: PESTICIDES; PETROCHEMICALS; RADIATION; SILICA)
asbestos, chronic lung disease risk,
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additive risk in smokers, 264,
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asbestos, establishing risk threshold, smoking as factor, 223-224
asbestos, mechanisms of carcinogenesis in workers who smoke, 228,

231
asbestos, observed vs. expected

mortality by years since initial
exposure, 228

asbestos, public health implications,
asbestos, reduction/cessation of exposure and smoking, effects,

224-228

asbestos, relative risk of lung cancer, with smoking, 378
benzidine and betanaphthylamine,
bladder cancer risk, with smok-

ing, 383-384

biological interactions with smok-

ing, 104, 106-109

cancer risk relationship, with
smoking, 101
carcinogens, recommendations for
control, 390-391

causal relationship with specific

diseases, with smoking, 374-390
cement dust and smoking, indepen-

dent risk factors for bronchitis,
187

chemicals, bladder cancer risk,
with smoking, 381-382

chronic disease epidemiology, factor
with smoking, 8

chronic lung disease risk relationship, 141
coal dust, bronchitis risk factor
with smoking, 185
coal dust, control to reduce pneumoconiosis prevalence, 312-313
coal dust, disease risk, with smok-

ing, 298-299

coal dust in miners, emphysema
risk, smoking role, 305-308
combustion effluents, inhalation
and smoking as bladder cancer
risk factors, 384
control of smoking and exposure
levels to reduce disease risk, 11
cotton dust, acute effect on respiratory symptoms, with smoking,
409-410, 412-415
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cotton dust. byssinosis and bronchitis risk in workers who smoke,
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cotton dust, chronic clinical effects,

420, 422-423

cotton dust, expiratory volume in
smokers vs. nonsmokers
with/without disease, 417

cotton dust, exposure level and

smoking in bronchitis and byssinosis risk, 412-413
cotton dust, job category as factor
in byssinosis risk, 403
cotton dust, respiratory disease and
jung cancer mortality in exposed
workers, 429, 431
cotton dust, smoking influence on
byssinosis development, 403-423
cotton dust, type and exposure level as factor in lung function effects, 419
lung disease relationship, evaluation methods, 151-157
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electricians, smoking habits by age
and sex, 87
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Japanese A-bomb survivors, cancer
risk in smokers vs. nonsmokers,
455
lung cancer epidemiology, studies
on interactive effects with smoking, 455-456
lung cancer in Swedish miners,
risk factor with smoking, 452453
polonium 210 from tobacco smoke
as cancer risk, 460-461
pulmonary effects in uranium miners, with smoking, 463-464
radon daughters, interactive effects
with cigarette smoke exposure,
17
residential exposure, lung cancer
risk with smoking, 454

REDUCTION OF SMOKING

(See also CESSATION OF SMOK-

ING; SMOKING CONTROL

536

REDUCTION OF SMOKING Contd.
PROGRAMS, WORKPLACEINTERVENTION PROGRAMS)
biochemical verification in controlled worksite modification studies,

486-488

birth cohorts, by race, sex, and occupation, 41-52
controlled studies, data by worksite

type, procedural characteristics,
484-485

controlled studies, design and outcome data of smoking modifica-

tion programs, 486-488
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