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ABSTRACT
Reported is a review of the literature regarding the

relationships of the use of tobacco, especially the smoking of
cigarettes, to the health of men and women, primarily in the United
States. Topical divisions of the report are: Consumption of Tobacco
Products in the United States; Chemical and Physical Characteristics
of Tobacco and Tobacco Smoke; Pharmacology and Toxicology of
Nicotine; Mortality; Cancer; Non-neop]astic Respiratory Diseases:
Cardiovascular Diseases; Other Conditions; Characterization of the
Tobacco Habit and Beneficial effects of Smoking: Psycho-social
Aspects of Smoking; and Morphological Constitution cf Smokers.
Included are summaries and conclusions of the analyses. (BP)
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Foreword
Since the turn of the century, scientists have become increasingly inter-

ested in the effects of tobacco on health. Only within the past few decades,
however, has a broad experimental and clinical approach to the subject been
manifest; within this period the most extensive and definitive studies have
been undertaken since 1950.

Few medical questions have stirred such public interest or created more
scientific debate than the tobaccohealth controversy. The interrelationships
of smoking and health undoubtedly are complex. The subject does not lend
itself to easy answers. nvertheless, it has been increasingly apparent that
answers must be found.

As the principal Federal agency concerned broadly with the health of the
American people, the Public Health Service has been conscious of its deep
responsibility for seeking these answers. As steps in that direction it has
seemed necessary to determins!, as precisely as possible, the direction of
scientific evidence and to act in accordance with that evidence for the benefit
of the people of the United States, In 1959, the Public Health Service
assessed the then available evidence linking smoking with health and made
its findings known to the professions and the public. The Service's review
of the evidence and its statement at that time was largely focussed on the
relationship of cigarette smoking to lung cancer. Since 1959 much addi-
tional data has accumulated on the whole subject.

Accordingly, I appointed a committee, drawn from all the pertinent
scientific disciplines, to review and evaluate both -this new and older data
and, if possible, to reach some definitive conclusions on the relationship be-
tween smoking and health in general. The results of the Committee's study
and evaluation are contained in this Report.

I pledge that the Public Health Service will undertake a prompt and
thorough review of the Report to determine what action may be appropriate
and necessary. I am confident that other Federal agencies and nonofficial
agencies will do the same.

The Committee's assignment has been most difficult. The subject is com-
plicated and the pressures of time on eminent men busy w:th many other
duties has been great. I am aware of the difficulty in writing an involved
technical report requiring evaluations and judgments from many different
professional and technical points of view. The completion of the Com-
mittee's task has required the exercise of great professional skill rid dedica-
tion of the highest order. I acknowledge a profound debt of gratitude to the
Committee, the many consultants who have given their assistance, and the
members of the staff. In doing so, I extend thanks not only for the Service
but for the Nation as a whole.

Suiretote Gramm
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Chapter 1

Realizing that for the convenience of all types of serious readers it would
be desirable to simplify language, condense chapters and bring opinions
to the forefront, the Committee offers Part I as'such a presentation. This
Part includes: (a) an introduction comprising, among other items, a chro
nology especially pertinent to the subject of this study and to the establish-
ment and activities of the Committee, (b) a short account of how the study
was conducted, (c) the chief criteria used in making judgments, and (d)
a brief overview of the entire Report.

HISTORICAL NOTES AND CHRONOLOGY

In the early part of the 16th century, soon after the introduction of
tobacco into Spain and England by explorers returning from lbe New World,
controversy developed from differing opinions as to the effects of the human
use of the leaf and products derived from it by combustion or other means.
Pipesmoking, chewing, and snuffing of tobacco were praised for pleasure.
ble and reputed medicinal actions. At the same time, smoking was con-
demned as a foubsmelling, loathsome custom, harmful to the brain and
lungs. The chief question was then as it is now: is the use of tobacco bad
or good for health, or devoid of effects on health? Parallel with the increas-
ing production and use of tobacco, especially with the constantly increasing
smoking of cigarettes, the controversy has become more and more intense.
Scientific attack upon the problems has increased proportionately. The
design, scope and penetration of studies have improved, and the yield of
significant results has been abundant.

The modern period of investigation of smoking and health is included
within the past sixty-three years. In 1900 an increase in cancer of the
lung was noted particularly by vital statisticians, and their data are usually
taken as the starting point for studies on the possible relationship of smoking
and other uses of tobacco to cancer of the lung and of certain other organs,
to diseases of the heart and blood vessels (cardiovascular diseases in gen-
eral; coronary artery disease in particular), and to the non-cancerous (non-
neoplastic) diseases of the lower respiratory tract (especially chronic
bronchitis and emphysema). The next important basic date for starting
comparisons is 1930, when the definite trends in mortality and diseaseinci-
dence considered in this Report became more conspicuous. Since then a
great variety of investigations have been carried out. Many of the chem.
ical compounds in tobacco and in tobacco smoke have been isolated and
tested. Numerous experimental studies in lower animals have been made
by exposing them to smoke and to tars, gases and various constituents in
tobacco and tobacco smoke. It is not feasible to submit human beings to
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experiments that might produce cancers or other serious damage, or to
expose them to possibly noxious agents over the prolonged periods under
strictly controlled conditions that would be necessary for a valid test.
Therefore, the main evidence of the effects of smoking and other uses of
tobacco upon the health of human beings has been secured through clinical
and pathological observations of conditions occurring in men, women and
children in the course of their lives, and by the application of epidemio-
logical and statistical methods by which a vast array of information has been
assembled and analyzed.

Among the epidemiological methods which hive been used in attempts to
determine whether smoking and other uses of tobacco affect the health of
man, two types have been particularly useful and have furnished information
of the greatest value for the work of this Committee. These are (1) retro-
spective studies which deal with data from the personal histories and medical
end mortality records of human individuals in groups; and (2) prospective
studies, in which men and women are chosen randomly or from some
special group, such as a profession, and are followed from the time of their
entry into the study for an indefinite period, or until they die or are lost
on account of other events.

Since 1939 there have been 29 retrospective studies of lung cancer alone
which have varying degrees of completeness and validity. Following the
publication of several notable retrospective studies in the years 1952-1956,
the medical evidence tending to link cigarette smoking to cancer of the lung
received particularly widespread attention. At this time, also, the critical
counterattack upon retrospective studies and upon conclusions drawn from
them was launched by unconvinced individuals and groups. The same types
of criticism and skepticism have been, and are, marshalled against the meth-
ods, findings,.and conclusions of the later prospective studies. They will be
discussed further in Chapter 3, Criteria for Judgment, and in other chapters,
especially Chapter 8, Mortality, and Chapter 9, Cancer.

During the decade 1950-1960, at various dates, statements based upon the
accumulated evidence were issued by a number of orilanizations. These
included the British Medical Research Council; the cancer societies of Den-
mark, Norway, Sweden, Finland, and the Netherlands; the American Cancer
Society; the American Heart Association; the Joint Tuberculosis Council of
Great Britain ; and the Canadian National Department of Health and Welfare.
The consensus, publicly declared, was that smoking is an important health
hazard, particularly with respect to lung cancer and cardiovascular disease.

Early in 1954, the Tobacco Industry Research Committee (T.I.R.C.) was
established by representatives of tobacco manufacturers, growers, and ware-
housemen to sponsor a program of research into questions of tobacco use
and health. Since then, under a Scientific Director and a Scientific Advisory
Board composed of nine scientists who maintain their respective institutional
affiliations, the Tobacco Industry Research Committee has conducted a
grants-in-aid program, collected information, and issued reports.

The U.S. Public Health Service first became officially engaged in an
appraisal of the available data on smoking and health in June, 1956, when,
under the instigation of the Surgeon General, a scientific Study Group on
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the subject was established jointly by the National Cancer Institute, the
National Heart Institute, the American Cancer Society, and the American
Heart Association. After appraising 16 independent studies carried on in
five countries over a period of 18 years, this group concluded that there is
a causal relationship between excessive smoking of cigarettes and lung cancer.

Impressed by the report of the Study Committee and by other new evi-
dence, Surgeon General Leroy E. Burney issued a statement on July 12,1957,
reviewing the matter and declaring that: "The Public Health Service feels
the weight of the evidence is increasingly pointing in one direction; that
excessive smoking is one of the causative factors in lung cancer." Again,
in a special article entitled "Smoking and Lung CancerA Statement of the
Public Health Service," published in the Journal of the American Medical
Association on November 28, 1959, Surgeon General Burney referred to
his statement issued in 1957 and reiterated the belief of the Public Health
Service that: "The weight of evidence at present implicates smoking as the
principal factor in the increased incidence of lung cancer," and that: "Ciga-
rette smoking particularly is associated with an increased chance of de-
veloping lung cancer." These quotations state the position of the Public
Health Service taken in 195-7 and 1959 on the question of smoking and
health. That position has noc changed in the succeeding years, during
which several units of the Service conducted extensive investigations on
smoking and air pollution, and the Service maintained a constant scrutiny
of reports and publications in this field.

ESTABLISHMENT OF THE COMMITTEE

The immediate antecedents of the establishment of the Surgeon Gen-
eral's Advisory Committee on Smoking and Health began in mid1961.
On June 1 of that year, a letter was sent to the President of the United States,
signed by the presidents of the American Cancer Society, the American
Public Health Association, the American Heart Association, and the Na-
tional Tuberculosis Association. It urged the formation of a Presidential
commission to study the "widespread implications of the tobacco problem."

On January 4, 1962, representatives of the various organizations met
with Surgeon General Luther L. Terry, who shortly thereafter proposed to
the Secretary of Health. Education, and Welfare the formation of an advi-
sory committee composed of "outstanding experts who would assess avail-
able knowledge in this area [smoking vs. health] and make appropriate rec-
ommendations . . .99

On April 16, the Surgeon General sent a more detailed proposal to the
Secretary for the formation of the advisory group, calling for re-evaluation
of the Public Health Service position taken by Dr. Burney in the Journal
of the American Medical Association. Dr. Terry felt the need for a new
look at the Service's position in the light of a number of significant develop.
ments since 1959 which emphasized the need for further action. He listed
these as:
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1. New studies indicating that smoking has major adverse health effects.
2. Repre ;vitiations from national voluntary health agencies for action on

the part of the Service.
3. The recent study and report of the Royal College of Physicians of

London.
4. Action of the Italian Government to forbid cigarette and tobacco ad.

vertising; curtailed advertising of cigarettes by Britain's major tobacco
companies on TV; and a similar decision on the part of the Danish tobacco
industry.

5. A proposal by Senator Maurine Neuberger that Congress create a com-
mission to investigate the health effects of smoking.

6. A request for technical guidance by the Service from the Federal Trade
Commission on labeling and advertising of tobacco products.

7. Evidence that medical opinion has shifted significantly against smoking.
The recent study and report cited by Surgeon General Terry was the highly

important volume: "Smoking and HealthSummary and Report of the Royal
College of Physicians of London on Smoking in Relation to Cancer of the
Lung and Other Disease..." The Committee of the Royal College of Physicians
dealing with these matters had been at its work of appraisal of data since
April 1959. Its main conclusions, issued early in 1962, were: "Cigarette
smoking is a cause of lung cancer and bronchitis, and probably contributes to
the development of coronary heart disease and various other less common
disease... It delays healing of gastric and duodenal ulcers."

On June 7, 1962, the Surgeon General announced that he was establishing
an expert committee to undertake a comprehensive review of all data on amok.
ing and health. The President later in the same day at his press conference
acknowledged the Surgeon General's action and approved it.

On July 21, 1962, the Surgeon General met with representatives of the
American Cancer Society, the American College of Chest Physicians, the
American Heart Association, the American Medical Association, the Tobacco
Institute, Inc., the Food and Drug Administration, the National Tuberculosis
Association, the Federal Trade Commission, and the President's Office of
Science and Technology. At this meeting, it was agreed that the proposed
Irak should be undertaken in two consecutive phases, as follows:

Phase IAn objective assessment of the nature and magnitude of the health
hazard, to be made by an expert scientific advisory committee which would
review critically all available data but would not conduct new research. This
committee would produce and submit to the Surgeon General a technical
report containing evaluations and conclusions.

Phase IIRecommendations for actions were not to be a part of the
Phase I committee's responsibility. No decisions on how Phase 11 would
be conducted were to be made until the Phase I report was available. It
was recognized that different competencies would be needed in the second
phase and that many possible recommendations for action would extend
beyond the health field and into the purview and competence of other
Federal gentles.

The participants in the meeting of July 27 compiled a list of more than
15(1 scientists and physicians working in the fields of biology and medicine,
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with interests and competence in the broad range of medical sciences and
with capacity to evaluate the elements and factors in the complex relation.
ship between tobacco smoking and health. During the next month, these
lists were screened by the representatives of organizations present at the
July 27 meeting. Any organization could veto any of the names on the
list, no reasons being required. Particular care was taken to eliminate
the names of any persons who had taken a public position on the questions
at issue. From the final list of names the Surgeon General selected ten men
who agreed to serve on the Phase I committee, which was named The
Surgeon General's Advisory C(mmittee on Smoking and Health. The com-
mittee members, their positions, and their fields of competence arc:

Stanhope BayneJones, M.D., LL.d., (Retired I, Former Dean, Yale School
of Medicine (19?3-401, former President, Joint Administrative. Board. Cop
nell University, New York Hospital. Medical Cen'i-r (1947-52); former
President, Society of American Bacteriologists (19291, and American Society
of Pathology and Bacteriology (1940). Field: Nature and Causation of
Disease in Human Populations.

Dr. BayneJones served also as a special consultant to the Committee
staff.

Walter I. Burdette, M.D., Ph. D., Head of Department of Surgery, Uni
versify of Utah School of Medicine, Salt Lake City. Fields: Clinical &
Experimental Surgery; Genetics.

William G. Cochran, M.A., Professor of Statistics, Harvard University.
Field: Mathematical Statistics, with Special Application to Biological
Problems.

Emmanuel Farber, M.D., Ph. D.. Chairman, Department of Pathology,
University of Pittsburgh. Field: Experimental and Clinical Pathology.

Louis F. Fieser, Ph. D., Sheldon Emory, Professor of Organic Chemistry,
Harvard University. Field: Chemistry of Carcinogenic Hydrocarbons.

Jacob Furth, M.D., Professor of Pathology, Columbia University, and
Director of Pathology Laboratories, Francis Delafield Hospital, New York,
N.Y. Field: Cancer Biology.

)uhn B. Hickern, M.D., Chairman, Department of Internal Medicine, Uni
%Trait), of Indiana, Indianapolis. Fields: Internal Medicine, Physiology of
Cardiopulmonary Disease.

Charles LeMaistre, M.D., Professor of Internal Medicine, The University
of Texas Southwestern Medical School, and Medical Director, Woodlawn Hos-
pital, Dallas, Texas. Fields: Internal Medicine, Pulmonary Diseases,
Preventive Medicine.

Leonard M. Schumrn. M.D., Professor of Epidemiology, Unhersity of
Minnesota School of Public Health, Minneapolis. Field: Health and Its
Relationship to the Total Environment.

Maurice H. Seevers, M.D., Pb. D.. Chairman, Department of Pharmacology.
University of Michigan, Ann Arbor. Field: Pharmacology of Anesthesia
and Habit.Forming Drugs.

Chairman: Luther L. Terry, M.D., Surgeon General of the United States
Public Health Service.
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Vice-Chairman: James M. HundLy, M.D., Assistant Surgeon General for
Operations, United States Public Health Service.

Staff Director
Eugene H. Guthrie, M.D., M.P.H.
Public Health Service
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Chapter 2

CONDUCT OF THE STUDY

The work of the Surgeon General's Advisory Committee on &ruling and
Health was undertaken, organized, and pursued with independence, a deep
sense of responsibility, and with full appreciation of the national importance
of the task. The Committee's constant desire was to carry oot in its own
way, with the best obtainable advice and cooperation from experts outside
its membership, a thorough and objective review and evaluation of available
information about the effects of the use of various forms of tobacco upon the
health of human beings. It desired that the Report of its studies and judg-
ments should be unquestionably the product of its labors and its authorship.
With an enormous amount of assistance from 155 consultants, from members
and associates of the supporting staff, and from several organizations and
institutions, the Committee feels that a document of adequate scope, integrity,
and individuality has been produced. It is emphasized, however, that the
content and judgments of the Report are the sole responsibility of the
Committee.

At the outset, the Surgeon General emphasized his respect for the freedom
of the Committee to proceed with the study and to report as it saw fit, and he
pledged all support possible from the United States Public Health Service.
The Service, represented chiefly by his office, the National Institutes of Health,
the National Library of Medicine, the Bureau of State Services, and the Na.
tional Center for Health Statistics, furnished the able and devoted personnel
that constituted the staff at the Committee's headquarters in Washington, and
provided an extraordinary variety and volume of supplies, facilities and re
sources. In addition, the necessary financial support was made available by
the Service.

It is the purpose of this section to present an outline of the important
features of the manner in which the Committee conducted its study and com
posed this Report. A retrospective outline of procedures and events tends to
convey an appearance of orderliness that did not pertain at all times. A plan
was adopted at the first meeting of the Committee on November 9-10, 1962,
but this had to be modified from time to time as new lines of inquiry led
into ,inanticipated explorations. At first an encyclopedic aprroach was con.
sidered to deal with all aspects of the use of tobacco and the resulting effects,
with all relevant aspects of sir pollution, and all pertinent characteristics of
the external and internal environments and make-up of hurr,n beings. it
was soon found to be impracticable to attempt to do all of this in any reason.
able length of time, and certainly not under the urgently of the existing
situation. llyet final plan was to give particular attention to live cores of prob.
kms of the relationship of uses of tobacco, especially the smoking of ciga
reties, to the health of men and women, primarily in the United Stats, and
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to deal with the material from both a general viewpoint and on the basis of
disease categories.

As may be seen in a glance at the Table of Contents of this Report, the main
topical divisions of the study were:

Tobacco and tobacco smoke, chemical and physical characteristics
(Chapter 6).
Nicotine, pharmacology and toxicology (Chapter 7).
Mortality, general and specific, according to age, sex, disease, and smok
ing habits, and other factors (Chapter 8).
Cancer of the lungs and other organs; carcinogenesis; pathology, and
epidemiology (Chapter 9).
Nonneoplastic diseases of the respiratory tract, particularly chronic
bronchitis and emphysema, with some consideration of the effects of
air pollution (Chapter 10).
Cardiovascular diseas particularly coronary artery diseases (Chapter
111.
Other conditions, a miscellany including gastric and duodenal ulcer,
perinatal disorders, tobacco ambIrpia, accidents (Chapter 12).
Characterization of the tobacco habit and beneficial effects of tobacco
(Chapter 13).
Psychosocial aspects of smoking (Chapter 14).
Morphological constitution of smokers (Chapter 15).

As the primary duty of the Committee was to assess information about
smoking and health, a major general requirement was that of making the
information availabk. That requirement was met in three ways. The first
and most important was the bibliographic service provided by the National
Library of Medicine. As the annotated monograph by Larson, Hug, and
Silvettecompiled from more than 6,000 ankles published in some 1,200
journals up to and largely into 1959was available as a basic reference
source, the National Library of Medicine was requested to compile a bibliog.
raphy (by author and by subject) covering the world literature from 1958
to the present. In compliance with this request, the National Library of
Medicine furnished the COmmittee bibliographies containing approximately
1100 tides. Fortunately, the Committee staff was housed in the National
Library of Medicine on the grounds of the National Institutes of Health,
and through this location had ready access to books and periodica6, as
well as to scientists working in its field of interests. Modern apparatus for
photo-reproduction of ankles was used constantly to provide copies needed
for study by members of the Committee. In addition, the members drew
upon the libraries and bibliographic services of those institutions in which
they held academic positions,. A considerable volume of copies of reports
and a number of special articles were received from a variety of additional
sources.

All of the major companies manufacturing cigarettes and other tobacco
products were invited to submit statements and any information pertinent to
the inquiry. The replies whkh were received were taken into consideration
by the Committee.

Through a system of contracts with individuals competent in certain fields,
special reports were prepared for the use of the Committee. 'Through these
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sources much valuable information was obtained; some of it new and hitherto
unpublished.

In addition to the special reports prepared under contracts, many con-
ferences, seminarlike meetings, consultations, visits and correspondence
made available to the Committee a large amount of material and a consider.
able amount of well-informed and wellreasoned opinion and advice.

To deal in depth and discrimination with the topics listed above. the Com-
mittee at its first meeting formed subcommittees with much overlapping in
membership. These subcommittees were the main forces engaged in collec
tion, analysis, and evaluation of data from published reports, contractual
reports, discussions at conferences, and from some new prospective studies
reprogrammed and carried out generously at the request of the Committee.
These will be acknowledged more fully elsewhere in this Report. The first
formulations of conclusions were made by these subcommittees, and these
were submitted to the full Committee for revision and adoption after debate.

At the beginning, and until the Committee began to meet routinely in
executive session, it had the advantage of attendance at its meetings of ob-
servers from other Federal agencies. There were representatives from the
following agencies: Executive Office of the Pridcat of the United States,
Federal Trade Commission, Department of Commerce, Department -I Agri-
culture, and the Food and Drug Administration. Serving as more than ob.
servers and reporters to their agencies, when they were present or by
written communication, they supplied the Committee with much useful

information.
There were an uncounted number of meetings of subcommittees and other

lesser gatherings. Between November 1962 and becember 1963, the full
Committee held n ite sessions each lasting from two to four days in Washing.
ton or Bethesda. The main matters considered at the meetings in October,
November, and December 1963 wer, the review and revision of chapters,
critical scrutiny of conclusions, and the innumerable details of the compost.
tion and editing of this comprehensive Report.
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Chapter 3

CRITERIA FOR JUDGMENT

In making critical appraisals of data and interpretations and in formulat
ing its own conclusions, the Surgeon General's Advisory Committee on
Smoking and Ilea lthits individual members and its subcommittees and the
Committee as a wholemade decisions or judgments at three levels. These
levels were:

I. Judgment as to the validity of a publication or report. Entering into
the making of this judgment were such elements as estimbtes of the com
petence and training of the investigator, the degree of freedom from
bias, design and scope of the investigation, adequacy of facilities and
resources, adequacy of controls.

II. Judgment as to the validity of the interpretations placed by investigators
upon their observations and data, and as to the logic and justification of
their conclusions.

Ill. Judgments necessary for the formulation of conclusions within the
Committee.

The primary reviews, analyses and evaluations of publications and unpub
lished reports contairl;ag data, interpretations and conclusions of authors
were made by individual members of the Committee and, in tome instances,
by consultants. Their statements were next reviewed and evaluated by a
subcommittee. This was followed at an appropriate time by the Committee's
critical consideration of a subcommittee's report, and by decisions as to the
selection of material for inclusion in the drafts of the Report, together with
drafts of the conclusions submitted by subcommittees. Finally, after re-
peated critical reviews of drafts of chapters, conclusions were formulated and
adopted by the whole Committee, setting :..,rth the considered judgment of the
Committee.

It Is not the intention of this section to present an essay on decision making.
Nor does it seem necessary to describe in detail the criteria used for making
scientific judgments at each of the three levels mentioned above. All mem
hers of the Committee were schooled in the high standards and criteria im
pticit in making scientific assessments; if any member lacked even a small
part of such schooling he received it in good measure from the strenuous
debates that took place at consultations and at meetings of the subcommittees
and the whole Committee.

CR1TEMA OF THE EPIDENHOLOGIC METHOD

It is advisable, however, to discuss briefly certain criteria which, although
applicable to all judgments invoked in this Report, were especially significant
for judgments based upon the epidemiologk method. In this inquiry the
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epidemiologic method was used extensively in the assessment of causal fac-
tors in the relationship of smoking to health among human beings upon whom
direct experimentation could not be imposed. Clinical, pathological and ex-
perimental evidence was thoroughly considered and often served to suggest
an hypothesis or confirm or contradict other findings. When coupled with
the other data, results from the epidemiologic studies can provide the basis
upon which judgments of causality may be made.

In carrying out studies through the use of this epidemiologic method, many
factors, variables, and results of investigations must be considered to deter-
mine first whether an association actually exists between an attribute or
agent and a disease. Judgment on this point is based upon indirect and
direct measures of the suggested association. If it be shown that an asso-
ciation exists, then the question is asked: "Does the association have a causal
significance?"

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

a) The consistency of the association
b) The strength of the association
c) The specificity of the association
d) The temporal relationship of the association
e) The coherence of the associatiou
These criteria were utilized in various sections of this Report. 'I he most

extensive and illuminating account of their utilization Is to be found in
Chapter 9 in the section entitled "Evaluation of the Association Between
Smoking and Lung Cancer".

CAVSAL11

Various meanings and conceptions of the term cause were discussed
vigorously at a number of meetings of the Committee and its subcommit-
tees. These debates took place usually after data and resorts had been
studied and evaluated, and at the times when critical scrutiny was being
given to conclusions and to the wording of conclusive statements. In addi-
tion, thoughts about causality in the realm of this inquiry were constantly
and inevitably aroused in the minds of the members because they were
preoccupied with the subject of their investigation "Smoking and Health."

Without summarizing the more important concepts of causality that have
determined human attitudes and actions from the days even before Aristotle,
through the continuing era of observation and experiment, to the statistical
certainties of the preterit atomic age, the point of view of the Committee with
regard to causality and to the language used in this respect in this report
may be gutted briefly as follows:

I. The situation of smoking in relation to the health of mankind includes
a hob {variable man) and a complex agent (tobacco and its prodactik, panic.

20

1



ularly those formed by combustion in smoking). The probe of this inquiry
is into the effect, or noneffect, of components of the agent upon the tissues,
organs, and various qualities of the host which might: a) improve his well-
king, b) let him proceed normally, or c) injure his health in one way or
another. To obtain information on these points the Committee did its best.
with extensive aid, to examine all available sources of information in publi-
cations and reports snd through consultation with well informed persons.

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

3. The characterization of the assessment called for a specific term. The
chief terms considered were "factor," "determinant." and "cause." The
Committee agreed that while a factor could be a source of variation, not all
sources of variation are causes. It is recognized that often the coexistence of
several factors is required for the occurrence of a disease, and that one of
the factors may play a determinant role, i.e., without it the other factors (as
genetic susceptibility) are impotent. Hormt,nes in breast cancer can play
such a determinant role. The word cause is the one in general usage in
connection with matters considered in this study, and it is capable of convey-
ing the notion of a significant, effectual, relationship between an agent and
an associated disorder or disease in the host.

4. It should he said at once, however, that no member of this Committee
used the word "cause" in an absolute sense in the area of this study.
Although various disciplines and fields of scientific knowledge were repre-
tented among the membership, all members shared a common conception
of the multiple etiology of biological processes. No member was so nape
as to insist upon mono-etiology in pathological processes or in vital phenom-
ena. All were thoroughly aware of the fact that there are series of events
in occurrences and developments in these fields, and that the end results are
the net effect of many actions and counteraction

5. Granted that these complexities were recognized, it is to be noted clearly
that the Committee's considered decision to use the words "a cause," or "a
major cause," or "a significant cause," or "a causal association" in certain
conclusions about smoking and health affirms their conviction.

21



Chapter 4

Summaries and
Conclusions



Contents
Page

A. BACKGROUND AND HIGHLIGHTS 25
Kinds of Evidence 26
Evidence From the Combined Results of Prospective Studies 28

Other Findings of the Prospective Studies 29
Excess Mortality 30

Associations and Causality 30
The Effects of Smoking: Principal Findings 31

Lung Cancer 31
Chronic Bronchitis and Emphysema 31
Cardiovascular Diseases 32
Other Cancer Sites 32

The Tobacco Habit and Nicotine 32
The Committee's Judgment in Brief 33

B. COMMENTS AND DETAILED CONCLUSIONS . . . 33
(A Guide to Part II of the Report)
Chemistry and Carcinogenicity of Tobacco and Tobacco

Smoke 33
Characterization of the Tobacco Habit 34
Pathology and Morphology 34
Mortality 35
Cancer by Site 37

Lung Cancer 37
Oral Cancer 37
Cancer of the Larynx 37
Cancer of the Esophagus 37
Cancer of the Urinary Bladder . . . 37
Stomach Cancer 38

38
38
39
39
39
39
39
39
39
40

NonNeoplastic Respiratory Diseases, 1',
Bronchitis and Pulmonary Emphysema

Cardiovascular Disease
Other Conditions

Peptic Ulcer
Tobacco Amblyopia

Chronic
.

.

. .

.
Cirrhosis of the Liver
Maternal Smoking and Infant Birth V . . .
Smoking and Accidents

Morphological Constitution of Smokers . .
PsychoSocial Aspects of Smoking . . . . . .

List of Table:
1. Deaths from selected disease categories, Unli
2. Expected and observed deaths for smoker

and mortality ratios in seven prospective

24

)62 . 26
only

29

4



Chapter 4

This chapter is presented in two sections. Section A contains background
information, the gist of the Committee's findings and conclusions on tobacco
and health, and an assessment of the nature and magnitude of the health
hazard. Section B presents all formal conclusions adopted by the Committee
and selected comments abridged from the detailed Summaries that appear
in each chapter of Part II of the Report. The full scope and depth of the
Committee's inquiry may be comprehended only by study of the complete
Report.

A. BACKGROUND AND HIGHLIGHTS

In previous studies, the use of tobacco, especially cigarette smoking, has
been causally linked to several diseases. Such use has been associated with
increased deaths from lung cancer and other diseases, notably coronary
artery disease, chronic bronchitis, and emphysema. These widely reported
findings, which have been the cause of much public concern over the
past decade, have been accepted in many countries by official health agencies,
medical associations, and voluntary health organizations.

The potential hazard is great because these diseases are major causes
of death and disability. In 1962, over 500,000 people in the United States
died of arteriosclerotic heart disease (principally coronary artery disease),
41,000 died of lung cancer, and15,000 died of bronchitis and emphysema.

The numbers of deaths in some important disease categories that have been
reported to have a relationship with tobacco use are shown in Table 1. This
table presents one aspect of the size of the potential hazard; the degree of
association with the use of tobacco will be discussed later.

Another cause for concern is that deaths from some of these diseases have
been increasing with great rapidity over the past few decades.

Lung cancer deaths, less than 3,000 in 1930, increased to 18,000 in 1950.
In the short period since 1955, deaths from lung cancer rose from less
than 27,000 to the 1962 total of 41,000. This extraordinary rise has not
been recorded for cancer of any other site. While part of the rising trend
for lung cancer is attributable to improvements in diagnosis and the changing
age-composition and size of the population, the evidence leaves little doubt
that a true increase in lung cancer has taken place.

Deaths from arteriosclerotic, coronary, and degenerative heart disease
rose from 273,000 in 1940, to 396,000 in 1950, and to 578,000 in 1962.

Reported deaths from chronic bronchitis an3 emphysema rose from 2,300
in 1945 to 15,000 in 1962.

The changing patterns and extent of tobacco use are a pertinent aspect of
the tobacco-health pioblem.
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TABLE 1.Death Iron; selected disease categories, United States, 1962

Cause of death' Total Males Females

Degenerative and arteriosclerotic heart disease, including coronary
disease (420, 422)

Hypertensive heart disease (440-3)
Cancer of lung (163-3)
Cirrhosis of liver (681)
Bronchitis and entphysetna (502, 527.1)
Stomach and duodenal ulcers (a 40-0
Canner of bladder (181)
Cancer of oral cavity (140-8)
Cancer of esophasrus (150)
Cancer of laryns (101)

All above causes
All other causes

All causes .

677,918
62,176
41,376
21.824
15, IN
12,228
8,081
6, 481
5,055
2,417

342, 604
26,654
35,312
14, 329
12,937
8,836
5.878
4.990
3,973
2,112

229,314
35,523
4064
7,495
2,167
3,292
2,506
1, 561
1,115

245

752.603
1,1104,027

463, 312
521,477

282,281
472,650

1, 7.91, 720 994,759 761,611

'International Statistical Classification numbers in parentheses.

Nearly 70 million people in the United States consume tobacco regularly.
Cigarette consumption in the United States has increased markedly since the
turn of the Century, when per capita consumption was less than 50 cigarettes
a year. Since 1910, when cigarette consumption per person (15 years and
older) was 138, it rose to 1,365 in 1930, to 1,828 in 1940, to 3,322 in 1950,
and to a peak of 3,986 in 1961. The 1955 Current Population Survey
showed that 68 percent of the male population and 32.4 percent of the female
population 18 years of age and over were regular smokers of cigarettes.

In contrast with this sharp increase in cigarette smoking, per capita use
of tobacco in other forms has gone down. Per capita consumption of cigars
declined from 117 in 1920 to 55 in 1962. '-Consumption of pipe tobacco,
which reached a peak of 214 lbs. per person in 1910, fell to a little more
than half a pound per person in 1962. Use of chewing tobacco has declined
from about four pounds per person in 1900 to half a pound in 1962.

The background for the Committee's study thus included much general
information and findings from previous investigations which associated the
increase in cigarette smoking with increased deaths in a number of major
disease categories. It was in this setting that the Committee began its work
to assess the nature and magnitude of the health hazard attributable to
smoking.

KINDS OF EVIDENCE

In order to judge whether smoking and other tobacco uses are injurious
to health or related to specific diseases, the Committee evaluated three main
kinds of scientific evidence:

1. Animal experiments.In numerous studies, animals have been exposed
to tobacco smoke and tars, and to the various chemical compounds they con-
tain. Seven of these compounds (polycyclic aromatic compounds) have been
established as cancerproducing (carginogenic). Other substances in tobacco
and smoke, though not carcinogenic themselves, promote cancer production
or lower the threshold to a known carcinogen. Several toxic or irritant gases
contained in tobacco smoke produce experimentally the kinds of non-can-
cerous damage seen in the tissues and cells of heavy smokers. This includes
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suppression of ciliary action that normally cleanses the trachea and bronchi,
damage to the lung air sacs, and to mucous glands and goblet cells which
produce mucus.

2. Clinical and autopsy studies.Observations of thousands of patients
and autopsy studies of smokers and non-smokers show that many kinds of
damage to body functions and to organs, cells, and tissues occur more fre-
quently and severely in smokers. Three kinds of cellular changesloss of
ciliated cells, thickening (more than two layers of basal cells), and presence
of atypical cellsare much more common in the lining layer (epithelium)
of the trachea and bronchi of cigarette smokers than of nonsmokers. Some
of the advanced lesions seen in the bronchi of cigarette smokers are probably
premalignant. Cellular changes regularly found at autopsy in patients with
chronic bronchitis are more often present in the bronchi of smokers than
non-smokers. Pathological changes in the air sacs and other functional tissue
of the lung (parenchyma) have a remarkably close association with past
history of cigarette smoking.

3. Population studies.Another kind of evidence regarding an association
between smoking and disease comes from epidemiological studies.

In retrospective studies, the smoking histories of persons with a specified
disease (for example, lung cancer) are compared with those of appropriate
control groups without the disease. For lung cancer alone, 29 such retrospec-
tive studies have been made in recent years. Despite many variations in de-
sign and method, all but one (which dealt with females) showed that pro-
portionately more cigarette smokers are found among the lung cancer patients
than in the control populations without lung cancer.

Extensive retrospective studies of the prevalence of specific symptoms and
signschronic cough, sputum production, breathlessness, chest illness, and
decreased lung functionconsistently show that these occur more often in
cigarette smokers than in non-smokers. Some of these signs and symptoms
are the clinical expressions of chronic bronchitis, and some are associated
more with emphysema; in general, they increase with amount of smoking and

decrease after cessation of smoking.
Another type of epidemiological evidence on the relation of smoking and

mortality comes from seven prospective studies which have been conducted
since 1951. In these studies, large numbers of men answered questions
about their smoking or non-smoking habits. Death certificates have been
obtained for those who died since entering the studies, permitting total death
rates and death rates by cause to be computed for smokers of various types
as well as for non-smokers. The prospective studies thus add several im
portant dimensions to information on the smoking-health problem. Their
data permit direct comparisons of the death rates of smokers and non-
smokers, both overall and for individual causes of death, and indicate the
strength of the association between smoking and specific diseases.

Each of these three lima of evidence was evaluated and then con
sidered together in drawing conclusions. The Committee was aware that
the mere establishment of a statistical association between the use of tobacco
and a disease is not enough. The causal significance of the use of tobacco
in relation to the disease is the crucial question. For such judgments all three
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lines of evidence are essential, as discussed in more detail on pages 26-27
of this Chapter, and in Chapter 3.

The experimental, clinical, and path0 gical evidence, as well as data
from population studies, is highlighted in ,ection B of this Chapter, which
in turn refers the reader to specific places in Part II of the Report where
this evidence is presented in detail.

In the paragraphs which follow, the Committee has chosen to summarize
the results of the seven prospective population studies which, as noted above,
constitute only one type of evidence. They illustrate the nature and potential
magnitude of the smokinghealth problem, and bring out a number of factors
which are involved.

EVIDENCE FROM THE COMBINED RESULTS OF PROSPECT'VE
STUDIES

The Committee examined the seven prospective studies separately as well
as their combined results. Considerable weight was attached to the con
aistency of findings among the several studies. However, to simplify presen-
tation, only the combined results are highlighted here.

Of the 1,123,000 men who entered the seven prospective studies and who
provided usable histories of smoking habits (and other characteristics such
as age), 37,391 men died during the sttbsequent months or years of the
studies. No analyses of data for females from prospective studies are
presently available.

To permit ready comparison of the mortality experience of smokers and
non-smokers, two concepts are widely used in the studiesexcess deaths of
smokers compared with non-smokers, and mortality ratio. After adjustments
for differences in age and the number of cigarette smokers and non-smokers,
an expected number of deaths of smokers is derived on the basis of deaths
among non-smokers. Excess deaths are thus the number of actual (observed)
deaths among smokers in excess of the number expected. The mortality
ratio, for which the method of computation is described in Chapter 8,
measures the relative death rates of smokers and non-smokers. If the age-
adjusted death rates are the same, the mortality ratio will be 1.0; if the death
rates of smokers are double those of non-smokers, the mortality ratio will
be 2.0. (Expressed as a percentage, this example would be equivalent to a
100 percent increase.).

Table 2 presents the accumulated and combined data on 14 disease cate-
gories for which the mortality ratio of cigarette smokers to non-smokers was
1.5 or greater.

The mortality ratio for male cigarette smokers compared with non-smokers,
for all causes of death taken together, is 1.68, representing a total death rate
nearly 70 percent higher than for non-smokers. (This ratio includes death
rates for diseases not listed in the table as well as for the 14 disease categories
shown.)

In the combined result from the seven studies, the mortality ratio of cig-
arette smokers over non-smokers was particularly high for a number of
diseases: cancer of the lung (10.8), bronchitis and emphysema (6.1), can-
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TABLE 2.'Expected and observed deaths for smokers o/ cigarettes only and
mortality ratios in seven prospective studies

Underlying cause of death Expected
deaths

Observed
deaths

Mortality
rntio

Cancer of lung (1633) I
Bronchitis and emphysema (602, 521.1)..

170.3
89.5

1,833
M6

10.8
6.1

Cancer of larynx (Ifil) 14.0 75 IL 4
Oral cancer (140-8) 37.0 162 4. 1
Cancer of esophagus (ISO) 33. 7 113 34
Stomach and duodenal ulcers (540, 541) 105.1 204 2..8
Other circulatory diseases (451-68) 254.0 640 2.6
Cirrhosis of liver (581). 169.2 379 2.2
Cancer of bladder (181) 111.6 216 1.9
Coronary artery disease (420) 6,430.7 11,177 1.7
Other heart diseases (4214, 430-4) 626.0 868 1.7
Hypertensive heart (440-3) 4 00. 2 63

631
1.8

General arteriosclerosis (450) 10.7 310 1.6
Cancer of kidney (190) 79.0 120 1.6
All causes 15,663.0 23,223 1.68

I Abridged from Table 33, Chapter 8 Mortality.
I International Statistical Classification numbers in parentheses.

Includes all other muses of death as well as those listed above.

cer of the larynx (5.4), oral cancer (4.1), cancer of the esophagus (3.4),
peptic ulcer (2.R), and the group of other circulatory diseases (2.6). For
coronary artery disease the mortality ratio was 1.7.

Expressed in percentage-form, this is equivalent to a statement that for
coronary artery disease, the leading cause of death in this country, the death
rate is 70 percent higher for cigarette smokers. For chronic bronchitis and
emphysema, which are among the leading causes of severe disability, the
death rate for cigarette smokers is 500 percent higher than for non-smokers.
For lung cancer, the most frequent site of cancer in men, the death rate is
nearly 1,000 percent higher.

Other Findings of the Prospective Studies

In general, the greater the number of cigarettes smoked daily, the higher
the death rate. For men who smoke fewer than 10 cigarettes a day, accord-
ing to the seven prospective studies, the death rate from all causes is about
40 percent higher than for non-smokers. For those who smoke from 10 to
19 cigarettes a day, it is about 70 percent higher than for non-smokers; for
those who smoke 20 to 39 a day, 90 percent higher; and for those who smoke
40 or more, it is 120 percent higher.

Cigarette smokers who stopped smoking before enrolling in the seven stud -
lea have a death rate about 40 percent higher than non-smokers, as against
70 percent higher for current cigarette smokers. Men who began smoking
before age 20 have a substantially higher death rate than those who began
after age 25. Compared with non-smokers, the mortality risk of cigarette
smokers, after adjustments for differences in age, increases with duration of
smoking (number of years), and is higher in those who stopped after age 55
than for those who stopped at an earlier age.

In two studies which recorded the degree of inhalation, the mortality ratio
for a given amount of smoking was greater for inhalers than for non-inhalers.

The ratio of the death rates of smokers to that of non-smokers is highest
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at the earlier ages (40-50) represented in these studies, and declines with
increasing age.

Possible relationships of death rates and other forms of tobacco use were
also investigated in the seven studies. The death rates for men smoking
less than 5 cigars a day are about the same as for non-smokers. For men
smoking more than 5 cigars daily, death rates are slightly higher. There
is some indication that these higher death rates occur primarily in men
who have been smoking more than 30 years and who inhale the smoke to
some degree. The death rates for pipe smokers are little if at all higher
than for non-smokers, even for men who smoke 10 or more pipefuls a day
and for men who have smoked pipes more than 30 years.

Excess Mortality

Several of the reports previously published on the prospective studies
included a table showing the distribution of the excess number of deaths
of cigarette smokers among the principal causes of death. The hazard must
be measured not only by the mortality ratio of deaths in smokers and non-
smokers, but also by the importance of a particular disease as a cause of
death.

In all seven studies, coronary artery disease is the chief contributor to
the excess number of deaths of cigarette smokers over non-smokers, with
lung cancer uniformly in second place. For all seven studies combined,
coronary artery disease (with a mortality ratio of 1.7) accounts for 45 per-
cent of the excess deaths among cigarette smokers, whereas lung cancer
(with a ratio of 10.8) accounts for 16 percent.

Some of the other categories of diseases that contribute to the higher death
rates for cigarette smokers over non-smokers are diseases of the heart and
blood vessels, other than coronary artery disease, 14 percent; cancer sites
other than lung, 8 percent; and chronic bronchitis and emphysema, 4 percent.

Since these diseases as a group are responsible for more than 85 percent
of the higher death rate among cigarette smokers, they are of particular
interest to public health authorities and the medical profession.

ASSOCIATIONS AND CAUSALITY

The array of information from the prospective and retrospective studies of
smokers and non-smokers clearly establishes an association between cigarette
smoking and substantially higher death rates. The mortality ratios in Table
2 provide an approximate index of the relative strength of this association,
for all causes of death and for 14 disease categories.

In this inquiry the epidemiologic method was used extensively in the
assessment of causal factors in the relationship of smoking to health among
human beings upon whom direct experimentation could not be imposed.
Clinical pathological, and experimental evidence was thoroughly considered
and often served to suggest an hypothesis or confirm or contradict other
findings. When coupled with the other data, results from the epidemiologic
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studies can provide the basis upon which judgments of causality may be
made.

It is recognized that no simple cause-and-effect relationship is likely to exist
between a complex product like tobacco smoke and a specific disease in the
variable human organism. It is also recognized that often the coexistence of
several factors is required for the occurrence of a disease, and that one of the
factors may play a determinant role; that is, without it, the other factors
(such as genetic susceptibility) seldom lead to the occurrence of the disease.

THE EFFECTS OF SMOKING: PRINCIPAL FINDINGS

Cigarette smoking is associated with a 70 percent increase in the age-
specific death rates of males. The total number of excess deaths causally
related to cigarette smoking in the U.S. population cannot be accurately
estimated. view of the continuing and mounting evidence from many
sources, it is the judgment of the Committee that cigarette smoking con-
tributes substantially to mortality from certain specific diseases and to the
overall death rate.

Lung Cancer

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

The risk of developing lung cancer increases with duration of smoking
and the number of cigarettes smoked per day, and is diminished by dis-
continuing smoking. In comrarison with non-smokers, average male
smokers of cigarettes have approximately a 9- to 10-fold risk of developing
!ung cancer and heavy smokers at least a 20-fold risk.

The risk of developing cancer of the lung for the combined group of pipe
smokers, cigar smokers, and pipe and cigar smokers is greater than for
non-smokers, but much less than for cigarette smokers.

Cigarette smoking is much more important than occupational exposures
in the causation of lung cancer in the general population.

Chronic Bronchitis and Emphysema

Cigarette smoking is the most important of the causes of chronic bronchi-
tis in the United States, and increases the risk of dying from chronic bron-
chitis and emphysema. A relationship exists between cigarette smoking and
emphysema but it has not been established that the relationship is causal.
Studies demonstrate that fatalities from this disease are infrequent among
non-smokers.

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

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

Although a causal relationship has not been established, higher mortality
of cigarette smokers is associated with many other cardiovascular diseases,
including miscellaneous circulatory diseases, other heart diseases, hyper-
tensive heart disease, awl general arteriosclerosis.

Other Cancer Sites

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

THE TOBACCO HABIT AND NICOTINE

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

Social stimulation appears to play a major role in a young person's early
and first experiments with smoking. No scientific evidence supports the
popular hypothesis that smoking among adolescents is an expression of
rebellion against authority. Individual stress appears to be associated more
with fluctuations in the amount of smoking than with the prevalence of smok-
ing. The overwhelming evidence indicates that smokingits beginning,
habituation, and occasional discontinuationis to a very large extent psy-
chologically and socially determined.

Nicotine is rapidly changed in the body to relatively inactive substances
with low toxicity. The chronic toxicity of small doses of nicotine is low
in experimental animals. These two facts, when taken in conjunction with
the low mortality ratios of pipe and cigar smokers, indicate that the chronic
toxicity of nicotine in quantities absorbed from smoking and other methods
of tobacco use is very low and probably does not represent an important
health hazard.

The significant beneficial effects of smoking occur primarily in the area
of mental health, and the habit originates in a search for contentment. Since
no means of measuring the quantity of these benefits is apparent, the Com-
mittee finds no basis for a judgment which would weigh benefits against
hazards of smoking as it may apply to the general population.
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THE COMMITTEE'S JUDGMENT IN BRIEF

On the basis of prolonged study and evaluation of many lines of converging
evidence, the Committee makcs the following judgment:

Cigarette smoking is a health hazard of sufficient importance in
the United States to warrant appropriate remedial action.

B. COMMENTS AND DETAILED CONCLUSIONS

(A Guide to Part II of the Report)

All conclusior.s formally adopted by the Committee are presented at the
end of this section in bold-faced type for convenience of reference. In the
interest of conciseness, the documentation and most of the discussion are
omitted from this condensation. Together with the tables of contents which
appear at the beginning of each chapter in Part II, it is intended as a guide
to the Report.

CHEMISTRY AND CARCINOGENICITY OF TOBACCO AND TOBACCO
SMOKE

Condensates of tobacco smoke are carcinogenic when tested by application
to the skin of mice and rabbits and by subcutaneous injection in rats (Chap-
ter 9, pp. 143-145). Bronchogenic carcinoma has not been produced by the
application of tobacco extracts, smoke, or condensates to the lung or the
tracheobronchial tree of experimental animals with the possible exception
of dogs (Chapter 9, p.165).

Bronchogenic carcinoma has been produced in laboratory animals by the
administration of polycyclic aromatic hydrocarbons, certain metals, radio-
active substances, and viruses. The histopathologic characteristics of the
tumors produced are similar to those observed in man and are predominantly
of the squamous variety (Chapter 9, pp. 166-167).

Seven polycyclic hydrocarbon compounds isolated from cigarette smoke
have been established to be carcinogenic in laboratory animals. The results
of a number of assays for carcinogenicity of tobacco smoke tars present a
puzzling anomaly: the total tar from cigarettes has many times the carcino
genic potency of benzo(a)pyrene present in the tar. The other carcinogens
known to be present in tobacco smoke are, with the exception of dibenzo(a,i)
pyrene, much less potent than benzo(a)pyrene and they are present in smaller
amounts. Apparently, therefore, the whole is greater than the sum of the
known parts. This discrepancy may possibly be due to the presence of
cocarcinogens in tobacco smoke, and/or damage to mucus production and
ciliary transport mechanism (Chapter 6, p. 61, Chapter 9, p. 144 and Chap-
ter 10, pp. 267-269).

There is abundant evidence that cancer of the skin can be induced in man
by industrial exposure to soots, coal tar, pitch, and mineral oils. All of these
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contain various polycyclic aromatic hydrocarbons proven to be carcinogenic
in many species of animals. Some of these hydrocarbons are also present
in tobacco smoke. It is reasonable to assume that these can be carcinogenic
for man also (Chapter 9, pp. 146-148).

Genetic factors play a significant role in the development of pulmonary
adenomas in mice. It is possible that genetic factors can influence the smok-
ing habit and the response in man to carcinogens in smoke. However, there
is no evidence that they have played an appreciable role in the great increase
of lung cancer in man since the beginning of this century (Chapter 9, p. 190).

Components of the gas phase of cigarette smoke have been shown to pro-
duce various undesirable effects on test animals or organs. One of these
effects is suppression of ciliary transport activity, an important cleansing
function in the trachea and bronchi (Chapter 6, p. 61 and Chapter 10, pp.
267-270).

CHARACTERIZATION OF THE TOBACCO HABIT

The habitual use of tobacco is related primarily to psychological and
social drives, reinforced and perpetuated by the pharmacological actions
of nicotine on the central nervous system, Nicotine, free tobacco or other
plant materials do not satisfy the needs of those who acquire the tobacco
habit (Chapter 13, p. 354).

The tobacco habit should be characterized as an habituation rather than
an addiction. Discontinuation of smoking, although possessing the difficul-
ties attendant upon extinction of any conditioned reflex, is accomplished best
by reinforcing factors which interrupt the psychogenic drives. Nicotine
substitutes or supplementary medications have not been proven to be of
major benefit in breaking the habit (Chapter 13, p. 354).

PATHOLOGY AND MORPHOLOGY

Several types of epithelial changes are much more common in the trachea
and bronchi of cigarette smokers, with or without lung cancer, than of non-
smokers and of patients without lung cancer. These epithelial changes are
(a) loss of cilia, (b) basal cell hyperplasia, and (c) appearance of atypical
cells with irregular hyperchromatic nuclei. The degree of each of the
epithelial changes in general increases with the number of cigarettes smoked.
Extensive atypical changes have been seen most frequently in men who smoked
two or more packs of cigarettes a day.

Women cigarette smokers, in general, have the same epithelial changes as
men smokers. However, at given levels of cigarette use, women appear to
show fewer atypical cells than do men. Older men smokers have more atypical
cells than younger men smokers. Men who smoke either pipes or cigars
have more epithelial changes than non-smokers, but have fewer changes than
cigarette smokers consuming approximately the same amount of tobacco.
Male ex-cigarette smokers have less hyperplasia and fewer atypical cells
than current cigarette smokers.

It may be concluded, on the basis of human and experimental evidence,
that some of the advanced epithelial hyperplastic lesions with many atypical
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cells, as seen in the bronchi of cigarette smokers, are probably premalignant
(Chapter 9, pp. 167-173).

Typing of Tumors.Squamous and oval-cell carcinomas (Group I of
Kreyberg's classification) comprise the predominant types associated with
the increase of lung cancer in the male population. In several studies,
adenocarcinomas (Group II) have also shown a definite increase, although
to a much lesser degree. The histological typing of lung cancer is reliable,
but the use of the ratio of histological types as an index of the magnitude of
increase in lung cancer is of limited value (Chapter 9, pp. 173-175).

Functional and Pathological Changes.Cigarette smoke produces signif-
icant funtional alterations in the trachea, bronchus, and lung. Like several
other agents, cigarette smoke can reduce or abolish ciliary motility in experi-
mental animals. Postmortem examination of bronchi from smokers shows
a decrease in the number of ciliated cells, shortening of the remaining cilia,
and changes in goblet cells and mucous glands. The implication of these
morphological observations is that functional impairment would result.

In animal experiments, cigarette smoke appears to affect the physical
characteristics of the lung-lining layer and to impair alveolar (air sac)
stability. Alveolar phagocytes ingest tobacco smoke components and assist
in their removal from the lung. This phagocytic clearance mechanism
breaks down under the stress of protracted high-level exposure to cigarette
smoke, and smoke components accumulate in the lungs of experimental
animals (Chapter 10, pp. 269-270).

The chronic effects of cigarette smoking upon pulmonary function are
manifested mainly by a reduction in ventilatory function as measured by
the forced expiratory volume (Chapter 10, pp. 289 -292).

Histopathological alterations occur as a result of tobacco smoke exposure
in the tracheobronchial tree and in the lung parenchyma of man. Changes
regularly found in chronic bronchitisincrease in the number of goblet
cells, and hypertrophy and hyperplasia of bronchial mucous glandsare
more often present in the bronchi of smokers than non - smokers. Cigarette
smoke produces significant functional alterations in the upper and lower
airways to the lungs. Such alterations could be expected to interfere with
the cleansing mechanisms of the lung.

Pathological changes in pulmonary parenchyma, such as rupture of
alvt...)1ar septa (partitions of the air sacs) and fibrosis, have a remarkably
close association with past history of cigarette smoking. These latter changes
cannot be related with certainty to emphysema or other recognized diseases
at the present time (Chapter 10, pp. 270-275).

MORTALITY

The death rate for smokers of cigarettes only, who were smoking at the
time of entry into the particular prospective study, is about 70 percent higher
than that for non-smokers. The death Wet, increase with the amount smoked.
For groups of men smoking less than 10, 10-19, 20-39, and 40 cigarettes
and over per day, respectively, the death rates are about 40 percent, 70 per-
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cent, 90 percent, and 120 percent higher than for nonsmokers. The ratio of
the death rates of smokers to non-smokers is highest at the earlier ages (40-
50) represented in these studies, and declines with increasing age. The same
effect appears to hold for the ratio of the death rate of heavy smokers to that
of light smokers. In the studies that provided this information, the mortality
ratio of cigarette smokers to non-smokers was substantially higher for men
who started to smoke under age 20 than for men who started after age 25.
The mortality ratio was increased as the number of years of smoking in-
creased. In two studies which recorded the degree of inhalation, the mor-
tality ratio for a gircri amount of smoking was greater for inhalers than for
non-inhalers. Cigarette smokers who had stopped smoking prior to enroll-
ment in the study had mortality ratios about 1.4 as against 1.7 for current
cigarette smokers. The mortality ratio of excigarette smokers increased
with the number of years of smoking and was higher for those who stopped
after age 55 than for those who stopped at an earlier age (Chapter 8, p. 93).

The biases from non response and from errors of measurement that are
difficult to avoid in mass studies may have resulted in some over-estimation
of the true mortality ratios for the complete populations. In our judgment,
however, such biases can account for only a part of the elevation in mortality
ratios found for cigarette smokers (Chapter 8, p. 96).

Death rates of cigar smokers are about the same as those of non-smokers
for men smoking less than five cigars daily. For men smoking five or more
cigars daily, death rates were slightly higher (9 percent to 27 percent) than
for non-smoked in the four studies that gave this information. There is some
indication that this higher death rate occurs primarily in men who have been
smoking for more than 30 years and in men who stated that they inhaled the
smoke to some degree. Death rates for current pipe smokers were little if at
all higher than for non-smokers, even with men smoking 10 or more pipeful!
per day and with men who had smoked pipes for more than 30 years. Ex-
cigar and ex-pipe smokers, on the other hand, showed higher death rates than
both non-smokers and current pipe or cigar smokers in four out of five
studies (Chapter 8, p. 94). The explanation is not dear but may be that
a substantial tiumber of such smokers stopped because of illness.

Mortality by Cause ol Death.In the combined results from the seven
prospective studies, the mortality ratio of cigarette smokers was particular!)
high for a number of diseases. There is a further group of divases,induding
some of the most important chronic diseases, for which the mortality ratio
for cigarette smokers lay between 1.2 and 2.0. The explanation of the
moderate elevations in mortality ratios in this large group of causes is not
clear. Part may be due to the sources of bias previously mentioned or to
some constitutional and genetic difference between cigarette matte and
nonsmoks. There is also the possibility that cigarette smokirg has some
general debilitating effect, although no medical evidence that clearly supports
this hypothesis can be cited (Chapter 8, p. 105).

In all seven studies, coronary artery disease is the chief contributor to the
excess number of deaths of cigarette smokers over non-smokers, with lung

cancer uniformly in second place (Chapter 8, p. 108).
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For cigar and pipe smokers combined, there was a suggestion of high
mortality ratios for cancers of the mouth, esophagus, larynx and lung, and
for stomach and duodenal ulcers. These ratios are, however, based on small
numbers of deaths (Chapter 8, p.107).

CANCER BY SITE

Lung Cancer

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

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

The risk of developing cancer of the lung for the combined group
of pipe smokers, cigar smokers, and pipe and cigar smokers, is
greater than for nonsmokers, but much less than for cigarette
smokers. The data are insufficient to warrant a conclusion for
each group individually (Chapter 9, p. 196).

Oral Cancer

The causal relationship of the smoking of pipes to the develop-
ment of cancer of the lip appears to be established.

Although there are suggestions of relationships between cancer
of other specific sites of the oral cavity and the several forms of
tobacco use, their causal implications cannot at present be slated
(Charter 9, pp. 204-205).

Cancer of the Larynx

Evaluation of the evidence leads to the judgment that cigarette
smoking is a significant factor In the causation of laryngeal cancer
in the male (Chapter 9, p. 212).

Cancer of the Esophagus

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

Cancer of the Urinary Bladder

Available data suggest an association between cigarette smoking
and urinary bladder cancer in the male but are not .sufficient to
support a Judgment on the causal significance of this association
(Chapter 9, p. 225 ).
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Stomach Cancer

No relationship has been established between tobacco use and
stomach cancer (Chapter 9, p. 229).

NONEOPLASTIC RESPIRATORY DISEASES, PARTICULARLY CHRONIC
BRONCHITIS AND PULMONARY EMPHYSEMA

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

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

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

Cough, sputum production, or the two combined are consistently
more frequent among cigarette smokers than among non-smokers.

Cigarette smoking is associated with a reduction in ventilatory
function. Among males, cigarette smokers have a greater preva-
lence of breathlessness than nonsmokers.

Cigarette smoking does not appear to cause asthma.
Although death certification shows that cigarette smokers have

a moderately increased risk of death from influenza and pneumonia,
an association of cigarette smoking and infectious diseases is not
otherwise substantiated (Chapter 10, p. 302).

CARDIOVASCULAR DISEASE

Smoking and nicotine administration cause acute cardiovascular effects
similar to those induced by stimulation of the autonomic nervous system,
but these effects do not account well for the observed association between
cigarette smoking and coronary disease. It is established that male cigarette
smokers have a higher death rate from coronary disease than non-smoking
males. The association of smoking with other cardiovascular disorders is
less well established. If cigarette smoking actually caused the higher death
rate from coronary disease, it would on this account be responsible for
many deaths of middle-aged and elderly males in the United States. Other
factors such as high blood pressure, high serum cholesterol, and excessive
obesity are also known to be associated with an unusually high death rate
from coronary disease. The causative rote of these factors in coronary
disease, though not proven, is suspected strongly enough to be a major
reason for taking countermeasures against them. It is also more prudent to
assume that the established association between cigarette smoking and coro-
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nary disease has causative meaning than to suspend judgment until no un
certainty remains (Chapter 11, p. 327).

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

OTHER CONDITIONS

Peptic Ulcer

Epidemiological studies indicate an association between cigarette
smoking and peptic ulcer which is greater for gastric than for
duodena! ulcer (Chapter 12, p. 340).

Tobacco Amblyopia

Tobacco amblyopla (dimness of vision unexplained by an or-
ganic lesion) has been related to pipe and cigar smoking by dint-
cal impressions. The association his not been substantiated by
epidemiological or experimental studies (Chapter 12, p. 342).

Cirrhosis of the Liver
Increased mortality of smokers from cirrhosis of the liver has

been shown in the prospective studies. The data are not sufficient
to support a direct or causal association (Chapter 12, p. 342).

Maternal Smoking and infant Birth Weight
Women who smoke cigarettes during pregnancy tend to have

babies of lower birth weight.
Information is lacking on the mechanism by which this decrease

in birth weight is produced.
It is not known whether this decrease in birth weight has any

influence on the biological fitness of the newborn (Chapter 12,
p. 343).

Smoking and Accidents

Smoking is associated with accidental deaths from fires in the
home.

No conclusive information is available on the effects of smoking
on traffic accidents (Chapter 12, s. 345).

MORPHOLOGICAL CONSTITUTION OF SMOKERS

The available evidence suggests the existence of some morpholog-
lea! differences between smokers and non-smokers, but is too
meager to permit a conclusion (Chapter 15, p. 387).
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PSYCIIOOCIAL ASPECTS OF SMOKING

A clear cut smoker's personality has not emerged from the results so far
published. While smokers differ from nonsmokers in a variety of charac-
teristics, none of the studies has shown a single variable which is found solely
in one group and is completely absent in another. Nor has any single varia-
He been verified in a sufficiently large proportion of smokers and in suffi-
ciently few non-smokers to consider it an "essential" aspect of smoking.

The overwhelming evidence points to the conclusion that amok.
ingits beginning, habituation, and occasional discontinuationis
to a large extent psychologically and socially determined. This
does not rule out physiological factors, especially in respect to
habituation, nor the existence of predisposing constitutional or
hereditary factors (Chapter 14, p. 377).
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Chapt.Dr 5

CONSUMPTION OF TOBACCO PRODUCTS
IN THE UNITED STATES

The U.S. Department of Agriculture estimates that the total number of
persons in the United Slates, including overseas members of the Armed
Forces, who consume tobacco on a regular basis is close to 70 million (1).

Consumption of tobacco products per capita, 15 years and over, has risen
from 7.42 pounds in 1900 to 10.85 pounds in 1962. Cigarette consumption
increased steadily from 1910. when the per capita consumption was 138
cigarettes, to the 1962 figure of 3,958. Per capita cigar consumption re
mained steady at slightly over 100 in the first Iwo decades of the century,
but started to decrease in 1921. The figure for 1920 is 117, and for 1962
it is 55. Per capita consumption of pipe tobacco remained steady until the
mid1910's. In 1945 L'ie figure was 1.59 pounds, but in 1962 .t w.i just
over half a pound (0.56). Consumption of chewing tobacco showed a de.
dine during about the same period, from 1.09 pounds per capita in 1945
to 0.50 in 1962. Consumption of snuff has shown very little change (2)
liable 1).

TAPI.F. 1.--Consumption of tobacco products per person aged 15 years and
orcr in the Veiled States /or seta ed years, 1900-1962
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Starting in 1930, production of filter tip cigarettes began to rise. Un.
official estimates for 1950 show that only about half of one percent of ciga
rettes produced were filler lip. In 1952, unofficial estimates show 1.3 per.
cent of cigarettes produced vs-re filler lips. In 1956 the figure had reached
27.6 pc cent. From 1938 on, official estimates, based on Cgures reported
to the depattment of tgricuhure by the industry, show a continuous in
crease from 45.3 percent filter tip cigarettes produced in 1958 to 51.6 percent

produced in 1962 131 Fable 21.



TABLE 2. Estimated output of filtertip cigarettes
and percentage of total

c'garette production, United States, 1950-1962

Year
Filtertip
cigar, lies
i billions)

Percent of
total

Vent

FlIter.1 tp
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tbilllorts)

Percent of
total
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Z 3
0.6 1157
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43.3
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77.*

13 I 1%2
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19
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'Data from 19514.
through 1962 areofficial estimates

from etallIS ofHomo focestroa,

Source: U.S.
Department ofApkulturt, Ec000mic

Research Service.
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Chapter 6

Tobacco is an herb which man has smoked for over 300 years. The
plant was given the generic name Nicotiana after Jean Nicot, French ambas-
sador to Portugal, who in 1560 publicly extolled the virtue of tobacco as
a curative agent. The species Nicotiana tabocurn is now the chief source
of smoking tobacco and is the only species cultivated in the United States.

CHEMISTRY OF TOBACCO

The tobacco leaf contPins a complex mixture of chemical components:
cellulosic products, starches, proteins, sugars, alkaloids, pectic substances,
hydrocarbons, phenols, fatty acids, isoprenoids, sterols, and inorganic min
erals. Many of the several hundred components isolated have been found to
occur also in other plants. Two groups of components are specific to tobacco
and have not as yet been isolated from other natural sources. One includes
the alkaloid nicotine and the related companion substances nornicotine,
myosmine, and anabasine. These nitrogen containing substances are all

Nicotine

NJ
CH,'

Nornicotine Myosmtne Anabasine

basic and hence extractable with acid. Seven members of a second group
of compounds fairly distinctive to tobacco have been isolated and charac-
terized (1962-63) by D. L. Roberts and R. L. Rowland(36). They are de-
scribed as isoprenoids, since the structures are divisible into units of isoprene,
the building principle of rubber, of the red pigment of the tomato, and
of the yellow pigment of the carrot, as illustrated in the following formulas:

11,C

HOD OR 6

Isoprenoid tobacco
component

C., ,C
-Cr

CH3 Q%'13/COQ k'sC C.."`C"..0
OH

I I

ID c,,,0,.,c,,..0 c..,C
I

ID

4 Isoprene units

Although none of the 7 isoprenoid components of tobacco has been isolated
from another source, the hydrocarbon cembrene from a pine exudate has
the same 14membered ring with the same complement of an isopropyl group
at 0 and methyl groups at G, G, and Co (9).
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COMPOSITION OF CIGARETTE SMOKE

Cigarette smoke is an heterogeneous mixture of gases, uncondensed vapors,
and liquid particulate matter (32). As it enters the mouth the smoke is a
concentrated aerosol with millions or billions of particles per cubic centimeter
125, 30). The median size of the particles is about 0.5 micron (1). For
purposes of investigating chemical composition and binlogical properties,
smoke is separated into a particulate phase and a gas phase, and the gas phase
is frequently subdivided into materials which condense at liquidair tempera-
ture and those which do not. The large quantities of material required for
investigation of the chemical components are prepared on smoking machines
(25) in which large numbers of cigarettes are smoked simultaneously in a
fashion designed to simulate average smoking habits, and a yellow brown
condensate known as tobacco tar is collected in traps cooled to the temperature
of dry ice ( 70° C.) or liquid nitrogen ( 196° C.). The tar thus contains
all of the particulate phase of smoke as well as condensable components of the
gas phase. The atnourit of tar from the smoke of one cigarette is between
3 and 40 mg., the quantity varying according to the burning and condensing
conditions, the length of the cigarette, the use of a filter, porosity of paper,
content of tobacco, weight and kind of tobacco.

An important factor determining the composition of cigarette smoke is the
temperature in the burning zone. While air is being drawn through the
cigarette the temperature of the burning zone reaches approximately 884° C.
and when the cigarette is burning without air being drawn through it the
temperature is approximately 835° C. (42). The smoke generated during
puffing, when air is being drawn through the cigarette, is called mainstream
smoke; that generated when the cigarette is burning at rest is called side.
stream smoke. At the temperatures cited extensive pyrolytic reactions occur.
Some of the many constituents of tobacco are stable enough to distil un
changed, but many others suffer extensive reactions involving oxidation,
dehydrogenation, cracking, rearrangement, and condensation. The large
number and variety of compcunds in tobacco smoke tar is reminiscent of the
composition of the tar formed on carbonization of coal, which in many cases
is conducted at temperatures lower than those of a burning cigarette. It is
thus not surprising that some 500 different compounds have been identified
in either the particulate phase of cigarette smoke or in the gas phase.

In one study (50) regular cigarettes (70 mm. long, about 1 g. each) with-
out filter tips produced 17-10 mg. of tar per cigarette. In another investiga
Lion (43) 174,000 regular size American cigarettes afforded a total of 4 kg.
of tar, an average of 23 mg. per cigarette. In still another study (31) 34,000
70mm. cigarettes were smoked mechanically on a constant puff.volume type
machine with which 35.ml. puffs, each of two seconds duration, were taken
at one minute intervals from each cigarette. Eight puffs were required to
smoke each cigarette to an average butt length of 30 mm. The smoke was
condensed in a series of three glass traps cooled in liquid air. The conden
sate was rinsed out of the traps with ether, water, and hexane. The yield of
condensate nonvolatile at 25° C. and 25 mm. of mercury was 20.9 mg. per
cigarette.
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Procedures for gross separation into basic, acidic, phenolic, and neutral
fractions and for further processing of these fractions vary from laboratory to
laboratory. The criteria upon which identification is based also vary. The
most reliable identifications are based upon an ultraviolet absorption spec-
trum and/or a fluorescence spectrum in good agreement over the entire range
with that of an authentic sample and include one or morn of the following:
Rf value observed in a paper chromatogram (41); order cf elution from
alumina; mass spectrometry.

COMPOUNDS OF THE PARTICULATE PHASE
OTHER THAN HIGHER POLYCYCLICS

This brief summary is based largely on the comprehensive review by
Johnstone and Plimmer of the Medical Research Council at Exeter Uni-
versity, England (24). It should be noted that water constitutes 27 percent
of the particulate phase. The major groups of compounds included are
shown in Table I.

ALIPHATIC AND ALICYCLIC HYDROCARBONS

Almost all of the possible hydrocarbons, C, through C4, saturated and
unsaturated, straight-chain and branched-chain, have been reported to be
present in tobacco smoke. Intermediate, normally liquid paraffins are pres-
ent. All the C2. through n-alkanes have been identified, as well as the
C,, and C29-C.,3 isoparaffins.

TABLE 1.Major classes of compounds in Me particulate phase of cigarette
smoke

class
Percent In
porticu

tat phase
Number of
compounds Toxic action on lung

Acids 1. T-12. 8 25 Some Irritant
015'ccrol, glYent. alcohols.. & 3-8. 3 18 Possible irritation
Aldehydes and ketones 8.5 21 Some Irritant
A liphot le hydrocarbons 4.2 84 Some Irritant
Aromatic It Ydrocar bons 0.44 81 Some carcinogenic
Plwnols.. 1.0 -3.8 45 Irritant and possibly cocorcinogenlc

66% 254

{Vat er 27%,

TERPENES AND ISOPRENOID HYDROCARBONS

Isoprene, the basic unit of the terpenes and of higher terpenoids has been
identified in cigarette smoke (34) as have its dimers, dipentene and 1,8-p-
menthadiene. The triterpene squalene, consisting of six isoprene unit3
and shown to be present in smoke (47) is of interest because of the possi-
bility of its being cyclized to twlycyclic compounds and because of its ready
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reaction with air to form hydroperoxides (which would be destroyed during
atteopted isolation); a hydroperoxide derived from cholesterol has been
shown to be carcinogenic (cancer-causing), at least under certain conditions
of administration 112). Phy tadienes, products of the dehydration of the
diterpene alcohol phytol, are also present in smoke and subject to air oxide-
lion to hydroperoxides.

H3C

CH$ CH, H, CH,

PhytoI

CHOH

ALCOHOLS AND ESTERS

A wide variety of mono. and dihydric alcohols, both aliphatic and aro-
matic, are present in tobacco smoke. Solanesol, a primary alcohol con-
taining 9 isoprene units, has been found in both tobacco and tobacco smoke;
20 g. of pure material was isolated from 10 lbs. of flue-cured aged tobacco
(0.44 percent). Grossman et al (13) found that pyrolysis of solanesol at
500° C. gives isoprene, its dimer dipentene, and other terpenoid products and
concluded that the alcohol is the source of terpenoid compounds which are
important factors in the flavor of tobacco smoke.

Ethylene glycol and glycerol have been found present in smoke, but it
is not dear front the literature whether they are present in smoke from un-
treated tobacco or arise froM addition of these humectant substances to
tobacco to improve moistness.

Many common esters, such as the ethyl esters of the C. and C, fatty
acids, are present in smoke. Higher fatty acids are found both as free acids
and as esters.

STEROLS

Stigmasterol, /p-sitosterol, and ysitosterol have been isolated from to.
bacco smoke. Indeed the sterol fraction is reported (29) to constitute
approximately 0.15 percent of whole tar. The sterols are of interest as
possible precursors of polycyclic aromatic hydrocarbons and because of the
evidence, noted above, that sterol hydroperoxides can be carcinogenic.

ALDEHYDES AND KETONES

Most common aldehydes of low molecular weight (acetaldehyde, pro-
plonaldehyde, acetone, methyl ethyl ketone, etc.) have been found present
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CH,
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in tobacco smoke, as have such dicarbonyl compounds as glyoxal and di-
acetyl. Dipalinityl ketone exemplifies ketones of high molecular weight
isolated from tobacco smoke.

0
to ie'

I130 t C111

DipalmItyl ketone

ACIDS

A large number of volatile and nonvolatile acids of low molecular weight
are present in tobacco smoke. Fatly acids of chain length C,, to C,, are
reported to constitute 1 percent of the whole tar and the hulk of these [tells
are present in the free form Oh). Unsaturated fatty adds and /coo acids
(e.g., pyrmie acid) are also present.

53



9.,

PHENOLS AND POLYPHENOLS

Since the phenols and polyphenols present in tobacco leaf play an
portant role in the curing and smoking quality of tobacco, a great deal of
investigative work hos teen done on the estimation, separation, and identifi
cation of complex tobacco phenols such as rutin and c,lorogenic acid. The
presence of simple phenols in tobacco smoke was estaLFshed as early as
1871. The phenol content of smoke became of increasing importance with

HO

OH

OH

'0 Clime
Rintmnoee

Rutin

0I HOCH s CHCO,...G03H
Hoi

H OH

Chlorogenio acid

the demonstration that phenol and substituted phenols can function as
cocarcinogens; that is, they promote the appearance of skin tumors in mice
following application of a single initiating dose of a known carcinogen (4).
Furthermore, the smoke from one cigarette contains as much as 1 mg. of
phenols (7). In addition to simple alkylphenols, naphthols, and the poly
phenols, resorcinol and hydroquinone are also present.

ALKALOIDS, NITROGEN BASES, AND HETEROCYCLICS

Pyridine, nicotine, nornicotine, and other substituted pyridine bases con
slitute some 8-15 percent of whole tar; nicotine and nornicotine constitute
about 7-8 percent of the total tar. The companion bases are products of
the pyrolysis of the alkaloids present in tobacco leaf. Quinoline and three
pol)cyclic heterocyclic compounds have also been identified in smoke (45)
and will be discussed later since the three polycyclic compounds are carcino
genic. A pentacyclic compound related to xanthene, namely 1,8,9.peri-
naphthoxanthene, has been identified in smoke (45).

1,8,9-Pert naphthoxanthene

AMINO ACIDS

Although tobacco leaf contains a number of amino acids, relatively few
have hem bournd present in smoke; among these are glutamine and glulamic
acid.
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INORGANIC COMPONENTS

It is estimated that the mainstream smoke from one cigarette contains
about 150 pg. of metallic consti.uents, which are mainly potassium (90
percent I, sodium (5 percent), an traces of aluminum, arsenic, calcium, and
copper. Arsenic is reported to be present to the extent of 0.3/.4 pg. in
the smoke of one cigarette. The inorganic compounds are most likely
chlorides, but metals themselves inay be present.

Apparently beryllium is preseit in tobacco in trace quantities, but is not
Aotatilized in the smoking procr,ss (48). Nickel is present in cigarettes in
trace amounts and may occur) in main-stream smoke to a small extent,
probably as the chloride (3111. Spectrographic analysis has shown the
presence of chromium in smoky at a level of less than 0.06 pg. per cigarette.
This level appears too low to re

ri:tresent

a hazard (48).

NONCARCINOGENIC AROMATIC HY1)110C ARBONS

The aromatic hydrocarbt'ns present in tobacco smoke have received
an enormous amount of attention since some of them arc carcinogenic.
Noncarcinogenic hydroradions of smoke containing one to three rings
include benzene, toluene aid other alkylbenzenes, acenaphthene, acenaph

thylene. fluorene, anthraccae, and phenanthrene. Hydrocarbons of estah-
fished carcinogenicity to rice all contain from four to six condensed rings.
I lowcver, no less than 27 'hydrocarbons containi;ig ..cur ur more condensed
rings which have been trt)tcd for carcinogenicity with negative results have
been isolated from tob tcco smoke tar. As methods of separation and
identification improve, ;;i is almost certain that additional hydrocarbons will
be ;.rued present in sr1oke, because almost every conceivable ring system
has been demonstrateit to be present and the number of possible alkylated
polycyclics is very lart,,,e indeed.

CARCINOGENIC HYDROCARBONS AND HETEROCYCLICS
IN TOBACCO SMOKE

In 1925-30 Kennaway et al. in seeking to identify the active substance
in high-boiling fractions of coal tar distillates of established carcinogenicity
to mice, discovered that dibenzo(a,h) anthracene (for formula, see Table
2) prepared by synthesis evokes skin cancer when applied to the skin of
mice (111. The hydrocarbon was recognized as different from the carcino
gen of coal tar because its fluorescent spectrum did not match the character-
istic threebanded spectrum of the tars. In 1933 Cook and co-workers (11)
isolated the coal tar constituent responsible fur the characteristic fluorescence
and identified it as benzo(a)pyrene. It is one of the most potent of all
the carcinogens now known.
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TABLE 2. Carcinogenic Polycyclic Compounds Isolated From Cigarette
Smoke

Compound

1. SenzoWP)'rene

2. Dibenzo(a,l)pyrene

3. Dibenso(a,h)anthracene

4. Se oso(c) pin nan !Are ne

5. Dibenz(aaserldine

6. Dibens(a,b)acrldine

7. 7H-Dibenso(c,i)carbasote
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++++ 16
(ave. of 10 report.)

++++ 0.02-10
(2 report.)

++ 4
(1 report)

not stated

2.7
(1 report)

0.1
(1 report)

0.7
(t report)



I

Since the discovery of carcinogenic hydrocarbons, a large number of
polycyclic hydrocarbons and heterocyclic analogs have been tested for car-
cinogenicity to mice and to rats in many laboratories, both by application
to the skin and by subcutaneous injection. Bioassays in different labora-
tories, often on independently prepared samples, are remarkably consistent
and place a series of hydrocarbons in the same relative order of potency.
A compilation (and its supplement) prepared by J. L. Hartwell (16) of the
National Cancer Institute lists 2108 compounds of which 481 were reported
to cause malignant tumors in animals. All but one of the polycyclic hydro-
carbons listed in Table 2 as having been identified in tobacco smoke have
already been documented in the Hartwell report and can be assigned a
rating as very potent ( + + + + ), potent ( + + + ), moderately carcino
genic ( + + ), or weakly carcinogenic ( +) (31). Many other such com
pounds studied are reported in Hartwell survey and in another by Arthur
D. Little, Inc. (31). The rating assigned to dibenzo(a,i) pyrene is based
on experiments with over 10,000 inbred mice in which one subcutaneous
injection in the groin of 0.5 ing. of hydrocarbon in tricaprylin produced
50 percent sarcomas at the injection site in 14 weeks and 98 percent tumors
in 24 weeks (20). Renzo(a)pyrene is one of the two most potent of the
seven carcinogens detected in tobacco smoke and it is present in much larger
quantity than any of the other carcinogens listed. Two polycyclic hydro-
carbons isolated from tobacco smoke but not yet adequately tested for
carcinogenicity are: benzo(j)fluoranthene and dibenzo(0,1)pyrene.

Identification of benzo(a)pyrene is reported in 19 separate investiga-
tions; the amount given in the table per 1000 cigarettes (70 mm. long,
weighing about 1.0 g. each) is the average of 10 values selected on the
basis of the quality of criteria used for identification (31). Compounds
1, 2, 3, 4, and benzo(j)fluoranthene were identified in one laboratory over
a period of years and are listed together in a review by Van Duuren (44).
Isolation of the three heterocyclic carcinogens (5,6,7) is reported by Van
Duuren (45).

Because of losses in the process of fractionation and purification, the
amount of carcinogens reported in a given investigation may be less than the
amount actually present. Wynder and Hoffman (50) investigated this
point by adding a known amount of radioactive C"labc!led benzo(a)pyrene
to a smoke cordensate and applied the usual procedure for isolation of
benzo(a)pyrene, which involved, in the last stages, chromatographing twice
on silica gel and four times on paper. The activity of the benzo(a)pyrene
finally isolated indicated a loss of 35-40 percent of carcinogen during proc-
essing. The amount of benzo(a)pyrene given in Table 2 thus should be
multiplied by a factor of 1.5 to give the estimated true amount. Probably
the amounts of the other carcinogens in smoke are also at least 1.3 times the
reported amounts.

Relatively little work has been done on the components of smoke produced
with cigars and pipes. Table 3 summarizing a comparative study made in
one laboratory (5) indicates that the amount of benzo(a)pyrene, the only
carcinogen in the group studied, increases sharply from cigarettes to cigars
to pipes.
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TABLE 3.Polycyclie hydrocarbons isolated from tobacco smoke

[NR. pre 1000 g. of tobacco consurnodl

Ilydrocor bon I Cigarettes Cigars

Bento(i)prene .
Acenaphthylene
Anthraocno
Prone

so
109
125

31
t6

119
176

as
291

I. ICO
755

COCA RCINOGENS

Assays of tobacco smoke tars for carcinogenicity are done by applying a
dilute solution of tar in an organic solvent with a camel's hair brush to the
backs of mice beginning when the animals are about six weeks old. Applici.
lion is repeated three times a week for a period of a year or more. The results
of a number of such assays present a puzzling anomaly: the total tar from
cigarettes has about 40 times the carcinogenic potency of the benzo (a) pyrone
present in the tar. The other carcinogens known to be present in tobacco
smoke are, with the exception of dibenzo(a,ilpyrene, much less potent than
benzo (alpyrene and they are present in smaller amounts. Apparently, there.
fore, the whole is greater than the sum of the known parts (27, 33, 49).

One possible or partial explanation of the discrepancy is that the tar con
tains compounds which, although not themselves carcinogenic, can enhance
the cancer-producing properties of th.. carcinogens. Berenblum and Shubik
(3), reporting on cocarcinogenesis, described the potentiating effect of croton
oil, which itself is noncarcinogenic except in certain strains of mice (4a), on
the actin of hydrocarbon carcinogens. Phenol is reported to have a similar
potentiating effect (4, 50) and, as noted above, cigarette smolve contains
considerable phenolic material. Long-chain fatty acid esters (39) sttd free
fatty acids (19) have been shown to function as cocarcinogens, and sub-
stances of both types occur abundantly in tobacco smoke. It is possible that
the potentiating action of croton oil is due to the presence of fatty acids and
their esters. A further observation of possible importance is that some poly.
cyclic hydrocarbons, though very weak or inactive as carcinogens, are capable
of initiating malignant growth under the influence of a promoter. Thus
henz(a)anthracene, identified in cigarette smoke, is very weak or inactive.in
initiating malignant growth by itself, but initiates carcinogenesis under the
influence of croton oil as promoter (15).

If more were known about the possible cocarcinogenicity of the many
inactive components of tobacco smoke, sore of the apparent discrepancy
between isolation and bioassay data might disappear. It is possible that some
of the carcinogenicity of smoke is due to hydroperoxides formed from um
saturated smoke components and destroyed in the isolation procedures.
Furthermore both sets of data are far from precise; for example, one esti.
mate of the amount of the highly potent dibenzo(a,i)pyrene per 1000
cigarettes (Table 21 is 0.02pg. and another is lOpg.

However, it is not necessary to wait for an exact balance of the two sets
of data to draw a conclusion from each. The isolation experiments, taken
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alone, indicate that cigarette smoke contains a number of identified chemicals
which are carcinogenic to mice. The bioassays suggest that cigarette smoke
probably contains components which, acting in a manner as yet undescribed,
are involved in the induction of tumors in mice.

Assessment of all conceivable synergistic effects p fits a gigantic problem
for exploration. Tobacco smoke contains considi rahle amounts of phenols
and fatty acids, both of which, as previously mew' i, enhance the activity
of known carcinogens. Cellulose acetate filters r in use remove 70-80
percent of acidic constituents of tobacco smoke.

MECHANISM OF THE FORMATION

Moat of the carcinogenic compounds identifier
not present in the native tobacco leaf but are
burning temperature of cigarettes. Van Dual,
berixo(a)pyrene and pyrene on pyrolysis of

8 tlgrassterol

CHICIti

CH,

CR.

760°

OF CARCINOGENS

,:arette smoke tar are
pyrolysis at the high
reports formation of
rol, a smoke corn.

bent.. Preps

ponent. Similar pyrolysis of pyridine or of nicotine gives dibermo (0)
acridine and dibermo(a,h)acridine, both of which are carcinogenic (Table
2). Pyrolysis of nontobacco cigarettes made from vegetable fibers and
spinach resulted in formation of benso(a)pyrene (50).

Hurd and co-workers (22) by careful experimentation have elaborated
plausible mechanisms for the formation of polycyclic aromatics by pyrolysis
of materials of low molecular weight at temperatures in the range 800-900° C.
Postulated radical intermediates are:

(&) Clls..4611 cg,ONC111

(b) bRC11..611

(e)

These radicals ea, arise from propylene, toluene, picoline, or pyridine. A
variety of polycyclic hydrocarbons can be generated by reaction of thus
radicals with themselves or with other small radicals ptftent in the heating
tone. For example, dirneritation of (b) should give benzene.
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ft thus appears that the pyrolysis of many organic materials can lead to
the formation of components carcinogenic to mice. Cigarette paper con
gists essentially of cellulose. Pyrolysis of cellulose has been shown to produce
benzo(a)pyrene. The observation 12) that treatment of tobacco with
copper nitrate decreases the benzo(a)pyrene content of the cigarette smoke
suggests a possibility for improvement by the use of additives or catalysts.
The fact that sidestream smoke contains three times more benzo(a)pyrene
than mainatrearn smoke has been cited (50) as evidence that more efficient
oxidation could conceivably lower the content c: carcinogenic hydrocarbons.

THE GAS PHASE

The gas phase accounts for 60 percent of total cigarette smoke. Hobbs
et al. (34, 351 found that 98.9 molq percent of the gas phase is made up of
the following seven components:

Nitrogen 73 mole percent
Oxygen 10
Carbondioxide 9.5
Carbonmonoxide 4.2
Hydrogen . 1.

Argon O. 6

Methane O.

98.9

The approximately one percent of the gas phase not accounted for by the
seven major constituents contains numerous compound no less than 43
of Odell have been identified as present in trace amoun's. Some of these
are listed in Table 4 (I).

TABLE 4.Some gams hand in cigarette .rnoke

(Impound
t"encentra

lice
Bite level lot

Inanettlal
'sponge

Tel* wilco on luny

Carbon Monett,*
Carbon Noll*
Methane, ethane, propene, Dusan. ego
A oil 'lent, et h Tit tx, Iropylene. Se
Fotenal4ehTie

triakkhytle
Attelein
Methanol

ttethyl ethyl ketone
Ammonia
Nitrogen lhotkle
Methyl NIVIle
FITclregte Solltde
I t. ("Tinkle
MI ehlerlde

tppos1
12, MO
TA OM
17, OM
SI, OM

so
11. KO

1M
POI

1,100
TV
TO
ISO
TO

WI
1. OM
I. TO

(PPIO
100

SCO

0,000I
SOO
11 6

TOI
I10I
TO
p.

11%)

(Tntoprit
Noll
Nolo
Veen,

rrO ant
reliant
reliant

int
Milan
rtitant

Wont
'nine" a

-ipIrstory 'mow (*ben
nk nova

The talon kited reit to stria-orIghted image otneenitotleno tee a now! reek 67.
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EFFECTS ON CILIARY ACTIVITY*

An important line of investigation was opened up by the report by Hi !ding
(18) that cigarette smoke is capable of inhibiting the transport activity of
ciliated cells such as found in the respiratory tract. It has been suggested
110, 17) that failure of ciliary function to provide a constantly tr iving
stream of mucus enables environmental carcinogens to reach the epithelial
cells. Kensler and Battista (28) describe development of a method of
bioassay for inhibition of ciliary transport acrvity Involving exposure of
the trachea of a rabbit to the test material. The smoke from a regular
cigarette was found to inhibit transport activity by 50 percent after exposure
to two or three puffs. Several commercial filter cigarettes gave essentially
the same result. The fact that these filters lower the phenol content by
70 to 80 percent and trap about 40 percent of the particulate phase suggested
that neither phenol;,; nor particulate materials are responsible for the inhibi
Hon noted: The next trial was with an absolute filter, that is, one which
removes the entire particulate phase and gives rionvisible gas. The obser
vation that such treatment did not significantly alter the inhibitory effect
of the puff established that components of the gas phase are responsible for
inhibition of ciliary transport activity. Assays of known components of
the gas phase showed the following compounds to possess such activity:
hydrogen cyanide, formaldehyde, acetaldehyde, acrotein, and ammonia, al.
though no one of these occurs at levels high enough to produce the effect
noted for smoke.

Activated carbons differ markedly in their adsorption characteristics.
Carbon filters previously employed in cigarettes do not have the specific
power to scrub the gas phase. It has been reported that a filter containing
special carbon granules removes gaseous constituents which depress ciliary
activity (28).

PESTICIDES AND ADDITIVES

Before 1930 practically the only insecticides used in the growing of to.
bacco were lead arsenate and path green (the mixed acetatcarsenite salt of
copper). Analysis of 6 brands of American cigarettes purchased in 1933
showed a range of 7.5-26.4 parts of As0, per million, with an average value
of 13.9 ppm. (6). Coghill and Hobbs (8) found that mainstream smoke
of cigarettes containing 7.1 pg. of arsenic per cigarette contains 0.031 pg. per
puff. This amount would be equivalent to 0.25 pg. of arsenic per cigarette
(8 puffs), and hence a smoker consuming 2.5 packs of such cigarettes Per
day might inhale 12.5 pg. of arsenic per day. By comparison, analysis of the
atmosphere of New York City nNer a 12.year period indicated an average
content of 100-400 pg. of arsenic per 10 cubic meters, which is an approxi
mate daily intake per person (38).

Extensive )Federal efforts to discourage the use of arsenicals for the control
of tobacco hornworms on the growing tobacco crop resulted in a sharp de.

114. title I. Jive.w.e4 r.Tty Cluptif 111.
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dim) in the arsenic content of cigarettes after 1950. Thus, the average
arsenic content of 17 brands of cigarettes analyzed in 1958 was 6.2 ppm. of
ABA (14).

It seems unlikely that Iho amount of arsenic derived even from unfiltered
cigarettes is sufficient to present a health hazard.

Chemicals recommended by the Department of Agriculture for the control
of tobacco insects are: malathion, parathion, Endosulfan, DDT, TDE, endrin,
dield:in, Guth Ion, aldrin, heptachlor, Diazinon, Dylox, Sevin, and chlordane
(Oa). Trace amounts of TDE and endrin have been detected in commercial
Igarettes and cigarette smoke. Guthion and Sevin residues were detected
inimainstrearn cigarette smoke at levels approximating 0.3 percent and 1
percent of that added to cigarettes prior to smoking. Tobacco treated with
Guthion and Sevin at the recommended levels showed no measurable con.
lamination of mainstream cigarette smoke (4b). (For discussion of car.
clnogenicity of tobacco pesticIdee, see Chapter 9.)

Cigarette manufacture in the United ptates includes use of additives such
as sugars, humectants, synthetic flavors, licorice, menthol, vanillin, and rum.
Glycerol and methylglycerol are looked on with disfavor as hurnectants be.
cause on pyrolysis they yield the irritants acrolein and methylyglynal.
Additives have not been used In the manufacture of domestic British cigarettes
since the Customiand Excise. Act of 1952, Clause 176, and probably longer,
Inasmuch as Section 5 of the Tobacco Act of 1842 imposed a widespread
prohibition on the use of additives in tobacco manufacture.

SUMMARY

(it the several hundred compounds isolated from the tobacco lea, two
groups are specific to tobacco. One of these groups includes the alkaloid
nicotine and related substances. The other includes compounds described as
Isoprenoids. Cigarette smoke is an heterogeneous mixture of gases, uncon.
lensed vapors, and partkulate matter. In investigating chemical composition
and biological properties, it is necessary to deal separately with the particulate
phase and gas phase of smoke.

Components of the particulate phase other elan the higher polycyclics
include aliphatic rid Acyclic hydrocarbons, terpenes and isoprenoid hydro.
carbon., alcohols and esters, sterols, aldehydes and ketones, acids, phenols
and polyphenols alkaloids, nitrogen bates, heterocyclics, amino adds, and
inorganic chemicals sash as arsenic, potassium, and some metals. Seven
prod; cyclic compounds isolated from cigarette smoke have been established to
be carcinogenic. 'llsey are shown in Table 2. The overall carcinogenic
potency of tobacco tar is many times the effect which can he attributed to
substances isolated from it. The difference may be associated in pad with
the pretence in toilet-co smoke of cocateinopene. 'c.c.s, of which have been
identified as smoke components.

Components of the grei phase of cigarette smoke have keen shown to pro.
duce various undesirable effects on test animals or organs, one of which is
suppression of ciliary transport acthity in trachea and bronchi.
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Chapter 7

GENERAL PHARMACOLOGIC ACTION OF NICOTINE ON
NERVE CELLS

The pharmacology and chronic toxicity of nicotine, in dosage comparable
to the amounts that man may absorb from smoking or other use of tobacco,
are pertinent to an evaluation o! health hazard.

The most notable action of nicotine involves a direct effect on sympathetic
and parasympathetic ganglion cells (181. This usually occurs as a transient
excitation, followed by depression, or even paralysis with effective doses.
The ganglia are rendered more sensitive to acetylcholine initially and thus
make preganglionic impulses more effective. Paralysis is associated with
diminished sensitivity of ganglia to acetylcholine and concomitant reduction
In the intensity of postganglionic discharges. Similar effects occur at the
neuromuscular junction, resulting in a curariform action in skeletal muscle
with adequate doses (16). In the central nervous system, as in ganglia,
primary stimulation is succeeded by depression. Furthermore, nicotine like
acetylcholine discharges epinephrine from the adrenal glands and other
chromaffin tissue (20); it also releases antidiuretic hormone from the
posterior pituitary by stimulating the supraopticohypophyseal system (3).
Nicotine also augments various reflexes by excitation of chemoreeeptors In
the carotid body (10).

The pharmacological response of the whole organism at any one time
therefore, representing as it does the algebraic sum of stimulant and de-
pressant effects resulting from many direct, reflex, and chemical mediator
influences on autonomic nervous transmission and excitability of virtually all
organ systems, defies accurate description. The wide variation in smoking
habits leads to every conceivable pattern of fluctuating blood levels of nico-
tine during the day. This suggests strongly that nicolinesensitive cells may
be shifting continuously from excitation to depression. Such activity prob.
ably accounts for the unpredictable effects observed in different individuals
and in the same individual at different times. Using the classic pharma-
cologIcal approach, it is therefore virtually impossible to make reliable state-
ments regarding the effect of smoking on the many organ systems. In order
to characterise the biological effects of nicotine in man, it thus becomes neces
airy to place heavy reliance on symptoms and signs derived from clinical and
epide m I ol ogkal studies.

EFFECTS ON THE CENTRAL NERVOUS SYSTEM

The aciio of nicotine on central nervous system functions has recently
been reviewed (20). Very little of the repotted work involves human
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experimentation, and most of it is with doses much larger than are asso-
ciated with the act of smoking. It suffices to note here that moderate doses
of nicotine elicit marked increases in respiratory, vasomotor, and emetic
activity, and still larger doses lead to tremors and convulsions, both in aril-
trials and man. The amounts absorbed even in heavy smoking may produce
transient hyperpnea through carotid and aortic arch reflexes (5). The
increase in blood pressure which is commonly observed is partly central in
origin. Nausea and emesis are more pronounced in the novice smoker but
may occur even in heavy smokers with excessive use of tobacco. Electra.
encephalographic (EEG) studies in the intact rabbit (21) indicate that nico-
tine, in doses of 0.5 to 3.0 Milligrams per kilogram, produced an "arousal
reaction" involving the hippocamp'is. In a later stage of the same reaction
there appeared a discharge pattern similar to that noted in convulsions.
II-Mions in the septum abolished the "arousal reaction," chlorprommine and
evipan abolished the discharge pattern. None of the congeners of nicotine,
including lobeline, produced similar patterns.

Knapp and Domino (12) found that concentrations of nicotine (10 to
20 pg/kg), a level commonly reached in man by smoking, produced EEG
arousal patterns in four svees of animals, the rabbit, cat, dog, and monkey,
after ncopontine transection. These effects did not appear to be related to
fluctuations in blood pressure or to catecholamine or acrotonin levels.

In a study of electrical activity (as measured by electroencephalogram)
in 25 human subjects before and after smoking one cigarette, Lambiase and
Se ra (15) noted an 80 percent depression in voltage and an acceleration in
fre iuency of the alpha rhythm which remained unchanged in form during
the recordings. These alterations were more consistent in subjects over 35
)ears of age and were attributed to carbon monoxide and nicotine resulting
in cerebral anoxia and/or release of epinephrine. Flouter at al. (9), who
studied the EEG changes on cigarette smoking in healthy young adults, ob-
tained highly variable responses usually toward an increase in the dominant
alpha frequency of / or 2 cycles per second. Some subjects showed aim.
filar changes when pulling a glass cigarette stuffed with cotton and others
when pulling specially prepared nicotinefree cigarettes. They concluded
that the effects noted here more likely to represent a psychophysiologic
response to the act of smoking than to any substances present in cigarette
smoking. Bickford (1) arrived at a similar conclusion. Wide gaps of
informati,A exist in this area and it is not meaningful to attempt inferences
concerning correlations of electrical events in the central nervous system
and subjative effects of smoking from the type of evidence currently
available.

CARDIOVASCULAR EFFECTS

The cardiovascular effects of nicotine are described in Chapter 11, Cardio-
%ocular Diseases.
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GASTROINTESTINAL EFFECTS

Most but not all experimental and clinical evidence supports the popular
view that smoking reduces appetite (6, 17 p. 2711. This reduction has been
attributed both to direct effects on gastric secretions and motility and to
reflexes arising from local effects on the taste buds and mucous membranes
in the mouth. The unpredictable and temporary devotion of blood sugar
is probably too small to contribute significantly (17, p. 326). Nicotine
effects on the hypothalamus, comparable to the rppetite reduction produced
by other stimulants like amphetamine, and psychological mechanisms may
play significant roles (231. Hunger contractions are inhibited but gastric
movements of digestion do not appear to he influenced significantly by
moderate smoking (41.

Nausea, often associated with vomiting, is by far the most common
symptom related to the gastrointestinal tract. This effect probably origi-
nates centrally in the medullary emetic chemoreceptor trigger zone (14).
It is now generally agreed that nicotine stimulates peristalsis but the
mechanism is a complex one, probably involving local, central and reflex
actions. Schncdorf and Ivy (21) found wide individual variation in gastro-
intestinal passage lime in medical student smokers and non-smokers but
gainh1 the impression that smoking tends to augment motility of the colon.
These effects are probably related to actions on the parasympathetic ganglia
in the bowel. The summative effects of all of these pharmacological actions
on the whole intestinal tract do not produce a consistent pattern. Excergire
smoking may be associated with diarrhea, constipation, or alternating pat-
terns between the two extremes. The only consistency is that symptoms
attributable to nicotine effects on the gastrointestinal tract we very co:nmon.

DISTRIBUTION AND FATE

Nicotine is actively and rwi.4dly metabolized by man and other mammals,
the metabolites being in large measure excreted in the urine. If any tissue
storage occurs, it is in such small quantity as to elude current analyticol
technics. Nicotine is a rather unstable molecule which in neutral or alka-
line conditions undergoes a variety of changes. A review of the current
concepts of the known and suggested pathways for the metabolism of
nicotine is shown in Figure 1 11R). The main intermediate appears
to be ( ).cotenine which yields y-(31 yridyll-y-rnethylamino butyric
acid. Cotenine has low too:city and lacks the potent pressor activity of
nicotine.

Hogs receiving 150 mg/kg/day orally for 108 days exhibited no weight
or other objectite signs 121. Man has ingested SOO mg orally at 8-hour

intervals for 6 days without untoward effects. No evidence has been pre-
sented that the other known metabolites of nicotine carry any significant
systemic toxicity.
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CHRONIC TOXICITY

Evaluation of the chronic toxicity of tobacco smoke may be considered
in several categories: la) the systemic toxicity of nicotine or its congeners,
lb) the systemic toxicity of other constituents of smoke or tobacco, carbon
monoxide and other compounds, (c) specific organ toxicity in certain sus-
ceptibi,. individuals, such as those with Buerger's disease and allergic re-
sponses, (c11 local effect of irritants on mucous and pulmonary membranes
by tars, phenols, the oxides of nitrogan, and others. The latter three types
of potential toxicity are discussed in Chapter 9, Cancer, and Chapter 10,
NonNeoplastic Respiratory Diseases.

It might appear that the least difficult problem in this group of variables
would be to assess the chronic toxicity of nicotine since we are dealing with
a comparatively simple organic compound of known composition and re-
action. Whereas there is a voluminous literature of studies involving
chronic exposure to nicotine or tobacco smoke in many animal species (17,
pp. 501-504), most of these are poorly designed and controlled and are of
little value for extrapolation to man. For example, in the best nicotine
experiments involving life span studies, the daily dose of nicotine was near
the maximal tolerated dose (just subconvulsive), which is greatly in excess
of any human smoking exposure. Even though some authors (11) observed
weight loss and degenerative vascular changes in rats under these severe
conditions, others (22) noted some weight loss but no histologic change.
In life span experiments in rats, with tobacco smoke in amounts approxi
mating human smoking exposure, very little systemic toxicity was noted
(8,13). Even though animal experimentation is inadequate, especially in
long-term effects of nicotine on large animal species, existing data permits
a tentative conclusion that the chronic systemic toxicity of nicotine is quite
low in small to moderate dosage.

The clinical literature is devoid of human data concerning chronic expo.
sure to nicotine alone, and the general statements regarding the chronic
toxicity of nicotine for man represent inferences drawn from chronic expo-
sure to tobacco in various forms, including industrial poisoning. Repeated
exposure to tobacco in excessive amounts is reported to induce amblyopia,
arrliythmias, digestive disturbances, cachexia and a wide variety of other
signs and symptoms. But the effects of excessive dose are of little concern
here. The question is whether prolonged exposure to nicotine, in the quan.
titles absorbed systemically from smoking or other tobacco use, produces
toxic effects which result in unplea.ant symptoms, dangerous signs, specific
degenerative disease, or shortening of the life span. Unfortunately even a
tentative answer to this question must be obtained indirectly and by making
certain assumptions. Inasmuch as nicotine is systemically absorbed from
all routes of administration, smoking, chewing, snuffing, or "snuff dipping,"
it appears logical to assume that if the amounts of nicotine absorbed in the
various methods of use are of the same order of magnitude, any toxic effects
observed should also be in this order of magnitude. There appears to be
general agreement that this is so. Calculations indicate that the nicotine

'A small amount of snuff is placed in the groov between the teeth and the lower lip
or beneath the tongue and held there from 30 minutes to several hours.
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absorbed (40-60 mg) from 6 cigars uninhaled equals that from 30 ciga
rettes inhaled (19). Chewing tobacco may yield 8 to 87 mg in 6 to 8 hours
(24) ; in chewing snuff, 20-60 mg of nicotine (7).

The following variables play a role in the amount of nicotine absorbed
(17, p. 8) :

To sum up, the rate and amount of absorption of nicotine by the
smoker depend to a greater or less extent upon the following factors:

1. Length of time the smoke remains in contact with the mucous
membranes;

2. pH of the body fluids with which the smoke comes in contact;
3. Degree and depth of inhalation;
4. Degree of habituation of the smoker (?) ;
5. Nicotine content of the tobacco smoked;
6. Moisture content of the tobacco smoked;
7. Form in which tobacco is smoked (cut [cigarettes] or uncut

[cigars]) (?) ;
8. Length of butt;
9. Use of holder or filter;

10. Alkalinity or acidity of the tobacco smoke (?) ;
11. Agglc.maration of smoke particles (more important in cigarette-

smoking) .
There is no acceptable evidence that prolonged exposure to nicotine creates

either dangerous functional change of an objective nature or degenerative
disease. The minor evidences of toxicity, nausea, digestive disturbances and
the like, are similar in kind and degree with all forms of use.

The fact that the over-all death rates of pipe and cigar smokers show little
if any increase over non-smokers is very difficult to reconcile with a concept
of high nicotine toxicity. In view of the mortality ratios of pipe and cigar
smokers, it follows logically that the apparent increase in morbidity and
mortality among cigarette smokers relates to exposure to substances in smoke
other than nicotine. Unfortunately, there are no useful mortality statistics
in those who chew, snuff, Jr "dip" tobacco, and the literature regarding in-
dustrial exposure is so confusing that little help is available here. The type
of projection made above, however unsatisfactory, is not inconsistent with
the animal toxicity data as w. 1 as the fact that nicotine undergoes very rapid
metabolism to substances of flow toxicity. The evidence therefore supports
a conclusion, that the chronic toxicity of nicotine in amounts ordinarily ob-
tained in common forms of tobacco use is very low indeed.

SUMMARY

The pharmacological effects of nicotine at dosage levels absorbed from
smoking (1-2 mg per inhaled cigarette) are comparatively small; the
response in any point in time represents the algebraic sum of stimulant and
depressant actions from direct, reflex, and chemical mediator influences on
the several organ systems. The predominant actions are central stimulation
and/or tranquilization which vary with the individual, transient hyperpnea,
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peripheral vasoconstriction usually associated with a rise in systolic pressure,
suppression of appetitite, stimulation of peristalsis and, with larger doses,
nausea of central origin which may be associated with vomiting.

Nicotine is rapidly metabolized by man and certain other mammals. The
primary pathway through I -cotenine to y (3-pyridyI)-y-methylamino
butyric acid is described in detail. The known metabolites have very low
toxicity.

The rapidity of degradation to non-toxic metabolites, the results from
chronic studies on animals, and the low mortality ratios of pipe and cigar
smokers when compared with non-smokers indicate that the chronic toxicity
of nicotine in quantities absorbed from smo'sing and other methods of to-
bacco use is very low and probably does not represent a significant health
problem.
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Chapter 8

PROSPECTIVE STUDIES OF MALE POPULATIONS

The principal data on the death rates of smokers of various types and
of nonsmokers come from seven large prospective studies of men. In such
studies, information about current and past smoking habits, as well as
some supplementary information (e.g., on age), is first obtained from the
members of the group to be studied. Provision is also made to obtain
death certificates for all members of the group who die during subsequent
years. From these data, over-all death rates and death rates by cause are
computed for the different types of smokers, usually in five-year age classes.

These seven studies comprise all the large prospective studies known to
us. The first started in October 1951: the latest, in October 1959.

In brief, the seven groups of men are as follows:
(1) British doctors, a questionnaire having been sent to all members of

the medical profession in the United Kingdom by Doll and Hill,
1956 (5).

(2) White American men in nine states. These men were enrolled by a
large number of American Cancer Society volunteers, each of
whom was asked to have the questionnaire filled in by 10 white
men between the ages of 50 and 69. Hammond and Horn, 1958
(10).

(3) Policyholders of U.S. Government Life Insurance policies, available
to persons who served in the armed forces between 1917 and 1940.
Dorn, 1958 (6).

(4) Men aged 35-64 in nine occupations in California who were sus-
pected of being subject to a higher than usual occupational risk of
developing lung cancer. Dunn, Linden and Breslow, 1960 (7).

(5) California members of the American Legion and their wives. Dunn,
Buell and Breslow (8).

(6) Pensioners of the Canadian Department of Veterans Affairs, i.e., vet-
erans of World Wars I and 11 and the Korean War. Best, Josie
and Walker, 1961 (2).

(7) American men in 25 states, enrolled by volunteer researchers of the
American Cancer Society, each of whom was asked to enroll about
10 families containing at least one person over 45. Hammond,
1963 (11).

It will be noted that the studies cover different types of population groups
in three countries. Study (2), often referred to as the Hammond and Horn
study, terminated after 44 months' follow-up, and the data discussed here
for this study are essentially the same as those already published (10).
All other studies have accumulated substantial amounts of data beyond
that which has been published. The authors and agencies responsible for
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A

the studies supplied their latest available data for this report. The tables
in this Chapter are based on the new compilations.

Table I shows for each study the approximate number of subjects from
whom usable replies about smoking habits were obtained, the date of en-
rollment, age range, nutnber of months followed, total number of deaths,
and the number of personyears of exposure. The number of subjects
studied (usable replies) ranged from around 34,000 in the British doctors
study to 448,000 in the new American Cancer Society study. The number
of months of follow-up varied from about 22 to 120.

Although several of the studies obtained some data on women, only the
California Legion study (8) and the new American Cancer Society study
(11) include large numbers of women. No tabulations on women are as
yet available from these prospective studies.

DATA ON SMOKING HISTORY

The exact description of the type of smoking and the amount smoked at
all times throughout a man's past life would necessitate an amount of detail
and an accuracy of memory that was not considered practicable in these
studies. While the information collected on smoking habits varied from
study to study, all studies asked for data on the current amount and type of
smoking as of the date of answering the questionnaire. These amounts
were usually expressed as the number of cigarettes, cigars or pipes per day.
In the case of subjects who had stopped smoking previous to the date of
enrollment (exsmokers), most studies obtained data on the maximum
amount previous/7 smoked per day. The category described as non-smokers
sometimes included also those men who had smoked an insignificant total
amount during their whole previous lifetime.

As regards type of smoking, cigarettes, cigars and pipes appear in all
seven combinations. Since results for the "mixed" categories are difficult to
interpret and sometimes involve relatively small numbers of subjects, the
analysis here concentrates on the following types:

Cigaretu.s only
Cigarett..* and other
Cigars only
Pipes only

In some instances the last two categories have been combined when the num-
bers of subjects are too small to give reliable data for the separate types.

ADJUSTMENT FOR DIFFERENCES IN AGE DISTRIBUTION

Since the death rate of any group of men is markedly affected by their age
distribution, it is essential, when comparing the death rates of two groups of
men, to ensure that their age distributions are comparable. A standard meas
ure for this purpose is the agespecific death rate, in which the rate is com
puted for a group of men whose ages all He within a relatively narrow span,
say 50-54 years. This measure is particularly appropriate when it is desired
to examine how the relative death rates in two groups change with age.
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Several methods of adjustment for differences in age distribution are
available for populations that have a wide range of ages. For comparing
the death rate of a group of smokers with that of the non-smokers in the
study, the measure most frequently used in previous publications is a type
of mortality ratio, obtained as follows: In each five-year age class, the age-
specific death rate for non-smokers is multiplied by the number of person-
years in the group of smokers. This product gives an expected number of
deaths, which 'represents the number of deaths of smokers that would be
expected to occur if the agespecific death rate were the same as for non
smokers. These expected numbers of deaths are added over all age classes,
and their total is compared with the total number of observed deaths in the
smokers. The mortality ratio is the ratio (total observed deaths in the
smokers)/(total expected deaths). A mortality ratio of 1 implies that the
over-all death rates are the same in smokers and non-smokers after this
adjustment for differences in age distribution. It does not imply that the
death rates of smokers and non-smokers were the same at each specific age.
A mortality ratio higher than 1 implies that the group of smokers has a higher
over-all death rate than the non-smokers.

Another common method of adjustment for age is to use some age-
distribution as a standard, for instance the combined age-distribution of all
persons in the study or the age-distribution of the U.S. male population as
of a certain Census year. The agespecific death rates for a certain group
(e.g., smokers) are multiplied by the number of persons of that age in the
standard distribution. These products are added and finally divided by the
total standard population to obtain an ageadjusted rate for the gtoup. A
mortality ratio of smokers to non-smokers is then computed as the ratio of
the age adjusted rates for smokers and non-smokers. Mortality ratios com
puled in different ways will of course give somewhat different results and
experts in this field do not regard any one method as uniformly best. In this
report we have used the ratio of observed to expected deaths, as described in
the previous paragraph, primarily because this measure is the most common
one in previous publications from these studies. Both methods of adjust-
nx..-nt run the risk of concealing a change in the relative death rate with age.
For Instance, the over-all mortality ratio might be unity if smokers had higher
death rates than non-smokers prior to age 6(), but lower death rates thereafter.

Smokers and non-smokers may differ with regard to variables other than
age that are known or suspected to influence death rates, such u economic
level, residence, hereditary factors, exposure to occupational hazards, weight,
marital status, and eating and drinking habits. In the summary results
to be presented in subsequent sectic,xs, as in most results previously pub-
lished, the death rates of smokers and non-smokers have not been adjusted
so as to equalize the effect' of these disturbing variables. This issue will
be discussed later in this chapter.

A further complexity In interpreting the results comes from interrela-
tionships among the variables that describe the habit of smoking. As will
be seen, the death rates of a group of cigarette smokers vary with the amount
smoked, the age at whkh smoking was started, the duration of smoking, and
the amount of inhalatiol. In trying to measure the "net" effect of one of
these variables, such as the number of cigarettes smoked pet day, we
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should make adjustments so that the different groups of smokers being
compared are equalized on all other relevant aspects of the practice. This
can be done at best only partially. Most studies measured only some of the
variables on which adjustment is desirable. When the data are subciassi
fled in order to make the adjustments, the numbers of deaths per subclass
are small, with the consequence that the adjusted death rates are somewhat
unstable.

Consequently, like previous reporters on these studies, we have used our
judgment as to the amount of subclassification and adjustment to present.
The possibility that part of the differences in death rates may be associated
with smoking variables other than the one under discussion cannot be
excluded.

RESULTS FOR TOTAL DEATH RATES

MORTALITY RATIOS FOR CURRENT SMOKERS

Table 2 shows the mortality ratios to non-smokers for men who were smok-
ing regularly at the time of enrollment.

For males smoking cigarettes only, the over-all death rate is higher than
that for non-smokers in all studies, the increase ranging from 44 percent
for the British doctors to 83 percent in the men in 25 states. For smokers
Of other forms of tobacco as well as cigarettes the increases in death rates
Are in all cases Tower than for the smokers of cigarettes only.

For smokers of cigars only or of pipes only, three of the studies show small
increases in over-all death rates, ranging from 5 percent to 11 percent.
The study of men in 25 states, however, gives slight decreases for both types,
as does the British study for the two types combined.

TABLE 2.Mortalisy ratios °I current smokers by type ol smoking

Study croup

Type of smot big
British Urn In I
aorta.. kites

U.s. ref-
Nana

Canadian Mee In IS
States

estafettes telly 1. 44 1.70
CiPrettes and ochre LOS 1.4S
Man only

11. OS 1.10
Pipes only 1 OS

1.r0
1. 44
1.07
LOS

1. 13
1.11
1.10

sit
sss

The Celiforola Ocrapallooal and Legioo Audio are mortality ratios of 1.3 and LSO respeceirety. to
all cigarette ernotem (current and ea./motels).

MORTALITY RATIOS BY AMOUNT SMOKED

For smokers of cigarettes only who were smoking at the time of entry,
the mortality ratio increases consistently with the amount smoked in each
of the seven studies, with one exception for the California occupational study,
which includes ex- cigarette smokers as well as current smokers (Table 3).

85



For smokers of cialtrs only who were smoking at the time of entry, four
of the studies give a breakdown into two amounts of smoking (Table 4) .

Men smoking less than five cigars per day have death rates about the same
as non-smokers. For men smoking higher amounts there is some elevation
of the death rate. When the results are combined by adding the observed
and expected deaths over all four studies, an over-all mortality ratio of 1.20
is obtained for the fiveor-more group. This over-all increase is statistically
significant at the 5 percent level.

TABLE 3.- Mortality ratios for current smokers of cigarettes only, by amount
smoked

Cigarettes pt,
day

Balch
doctor

Mm In 9
States

U.S.
retelling

California
mum.
tional* 1

Cs Morals
Won*

Oulu Lan
veterans

Men In 23
States

Less than 10
10-77
21-39
40 and over.._

1.05
1.31

*1.63
'150

1.33
1.66
1.93
190

1.83
1.76
1.99
122

1.44
1.79
LT/lid

) I 1.30
I IASI
11.25

I 1.6655i
) 11.64

1.45
1.73
1.90
220

Current and eidgarette motets combined.
1 "Less than lo" is "len than I" phis "about W ; "10-2)" Is "about 1": "21-39" Is "about 1 5".
I Luis than 1 peck.
1 20-34.
sy ploy.

1 More than I pock.
About 1 mek.
More than 1 pack.

TABLE 4.-Mortality ratios for current smokers of cigars only, by amount
smoked

Numb re Per day Men in It
States

V.S. rel.
emus

(\median
retersru

Mets In 15
States

0ree411
results

14
I of more

1.06
1.29

1 90
1.91

11.12
11.90

0.93
1.10

1.00
I.20

1 1-1
*3 or more.

For current pipe smokers (Table 5), men smoking less than 10 pipeful. per
day have death rates very close to those of non-smokers. For heavy pipe
smokers (10 or more per day) two studies show increases of IS and 12 per-
cent in death rates, but the other two studies show little or no increase. The
over-all mortality ratio of 1.05 does not differ statistically from unity. The

Statistical significance throughout this report refers to the S percent keel na-
kis otherwise specified. Is testing whether an observed mortality ratio of smokers
relative to not, - smokers is greater than unity, the probability is calculated that a ratio
as large as or larger than the observed ratio would occur by chance if the smokers and
non smokers were drawn from two populations having the sure death rate. lf this proba-
bility kv leti than 0.05 IS percent) the obsened Increase is the death rate of awoken
relative to Dos smokers is said to be statistkally significant it the S percent level. Tbe
results of sifiificance tests will be quoted only fit mortality ratios in whkb the number
of deaths rates a doubt ay to whether the differetxt from unity could be due to sampling
errors.
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British doctors study gives a mortality ratio of 0.91 for cigar and pipe smokers
together (presumably mostly pipe smokers) who consume more than 14 gms.
of tobacco daily.

TABLE 5. Mortality ratios /or current smokers of pipes only, by amount
smoked

Pipes per day

Study
Oreroil

ratio
Men In ft

States
U.S.

veterans
Canadian
veterans

Men in
tei

$S
Sta

14
10 or more

1.00
1.16

L 03
1.15

1.07
1.01

0.92
0.76

1.01
1.05

MORTALITY RATIOS AT DIFFERENT AGES

As indicated previously, the mortality ratios presented in previous tables
for different groups of smokers represent a kind of average over the age.
distribution of the smokers concerned, and do not necessarily apply to
smokers of any specific age. For cigarette smokers, the studies show that
the mortality ratio declines with increasing age, being higher for men aged
40-50 than for men over 70. This effect is illustrated in Table 6 from
the study of men in 25 states, which gives the mortality ratio computed
separately for five age classes.

The drop in mortality ratio with each increase in age appears fairly con.
sistently for every amount of smoking. For smokers of cigarettes only as a
whole, the death rate is more than double that for nonsmokers in the age
range 40-49, but only about 20 percent higher for men over 80. The pia
Lure is, of course, different if we look at the absolute excess in death rates
at different ages. Owing to the marked increase in death rates with age, the
absolute excess also increases steadily with increasing age.

A more thorough investigation of the relation between death rates and
age for different groups of smokers has been made by Ipsen and Pfaelzer
(14). If the logarithm of the agepecific death rate is plotted against age,
the resulting points He reasonably close to a straight line. For the U.S.

TABLE 6. Mortality ratios by age group /or current smokers o/ cigarettes
only, men in 25 States

Nana*r of e4esedtri per day
Ale at start of studs

4040 SO-St

14
14-14

40+

Ar aeounto

it

tieIL II

sty

1.44
1.
l0%6
s/7

06

79-71 604e

I. OS

1I.11
. tS

S. le
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veterans study, Figure 1 shows the points and fitted lines for non-smokers
and for current smokers of cigarettes only. (The lines were fitted by the
standard method of least squares, weighting each point by the number of
deaths involved.)

If the lines for cigarette smokers and non-smokers were parallel, this
would imply that the mortality ratio of the smoke &s to the non-smokers was
constant at all ages, because the vertical distance between the two lines at
any age is the log of the mortality ratio for that age. In Figure 1, however,

DEATH RATE (logarithmic scale) PLOTTED AGAINST AGE,

PROSPECTIVE STUDY OF MORTALITY IN U.S. VETERANS

CURRENT CIGARETTE SMOKERS

ACE IN TEARS

VICTIM
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the slope is slightly less steep for the cigarette smokers than for the non-
smokers. This indicates that the mortality ratio is declining with increased
age.

Table 7 shows these slopes (increase in the natural logarithm of the death
rate for each 5-year increase in age) computed from six of the studies.
The salient features are as follows: (1) In each study the slope for cigarette
amok !Ts is smaller than the slope for non-smokers; (2) Within the cigarette
smokers the slope tends to decline, with some inconsistencies, as the amounts
smoked become greater; (3) for cigar or pipe smokers the slopes are closer
to those for non smokers.

TABLE 7.-Increase in natural logarithm ol death rate per 1,000 man-years
/or each 5 year increase in age, 6 prospective studies

British Men In 9 V.B. California Calllornis Men in SS
Type or smoking doctors Stotts veterans

Moat
occtipte Legkin 1 Biala 1

Non -emotes KG .174 .499 .480
Cigarette/16y amount per day.

.

.491 .127 .443 .436
.601 .440
.476 .436

I-4 .636 .464 .440 .401 .567 .445
10-10. .151 .457 .454 .441 .471 .441
11-39. .477 .423 .467 .447 .449 .401
40+ 401 .845 .401

eigan . 406 461 .457
Pipe* 1 OR .121 4.11 .464

"Cigarettes" includes "cigarettes and War" and current and es emotes.
1 9IrA 10 months' erperienos.

AGE AT WHICH SMOKING WAS STARTED

The study of U.S. veterans and the study of men in 25 states provide data
on the death rates of current smokers of cigarettes only, classified by the
age at which the person started to smoke. Since In both studies the men
who start to smoke early tend to smoke greater amounts per day than men
who start later in life, the mortality ratios to non-smokers are presented
separately for different amounts of smoking (Table 8).

TABLE 8. Mortality ratios by age at which smoking was started and by
amount smoked for current smokers of cigarettes only

Age started to Mae

?etc. :
V.8t7s4 ;itas)

10-)4
15 at me

Stens* IS States:
15Vadat IS-19
10-11
IS or ono

1.110
1.40
L IS

[

Nombre or eigsretieS Per day

111-15

1.N
1. 71
1.10

111
I

its

11-39

111

1.17
1.47

sin
1 11
11.51
11.44

40+

143
113
1.11

1.111
1 SS

Orcretfl
reek

1.95
1.71
1.19

!11
1.99
1. 24
1.24

141-14 eigirettes per day.
10-11 elgurelteo to day.
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For a fixed amount of smoking, the mortality ratios (with one exception)
exhibit a consistent and rather striking increase as the age at which smoking
was started decreases. This increase appears in all smoking groups of
Table 8. For men who started smoking cigarettes under the age of 20,
the over-all death rate was about twice that for non-smokers, whereas for
those who did not start until they were over 25 the death rate war only about
35 percent higher.

MORTALITY RATIOS BY DURATION OF SMOKING

Three studies have some data available on the number of years during
which the subjects had smoked. The comparison of mortality ratios for
different lengths of time smoked is of interest in relation to two questions
raised by Dorn (6) in an earlier analysis of the U.S. veterans' data. Is there
a minimum period of use during which no effect on the death rate is notice-
able? Is there a maximum period after which no increase in the relative
death rate is perceptible?

For current cigarette smokers the results (Table 9) are not clear -cut. In
the U.S. veterans study, men smoking for less than 15 years had death rates
about the same as non-smokers. There is a rise of about 50 percent in the
mortality ratio for those who had smoked 15-35 years, with a further rise
for those smoking longer than 35 years. The study of men in nine states
shows a rise from under 25 years to 25-34 years duration, but no further
rise thereafter. In the Canadian study the mortality ratio with cigarette
smokers is just as high for durations less than 15 years as for durations of
15-29 years, though there is a rise (to 1.73) for smokers of cigarettes only
who have been smoking more than 30 years.

TASLE 9.-- Mortality ratios /or current smokers by type 0/ smoking and by
length ol time smoked

Type of snot le

Number of yews smoked

V.& 'deans Canadian silent.' Met In States

Clearet tea olity
Ciavvites and

abet .
(Van oo17
Pipes onTy

<16

S's
LOT

OS
1.01

1 L14

1.13

11.I. 111

41

1.14

<IS 11-11

1.W

1.14
1.
1.1On 6

1.41

enan

<is 13-34

L 46 1.74

Thus, all three studies show some increase in the mortality ratios rith
longer duration of smoking, but the pattern is irregular. In a further break-
down of the data by amount smoked, Hammond and Horn (10) found no
trend with duration for men smoking more than a pack a day, but the other
two studies show an upward trend for this group of smokers.

For cigar smokers the only groups showing an increase In death rates over
non-smokers are those smoking lot the longest period (Table 9). The In-
creases of 12 percent for the 35 years or over group in the US. study and of
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31 percent for the 30 years or over group in the Canadian study are both
statistically significant.

For pipe smokers no trend with duration of smoking is discernible. The
two figures which stand out (1.34 in the U.S. study and 1.36 in the Canadian
study) are both based on relatively small numbers of deaths.

INHALATION OF. SMOKE

In two of the studies the subjects were questioned as to whether they
inhaled. In the study of men in 25 states each subject was asked to place
himself in one of the four classes: do not inhale, inhale slightly, inhale
moderately, inhale deeply. In the Canadian veterans study the subject simply
classified himself as an inhaler or noninhaler.

For current smokers of cigarettes only in the U.S. study, 6 percent of the
subjects stated that they did not inhale, 14 percent inhaled slightly, 56 percent
moderately and 24 percent deeply. In the Canadian study 11 percent
classified themselves as noninhalers.

Since inhalation practices may vary with the amount smoked, the results
for cigarette smokers (Table 10) are given separately for different amounts.
For the men in 25 states an increase in the degree of inhaling for a fixed
amount of smoking is in general accompanied by an increase in the mortality
ratio. The relation of inhalation to ;nodality appears quite marked: for
instance, noninhalers who smoke 20-39 cigarettes daily have mortality
ratios no higher than moderate or deep inhalers who smoke 1-9 cigarettes
daily. With the very heavy smokers (40+) the figures in Table 10 suggest
that the mortality ratio may remain the same for non, alight, and moderate
inhalers. The ratios of 2.05 (non.) and 1.97 (slight) are, however, breed
on only 26 and 41 deaths, respectively.

TABLE 10. Mortality ratios for smokers of cigarettes only by inhalation
AMU 0.11d amount of smoking

Dec= at =ha 1stke
Cigarettes pet day

Orar.a11
=no

14 10-19 1141 404-

Mee 1a 11 Butts:
Norte 141 1.46 1.36 101 I.16
fitabl 1. It 3.66 I. 64 I. /7 I. $
Waders= 1.61 1.a 1.61 101 I.44
Deep

teems: ICsnadian
1. 69 1.76 t ts 1 so 110

None LOS 11.11 1 1.08 1.06
Ore* 1. IS 1 1.60 1 1.11 1. 11

1 Amounts an Wks, insatiate= anicanits emoted.
1 10.14 elysteites per day.
1 0-ter 10 delt= per day.

Looking along the rows of the US. veterans study it will be been that for
each degree of inhalation the mortality ratio increases with the amount
smoked. 'poen and Wither (14) have shown that the logarithms of the 16
death rates at age 61 (approximately the average age) can be adequately rep.
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resented as ar additive function of the amount of smoking and the degree of
inhalation (although other types of mathematical relationship would also fit
the data). In their analysis, the average change in logarithm of death rate
from "no inhalation" to "deep inhalation" is as great as the difference be-
tween consumption of less than 10 cigarettes and consumption of more than
40 cigarettes daily.

In the Canadian data the inhalers have higher mortality ratios than the
noninhalers for each amount of smoking. No trend with amount of strok-
ing appears for the non-inhalers, but the ratios in this row are based on
rather small numbers of deaths.

For cigar smokers (current and exsmokers) in the 2Sstate study 19 per-
cent stated that they inhaled to some extent. The mortality ratio is 0.89 for
noninhalers and 1.37 for inhalers. The latter increase of 3? percent (based
on 91 deaths) is statistically significant, but as the data have not been sub-
classified by amount of smoking the result may be partially a reflection of
the increase in death rates noted in Table 4 for heavy cigar smokers. In the
Canadian study, 13 percent of the cigar smokers classified themselves as in-
hiders, but the number of deaths is insufficient to present a breakdown of the
mortality ratio by inhalation status.

Among the pipe smokers there were 28 percent who inhaled in the U.S.
study and 18 percent in the Canadian study. The U.S. mortality ratios are
0.8 for noninhalers and 1.0 for inhalers; the Canadian data contain too few
deaths to allow a breakdown by inhalation.

EXCIGARETTE SMOKERS

For men who had stopped smoking prior to the data of enrollment, Table
11 gives the mortality ratios from five studies for "cigarette only" smokers
and "cigarette and other" smokers. The corresponding results for current
cigarette smokers (from Table 2) are given for comparison. The distinc-
lion between current and exsmokers is not of course clear cut, since some
current smokers may have stopped after enrolling in the study and some ex-
smokers may have later resumed smoking.

With one exception, the mortality ratios for exsmokers lie consistently be-
low those for current smokers and above those for non-smokers. In inter-
preting comparisons of exsmokers and current smokers there are at least
three relevant factors. If smoking is injurious to health, cessation of smok-
ing would be expected to reduce the mortality ratio. Secondly, some men
stop smoking because of illness. In the 2S-State study, over 60 percent of
the men who had stopped smoking within a year prior to entry stated that a
disease or physical complaint was one of the reasons for stopping (12).
This factor would tend to make mortality ratios for exsmokers higher than
those for current smokers. Finally, exsmokers may have previously smoked
smaller amounts than current smokers. This factor is 1,01 the explanation
of the drops in mortality ratios in Table 11. In a further breakdown by
amount of smoking, made for the three largest studies, the mortality ratio
for ex-smokers is consistently below that fo- current smokers for each amount
smoked.

92



TABLE H.-Mortality ratios /or ex-smokers and current smokers °I cigarettes

Brit lab
doctors

Men in 11
States

U.S.
veterans

Canadian
veterans

Men in 25
States

Es-cigaretees 1.04 1.40 1.41 1.42 1.50
Current ciptettes 1.44 L70 1.79 1.65 1.83

Eitigarettes and other 1.21 .1.29 1.21 1.18 I. SI
Current cigarettes and other. 1.05 1.43 1.46 1.23 1.54

TABLE 12.-Mortality ratios for ex-smokers ol cigarettes only by number °I
years since smoking was stopped and by amount smoked

Number of yeah stopped
Study Cigarettes

per day
Current
smokers

<1 1-4 1-9 8-2 10-I-

Men in 9 States I klif! 100 1.1°2 L
1.08

30 1 02
L 61

Menlo 23 States { a kro ut 1.46
I. II

0.81
1.22

1.73
1 01

I These data are from Hammond sad Horn, ISA

TABLE 13.-Mortality ratios for ex-cigarette smokers by number o/ years of
smoking, U.S. veterans study

Iti per day
Number of years of Innollst

<13 13-24 2544 33+

1-20 1.05 LOS 1.28 4.88
)3} L12 1.18 1.41 100

Ap at which smoking was stopped

<43 43-34 as+

1-20 1.00 1.24 1.81 .....
)3} 1.19 1. ill 1.86

Some supplementary analyses throw a little further light on this topic.
fn the two American Cancer Society studies (Table 12) a breakdown is
given by the number of years since smoking was stopped.

Except for the smokers of under one pack a day in the 2S-State study,
the mortality ratio for men who had stopped less than a year is higher than
that for current smokers. Thereafter the ratio drops steadily as the interval
since smoking was stopped increases.

In the U.S. veterans study, further breakdowns are available by the
numbers of years during which the exsmokers were smoking and by the
age at which smoking was stopped (Table 13), as well as by the amount
of smoking. The mortality ratios are about the same for those smoking
less than IS years as for those smoking 1S-24 yeari. Thereafter the ratios
rise with longer durations of smoking. Table 13 also shows that mortality
ratios were higher tot those who stopped smoking at Ista ages.
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EXCIGAR AND PIPE SMOKERS

Mortality ratios for smokers of cigars only and pipes only who had
stopped smoking prior to the date of entry are given in Table 14, the cor-
responding ratios for current smokers being included for comparison.

For ex-cigar smokers the mortality ratios are higher than those for non-
smokers and higher than those for current smokers in all four studies pre-
sented. The same is true for expipe smokers with the exception of the
Canadian study.

The interpretation of this result is not clear to us. According to Ham-
mond and Horn (10) and Dorn (6), the explanation may be that a sub-
stantial number of cigar and pipe smokers give up because they become ill:
some data from cigarette smokers that support this explanation have re-
cently been analyzed by Hammond (12). Further analysis of the US.
veterans data indicates that mortality ratios run highest in exsmokers who
smoked heavily and for a long time.

TABLE 14. Mortality ratios jar exsmokers ol cigars only and pipe, only
and Pr current cigar and pipe smokers

Type o7 smoker British
docton

Men In
I States

11.11.
veterans

Canadian
veterans

Men In
IS&ales

Eidgar 1.18 110 L 17 1.11
Current dim. 1.10 1.07 1.11 1 17

Es -pipe 1 1.11 1.19 1.11 LOS 111
Current pipe 1 il M LOS 100 1.10 (t. 84

1 Pipe and tint combined.

EVALUATION OF SOURCES OF DATA

THE STUDY POPULATIONS

Various reasons dictated the particular chokes made of the seven study
populations, considerations of feasibility playing an Important role. None
of the populations was designed, in particular, to be representative of the
U.S. male population. Any answer to the question "to what general popula-
tions of men can the results be applied?", must Involve an element of un-
verifiable judgment. However, three of the studies have populations with
widespread geographic distribution within the United States, as do the
British and Canadian studies within their respective countries. Taken as a
whole, the seven populations offer a substantial breadth of sampling of the
type of men and environmental exposures to be found in North America and
Britain, as well as providing some variation in methodological approach,
although the bask plan was similar in all studies.

The seven studies differ considerably in site. They vary also in the extent
to which they are free from methodological weakness. The studies of men
in nine states and men in 25 States, for instance, suffer from the difficulties
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.
that the populations studied are hard to define, that the smokers and non-
smokers were recruited by a large number of volunteer workers, and that
completeness in the reporting of deaths was hard to achieve, since this de-
pends on reports from the volunteers. On the other hand these studies have
the advantage of being large and of having a broad geographic represents-
lion of the U.S. male population, while the second study is the only one that
attempts to investigate many other relevant variables in which smokers and
non-smokers may differ. In the California occupational study the focus of
interest is occupational differences in lung cancer mortality, smoking history
being recorded primarily in order to be able to adjust comparisons among
different occupational groups for differences in amount smoked. In the
analysis we have not attempted to rate the studies as to over-all quality or to
assign differential weights to their results, except that in the smaller studies it is
recognized that mortality ratios are subject to larger sampling errors. Our
attitude is to attach importance only to results that appear to be generally
confirmed by the studies.

Some ides of the relative death rates in these studies as compared with the
1960 white male population of the United States is given in Table 15, which
shows the ageadjusted death rates for ages 35 and over, using the age dis-
tribution of the U.S. white male population as a standard. (The choice of
1960 for the comparison is arbitrary, but the white male rate changed little
between 1955 and 1960.)

In all studies the death rates for non-smokers are markedly below those
of U.S. white males in 1960. Even the smokers of one pack of cigarettes or
more daily have death rates that average slightly below the U.S. white male
figure. To some extent this is to be expected, since hospitalized and other
seriously ill persons are not recruited in such studies. The sizes of the differ-
ences appear, however, surprising for the studies with United States popula-
flora. Hammond and Horn (10), in a special investigation on this ques-
tion, concluded that the discrepancy in their study was due to the screening
out of sick persons in recruiting plus probably a selection towards men of
higher economic levels. They point out that their death rates are substantially
above those for males who had held ordinary life insurance policies for from

TABU 15.Age-adjusted death rates per 1,000 man-years /or current
smokers of cigarettes only (aged 35 and over), by amount smoked, in seven
studies and for U.S. white males
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5 to 15 years. The U.S. veterans' study population also came mainly from the
middle and upper socio-economic classes (6).

Anothe-, reason might be a failure to trace all deaths. In mass studies
it is ahnost impossible to devise infallible provisions for recording every
death. The study directors were, however, experienced in handling this
problem and it seems unlikely that more than, say, 5 percent of the deaths
would be missed. (Moreover, in the studies of veterans it is to the family's
advantage to report the death.)

Another contribution probably came from the failure to obtain data for
some members of the population. Evidence on this point is available from
the British doctors and the U.S. veterans' studies, in which death rates for
the complete population (respondents and non-respondents) are available.
In these studies the death rate for the whole population exceeded that in
the respondents, but by only 5 percent to 10 percent, so that non response
appears unlikely to be a major cause of the discrepancy.

So far as interpretation of results is concerned, the discrepancy raises
two points. It is dear that the seven prospective studies involve popula-
tions which are healthier than U.S. males as a whole. Secondly, the low
death rates for non-smokers suggest the possibility that the studies recruited
unusually healthy groups of non-smokers. In the case of the five studies
which had clearly defined populations, this selection would arise only if
the non.smokers who refused to enter the study had death rates much
higher than those who were enrolled. This point is discussed in the next
section.

NONRESPONSE BIAS

In all five studies that had a clearly defined target population, sizeable pro-
portions of the population were omitted. The major reason was failure to
answer the questionnaire; in addition, certain replies were rejected as too
incomplete. The percentages of the populations for which usable replies
were obtained were approximately as shown in Table 16

TABLE 16.Percentages of usable replies

British U.S. California California C
doctors veterans occupa-

tional
Legion

68 68.85 85 as

In the U.S. veterans study, 68 percent replies , .. from the
1954 questionnaire. A second questionnaire, sent h i 9 I an addi-
tional 17 percent, for whom data are available duri 1957-60.
In the two American Cancer Society studies it is to present
meaningful percentages, since each research volunt. I her own
small part of the study population from among her ac., .

The possible effects of these amounts of non-resp. mortality
ratios have received little discussion. Some piece. lotion about
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non-respondents are available in two studies. From a recent sample, Doll
(4) states that (a) the death rate of non-respondents in the British doctors
study is higher than that of respondents; (b) consequently the death rate
for respondents is lower than that of British doctors as a whole, perhaps
by as much as 5 percent to 10 percent; (c) there are relatively more smokers
among the non-respondents than among the respondents. In the U.S. vet-
erans' study, the death rate for the whole study population exceeded that for
the original 68 percent responders by 7 percent in 1958 and 5 percent in
1959. From this study one can also calculate mortality ratios separately,
diring 1957-60, for the 1954 respondents and the 1957 respondents. The
results for smokers of cigarettes are as follows:

1954 1957 Non-
respondents respondents respondents
(68 percent) (IT percent) (IS percent)

Current cigarettes only 1.87 1.71
Current cigarettes and other 1.56 1 -33

Those who did not respond in 1954 but did respond in 1957 show lower
mortality ratios than the original set of men giving usable replies. By
making guesses about the mortality ratios in the 15 percent of non-responders,
one can compare the resulting mortality ratio in the whole population with
that found in the original 68 percent. To consider how much of an over-
estimate the ratios of 1.87 and 1.56 might be, we might suppose, to illustrate
the method, that the mortality ratio is unity for the non-respondents. The
mortality ratio for the whole population then turns out to be 1.71 for cig-
arettes only and 1.44 for cigarettes and other. Thus, with a nonrespanse
rate of 30 percent, the computed mortality ratio might overestimate by 0.1
or 0.2.

Berkson (1) produced a set of assumptions under which, with a mortality
ratio of 1 in the whole population and a response rate of 71 percent, the
mortality ratio in the respondents is found to be 1.5. Non-respondents are
assumed to be of two types. One group, destined to have 4 high death rate,
refuses because they don't feel well. This group has a high refusal rate
(50 percent) for both smokers and non-smokers, since the reason for refusal
is illness and not smoking. In the remainder of the non-respondents, the
refusal rate is higher among smokers than non-smokers. Qualitatively,
these assumptions are not unreasonable and agree in direction with the
results quoted previously for the British doctors and U.S. veterans' studies.
Korteweg (15) worked further examples of Berkson's model as applied to
individual causes of death in the first report of the study of men in nine
states. He concluded that the response bias h. the mortality ratio might be
as high as 0.3. Both Berkson and Korteweg, had, of course, to make some
arbitrary assumptions about the sizes of biases from different sources.

Further discussion of the non-response bias and computations as to its
magnitude are given in Appendix I. The computations indicate that re-
ported mortality ratios lying between 1 and 2 might overestimate by as
much as 0.3, a mortality ratio of 5.0 might overestimate by 1.0, and one of
10.0 might overestimate by 3.0. Thus, under assumptions that are rather
extreme, although consistent with the available data about non-respondents,
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II

the mortality ratios of cigarette smokers would still remain substantially
higher than unity after adjustments for these amounts of over-estimation.

MEASUREMENT OF SMOKING HISTORY

Measurement of the type and amount of smoking, being based on a single
mail questionnaire, was admittedly crude. Consider men recorded as cur-
rent smokers of cigarettes only Sithsequent to enrollment, some of these
presumably stopped smoking, at least temporarily, and some took up other
forms, with or without cigarettes.

Similarly, some men recorded as non-smokers may have begun to smoke
cigarettes subsequently. Consequently, the group designated as "current
smokers of cigarettes only" presumably contained men who were, for some
period of time "ex-smokers" or "cigarette and other" smokers, while men
designated as "non-smokers" contained some who smoked cigarettes for a
time. It seems likely that this dilution of the contrast between the two
groups would make the mortality ratio of cigarette smokers, as reported in
previous tables, underestimate the mortality ratio of unchanging cigarette
smokers relative to unchanging non-smokers, particularly when we note
that the groups labeled "ex-smokers of cigarettes" and "cigarette and other"
smokers both had mortality ratios lower than the group labeled "current
smokers of cigarettes only".

As regards number of cigarettes per day, two types of errors of measure-
ment may occur. There will be "random" errors of measurement (some
men overestimate the amount and others underestimate it) that tend to
cancel out over all men in the study. The effect of such errors is that
the reported data underestimate the increase in the mortality ratio per
additional cigarette smoked daily, the computed increase being an estimate
of B/(1+h), where B is the true increase and h is the ratio of the variance
due to errors of measurement in the amount smoked to its totcl variance,
Yates (17). There may also, however, be systematic errors in reporting
the amount smoked. Heavy smokers may tend to underestimate the amount
smoked. If this happens, the reported increase in mortality ratio per
additional cigarette smoked will be an overestimate of the true increase,
although the upward trend of mortality ratio with increasing amount
smoked will remain.

On balance, we are inclined. to agree with the opinion expressed by the
authors of several of the studies to the effect that the general result of errors
in reporting smoking history is to depress the mortality ratios of smokers
relative to non-smokers, so that reported ratios will tend to be underestimates
so far as this source of error is concerned.

STABILITY OF THE MORTALITY RATIO

The sampling distribution of the mortality ratio has not to our knowledge
been at all thoroughly investigated and appears to be complicated. As a
rough approximation (Appendix II), the ratio of smoker deaths to smoker
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plus non-smoker deaths may be regarded as a binomial proportion with
mean AR/(1 +AR) where R is the true mortality ratio, A is the ratio of the
expected smoker deaths to the observed non-smoker deaths and the sample
size is the number of smoker plus non-smoker deaths. From this approxima-
tion, confidence limits for R may be derived. This approximation requires
that (1) the age distributions of smokers and non-smokers do not ditler
greatly and (2) all age-specific death rates are small. An alternative normal
approximation that avoids assumption (1) is also given in Appendix H.

The sampling variation of the estimate of R is seldom of major import
in this part of the report, since the ratios for total mortality are mostly based
on relatively large numbers of deaths. The estimate has a positive mathe-
matical bias, negligible with large but not with small numbers of deaths.
In another sense the particular mortality ratio used in this report has a
different kind of bias. Since the standard age-distribution used in this
ratio is the age-distribution of the smokers, who are somewhat younger than
the non-smokers, the mortality ratios apply to populations slightly younger
than the combined population of the study. This is not in our opinion a seri-
ous objection, but may sometimes be relevant in questions of interpretation.

OTHER VARIABLES RELATED TO DEATH RATES

As mentioned previously, the smokers and non-smokers in these studies
may differ with respect to other variables that might influence the death rate.
Except in the new 25-State study, no attempt was ,nade to measure these
variables apart from urban-rural residence, and previous reports on these
studies give little discussion of this problem. For urban-rural residence, Doll
and Hill (5) found that the proportions of s jokers of different amounts
in the study population were about the same in rural areas, small cities and
large cities. In three studies the mortality ratios of cigarette smokers were
computed separately by size of city (6, 10, 11). In the study of men in
25 States, the data refer to men who smoked 20 or more cigarettes a day
and said that they inhaled moderately or deeply. In all three studies the
mortality ratios show little change with size of community (Table 17).

In the 25-State study, over 20 other variables that may be associated with
death rates were recorded. The study population was broken down into
subgroups for many of these variables separately: for instance, into smokers
who have long-lived parents and grandparents and those whose parents and

TABLE 17.---Mortality ratios for cigarette smokers by population-size of city

Study

Population -aloe

Over
50,000

10.000-
50.000

Small
toans

Rural

Men in 9 States
U.S. veterans
Men in 2.5 States

1.48
1.54
L89

1.62
1.51

12.02

1.50
1,42

1.52
1.59
1.74

Includes towns of less than 10,000.



grandparents were short-lived. Included among these variables were reli.
gion, educational level, native or foreign birth, residence by size of town
and occupational exposure, use of alcohol, use of fried food, amount of
nervous tension, use of tranquilizers, and presence or absence of prior
serious disease. For cigarette smokers who smoked more than a pack a day
and inhaled moderately or deeply, the mortality ratio was computed within
each subgroup. For example, the mortality ratio was 1.99 for men with
long-lived parents and 2.30 for men with short-lived parents. In every
subgroup the mortality ratio was well above unity, the lowest among 71
computed ratios being 1.57 (for men with a history of previous serious
disease).

These data provide information on the association of the other variables
with mortality as well as on the association of smoking with mortality. For
six of the most relevant variables, Table 18 gives age-adjusted death rates,
using the combined populations of non-smokers and cigarette smokers as
the standard population. The death rates apply to a period of roughly
22-months follow-up. As already mentioned, the cigarette smokers (of
more than a pack per day who inhaled moderately or deeply) have higher
death rates than the non-smokers in every cell of Table 18. Since not all
respondents answered these supplementary questions, the results may be
subject to some additional non-response bias.

As would be expected, death rates are relatively high for men with previ-
ous serious disease and for men from short-lived families, and are somewhat

TABLE 18.-Age.adjusted death rates per 1,000 men (over approximately
22 months) for variables that may be related to mortality

Type of smoking
Long -lived

parents and
grandparents

ShOtt-lived
parents and

grandparents

No previous

disease

Pr 6 vlous
serious
disease

None
Cigarettes

None
Cigarettes

None
Cigarettes

None
Cigarettes

14.8
27.1

21.1
44.8

11.6
22.3

42.6
55.0

Single Married Use tran-
quilizers

Do not use
tnumullizers

26.0
50.1

18. 9
33.0

29.1
52 4

13 2
31.8

Educational level

No high
school

Some high
school

High school
graduate

Some
college

College
graduate

22.7
332

20 0
34.5

15.9
85.5

18. 3
34. 2

15.8
29.4

Degree of exercise

None Slight Moderate Heavy

23.8
34.1

14.7
26.6

11.0
20.8

9.5
19.7

Smokers of more than a pack per day who inhaled moderately or deeply.
1 Confined to men with no history of heart disease, stroke, high blood pressure or cancer (except skin)

who were not sick at the time of entry.
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higher for single than for married men. The size of the excess death rate
for users of tranquilizers compared to men who do net use them is perhaps
surprising (29.1 against 182 and 52.4 against 31.8) . However, the tram-
quilizers in question required a doctor's prescription, so that some men in
this group are presumably under medical attention for illness. The group of
users is small, comprising only about 10 percent of those who answered this
question. Death rates tend to decrease slightly as the educational level
increases; this association may represent some facet of the association of
death rates with socio-economic level. Degree of exercise displays an inter
eating association with mortality, the death rate declining steadily with
additional degrees of exercise. In particular, the two "no exercise" groups
show marked elevations in death rates. These groups, however, amount to
only 2 percent of the respondents to this question.

From the same data, Ipsen and Pfaelzer (14) made a further analysis
of seven variables that appeared to be related to mortality, in order to see
whether any of the variables had a stronger association with mortality than
did cigarette smoking. They concluded that apart from previous serious
disease, none of the other variables examined had as high a correlation with
mortality as smoking of cigarettes. Further, the correlation of any of these
other variables with cigarette smoking was too weak to reduce markedly
the correlation of cigarette smoking with mortality after adjustment for
the other variable.

In the analyses above, smoking was matched against each variable sep-
arately. In addition, Hammond (11) carried out a "matched pair" analysis,
in which pairs of cigarette smokers and non-smokers were matched on height,
education, religion, drinking habits, urban-rural residence and occupational
exposure. The percentage who had died in the 22 months was 1.64 for
smokers and 0.88 for non-smokers.

These informative analyses are available, unfortunately, for only one of
the studies. However, in order that the association of cigarette smoking
with mortality should disappear when we adjust for another variable, the
correlations of this variable with smoking and with the death rate must
both be higher than the correlation between smoking and the death rate.

Except for the breakdowns by longevity of parents and grandparents,
the analyses throw little light, however, on the objection that a part of the
differences in death rates may be constitutional, psychological or behavioral;
i.e., that regular cigarette smokers are the kind of men who would have
higher death rates even if they did not smoke. Further discussion of this
point appears in the next section.

MORTALITY BY CAUSE OF DEATH

In all seven studies the underlying cause of death, as specified in the Inter-
national Statistical Classification of Diseases, Injuries and Causes of Death,
was abstracted from the death certificate. In the two American Cancer So-
ciety studies, further confirmation of the cause of death, including histological
evidence, was sought from the certifying physician for all cancer deaths; this
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procedure was also followed in the British doctors' study for all certificates
in which lung cancer was mentioned as a direct or contributory cause. With
these exceptions the data presented here represent the results of routine death
certification.

For current smokers of cigarettes the total mortality, after adjustment for
differences in age composition, was found previously (Table 2) to be about
70 percent higher than that of nonsmokers in these studies. The primary
objective in this section is to examine whether this percentage increase ap-
pears to apply about equally to all principal causes of death, or whether the
relative increase is concentrated in certain specific causes or groups of
causes.

RESULTS FOR CIGARETTE SMOKERS

For 24 causes of death, plus the "all other causes" category, Table 19 shows
summary data over all seven studies. In four of the studies the data are
those for current smokers of cigarettes only, but in the two California studies
and the 25-State study the cause-of-death breakdown was available only for all
cigarette smokers including "cigarette and other" smokers and current and
ex-smokers.

For each listed cause, Table 19 shows the total numbers of expected and
observed deaths of cigarette smokers summed over all seven studies, and

TABLE 19.-Total numbers of expected and observed deaths and mortality
ratios for smokers of cigarettes Only t in seven prospective studies

Underlying cause of death , . Aspected Observed
Mortality

ratio
Median

mortality
ratio

Nonsmoker
deaths

Canier of lung (162-3) 170.3 1,833 10. 6 11.7 123
Bronchitis and emphysema (502,527.1) I 89.6 646 6.1 7.5 69
Cancer of larynx (161). 14.0 75 5.4 5.8 8
Cancer of oral cavity (140-8) 37.0 152 4.1 3.9 27
Cancer of esophagus (150) 33.7 119 3.4 3.3 19
Stomach and duodenal ulcers (540-1) 106.1 294 2.8 6.0 87
Other circulatory diseases (451-468) 254.0 649 2.8 2.3 170
Cirrhosis of liver (581) 169.2 379 2.2 2.1 98
Cancer of bladder (181) 111.8 216 1.9 2.2 92
Coronary artery disease (423) 6430.7 .11,177 1.7 1.7 4.731
Other heart diseases (421 -2, 430-4) 526.0 888 1.7 1.5 398
Hypertensive heart disease (440-3) 409.2 631 1.5 1.5 334
General arteriosclerosis (450) . 211 7 310 1.5 1.7 201
Cancer of kidney (180) 79.0 120 1.5 t 4 69
All other cancer t 061.4 i, 624 1.4 1.4 742
Cancer of stomach (151) 285.2 413 1.4 1.9 203
Influenza, pneumonia (480:493) 303.2 415 1.4 1.6 189
All other causes 1,608.7 1,948 1.3 1.3 1,038
Cerebral vascular lesions 1530-4) 1481.5 1,544 1.5 1.9 1,089
Cancer of prostate (177) 253,0 318 1.3 1.0 198
AccidentS, suicides, violence (800-999) 1,063.2 1,310 1.2 1.3 827
Nephritis (593-4) 156.4 173 1.1 1.6 98
Rheumatic heart disease (400-416) 290.6 309 1.1 1.1 185
Cancer of rectum (154) 207.8 213 1.0 0.9 150
Cancer of intestines (152 - ") 4716 395 ft 9 0.9 307
All causes 15,853.9 26,223 1.68 1.65 11,168

Current cigarettes only for four studies all cigarettes (current and eit) for the two California studies
and the study of men in 25 Slates.

I, "Bronchitis a d emphysema" includes "other bronchopulmonary diseases" lot men in nine States t
Canadian vetesans.

The individual results for the seven studies are shown for reference purposes in
Table 26.
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the resulting mortality ratios, arranged in order of decreasing ratios. The
combination of thez,...sults of the seven studies in this way is open to criticism,
since it gives more weight to the larger studies than may be thought advis-
able, and since the true mortality ratios for specific causes presumably differ
somewhat from study to study. However, for some causes of death that
are of particular interest the numbers of deaths are small in all studies,
so that some procedure for combining the results is highly desirable. As
an alternative measure of the combined mortality ratio, the median of the
seven mortality ratios (obtained by arranging the seven ratios in increasing
order and selecting the middle one) is also shown for each cause in Table
19. The median, of course, gives equal weight to small and large studies.
Although there are some changes in the ordering of the causes when medians
are used instead of the ratios of the combined deaths, the general pattern
in Table 19 is the same for both criteria.

Table 19 also presents the total numbers of non-smoker deaths on which
the combined mortality ratios are based.

Lung cancer shows the highest mortality ratio in every one of the seven
studies, the combined ratio being 10.8. Other causes that exhibit sub-
stantially higher mortality ratios than the ratio 1.68 for all causes of death
in Table 19 are bronchitis and emphysema, cancer of the larynx, cancer of
the oral cavity and pharynx, cancer of the esophagus, stomach and duodenal
ulcers, and a rather mixed category labeled "other circulatory diseases,"
which includes aortic aneurysm, phlebitis of the lower extremities, and
pulmonary embolism. For three of these causescancer of the larynx,
oral cancer and cancer of the esophagusthe numbers of non-smoker
deaths are small, so that the over-all mortality ratio cannot be regarded as
accurately determined.

The U.S. veterans' study and the 25-State study provide an additional
breakdown for two of the causes listed in Table 19. For the rubric 527.1
(emphysema without mention of bronchitis), these studies give mortality
ratios of 13.1 and 7.5, respectively. For ulcer of the stomach they give
5.1 and 4.3, whereas for ulcer of the duodenum their mortality ratios are
2.3 and 1.1. Bronchitis and emphysema also show a high rate, 12.5, in the
British doctors' study.

There follows a list of 14causes whose mortality ratios are not greatly
different from the ratio of 1.68 for all causes in Table 19. These causes
range from cirrhosis of the liver, with a zatio of 2.2, down to a ratio of 1.2
for the miscellaneous class which contains accidents, suicides and violent
deaths. This group includes the leading cause of death, coronary artery
disease, with a ratio of 1.7, cerebral vascular lesions with a ratio of 1.3,
and the "all other causes" group with a ratio of 1.3. For each of these 14
causes the mortality rate differs from unity, by the approximate statistical
test of significan-e.

Finally, there are four causesnephritis, rheumatic heart disease, cancer
of the rectum and cancer of the intestineswhose mortality ratios are close
to unity.

For smokers of cigarettes and other, the data from four studies agree in
general with the ordering of causes in Table 19, although the mortality
ratios for most causes are slightly lower than with smokers of cigarettes
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only. These and the corresponding data for ex-cigarette smokers are shown
in Table 20.

Data on ex-cigarette smokers can be obtained from four studies. The
causes of death with mortality ratios of 2.0 or higher are, in decreasing
order, bronchitis and emphysema (7.6), cancer of the larynx (5.4), cancer
of the lung (4.8), stomach and duodenal ulcers (3.1), oral cancer (2.0),
and other circulatory diseases (2.0).

The group of 17 causes with mortality ratios below 2 in Table 19 requires
discussion. If cancer of the bladder (mortality ratio 1.9) and coronary
artery disease (mortality ratio 1.7) are omitted, since tney receive detailed
consideration elsewhere in this report, the numbers of expected find observed
deaths for this group as a whole are as follows:

Expected Observed Mortality Ratio
8,241.3 10,789 1.31

If we exclude from this total the four causes st the foot of Table 19, for
which the mortality ratios are 1 and smaller, the corresponding totals
become:

Expected Observed Mortality Ratio
7,164.0 9,699 1.35

In either case the excess of observed over expected deaths is close to 2,500
or about 25 percent of the total excess in observed deaths in Table 19. Thus,
although the mortality ratios for these groups are only moderately over 1, the
group as a whole contributes substantially to the total number of excess ob-
served deaths. The group consists mainly of a miscellaneous collection of
chronic diseases.

Several tentative explanations of this excess mortality ratio can be put for-
ward. Part may be due to the sources of bias previously discussed. It was
indicated in the section on "Non.Response Bias" that the bias arising from
non-response might account for a mortality ratio of 1.3. Relatively high
mortality ratios in certain causes of death that have not yet been examined
individually may also be a contributor, although as these causes are likely
to be rare, the contribution from this source can hardly be large.

Part may be due to constitutional and genetic differences between cigarette
smokers and non-smokers. Except for the breakdown mentioned previously
by longevity of parents and grandparents in the men in 25 States study, there
is no body of data available that provides a comparison of cigarette smokers
and non-smokers on these factors as they affect longevity. But it is not un-
reasonable to speculate that the kind of men who become regular cigarette
smokers are, to a moderate degree, less inherently able to survive to a ripe old
age than non-smokers. We know of no way to make a quantitative estimate
of the difference in death rates that might be attributable to such constitu-
tional and genetic factors.

Studies reportrd in Linpters 14 and 15 indicate that some average differ-
ences can be detected between smokers and non-smokers on behavioral,
psychological and morphological characteristics. Nevertheless, the same com-
parisons show considerable overlap between the individual men in a group of
smokers and a group of non-smokers. For what they are worth, these corn-
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TABLE 20.-Expected and observed deaths and mortality ratios for current
smokers of cigarettes and other (three studies) 1 and for excigarette
smokers (lour studies) I

Underlying cause of death

Cigarettes and other Ex-cigarette

Number of deaths
Mortality

ratio

Number of deaths
Mortality

ratio
Expected Observed Expected Observed

Cancer of lung (161-3)
Bronchitis and emphysema

(502, 327.1) I
Cancer of larynx (161) .
Cancer of oral cavity (141 -1)
Cancer of esophagus (150)
Stomach and duodenal ulcers

(540-1)
Other circulatory diseases

(451-468)
Cirrhosis of liver (581)
Cancer of bladder (181)
Coronary artery disease (423)
Other beast diseases (421-2,

430-4)
Hypertensive heart disease

(410-3)
General arteriosclerosis (450)
Cancer of kidney (180)
All other cancer
Canoer of stomach -(tal)..
Influenza, pm on onla (480-493)
All other causes
Cerebral vascular lesions (330-

4)
Cancer of prostate (177)
Accidents suicides, violence

(800-0995
Nephritis (592-4)
Rheumatic beast disease (400-

416)
Cancer of rectum (164)
Cancer of intestines (152-53)-

All causes

60.9

83.2
1.6

11.1
13.1

23.0

99.0
47.3
58.2

2, 335 0

225, 9

144.4
106. 8
25.0

322. 9
101.0
199.2
769.3

634.0
97.1

287.1
20.7

96.0
89.7

149.6

510

191
20
43
67

99

227
85
73

3, 262

821

174
145
37

339
139
153
790

605
118

316
44

88
64

164

8.4

8.6
12. 6
3.8
4.4

4.3

a s
1.5
1.6
1.4

1.4

1.2
1.4
1.5
1.2
1.4
0.8
1.0

1.0
1.2

1.1
1.4

0.9
0.7
1.1

80.4

17.4
1.3
6.9
5.4

13.0

48.8
22.4
29.8

1,245.0

124. 1

93.0
63.7
13.9

199.3
51.4
58.1

808.1

300.1
52. 0

169.6
21.7

47.9
43.3
35. 8

145

133
7

13
6

40

93
27
81

1, 731

178

133
75
25

239
66
65

857

831
67

159
23

59
38
97

4.8

7.6
5. 4
2.0
1.1

3.1

2.0
1.2
1.0
1.4

1.4

1.4
1.2
1.8
1.2
1.3
1.0
1.2

1.1
1.1

0.9
1.1

1.2
0.9
1.1

5,941.1 8,062 1.4 3, 045, 8 4,107 1.85

I British doctors, U.S. veterans and Canadian veterans.
I British doctors, men in nine Slates, U.S. veterans, and Canadian veterans.

"Bronchitis and emphysema" includes "other broachopulmonary diseases" for men in nine States and
Canadian veterans.

parisons suggest by analogy that the differences in death rates from constitu-
tional or genetic factors may be moderate or small rather than large." Fur-
ther, it seems unlikely that constitutional or genetic differences between cigar
and pipe smokers and between these groups and nonsmokers can have any
substantial effect on their death rates, since the over-all death rates of these
three groups differ only slightly.

Finally, part of the difference may represent a general debilitating effect of
cigarette smoking in addition to marked effects on a few diseases. Pearl's
hypothesis that smoking increases the "rate of living" is of this type, though
there are difficulties in making this hypothesis precise enough to be subject
to medical investigation. Han.,:nond (13) has suggested that the explana-
tion might lie in the effect of cigarette smoking in decreasing the quantity of
oxygen per unit volume of blood, but there are numerous medical objections
to this hypothesis. This Committee has no information that would lead it
to favor one or another of the possible explanations put forward above.

'This question is discussed more fully in Chapter 9, p. 190.
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MORTALITY RATIOS FOR CIGARETTE SMOKERS BY AMOUNT SMOKED

For coronary artery disease and lung cancer, the mortality ratios are given
by amount smoked in Tables 21 and 22 for current smokers of cigarettes only.

In Table 21 an increasing trend with amount smoked appears in all five
studies. The two California studies, in which the data are for all cigarette
smokers (current and exsmokers combined) show a lees marked trend.

TABLE 21.-Mortality ratios for coronary artery disease for smokers of
cigarettes only by amount smoked

Number of packs per day British
doctors

Men In 9
States

U.S.
veterans

Canadian
veterans

Men in 25
States

<14
11-1
1-2
Overt

1.0
1.5

11.7

1.2
1.9
2.1
2.4

1.3
1.8
1.7
1.9

, 1.7
1.7

'2.0
1.1
2.0
2.1
2.1

1 More than one pack.

TABLE 22.-Lung cancer mortality ratios for current smokers of cigarettes
only by amount smoked

Number of packs per day British
doctors

Men in
9 States

U.S. .
veterans

Canadian
veterans

<Si
11-1
1-2
Over 2

4.4
10.8

1 43.7

5.8
7.8

15.9
21.7

& 2
9.4

18.1
23.8

8.4
13.5

1 15.1

1 Over one pack.

The trends in lung cancer mortality ratio with amount smoked are steep
in all four, studies. The two California studies also show marked trends
for all cigarette smokers combined.

For the six causes of death (other than lung cancer) that were pointed
out in Table 19 as having unusually high mortality ratios, the numbers of
deaths permit a breakdown only into two amounts smoked. The results
from six studies are shown in Table 23. Data were not available from the

TABLE 23.-Expected and observed deaths and mortality ratios for current
cigarette smokers, for selected causes of death, by amount smoked, in six
studies

Causes of death

One pack or less More than one pack

Number of deaths
Mortality

ratio

Number of deaths
Mortality

ratio
Expected Observed Expected Observed

Bronchitis and emphysema
Cancer of larynx

-Cancer of oral cavity
Cancer of esophagus
Stomach and duodenal ulcers
Other circulatory
Cancer of the bladder

44.6
3.6

18.8
13.2
32.6
98.6
57.3

225
19
53
40

110
253

80

5.0
5.8
3.2
3.0
3.4
2.6
1.4

17.2
4.1

14.8
9.7

31.2
60.4
23.7

13147

60
48
91

175
73

8.a
7.5
4.1
4.9
2.9
2.9
& 1
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men in the 25 -State study. Cancer of the bladder is included in Table 23
as background data for Chapter 9.

All causes except stomach and duodenal ulcers show some increase in
the mortality ratio for the heavier smokers. The rate of increase cannot be
regarded as accurately determined in view of the small numbers of deaths.

CIGARS AND PIPES

In view of the small numbers of deaths involved, the data for cigar and
pipe smokers were combined in Table 24, which lists the total expected deaths,
total observed deaths and mortality ratios from five studies (British doctors.
U.S. Veterans, Canadian Veterans, and men in 9 and 25 States). Causes
of death with relatively high mortality ratios are oral cancer (3.4), cancer of
the esophagus (3.2), cancer of the larynx (2.8), cancer of the lung (1.7),
cirrhosis of the liver (1.6), and stomach and duodenal ulcers (1.6). It
should be noted that all these ratios are baseci on modest numbers of deaths.

TABLE 24.-Numbers of expected and observed deaths and mortality ratios
for cigar and pipe smokers, in five studies1

Underlying cause of death
Number of deaths

Mortality
ratio

Expected Observed

Cancer of oral cavity (140-8)
Cancer of esophagus (150)
Cancer of larynx (1e1
Cancer of lung (162-3
Cirrhosis of liver (581.

ce

Stomach and duodenal 1.1cers (540-1)
Cancer of kidney (150)
Cancer of intestines (152-3)
Other circulatory diseases (451-468)
All other cancer
Cancer of prostate (177)
Cancer of stomach (151)
Cancer of rectum (154)
Hypertensive heart disease (440 -8)
Other heart diseases (421-2, 430-4)
Bronchitis and emphysema(502, 627.1)
Cerebral vascular
Coronary artery disease

ksions
(420)
(U0-4)

All other causes
Influenza and pneumonia (480-4i
Accidents, suicides, violence (

80499
Cancer of bladder (181)
General arteriosclerosis (450)
Nephritis (592-4)
Rheumatic heart disease (400 -418)

All causes

I& 5
10.2
8.2

65.2
47.6
33.2
se 8

174.6
89 1

1166. 7
127.2
116.8
78.2

194.5
272.6

33. 7
685.3

2, 721.5
612.998
3477.1 318
63.1

124.1
63.

100.5

48
39
9

113
77
56
as,

219
105
456
144
132
88

218
303

37
no

2,842
687

as
109

55
969

3.4
& 2
2.8
1.7
1.

61.6
1.3
I. II
1. 2
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1. 1
1.0
1.0
0.9
0.9
0.9
0.9
0.9
O. 7

6, 500.9 6,919 1.08

1 Includes British doctors, men In 9 States, U.B. veterans, Canadian veterans, and men in 23 States;
includes ex-smokers for men in 9 States; excludes pipe smokers for Canadian veterans.

Separate breakdowns by cause of death for cigar-only smokers and for
pipe-only smokers are available in only three studies. The numbers of
deaths are to few to throw any light on the question whether there are
differences between cigar and pipe smokers in the causes of death for which
mortality ratios are elevated.
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THE CONTRIBUTION OF DIFFERENT CAUSES TO Ex MORTALITY

Several of the reports previously published on these studies have included
a table showing how the excess number of deaths of cigarette smokers over
non-smokers is distributed among the principal canes of death. For each
cause, the difference between the observed and the expected number of
deaths for cigarette smokers is divided by the total excess for all causes,
and multiplied by 100 to express the figures on a percentage basis. Table
25 presents these percentages for the seven studies for 13 groups of causes.
A negative percentage, which occurs in a few places in the table, implies that
for this cause the observed smoker deaths were smaller than the expected
deaths.

TABLE 25.-Percentage of total number of excess deaths of cigarette smokers
due to different causes*

Underlying cause
British
doctor

Men In
9 States

U.S.
veterans

California
occurs.
tional

California
Legion

Canadian
veterans

Men In
23 States

Coronary artery disease 129 11.9 38.6 438 418 ft 2 61.7
Other heat divas, 9I 11 35 1.4 4.1 39 3.8
Cerebral vascular lesions 31 t 3 4.9 31 3I -1. 8 3.1
Other circulatory d brews 1.9 2. 7 7, i 1.7 0.2 RI 4.4
Cancer ot lung 24.0 133 14.9 20.2 13$ 133 13.1
Canter of oral cavity, esonha

go% farynt 31 2.1 2. 7 0.1 & 0 2.2 2.2
Other C111104 -0.1 9. I 39 61 -12 7.2 7.0
Bronchitis and emphrwma 9.6 1.1 4.0 1.3 16 6.2 & 6
Influence ILMI OW11111001 -14 L 1 0.4 2. 4 1.1 1 II 1.3
Stomach and duodenal ulcers 12 11 1.4 -1.7 2.1 19 1.1
Cirrhosis of lIver 2.9 1.6 11 39 2.1 Cs 0 9
Aceklents, suicide, vloletwe 0 1 1 2 2.0 1 I t 6 ft I
All other camel It 2 30 36 4.2 ISi. 1 0.4 34
An calm: 100.0 100.0 100.0 100.0 100.0 100.0 100.0

I All cigarette smoker, (current and et) for the two Canfernis and men In 23 States studies.; current
cigarette smokers only for the remainder.

As previous writers have noted, all studies agree in showing coronary
artery disease as the prime contributor to excess mortality, with lung cancer
in second place. Other rubrics that show a substantial contribution in some
studies, though not in all, are bronchitis and emphysema, cancers other
than those of the mouth and lungs, and heart disease other then coronary.

SUMMARY

This report summarizes the results of the seven major prospective studies
of the relative death rates of male smokers and non-smokers.

TOTAL MORTALITY

Cigarette Smokers

The de. .4 rate for smokers of cigarettes only who were smoking at the
time of entry is about 70 percent higher than that lot non-smokers.
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The death rates increase with the amount smoked. For groups of men
smoking less than 10, 10-19, 20-39, and 4.0 cigarettes and over per day,
respectively, the death rates are about 40 percent, 70 percent, 90 percent and
120 percent higher than for nonsmokers.

The ratio of the death rates of smokers to that of nonsmokers is highest
at the earlier ages (40-50) represented in these studies, and declines with
increasing age. The same effect appears to hold for the ratio of the death
rate of heavy smokers to that of light smokers.

In the studies that provided this informatior, the mortality ratio was
substantially higher for men who started to smoke under age 20 than for
men who started after age 25. In general, the mortality ratio was increased
as the number of )ears of smoking increased, although the pattern of in
crease was irregular from study to study.

In two studies which recorded the degree of inhalation, the mortality ratio
for a given amount of smoking was greater for inhalers than for noninhalers.

Cigarette smokers who had stopped smoking prior to enrollment in the
study had mortality ratios about 1.4 as against 1.7 for current cigarette
smokers. Two studies reported the number of years since smoking was
stopped. fn these, the mortality ratio declined in general as the number of
years of cessation increased. The mortality ratio of excigarette smokers
increased with the number of years of smoking and was higher for those
who stopped after age 55 than for those who stopped at an earlier age.
(These results were available in one study only.)

Taken as a whole the seven studies offer a substantial breadth of sampling
of the type of men and environmental exposures to be found in North
America and Britain, although none of the groups studied was plarned as
a random sample of the U.S. male population. All the studies had death
rates below those of the U.S. white male population in 1960. To some
extent this is to be expected, since men in poor health were likely to be
underrecruited in these studies. Only a minor part of these differences
in death rates can be attributed to a failure to trace all deaths or to higher
death rates among nonrespondents in these studies.

The data on smoking status and on amount smoked were subject to errors
of measurement, particularly since smoking status was measied only
once and some men presumably changed their status after entry into the
study. For men designated as current smokers of cigarettes only, our
judgment is that the net effect of such errors of measurement is to make the
observed mortality ratios relative to nrnsmokers underestimates of the
true mortality ratios.

The studies suffered from a failure to obtain substantial portions of the
study populations selected for inmtigation. For a nonresponse tate of
32 percent in the prospective studies, calculations bud on the available
information about the nonrespondents indicate that reported mortality
ratios lying between 1 and 2 might overestimate the corresponding figure
for the complete study population by 0.2 or 0.3. In our judgment these
biases can account for only a part of the elevation in mortality ratios found
for cigarette smokers (Pee Appendix 1).

In three studies in which the data could be subdivided by size of city,
the mortality ratios differed little in the four sires of communities stt:died.

?It 421 0-64-, 111



In one study numerous other variables that might influence the death rate,
such as longevity of parents and grandparents, use of alcohol, occupational
exposure and educational level, were recorded. Adjustment for each of
these variables individually produced little change in the mortality ratios.

Although similar information from other studies would have been web
come, it is our judgment that the mortality ratios are unlikely to be explained
by such environmental, social class, or ethnic differences between cigarette
smokers and non-smokers.

Except for the analyses reported above by longevity of parents and grand-
parents and by previous serious disease, no direct information is available on
whether there are basic constitutional differences between cigarette smokers
and non.smokers that would affect their longevity. As described elsewhere
in this report, differences have been found between cigarette smokers and
non-smokers on certain psychological and behavioral variables. However,
even for these variables the distributions for cigarette smokers and non
smokers show considerable overlap. It seems a reasonable opinion that
the same situation would apply to the constitutional hardiness of cigarette
smokers and non.smokers, if it were possible to measure such a variable.
This implies that constitutional differences, if they exist, are likely to express
themselves in only a moderate difference in death rates.

Cigar Smokers

Death rates are about the same as those of non.smokers for men smoking
less than five cigars daily. For men smoking five or more cigars daily,
death rates were slightly higher (9 percent to 27 percent) than for run.
smokers in the four studies that gave this information. There is some Indi-
cation that this higher death rate occurs primarily in men who have been
smoking for more than 30 years and in men who stated they inhaled the
smoke to some degree.

Death rates for excigar smokers were higher than those for current
smokers in all four studies in which this comparison could be made.

Pipe Smokers
Death rates for current pipe smokers were little if at all higher than for

non.smokers, even with men smoking 10 or more pipefuls per day and with
men who had smoked pipes for more than 30 years. .

Ex.pipe smokers, on the other hand, showed higher death rates than both
non.smokers and current smokers in four out of five studies. The epi-
demiological studies on ex-cigar and expipe smokers are inadequate to
explain this puzzling phenomenon. According to Hammond and Horn (10)
and Dorn (6) the explanation may be that a substantial number of cigar
and pipe smokers stop smoking because of illness.

MORTALITY $Y CAUSE OF DEATH

In the combined results from these seven studies, the mortality ratio of
cigarette smoke's was particularly high for a number of &teasel: cancer of
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the lung (10.8), bronchitis and emphysema (6.1), cancer of the larynx (5.4),
oral cancer (4.1), cancer of the esophagus (3.4), stomach and duodenal
ulcers (2.8), and the rubric, 451-468, "other circulatory diseases" (2.g).
For coronary artery disease, the mortality ratio was 1.7.

There is a further group of diseases, including some of the most important
chronic diseases, for which the mortality ratio for cigarette smokers lay
between 1.2 and 2. The explanation of the moderate elevations in mor-
tality ratios in this large group of causes is not clear. Part may be due
to the sources of bias previously mentioned or to some constitutional and
genetic difference between cigarette smokers and non-smokers. There is
the possibility that cigarette smoking has some general debilitating effect,
although no medical evidence that clearly supports this hypothesis can be
cited. The substantial number of possibly injurious agents in tobacco and
its smoke also may explain the wide diversity in diseases associated with
smoking.

In all seven studies, coronary artery disease is the chief contributor to
the excess number of deaths of cigarette smokers over non-smokers, with
lung cancer uniformly in second place.

For cigar and pipe smokers combined, the data suggest relatively high
mortality ratios for cancers of the mouth. esophagus, larynx and lung, and
for cirrhosis of the liver and stomach and duodenal ulcers. These ratios
are, however, based on small numbers of deaths.

APPENDIX I

APPRAISAL OF POSSIBLE BIASES DUE TO NONRESPONSE

The nonresponse rates in the prospective studies were approximately as
follows; 15 percent for the California occupational study; 15 percent for
the U.S. veterans' study during the 3.year period 1957-1959 and 32 percent
during the 3year period 1951-1956: 32 percent for the British doctor,'
study; and about 44 percent for the California Let;:-)n study and the Canadian
veterans' study. In forming a judgment about the size of the bias that may
be due to nonresponse, we have concentrated on a nonresponse rate of
32 percent, since this represents roughly an average figure for these five
studies. The objective is to estimate by how much the mortality ratio for
the whole population might differ from that found in the respondents.

The only useful information in any detail about the nonrerpondents comes
from the U.S. veterans' study. Table 27 shows data on death fates in 1958
and 1959 (16).

For the present purpose the 1957 respondents will be regarded as a part
of the 32 percent of r on-respondents to the original questionnaire for whom
we are fortunate to have some data.

Table 27 indicates that the norrespondents in 1951 have higher death rates
than respondents for both non-smokers and smokers. For non-smokers the
ratio of the death rate of 1957 respondents to 1951 respondents was 135 in
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TABLE 27.-Age-adjusted death rates (per 1,000 person-years) for 1954
respondents, 1957 respondents, and non-respondents in U.S. veterans
study

0 roups
Pro oportIn ion

population

Death rates

1958 1959

1954 respondenU acingITC:,"
0.17

.61
11 29
19.26

12. 1.4
14.00

1957 respondents glr:nrigkene"
.04
.18

17.96
22. 87

10. 17
21.61

,s/on-respondents AU .16 21.99 16.64

1958 and 1.27 in 1959. For smokers the corresponding figures are 1.18 in
1958 and 1.14 in 1959.

If the adjusted death rates in Table 27 are weighted by the proportions of
men in the population, it is found that the over-all 1958 death rate for 1954
respondents was 17.77 as compared with 19.05 for the complete study popula-
tion. The ratio 19.05/17.77 is 1.07, so that in 1958 the death rate for the
study population was 7 peramt higher than for the 1954 respondents. In
1959 the corresponding death rates were 17.46 for 1954 respondents and
18.31 for the complete population, the ratio being 1.05. These ratios agree
with Doll's judgment (4) tivit in the British doctors' study the death rate in
the complete population ma; exceed that in his 68 percent of respondents by
from 5 percent to 10 percent.

Comparison of the 1954 and 1957 respondents also suggests that the non-
respondents it 1951 contain a higher proportion of smokers than the. re-
spondents. In the 1954 respondents, non-smokers contributed 183,094
person years of experience during 1957-1959 as compared with 179,750
person-years for current smokers of cigarettes only, non-smokers represent-
ing 50.6 percent of the total of the two groups. Among the 1957 respondents
the corresponding figure was 46.8 percent. A further decline may have oc-
curred in the non-respondents to the 1957 questionnaire.

From these data the following assumptions were made in investigating the
non-response bias as it affects the mortality ratio of current smokers of ciga-
rettes only.

1. The proportions of the relevant groups in the complete population are
as follows:

Orono Ni-re
Woken

Cigarette
sznoten

Total

Lomita mediate
meanits

Complete PoPulstion

a.11 11. 1: 4.19
A

. U .12 1.00

This assumes that in the 68 percent of respondents, non-smokers 001011-
lute SO percent of non-smokers plus cigarette smokers, but in the non-re
spondents this figure has dropped to 44 perceil.

114



A

2. The death rate in the complete population is 10 percent higher than in
the respondents.

3. One further numerical relationship is needed in order to obtain con-
crete results. For this, the computations were made under two different
sets of assumptions. The more extreme (3a) is that cigarette smokers have
no higher death rates among non-respondents than among respone,ents.
The alternative (3b) is that the death rate of cigarette smokers was 10
percent higher among non-respondents than among respondents. Both sets
of assumptions seem more extreme than the indications from the U.S. vet-
erans' study in which, as already noted, the smoker death rates were 18
percent and 14 percent higher among 1957 respondents than among 1954
respondents.

For total mortality, the calculations of most interest are those for a
mortality ratio of 1.7 among the respondents, since this is the average ratio
found in the prospective studies for smokers of cigarettes only. For indi-
vidual causes of death, however, the mortality ratios among respondents
range from 1 to 10, so that calculations were made for a series of different
mortality ratios among respondents. Table 28 illustrates the calculations
made on assumptions (3s) and (3b) for a mortality ratio of 1.7 among
respondents.

TABLE 28.--Illustration ol calculation o/ nonresponse bias

Assumption (3a) Assumption (3b)

Mortality ratios

Note
smoken

Cigarette
smoken

Non-respondents
FlesponueoU

tii: tali 11: Top I. a rip

Complete population. I it. 152 (1.700) * (1.458)
U.R. 1 (I )6)

/Aortal+ y ratios

Non-
smokers

Cigarette
unoters

Non-respoodents (1.641) I. $M (1./N)
Respondents 1.900 1.700 1.350)

Complete PoPulatlou- 1 ( 1 1 5 * ) (I. 1N) s (I. ISA)
MIt I CAA)

The hurts witbout parentheses In the mortality ratio rabies represent the nett of tba computations.
The Iodises (II W.) sbow the order In bkb tithe Bruns en computed. Fos US= ptloo (30:

(I AO w (0 341(1.010i+ (Oka) (1./00))/(0.0)
(1.40 1

.u.$) - (tic(' Aso 044
gnu .100) I 4)

ew +(0$4, 1.1133, (082)
I w 0.100 .668 + (0.84) I .:0) (0.0)

+. .79011319

1:ss"
1.
1.700

Thus, the mortality ratio drops from 1.7 to 1.36 in the complete population
under assumption (3a) and to 1.48 under assumption (3b). One. conse-
quence of assumption (31) is that the mortality ratio of cigarette smokers
among the non-respondents is less than 1.

Table 29 shows the soul.* obtained for a range of mortality ratios in the
respondent population.

For the high mortality ratios the assumptions may appear unduly extreme.
For instance, under assumption (3a) with mortality ratio 10.0 in the respond-
ents, the non-smoker death rate in the non-respondents has to be 3.6 times
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that in the respondents, although the smoker death rates are assumed the
same in respondents and non-respondents.

It may be of interest to quote Berkson's (1) example in the same form
(Table 30).

TABLE 29.-- Mortality ratios in respondents and computed values for the
complete population

In complete population

In respondents (66 permit)

1.9
1.4
1.6
1.6
2.0
5.0
10.0

Assump
lloo (Ss)

1.00
1.14
1.96
1.43
1.67
5.4.1
5.55

Assn
(3b)

L06

05)

L 06
1.
1.40
1.66
1.75
4.07
7.41

TABLE 30.-Proportions and death rates for Berkson's example

Oroup

Proport loos Deno rates

Total
Non.

smoke.?
Smokers Total Noe.

scooters
Smokers

Noe sespon den ts
Respondents

0. 00404
. 19506

O. 28380
.11640

0. 2834
. 711466

60.151
1.665

4.117s
5.174

111

Tots/ 20001) .60000 1.00000 5.000 & 0:0 S. 000

In their general direction, Berkson's assumptions are similar to those made
in this Appendix, but the differences in death rates between respondents and
non-respondents were more extreme in his example. The death rate in the
complete population (3.000) was 42 percent higher than the respondent death
rate. The nonsmoker death rate was over 38 times as high among non.
tespmder.ts as among respondents (60.121/1.553), whereas among the
smokers it was only 1.8 times as high. His calculations referred to the early
years of a study, in which the effects of differential entry of ill persons among
smokers and non-smokers are likely to be most marked. Further, as we in.
terpret his writing, the example was intended as a warning against the type
of subtle bias that can arise whenever a study has a high proportion of non
respondents, rather than a claim that this numerical estimate of the bias ac-
tually applied to these studies.

To summarize, the amounts of non - response in the prospective studies
could have produced sizable biases in the estimated modality ratios. Taking
assumption 3b in Table 29, as representing fairly extreme conjitions, it
appears that a reported mortality ratio between 1 and 2 might overestimate
by 0.3, a ratio of 5.0 by 1.0 and a ratio of 10.0 by 3.0.

116



APPENDIX II

STABILITY OF MORTALITY RATIOS

In computing the mortality ratio of a group of smokers to a group of non
smokers, each group is subdivided into age-classes (usually 5year). For
the ith age-class let y, denote the number of smoker deaths and x, the num-
ber of non-smoker deaths. The "expected" number of smoker deaths in the
ith class (expected on the assumption that smokers have the same agespecific
death rates as non-smokers) is

(Personyears for smokers in class i)
(Personyears for non-smokers in class 0

The estimated mortality ratio R is defined as

Iy,
ft= ZA,x,

(Bay)

(1)

summed over the ageclasses.
In the interpretation of the values of R found in the seven studies, mush

weight has been given to the consistency of the values from one study to
another, on the grounds that if the values of R for a particular cause of death
are high in all seven studies, this evidence is more impre ssive than R values
that are high in say, three studies but show no elevation in the remaining
four studies. As a consequence, the question whether the value of R in an
indisidual study is significantly above unity, in the technical sense of this
term, becomes less Important. Nevertheless, an answer to this question is
occasionally useful in the analysis. Moreover, for some causes of death the
total numbers of deaths, even when all seven studies are combined, are small
enough so that a measure of the stability of the combined fl h needed.

Assumptions

In attempting to get some idea of the stability of R without too much com-
plexity, the following assumptions will be made.

1. The numbers of deaths yi and rt, ate distributed as Poisson variables.
As Chiang (3) has shown, a more accurate assumption is to regard yi and 1,
as binomial numbers of successes. Rut with causes of death for which the
probability of dying in a S.year age span is very small the Poisson assump-
tion, which is slightly conservative, is reasonable.

2. The quantities At can be regarded as known constants. This is not
quite correct. Initially, the AI are the ratios of the numbers of smokers to
non-smokers in the age-climes, which can reasonably be regarded as given.
In subsequent years, however. the numbers are depleted by deaths, and the
number of deck, is a random satiable. When death rates are small, how-
ever, this assumption should introduce link error.

3. The satiates y, and y, are uncorrelateci. An error in the age assigned
to a death. putting it in the wrong age-clasN induces a negative correlation
between yi and y,. The existence of such errors should lase no effect on
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the variance ascribed to Iy, on the assumption of independence. The same
remarks apply to the assumption that xi and x3 are uncorrelated.

4. The variates xi and yi are uncorrelated. An error in assigning a death
to the correct smoking category would induce a negative correlation between
xi and yi. Such errors should of course not be allowed to happen, since
they vitiate the comparison of the death rates that is the main point of the
study, but occasional errors of this type may have occurred.

With these assumptions the numerator 1yi of R follows a Poisson distri-
bution. The denominator 1Alx, is a linear function of independent Poisson
variates, and numerator and denominator are independent of one another.
The exact distribution of a ratio of this type has not been worked out. Two
approximate methods of obtaining confidence limits for the true mortality
ratio it will be Oen. Confidence limits are presented rather than the
standard error of R because the distribution of it is skew when the numbers
of deaths are moderate or small, so that the standard error is harder to
interpret.

The Binomial Approximation

If the At can be regarded as approximately constant (=A, say) then
becomes of the form y/Ax, where y and x are independent Poisson variates.
Since Ax then represents the expected number of deaths of the smokers,
the quantity A is estimated as the ratio of the expected number of smoker
deaths to the number of non-smoker deaths.

By a well.known result it follows that x/(y + x), the ratio of non-smoker
deaths to smoker plus nonsmoker deaths, is distributed as a binomial
proportion with

n= number of Wats.= y +x
p=probability of succm=1/(1 +AR)

where R is the true mortality ratio. Confidence limits for R are found from
those for p.
Example. For the study of men in 25 States, the figures for lung cancer
for cigar and pipe smokers are as follows:

Nom NI of drat la

Noe-
Imokori

Moor co4 y Ober/red

160) 10(71

Smoke,'

Espectod

0.71(11)

Hence, k=9.11/16=--0.607 and the binomial ratio 13 16/31 =0.516. Ifald's
(9) table of the 95 percent twotailed confidence limits of the binomial
distribution gives 0.331 and 0.698 as the confidence limits for p. Those
for H are given by the relation

11- (1 p) /Ap

This , kids 0.7 and 3.1 as the 95 percent limits for H. since the lower limit,
0.7, is less than unity, the estimated fl, 1.5, is not significantly above unity.
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Unfortunately the assumption that AI is constant is not true in these studies.
For instance, in the study of men in 25 States A, has the value 3.85 for
cigarette smokers aged 45-49 and declines steadily with increasing age to
a value of 0.96 for men aged 75-79. For cigar and pipe smckers the
fluctuation in y, with age is less drastic but is still noticeable.

The Normal Approximation
This approach avoids the assumption that the AI are constant, but makes

other assumptions that are shaky with small numbers of deaths. If R is the
true mortality ratio, the quantity

y Re
where e=IAixt is the expected number of smoker deaths, will follow a
distribution that has mean zero. If pi, mi denote the true means of yi and
xi, respectively, the variance of (y Re) is

The basis of this approximation is to regard the quantity

y Re

+ im1)

as normally distributed with zero mean, since y, and xl are regarded. as
previously, as independent Poisson variates. The 95 percent confidence
limits for R are then obtained, by a standard crevice, by setting the absolute
value of this quantity equal to 1.96 and solving the resulting quadratic
equation for R.

Since the pf and the ml are unknown, a further ,pproximation is to
substitute y as an estimate of and IA1,x, as an estimate of IAIrn,.

Example. For the example previously discussed the data are as follows:

y= 15: e= 9.71 : 6.059

On squaring (2), the quadratic equation becomes

(15- 9.71R)'= 3.81(15 +6.059R')

The toots are found to be 0.7 and 3.4, in good agreement with the limits
0.7 and 3.3 given by the binomial approximation. This agreement is better
than will usually be found with small numbers of deaths.

The following are 4 comparisons of the confidence limits for cigarette
smokers in the same study.

(2)

Cause of death

Number of death!

ta lit,?Aor
ratio

91 fxretn1 limns

Non-
innoken

oboe/ red

Curette smoker,
Pinorn la1 No mai

Otoet red Espectei

Cants of hint
Fen phyarta a
C110(4, of rectum
[neglects and peramoota

II
7

Is
29

999III
154r

f1.79
17.11
3a. 41
St WI

9T
7.b
1.7
I. 7

(4n14 .$)
(1 S. 14 1)
(1 O. 3 1)
(1. 1, 7 0

13 0.71 4,
14 0. 40 01

(1 e. V. S)
(1 1.1.11
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The lower confidence limits agree well, but the upper limit runs higher
fol the normal approximation. For cigarette smokers the normal method
is perhaps more accurate. The binomial mcthod has some advantage in
simplicity.
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Chapter 9

CANCER MORBIDITY AND MORTALITY

Cancer has been the second ranking cause of death in the United States
since 1937. Reviewing the mortality statistics of those parts of the United
States which began relatively accurate reporting in 1900, (District of Colum-
bia and 10 statesthe so-called Death Registration Area of 1900) it can
be seen that the number of cancer deaths per year has increased markedly
(Figure 1). After subtracting the part of the increase due to growth of
the population and the part due to increase in life expectancy or aging of
the population, there is still a residual increase of significant proportions.
While a part of this is undoubtedly due to improvement in diagnosis, most
observers agree that a true increase in the cancer death rate has occurred
during this time.

As general background information, it is useful to review the pattern of
cancer risks found in the population of the United States as compared with
the patterns in other countries. Segi has prepared systematic international
compilations of cancer mortality (317). These show that the United States
occupies an intermediate position in comparisons of death rates for all sites
combined: the ageadjusted rates for U.S. males ani females are lower than
those in Austria and higher than in Norway and Ivan (Figure 2). The
point to be stressed, however, is not the rank order of countries according
to over-all cancer mortality, but the differences in ranking for individual
sites (Figures 3A and 3B). Mortality statistics, cancer register data, and
collected series of pathological specimens are in general agreement in identi-
fying individual countries as having their own characteristic site patterns
of risk (146). Some of the more striking features in the United States are
very low risks for esophagus and stomach and moderately high rates for
urinary bladder; lung cancer mortality for males, while below the rates in
England and Finland, is well above those in Canada, Norway and Japan.

SOURCES OF INFORMATION

Information on morbidity and mortality from cancer in the United States
comes from three rrincipal sources: mortality statistics prepared by the
National Vital Statistics Division of the U.S. Public Health Service, the large
central registries receiving reports on diagnosed cases in Connecticut (136)
upstate New York (112) and California (37), and the morbidity surveys
conducted in ten metropolitan areas in 1937-39 and 1947-48 (91) and in
Iowa in 1950 (148). Each body of material has its virtues and weaknesses.
Mortality statistics report on the national experience and cover longer time
spans than the specialized sources, but the diagnostic information in the
death certifications is less reliable and complete. Recent studies of medical
certifications have demonstrated that the quality of information for most
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cancer sites can be regarded as good (91, 247), so that the problems in
interpretation are less formidable than those arising in studies of cardio-
vascular disease.

Completeness of reporting to the major registries is satisfactory and the
accuracy of diagnostic information is excellent, but the registers cover
only a limited number of areas. Fortunately, the registers in Connecticut
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U.S. data ageadjusted to total population of the continental United States, 1950.
Source: Calculated from Segi, M., and Kurihara, M. (317).

and New York have been in operation long enough to provide reliable data
on incidence trends over the past two decades. The morbidity surveys for
1947-48 produced a comprehensive report on cancer incidence in large
cities with very good medical care facilities, but this information has not
been updated by resurveys.
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The deficiencies in any single *et of data should not be overstressed. Corn.
poisons of the various worm indicate good internal consistency among
them and they usually kad to the same inferences on patterns of risk for
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individual sites, particularly those for which the fiveyear survival rates are
very low. Figure 4, which contrasts recent modality and Incidence rates,
demonstrates that these rates differ markedly only for sites with more favor.
able prognosisoral cavity, progatc,, and urinary bladder. These differ.
awes are compatible with ctisting information on the survival experience
of Meer patients.
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COMPARISON OF AGEADJUSTED MORTALITY RATES
BY SEX IN THE UNITED STATES 1959.1961 WITH

INCIDENCE RATES FROM STATE REGISTRIES -
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The next sections describe some aspects of incidence or mortality for
eight ekes lung and bronchus, larynx, oral cavity, esaphagwk, urinary
bladder, kidney, stomach and prostate. Of these, six wete selected for sp.-
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cial consideration because they are the ones most often reported by the
prospective studies to have the highest mortality ratios of tobacco.users to
nonusers, and stomach was included because the trend in cancer of this organ
in recent years has been in such marked contrast to that for cancer of the
lung and bronchus.

SEX RATIO

The malefemale ratios of ageadjusted death rates (U.S., 1959-61) (252)
from cancer for the six sites common to both sexes are given below:

Male/Female Ratio
FAItes

Male / Female Ratio
Nontehlits

Larynx 10.8 7.6
Lung and bronchus 6.7 6.2
Oral cavity 3.8 3.3
Esophagus 4.1 4.2
Stomach 2.0 2.3
Urinary bladder 1.3 1.6

The ratios of male /fer.iale death rates vary with site: ranging from about
10 to I for larynx to much less than 2 to 1 for urinary bladder, the findings
for white and nonwhite populations being In substantial accord. The male.
female ratios for five of the six sites have remained quite stable over the past
30 years, lung cancer providing the important exception. The lung cancer
sex ratio was 1.5 to I In 1930 and has steadily increased during the inter.
%ening period to the current value of over 6 to I. Mortality, register and
survey data yield consistent informstion on sex ratios, and material from
the latter sources need not be reproduced here.

GEOGRAPHIC VARIATION

Cancers of the oral cavity, larynx, lung and bronchus, prostate, and urinary
bladder do not exhibit any consistent marked regional departures from the
overall U.S. incidence and mortality experience (91, 130). Cancer of the
esophagus is higher in the Northeast and North Central regions, and gastric
civet is encountered less frequently in the South than in other parts of the
country. Within regions, some cities are known to display exceptional
incidence of certain types of cancer (91).

URBANRURAL GRADIENTS

The excess risk for residents of urban areas is most pronounced for cancer
of the lung and bronchus, oral cavity, and esophagus. This than excess
is not characteristk of the dtla for stomach, prostate, or bladder (208).

INCOME CLASS

Information on income class gradients in cancer risks by site was secured
In the morbidity surveys of ten U.S. metropolitan areas in 1917-48 (91).
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According to this source, incidence was inversely related to income class
for five sites under revieworal cavity, esophagus, stomach, larynx, lung.
The rates for maies in the lowest income class for esophagus and lung were
about double those for high income males; the range for the remaining
sites was not quite so pronounced, the excess in low income risks being on
the order of 60-80 percent. For one site within the cral cavity, salivary
glands, no relationship was found between incidence and income class. The
inverse gradient by income class, while present, was much weaker among
females for esophagus, stomach, and lung. The female risks for cancer of
the oral cavity and the larynx were too small to permit meaningful state.
ments on this topic. Incidence of bladder cancer was not related to income
class for either males or females.

OCCUPATION

From unpublished tabulations of deaths for 1950 according to occupation
and indusiry prepared by the National Vital Statistics Division of the Public
Health Service (252), it is possible to select certain occupations with un-
usually high mortality for specific sites. One of the more striking results
is the liability of bartenders, waiters, and others engaged in the alcoholic
beverage trade to oral and esophageal cancers, the mortality ratios being
about double those for all males of comparable age. Similar findings have
been reported by the RegistrarGeneral of England and Wales (1S5).

Review of the distribution of lung cancer risks by Iccupation indicates a
large variety of occupational groups in metal working trades, such as mold-
ers boilermakers, plumbers, coppersmiths, sheet metal workers, etc., who
are subject to a 70-90 percent excess risk for this site.

One feature which does not come through dearly in the rather crude occu-
pational mortality data Is the high risk of bladder cancer among workers
exposed to aromatic amine*, as established by observations on workers in
individual plants (179,336). The 50 percent excess of bladder cancer mor-
tality of workers In chemical and allied industries, reported In vital statistics,
must represent a dilution of higher risks in specific occupations in which
the hasards are much greater. This dilution occurs because data from a
number of industries and occupations, including many In which no partic-
ular bladder cancer hrurds are present, are pooled in broad categories.

ETHNIC GROUP

Foreignborn migrants to the United States as a group have age-adjusted
death rates for cancer of the esophagus and stomach about twice those re-
corded for native-born white males avd females. Lung cancer modality is
about one-third higher among the foreignborn, again for both sexes. No
important differential between native- and fortignborn has been observed
for oral cancers (both sexes) of for bladdet (males); the rates fot bladder
cancer are about 30 percent lower for women born abroad than for wxnen
born In the United States. Laryngeal cancer has not been systematically
studied from this point of view (144).
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The several ethnic groups in the United States display their own charac
teristio patterns of excesses and deficits in risk by site. Men and women
born in Ireland have high death rates for oral and esophageal cancers. The
Po lishborn Americans have pronounced excess mortality for esophageal
and gastric cancers for both sexes, and Polish males rank first in lung cancer.
The Russianborn, a large proportion of whom are Jews, show high death
rates for stomach (both sexes) and a striking excess risk for esophageal
cancer among women. The Englishborn American men and women have
aboveaverage lung cancer risks.

TRENDS

Figure 5 describes the divergent behavior in mortality trends for .tancer,
sites, among men and women since 1930. The ageadjusted death rate

has been declining slightly in females, but increasing in males; most of the
rise for males is obviously attributable to the sustained upturn in lung
cancer certifications.

The succeeding logarithmic graph (Figure 6) portrays trends in mortality
among whites for individual sites; nonwhites have been excluded because
the comparability of data over time for this group would be affected more
seriously by recent improvements in quality of death certifications. Lung
cancer mortality among males has risen at a fairly constant rate since 1930;
for females the trend has also been consistently upward, but at a much
slower pace. This form of cancer was responsible for the deaths of approxi-
mately 5,700 women and 33,200 men in the United States in 1961. As
recently as 1955, the corresponding totals were 4,100 women and 22,700
men (252). The register and survey data also have reported a marked
rise in lung cancer incidence. No other cancer site has exhibited in recent
history a rate of increase, absolute or relative, approaching that re:orded
for lung cancer In males.

Inspection of ageadjusted mortality rates for oral cavity, esophagus,
larynx, prostate, and urinary bladder cancers pinpoints no dramatic shift in
risk. The rates for stomach caacer, however, have been declining steadily.
This has led some observers to conjecture that the rise in lung cancer and the
decline in stomach cancer may represent two aspects of the same phenomenon,
a progressive transfer of deaths to lung cancer which might formerly have
been certified as stomach cancer. Detailed examination of the data on
possible compensatory effects by country, sex, age and other variables con.
elusively rules out diagnostic artifacts of this type as a possible explanation.

The Connecticut and New York State registers Olt 136) and the ten-city
surveys (91) confirm the decline in gastric cancer and the absence of impor
tent changes over time for oral cavity, esophagus, urinary bladder, and
kidney, and show a small increase for larynx. The registers also indicate a
small rise in incidence of prostatic carcinoma; the age- adjucted rate in
upstate New Volt increased from 21.4 in 1941 -43 to 24.9 in 1958-60, and
the Connecticut experience revealed a similar displacement. A pomade
reason for this increase in case reports of preemie cancer to registers may
be found in more careful examination by pathologists of prostates removed
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surgically, which would result in discovery and reporting of more asympto-
matic prostatic carcinomas. The mortality data relate to clinically active
prostatic carcinomas and in this instance probably give a more accurate
asaessment of chenges over time than the registry data.

AGE-SPECIFIC MORTALITY FROM LUNG CANCER

The schedules of agespecific lung cancer mortality tales for males studied
in five successive time periods from 1914 to 1960 are shown in Figure 7
(dotted lines). It can be teen that the rate rises to a maximum at age 70
and then declines gradually thereafter. Incidence data from cancer registers
provide a dole parallel (112).
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However, when any separate cohort (a group of persons born during the
same tenyear period) is scrutinised over succeive decades, the teeming
doirttturn of mortality rates after age 70 can be seen to be an artifaci due
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to the admixture of mho:is with differing mortality experiences. When the
points representing mortality rates among members of the same cohort group
are connected, from each dotteline curve to the next, the new curve (each
of the bold lines) represents the mortality rates over time for the members
of a cohort. Thus, to cite the cohort born around 1880 as an example, the
boldline curve shows the mortality rates of the cohort in 1914 when its
members were about 34 years old, in 1930-32 when they were about 51 years
old, in 1939-41 when they were about 60 years old, in 1949-50 when they
were about 70 years old, and in 1959-61 when they were about 80 years old.

The new series of curves, representing the mortality experience of the
indisidual cohorts, reveal two important facts: (a) Within each cohort, lung
cancer mortality increases unabated to the end of the life span; and (b)
successively younger cohorts of males are at higher risks throughout life
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than their predecessors. The increasing steepness of the slope of the cohort
mortality curves, beginning with the 1850 cohort and examining the cohort
curves from right to left, shows that the rise in lung cancer mortality is much
more rapid in the recent cohorts. The pattern would suggest that the effects
noted may be attributable to difference' in exposure to one or more factors
or to a progressive change id population composition among the several
cohorts,

For women, incidence and mortality increase up to the older ages, when
the rates fluctuate irregularly (Figure 8). A cohort approach to the female
experience reveals only small displacements in rates between successive
cohorts, the effects being smaller than those noted for male'.

EFFECTS OF CHANGES IN LUNG CANCER DIAGNOSIS ON TIME TRtICIA

The cause of death Is at times difficuk to establish accurately from clin
!cal findings alone, and the incidence and mortality rates recorded for lung
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cancer vary with the diagnostic criteria adopted (147, 148). A pathologic
anatomic diagnosis provides the most reliable evidence for the classification
of lung cancer deaths.

Shifts in diagnostic standards or in diagnostic errors must be considered
in evaluating the trends in lung cancer mortality shown in tabulations pre-
pared by the offices of vital statisticq. In recent years, about two-thirds of
the certifications of lung cancer deaths have been based on microscopic
examination of time from the primary site and the percentage is even
higher for deaths under 75 years (146, 247). The proportion of lung cancer
certifications in the 1920's and 1930's based on comparable diagnostic evi-
dence is unknown, but the figure was certainly much lower.

Gilliam (128) has attempted to evaluate the possible effects of diagnostic
changes on the published lung cancer mortality statistics. He calculated
that if two percent of the deaths certified to tuberculosis In 1914 were really
due to lung cancer, the observed increase in bronchogenic carcinoma between
1914 and 1950 could be scaled down from 26 to' 8-fold for males and
from 7fold to 1.3fold for females. If 1930 or a later year had been used
as the point of departure to estimate the effects of continued misdiagnoses
of tuberculosis on this scale, the downward revision in the slope of the
lung-cancer rates would have been much smaller. The improved accuracy
of lung cancer diagnoses must be conceded, so that the issue remains a
quantitative one: what part of the recorded increase can be accounted for
by control of diagnostic variation? Retrospective adjustment of vital steal'.
tics from past years can yield only rough qualitative judgments (267), and
we must rely on tine composite evidence from severs sources.

The following points have been advanced to support the thesis of a real
increase in lung cancer (62):

(a) The rising ratio of male to female deaths
(b) The Increasing mortality among successively younger cohorts
(c) The magnitude of the increase in mortality in recent years

To this we would add that the question can be resolved by reference to the
contemporary experience of large, populationbased cancer registers for
which a high percentage of the cases reported have microscopic confirms-
lion. Sufficient time has now elapsed to permit the tumor registries In
Connecticut (136) and New York (112) to supply convincing evidence fOr
a true increase in lung cancer. Diagnostic comparability is a far less im
portant consideration in the review of data collected by cancer registries.
Between 1947 and 1960 there were no significant advances In diagnostic
methods (exfoliative cytology studies of the sputum have been used for
diagnostic purposes since 1945). In upstate New York the age-adjusted
Incidence of lung cancer per 100,000 males rose from 17.8 In 1947 to 41.0
in 1960 and for females from 3.2 to 4,9. 'Mete figures imply an average
annual rate of increase of about 7 percent for miles and 3-3.5 percent for
females during this interval.

For earlier years the relative frequency data from necropsy series eon-
tribute valuable information. The records of large retinal hospitah white
diagnostic accuracy of lung cancer has been uniform and excellent for many
years aho support the thesis of a teal increase in lung cancer. Institutions
such as the University of Minnesota Hospitals (Minneapolis) (330), Presly-
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terian Hospital (New York City) (323), and the Massachusetts General
Hospital (Boston) (54), now find many more lung cancers than in the past.
In the Massachusetts General Hospital, for example, only 17 cases of broil-
chogenic carcinoma, 11 males and 6 females, were diagnosed in 5,300
autopsies from 1892 to 1929 (autopsy rate of 33 percent), compared to 172
cases, 140 males and 32 females, in 5,000 autopsies from 1956 to 1961
(autopsy rate of 68 percent). This American experience is consistent with
that reported abroad, where virtually all patients dying in certain hospital
services have been subjected to autopsy for many years. Steiner t328)
summarized several such series and Cornfield It al. (62) returned to tht
original sources and found the collective evidence to affirm a rise in the
percent of lung cancers found et necropsy from 1900 on.

The Copenhagen Tuberculosis Station data, reviewed by Clemmesen et el.
(56), present an unusual opportunity for evaluating the effect of improve-
ment in diagnosis on the time trend. In the Copenhagen tuberculosis referral
service, used extensively by local physicians, where diagnostic standards and
procedures Including systematic bronchoscopy remained virtually unchanged
between 1941 and 1950, the lung cancer prevalence rate among male
examinees increased at a rate comparable to that recorded by the Danish
cancer registry for the total male population.

The rising trend for lung cancer during the post 15 years thus is well
documented. The increasing frequency of lung cancer found at necropsy
from 1930 onward, while of itself not decisive, when considered in the light
of recent events reported by cancer registers, would support the coqc/usion
that the rise in lung cancer did not begin in the 1910 decade, but was a
continuation of a trend begun earlier.

CARCINOGENESIS

Tobacco and tobacco smoke contain a complex mixture of hundreds of
different chemical components among which are (a) numerous polycyclic
owl:wit hydrocarbon., and (b) inorgonic compounds. Many of these corn-
pounds have been shown to be carcinogenic in animals. For information
on other components of tobacco and tobacco smoke nee Chapter 6.

Before considering the biological ev!'.ence available for the carcinogenic
effect of these components of tobacco and tobacco smoke, it may be helpful
to review briefly some 1,1sic principles of carcinogenesis.

FUNDAMENTAL PROBLEMS IN CAkC;NOGENESIS IN RELATION TO
INDUCTION OF NEOPLASM CHANGES IN MAN BY TOBACCO SMoxt

Carcinogenesis h a complex proem. Many factors are involved. Some
are related to the host, others to the agents. The host factors include gentile,
strain, and organ differences in sensitivity to given agents; hormonal and
other factors whkh modify sensitivity of call; and nutritional state (123).

The Chatitiet of the agents involved in carcinogenesis varies focally.
Some agents by themselves cause irreversible alterations in cells whkh may
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lead to the production of cancer; others promote the carcinogenic process
(21, 33). The former are called initiators, the latter promoters. Some
substances, such as urethan, can be both.

Several classes of chemicals are known to be capable of inducing cancers
(143). The chemical properties, the physical state of a substance, and the
vehicle in which the substance is introduced into the body can influence
the carcinogenic potency of environmental agents, e.g., insertion of a plastic
membrane into tissues can cause a cancer (2, 261, 347), but a fine powder
of the same plastic has not done so (257). Carcinogens vary with respect
to organ affinity and mechanism of inducing a neoplastic change.

There is mounting evidence that viruses may also play an important role
in the induction of tumors (137, 140, 345).

It follows from these considerations that failure to produce cancer in a
given test, by a given material, does not rule out the carcinogenic capacity
of the same material in another species or in the same species when applied
under different circumstances. Conversely, induction of cancer by a com-
p...and in one species does not prove that the test competnd would be
carcinogenic in another species -ander similar circumstances. Therefore,
tests for carcinogenicity in animals can provide only supporting evidence
for the carcinogenicity of a given compound or material in man. Neverthe-
less, any agent that can produce cancer in an animal is suspected of being
carcinogenic in man also.

The types of cancers produced by the polycyclic aromatic hydrocarbons
and other carcinogens depend on the tissues with which they make contact.

Carcinogenesis can be initiated by a rapid single event, best exemplified by
the carcinogenic effect of a split-second exposure to ionizing radiations
(e.g., from atomic detonation) (40, 351). More often, however, it appears
to be characterized by a slow multi-stage process, preceded by non-specific
tissue changes, as exemplified by cancers arising in burns. Evidence is pre-
sented in another section of this Report that cancer of the lung in cigarette
smokers, as well as experimental cancer induced by presumed carcinogens
in smoke, is preceded by distinct histologic alterations which can progress
to the development of "cancer in situ." These need not proceed to the
formation of invasive cancer, and may regress following removal of the
stimulus.

The character of "precancerous" change varies in different organs, e.g.,
in the bladder it is manifested by the formation of "benign" papillomas;
in the oral cavity, by the formation of white patches of thickened squamous
epitheliumleukoplakiaa non-neoplastic reversible change. The evolved
cancer is also subject to further changes. Often, rapidly growing variants
develop, a process termed progression (119) .

Almost every specks that has been adequately tested has proved to be
susceptible to the effect of certain polycyclic aromatic hydrocarbons identi-
fied in cigarette smoke and designated as carcinogenic on the basis of tests
in rodents. Therefore, one can reasonably postulate that the same poly-
cyclic hydrocarbons may also be carcinogenic in one or more tissues of
man with which they come in contact.

Experimental studies have demonstrated the presence of substances in
tobacco and smoke which themselves are not carcinogenic, but can promote
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zarcinogenesis or lower the threshold to a known carcinogen. There is also
some evidence for the presence of anticarcinogenic substances in tobacco
and tobacco smoke (107).

Threshold

In any assessment of carcinogenicity, dosage requires special considera-
tion. The smallest concentration of benzo(a)pyrene known to induce carci
noma when dissolved in acetone and applied to the skin of mice three times
weekly is 0.001 percent (380). Subcutaneous cancer follows injection of
only 0.00195 mg. of benzo(a)pyrene in 0.25 ml. tricaprylin. Whether
there is a threshold for effective dosage of a carcinogenic agent is contro-
versial at the present time. The evidence for the existence of a threshold
has been summarized by Brucs (43). When pulmonary tumors were in-
duced in mice with dibenzanthracene and urethan by Heston et al. (172, 232),
a linear response was demonstrated at highar doses but a curvilinear re-
sponse appeared at lower doses. At exttemely low dosage, the possible effect
of the agent became obscured by the incidence of spontaneous pulmonary
tumors. In the case of induction of cancer by ionizing radiation, it has been
claimed that the e is no threshold (210). It is conceivable that there is
no threshold for certain neoplasms, whereas there may be one for others.

Neither the available epidemiologic nor the experimental data are adequate
to fix a safe dosage of chemical carcinogens below which there will be no
response in man (43, 172, 210, 232).

CARCINOGENICITY OF TOBACCO AND TOBACCO SMOKE IN ANIMALS

There is evidence from numerous laboratories (31, 42, 92, 93, 105, 132,
39, 263, 296, 297, 338, 372, 373, 382, 383) that tobacco smoke condensates

and extracts of tobacco are carcinogenic for several animal species. Several
laboratories obtained negative results (154, 262, 267, 268).

The nature of the test system is critical in studies on carcinogenic activity
of such complex mixtures. The relatively high susceptibility of mouse skin
to carcinogenic hydrocarbons has made it a favorite test object (6, 278).
A second test system also used is the induction of pulmonary adenomas in
ni,e.e. This will be detailed in the section on Experimental Pulmonary Car-
cinogenesis. A third system which has been used less frequently is the
induction of subcutaneous sarcomas in the rat whose connective tissues have
been found to be susceptible to the carcinogenic action of many different
chemicals as well as of complex materials. Another test, which has been used
in some studies and can be read within five days after painting the skin of
mice with a carcinogen, consists of determining the number of sebaceous
glands and the thickness of the epidermis (342a). However, the reliability
of this procedure as a bio-assay for carcinogenesis is open to question.

Skin
Many investigators have shown that the application of tobacco tar to the

skin of mice and rabbits induces papillomas and carcinomas (31, 42, 92, 93,
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105, 132, 139, 263, 296, 297, 338, 372, 373, 382, 383). Wynder et al.
(382) applied a 50 percent solution of cigarette smoke condensate in acetone
three times weekly to the shaved backs of mice so that each roceived about
10 gm. yearly. The animals were usually painted for 15 months. More
than S gm. annually was required for the induction of epidermoid carcinoma
and more than 3 gm. for the induction of papillomas (372, 373). Since the
carcinogenic potency of a smoke condensate can be altered by varying condi-
tions of pyrolysis, the manner of preparation of the tar is of importance
(392). This may be one reason for the negative reports (154, 262, 267,
268) encountered in the literature. Extracts of tobacco usually have weaker
carcinogenic activity than do the condensates of cigarette smoke (93, 390).

Gellhorn (126) and Roe et al. (290, 293) have reported that condensates
of cigarette smoke have cocarcinogenic or promoting properties. It was
found that the application of a mixture of benzo(a)pyrene plus condensate
of cigarette smoke to the Ain of mice resulted in the production of many
neoplasms, whereas the same concentration of benzo (a) nyrene alone failed
to elicit tumors. Gellhorn (126) found that the tobacco smoke condensate ap-
peared to accelerate the transformation of papillomas to carcinomas. Anti-
carcinogens have also been reported in condensates of cigarette smoke (107).

Nicotine is not usually considered a carcinogen on the basis of animal
experiments (346, 391). Removal of nicotine or other alkaloids did not
diminish the carcinogenicity of condensates of smoke for the skin of mice.
The induction of pulmonary adenomas in mice by urethan (120) and of
skin tumors in mice by ultraviolet radiation (121) are not altered by the
administration of nicotine or some of its oxidation products.

Subcutaneous Tissue
Druckrey (92) found that cigarette smoke condensates or alcoholic ex-

tracts of cigarette tobacco regularly induced sarcomas in rats at the site of
subcutaneous injections. The material was injected once weekly for 58
weeks, the total dose administered being 3.2 gm. The animals were followed,
thereafter, until death. Approximately 20 percent of the animals in each
experiment developed the neoplasms. Druckrey also carried out similar ex-
periments with benzo (a) pyrene and found that the amount of this polycyclic
aromatic hydrocarbon in smoke condensates or tobacco extracts cannot
account for more than a few percent of the activity of the tobacco products.
This same discrepancy between the quantity of benzo (a) pyrene in smoke con-
densates and the carcinogenic potency of the condensates has been reported
by several investigators using the mouse skin test (92, 93, 126, 372, 390).

Mechanism of the Carcinogenicity of Tobacco Smoke Condensate
Tobacco smoke contains many carcinogenic polycyclic aromatic hydro-

carbons (Table 2, Chapter 6). Benzo(a)pyrene is present in much larger
concentrations than is any other carcinogenic polycyclic hydrocarbon. The
inability to account for the carcinogenicity of the tobacco products, except
to a very minor degree, by the amount of benzo(a)pyrene present was
unanticipated. Both Druckrey (92) and Wynder (372) emphasized that
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the benzo(a)pyrene concentration of various tobacco and smoke prepara-
tions is only sufficient to account for a very small part of the carcinogenicity
of these materials. One hypothesis suggests that promoting agents present
in tobacco and tobacco smoke, such as various phenols, enhance the potency
of the carcinogenic hydrocarbons so as to account for the biological activity
of the tobacco products. Further, possible synergism between low levels of
the several known carcinogens in the tobacco condensates and extracts may
also enhance the carcinogenic potency.

Other Materials of Possible Importance in Carcinogenicity

PESTICIDES

Pesticides currently used in the husbandry of tobacco in the United States
include DDT, TDE, aldrin, dieldrin, endrin, chlordane, heptachlor, malathion
and occasionally parathion (see Chapter 6). The first two are used more
commonly than the others nearer the time for harvesting. TDE has been
detected in tobacco and its smoke (242), and endrin has been extracted
from tobacco on the market (34, 35). Aldrin and dieldrin have been found
to increase the incidence of hepatomas in mice of the C3HeB/Fe strain (681.
Aldrin is metabolized to dieldrin, and the effect may be due only to the latter
or some subsequent metabolite. DDT has been shown to induce hepatomas
in trout (153) and rats (253). The possible role of these compounds in
contributing to the potential carcinogenicity of tobacco smoke is not known
(see also Chapter 6, section on Pesticides).

LACTONES

The lactones have been suggested as contributors to the carcinogenic
effects of tobacco. Attention was focused on these compounds by the dis-
covery (74, 74A, 291, 292, 362) that 13-propiolactone, used as a sterilant and
preservative, is carcinogenic for mice. Coumarin, a 8-lactone, has bee,i used
as a common flavoring in tobacco. Hydroxy- and methoxy-coumarins are
constituents of the leaf itself and are carried over in the smoke. Also the
plactone, -lev ante n oli de , is present in both tobacco and smoke (354). The
following lactones (not suggested to be present in tobacco) have been found
to bo carcinogenic for animals: y-lactones (patulin, penicillin acid, methyl
protoanemonin) and 8-lactones (parasorbic add lactone and aflatoxins).

RADIOACTIVE COMPONENTS

Potassium 40, a a-emitter, has been reported to be a source of radioactivity
in cigarette smoke. The amounts of this activity taken into the lung, even by
the heavy smoker, are minute when compared with the daily uptake of K 40
from the diet. Furthermore this material is highly soluble and it is rapidly
eliminated from the lung tissue thereby preventing any local build-up (300a).
The a-particle activity due to the radium and thorium content of tobacco
smoke, even for the heavy smoker, is less than one percent of the atmospheric
radon and thoron inhaled daily by any individual (347a). A recent but still
unpublished report holds that Po 210 is the major source of radioactivity in
cigarette smoke. The amounts calculated to be absorbed are high enough to
merit further study as a possible factor in carcinogenesis (282a). No data
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appear to have been published on the uptake by the tobacco plant of radio-
active constituents from fall-out (e.g., Strontium 90 and Cesium 137).

Summary

Condensates of tobacco smoke are carcinogenic when tested by applica-
tion to the skin of mice and of rabbits, by subcutaneous injection in rats,
and by painting the bronchial epithelium of dogs. The amount of known
carcinogens in cigarette smoke is too small to account for their carcino-
genic activity. Promoting agents have also been found in tobacco smoke
but the biological action of mixtures of the known carcinogens and promoters
over a long period of time is not understood.

CARCINOGENESIS IN MAN

Despite the many uncertainties in the application to man of research
results in animals, the animal data serve a purpose in indicating potential
carcinogenicity. The greatest consistency is observed in respect to those
groups of chemical compounds which are carcinogenic in many species.
Several of the polycyclic aromatic hydrocarbons present in tobacco smoke
fall into this category in that they are carcinogenic for most animal species
tested. Since the response of most human tissues to exogenous factors is
similar qualitatively to that observed in experimental animals, it is highly
probable that the tissues of man are also susceptible to the carcinogenic
action of some of the same polycyclic aromatic hydrocarbons. The results
of exposing humans to pure polycyclic aromatic hydrocarbons or to natural
products containing such compounds have been reviewed by Falk et al.
(108).

Polycyclic Aromatic Hydrocarbons

Cancer induction in man by the application of "pure" polycyclic aro-
matic hydrocarbons has not been reported. Klar (188) reported an epi-
thelial tumor on his left forearm that appeared three months after
termination of an experiment in which mice were painted with 0.25 percent
benzo (a) pyrene in benzene. Cottini and Mazzone (63) applied 1.0 percent
benzo(a)pyrene in benzene to the skin of 26 volunteers in daily doses and
observed the sequential development of erythema, pigmentation, desquama-
tion, and verrucae. The changes were more pronounced in older than in
younger volunteers. After 120 applications, the experiment was terminated
and the lesions regressed within three months. Rhoads et al. (286) de-
scribed similar changes in human skin painted with the same carcinogen.
These reversible changes were similar to the initial changes in the skin of
men who ultimately developed invasive cancers following industrial ex-
posure to carcinogens. Cancer of the skin of the fingers has not been re-
ported in cigarette smokers, despite the intense discoloration so often seen
at this site (212). However, spontaneous cancer of the skin of the fingers
is very rare.
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Industrial Products
SOOT

Cancer of the scrotum in chimney sweeps subjected to prolonged massive
exposure to soot was a common finding in the eighteenth century (279).
As many as one in every ten men engaged in this occupation developed can-
cers (204). Sporadic cases of cancer of the skin at other sites, such as the
face (60), the ear, and the penis (264), were also described. The neo-
plasms usually occurred in men between 18 and 47 years of age (213),
possibly reflecting the early age at which boys entered this occupation.
Whether there is an increase in cancer in persons now working in industries
involving exposure to "carbon black" is being debated (108). The chemi-
cal and physical properties of "carbon black" vary widely (109, 110).

As early as 1922, Passey (266) found that cancer of the skin could be
produced experimentally by extracts of soots. More recently, Falk et al.
(111) showed that polycyclic hydrocarbons in the "carbon black" were
present in processed rubber, and rubber extracts were found to be carcino
genic for the skin of mice. Also Falk and Steiner (109, 110) found furnace-
type black rich in pyrene, fluoranthene, benzo(a)pyrene, benzo(e)pyrene,
anthanthrene, benzo(g, h, i)perylene, and coronene in particles having an
average diameter' of 80 Rµ or larger. These compounds were not present
in channel blacks which have smaller particle size. The amount of benzo-
(a)pyrene extracted from different soots varies from none to 2 mg. per gm.
(307).

COAL TAR AND PITCH

Butlin (50) in 1892 described cancer of the skin as an occupational
hazard in the coal tar industry. The distillation of coal tar yields many
different organic compounds with a residue of pitch containing polycyclic
aromatic hydrocarbons (300). Henry (166) reported that up to 1945, 2,229
of 3,753 cases of industrial skin cancer studied were attributed to exposure
to tar and pitch, the remainder to mineral oils. The latent period for in-
duction of this type of cancer is estimated to be 15 to 25 years. Most
reports about this type of cancer have come from England (166), but
they have also appeared from other countries (44, 73, 231, 3101. Bonnet
(32) reported an interesting case of pulmonary cancer in a workman exposed
to hot tar containing three percent benzo(a)pyrene. Hi estimated that 320
pg. of the carcinogenic hydrocarbon could have been inhaled hourly. Car-
cinogenicity of both creosote oil and anthracene oil for the skin of workmen
has been documented (18,39, 259).

MINERAL OILS

So-called paraffin cancer is not caused by paraffin but by exposure to
impurities in oils used in the process of purification (165, 203). Recent
work (321) has confirmed the view that refined paraffin wax does not
contain polycyclic aromatic hydrocarbons and that it is not carcinogenic.

The danger incidental to exposure to mineral oils has been decreased by
extraction of carcinogenic hydrocarbons with sulfuric acid (164). Bioassay
of mineral oils indicates that their content of carcinogens varies with their
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geographic origin (348), Animal tests show that the carcinogenicity of
mineral oil increases as the temperature of distillation increases or when
cracking is instituted for the formation of new compounds. A variety of
carcinogenic compounds has been isolated from different fractions. Some
fractions presumably free from benzo(a)pyrene have nevertheless been
found to be carcinogenic. Coal tar contains 0.3 to 0.8 percent benzo(a)-
pyrene, soot 0.03 percent, and American shale oil 0.003 to 0.004 percent
(51).

SUMMARY

There is abundant evidence that cancer of the skin can be induced in man
by industrial exposure to soots, coal tar and pitch, and mineral oils. All
of these contain various polycyclic aromatic hydrocarbons proven to be
carcinogenic in many species of animals. Some of these hydrocarbons
are also present in tobacco smoke. It is reasonable to assume that these
can be carcinogenic for man also.

CANCER BY SITE

The seven prospective studies described and summarized in Chapter 8
provide a natural point of departure for considering the relative risks, for
smokers and non-smokers, of cancer at specific sites. The consolidated
findings (Table 1) identify eight sites as displaying higher risks of cancer
among cigarette smokers, who in recent decades have been the predominant
consumers of tobacco. These sites are lung, larynx, oral cavity, esophagus,
urinary bladder, kidney, stomach, and prostate. The mortality ratios for
cigarette smokers vis-a-vis non-smokers range in descending order from
nearly 11 to 1 for cancer of the lung and bronchus to 1.3 to 1 for prostatic
cancer. For five of these siteslung, larynx, oral cavity, esophagus, and
urinary bladder cigarette smokers have a substantially higher cancer risk
than non-smokers.

The smaller excess risks among cigarette smokers for cancer of the
stomach, prostate, and kidney deserve comment. The prospective studies are
not in complete accord as to an association with smoking history for cancer
of the prostate and kidney, and in some of the studies which were conducted
with other objectives in mind, the relationships of prostatic and renal cancer
with smoking history represent incidental findings. No other evidence can
be adduced in evaluating and interpreting the prostatic and renal mortality
ratios, since the effects were not large, enough to draw the attention of investi-
gators. For these reasons, cancer of the prostate and kidney will not be dis-
cussed further at this time. This decision does not imply a conclusion that
the findings must be artifacts, but rather that judgment on these sites should
be suspended until more data become available.

The case for considering cancer of the stomach in more detail is not much
stronger than for prostate and kidney, but the consistency among the pros-
pective studies is better. In addition, the studies report a stronger association
of smoking history with stomach ulcer. Clinical impressions of this relation-

148



TABLE 1.-Expected and observed death: and mortality ratios of current
smokers of cigarettes only, for selected cancer sites, all other sites, and all
causes of death; each prospective study and all studies

Site of canoe' British
doctors

Men In
9 States

I7r ':ed
States

veterans

Cali-
born%

s.`coup
I

Call-
fonds

Legion I

Cana-
dian

vrterans
Men In

25
States I

Total

Lung and Observed 129 233 519 138 98 317 399 1,833

bronchus, Expected 6.4 23.4 43.3 8.7 19.9 27.1 41.6 170.3

162-3' Ratio 20, 2 10,0 12.0 13.9 4.9 11.7 DA 10.8

Larynx, 161 Observed 7 17 14 3
0

a 5
0.0

23 78

farocted 0.0 11: I 11.1 O. 1: g ;1. 1 11: 2

Oral Cavity,
140-8.

Observed
Expected

8
0.0

22
7.8

64
8.1

7
7, 2

10
5.2

20
L 1

33
3.6

152
37.0

Ratio 2.8 6.6 1.0 I.9 3.9 2 2 4.1

Esophagus, 160 Observed 7 18 33 4 9 22 20 113

Expected 3.3 2.7 5.2 6.6 1.8 6.8 8.4 33, 7

Ratio 2.1 6.6 6.4 0, 7 6.1 3 3 2.4 3.4

Bladder, 181 Observed 12 41 55 13 7 39 50 216

Expected 13.9 17.3 31.4 2.2 1.8 22.3 22.8 111.6

Ratio 0.9 2.4 1.8 8.0 4.0 1.7 9.2 1.9

Kidney, 180 Observed 8 21 84 10 6 13 28 120.

raeocted 0.0 14.0 1..1 0.0 2..? 11:41 21: ; 7?.. g

Stomach, 151 Observed 81 76 90 24 25 76 91 413

Expected 28.3 33.7 61,6 31.4 20.5 41.2 666 285.2

Ratio 1.1 2.3 1.5 0.8 1.2 1.9 1.3 1.4

Prostate, 177 Observed 15 51 106 4 19 48 75 318

Expected 29.0 32, 4 63.7 8.6 221 32, 3 74.9 253.0

Ratio 0.6 1.6 2.0 0. 5 0.9 1.8 1.0 1.3

All Other Sites Observed 116 290 671 141 106 237 571 2,132
Expected 112 0 228.3 505.7 109.4 120.5 192.1 423.8 1, 692.0

Ratio 1.0 1.3 1.3 1.3 0.9 1.2 1.3 1.3

All Causes of Observed I, 673 3,781 7, 236 1, 458 1, 264 4,001 6,813 26, 223

Death. Expected 1,181.8 2, 227.7 4, 043.1 818. 5 799.4 2, 420.1 4, 383. 3 15, 653.9

Rat to 1.34 1.70 1.79 1.78 1.58 1.65 1.63 1.68

I Includes all c gazette smokers ;current and erstnoters).
International Statistical Classification number.

ship undoubtedly stimulated some of the case-control studies of smoking and
stomach cancer which have been reported. Stomach cancer incidence and
mortality have been declining rapidly in th.. United States in recent years,
simultaneously with the rise in lung cancer. This and the presence of addi-
tional evidence from retrospective studies justify reviewing stomach cancer
in more detail in this chapter.

Thus the six cancer sites to be reviewed here are lung, larynx, oral cavity,
esophagus, urinary bladder, and stomach.

LUNG CANCER

Historical
The earliest suspicions of an association between smoking and lung cancer

were undoubtedly evoked by the provocative clinical observations that lung
cancer patients were predominantly heavy smokers of tobacco. Early investi-
gators, including Muller (250) in 1939 and Schairer and Schoeniger (309)
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in 1943, were impressed not only with the clinical observations of a high
proportion of tobacco smokers among lung cancer patients but also with the
rise in the percentage of lung cancers in autopsy series in Cologne and Jena.
Among the early observations in the United States were those of Ochsner
and DeBakey (258) who were impressed by the probable relationship be-
tween cigarette smoking and lung cancer. The initial observations prior to
MUller's work were not, however, corroborated by surveys including controls
without lung cancer.

As early as 1928, Lombard and Doering (221) in a study of cancer
patients' habits in Massachusetts, wrote that "any study of the habits of
individuals with cancer is of little value without a similar study of individ-
uals without cancer." Their analysis of 217 cases of cancer and 217
controls identified, among other things, an association between heavy smok-
ing (all types combined) and cancer in general, and between pipe smoking
and oral cancer in particular. The pipe smokers then constituted the bulk
(73.1 percent) of the heavy smokers. This is of historical interest in rela-
tion to the present-day percentage of heavy cigarette smokers. Further-
more, since there were but five lung cancers in Lombard's test group in an
era before much of the rise in lung cancer incidence had occurred, the data
were not adequate to demonstrate an association between lung cancer and
cigarette smoking.

Probably the first study designed to explore this association system.
atically was by Muller in 1939 (250) who had noted the increase in per-
centage of primary carcinomas of the lung being diagnosed at autopsy be-
tween the years 1918 and 1937 in Cologne, an increase almost entirely in
males. Although considering other variables as possibly related to the rise
in lung cancer mortality, such as increases in street dusts, automobile
exhaust gases, war gas exposure in World War I, increased use of X-rays,
influenza, trauma, tuberculosis, and industrial growth (air pollution?), he
took special cognizance of the preponderant increase of lung cancer among
males and the parallel rise in tobacco consumption from shortly before
and since World War I and selected this variable for study. In what
appears to be a carefully conducted inquiry of smoking habits in a series of
86 lung cancer patients and 86 apparently healthy controls, matched by age,
a significant excess of heavy smokers was observed among the lung cancer
patients.

In the next ten years, three more case-control studies or comparisons with
cancers of other sites reached the literature (280, 309, 363) and from 1950
to the present time 25 additional retrospective (38, 82, 138, 147, 150, 152,
192, 199, 207, 211, 222, 236, 238, 277, 281, 301, 311, 314, 316, 335, 337,
365, 375, 379, 381) and 7 prospective studies (25, 83, 84, 87, 88, 96, 97,
157, 162, 163) were undertaken.

Retrospective Studies

The 29 retrospective studies of the association between tobacco smoking
and lung cancer are sumarized in Tables 2 and 3. As these tables suggest,
the studies varied considerably in design and method. Methodologic varia-
tions have occurred in the omission, inclusion, or,treatment of the following:
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METHODOLOGIC VARIABLES

Sdiect Selection -
1. Males and/or females
2. Occupational groups
3. Hospitalized cases
4. Autopsy series
5. Total lung cancer deaths in an area
6. Samplings of nationwide lung cancer

deaths

Control Selection
]. Age matching vs. age groups
2. Healthy individuals
3. Patients hospitalized for other cancers
4. Patients hospitalized for causes other

than cancer
5. Deaths from cancers of other sites
6. Deaths from other causes than cancer
7. Samplings of the general population

Method of Interviewing-
1. Mailed questionnaires
2. Personal interviewing of subjects (or

relatives) and controls
a) By professional personnel
b) By non.professionai personnel

Tobacco -use Histories
!. By type of smoking (separately and

combined)
2. By amount and type
3. By amount, type, and duration
4. By inhalation practices

Other Variables Concurrently Studied-
1. Geographic distribution

a) Regional
b) Urban.rural

2. Occupation
3. Marital status
4. Coffee and alcohol consumption
5 Other nutritional factors
6. Parity
7. War gas exposures
8. Other pathologic conditions
9. Hereditary factors
10. Air pollution
11. Previous respiratory conditions

This listing of methodologic variations is by no means complete, nor
does it imply that the individual retrospective studies should be criticized for
their choke of study methods and factors for observation. The individual
points of criticism have usually applied to one or two studies but not to all.

It is indeed striking that every one of the retrospective studies of male
lung cancer cases showed an association between smoking and lung
cancer. All have shown that proportionately more heavy smokers are
found among the lung cancer patients than in the control populations and
proportionately fewer non-smokers among the cases than among the con-
trols. Furthermore, the disparities in proportions of heavy smokers between

"test" groups and controls are statistically significant in all the studies.
The differences in proportions of non-smokers among the two groups are
also statistically significant in all studies but one (236) ; in the latter study,
although there were fewer non-smoker's among lung cancer patients, the
difference was very small.

In the studies which dealt with female cases of lung cancer, similar find-

ings are noted in all of them with one exception (238). In this latter study,
although significantly more heavy smokers were found among the lung
cancer cases than among the controls, the proportion of non-smokers among
the cases was distinctly higher than among the controls. This is the only
inconsistent finding among all the retrospective studies. Its meaning is not
clear but the authors have indicated that non-response among their female

cases was 50 perceat.
The weight to be attached to the consistency of the findings in the retro-

spective studies is enhanced when one considers that these studies exhibit
considerable diversity in methodologic approach.
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Germane to this concordance is a recent study (386) of Seventh Day
Adventists, a religious group in which smoking and alcohol consumption
are uncommon. On the basis of expectancy of male lung cancer incidence
derived from the control population, only 10 percent of the cases expected
were actually found among Seventh Day Adventists.

FORM OF TOBACCO USE

In considering the details of the individual retrospective studies listed in
Tables 2 and 3, 13 of the studies, combining all forms of tobacco consump
Lion, found a significant association between smoking of any type and lung
cancer (138, 199, 211, 250, 277, 280, 283, 309, 316, 363, 365, 379, 3811; 16
studies yielded an even stronger association with cigarettes alone as conm
pared to pipe and/or cigar smoking (38, 82, 147, 192, 207, 222, 236, 237,
238, 2? ?, 283, 301, 311, 314, 335, 379) when these forms of smoking were
considered separately and in combinations for males. The females, in the
studies investigating the relationship of smoking and lung cancer among
them, were almost invariably cigarette smokers so that comparisons with
other forms of tobacco use were not indicated.

AMOUNT SMOKED

Twonty.six of the studies quantitated the amount of smoking per day
either by combining weights of tobacco consumed in any form, or, more
often, by quantities of the specific forms of tobacco. In each of the studies
investigating male lung cancer, the degree of association increased as the
amount of smoking increased (38, 82, 138, 147, 150, 192, 199, 211, 222,
236, 250, 277, 280, 283, 301, 309, 311, M4, 316, 335, 363, 365, 379, 381).
One retrospective study (82) by Doll and Hill found a sharper difference In
amount smoked between cases and controls among recent smokers (10 years
preceding onset of the disease) than in a comparison of the maximum
amount ever smoked. The authors cautioned against accepting this finding
as being against their hypothesis of a gradient of risk (whkh would more
properly be tested by the whole life history of "exposure to risk") by citing
the inaccuracies resulting from "requiring the patient to remember habits
of many years past."

Of the 11 retrospective Modica with data on females and tobacco use by
amount smoked daily, six (211, 236, 277, 283, 36S, 381) showed trends of
increasing association with amount smoked daily, but had too few cases for
reliabilitr of the trend. However, five studies (82, 150, 152, 335, 3751 did
have large numhsrs of female lung cancer cases for analysis by smoking
class; three of there 1150, 152, 3751 were directed towards female cases
only. In each of these latter five studies, the degree of 'mention increased
with the amount of cigarettes smoked daily.

Four of the retrospective audits dealt with er.smoters as well (147, 1S2,
211, 3141; in one of these (3141, where relative risks were derived indirectly
by the Cornfield method (61), and in another by conventional use of stand
ardired mortality ratios (147), male exsmokers showed a lower risk than
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current smokers but greater than non-smokers. In a third study (152) of
lung cancer in women, the exsmoker risk was lower than the current-smoker
risk but approximately equal to that for the non-smoker.

DURATION OF SMOKING

Duration of smoking was considered in 12 of the retrospective studies
(82, 150, 207, 222, 236, 283, 301, 311, £16, 335, 375, 381). In only six of
them, however, were the data treated in such a way as to permit evaluation
of the relationship between duration of smoking and lung cancertwo
studies in males (207, 301) ; two in males and females (82, 236); and two
in females only (150, 375). Among the studies of male lung cancer, Levin
(207), correcting his data for age, found a relationship between the number
of years of cigarette smoking and lung cancer. McConnell (236) found a
significant difference in duration of smoking between cases and controls,
but was reluctant to draw any definite conclusions. On the other hand,
Doll and Hill (82), in their age- and sexmatched study, showed a distinct
and statistically significant association between the duration of smoking
among males. In a well - concaved analytic study, Sadowsky et al. (301),
recognizing that duration of smoking is a function of age, controlled the
age variable, and found an increasing prevalence rate of lung cancer with
an increase in duration of smoking among all age groups (age at diagnosis).

Among the studies including data on female lung cancer, McConnell had
too few female cases to resolve the question of duration of smoking (236)
and Doll and Hill, though finding differences between cues and controls,
could not establish statistical significance (82). 1n-the two inv.atigations
in which only female lung cancer cases were studied (150, 375), neither
showed an independent association between duration of smoking and lung
canoe:. Haenszel states, however, that "among women, the association of
starting age and duration of tobacco use with current rate is so strong that
IS may ho unrealistic to expect to And a separate duration effect in retro-
specdve studies of limited size" (150).

ACE STARTED SMOKING

ass* related to duration of smoking and thus pertinent to the length
of time that subjects have been exposed to tobacco smoke Is the variable
of age v. hen smoking was started. Relatively few of the retrospective studies
have dealt with this variable. Koulumtfa (192) found that males with lung
cancer had started smoking significantly earlier in life. In fact, 143 of his
845 eases or 17 percent began to smoke below 10 years of age as compared
to 6.5 peacetst among his matched controls. The study of male cases and
controls by Breslow et al. (38) found a definite trend in the same direction.
Pernu (277) found a statistically significant difference In age at start of
smoking, with a higher proportion of the male lung cancer group starting
at under 15 years of age. Lancaster 099) indicated that the male lung
cancer patients began to smoke at a significantly younger age. One other
study (283) showed no difference.

Of the three investigations of female hag cancer whkh etplored this
variable, there were too few smokers in one study for a test of significance
(277), and in the remaiaing two (150, 283), no differences were found.
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INHALATION

If the association between smoking, particularly cigarette smoking, and
lung cancer is a causal relationship, then inhalation should provide more
exposure than non-inhalation and should thus contribute significantly to the
lung cancer load. Four retrospective investigations were addressed to this
question. In the earlier Doll and Hill study (82), no difference in the
proportion of smokers inhaling was found among male and female cases and
controls. However, four subsequent studies of men (38, 211, 222, 313)
found inhalation of cigarettes significantly associated with lung cancer.
Although in Breslow's study (38) of age, sex- and race-matched case and
control patients, the variable "quantity-smoked" was not held constant in
the comparison when type of smoking though not quantity was controlled,
an association was found between inhalation and lung cancer. In the study
by Schwartz and Dcnoix (313) who held constant both type of smoking and
amount of cigarettes smoked, the relationship of inhalation was significant
for those smoking cigarettes alone but not for the smokers of both cigarettes
and pipes. Furthermore, although inhalers among lung cancer patients
averaged a significantly higher number of cigarettes per day than did the
controls, the relative risk differences between inhalers and noninhalers,
calculated by the Cornfield method (61), become smaller and almost equal
each oth.r at the highest cigarette consumption levels. Lombard and
Snegireff (222) demonstrated similar relative risk ratios.

HISTOLOGIC TYPE

The earliest retrospective study which considered histologic type of lung
cancer was by Wynder and Graham (381) in 1950. Theft authors presented
data on smoking habits of male and female adenocarcimmatous patients and
for female patients with epidermoid cancers which were but 25 in number.
With this partial analysis only a hint of a higher proportion of smokers
among female epidermoid cases could be derived. Of the 1,465 lung cancers
in the Doll and Hill retrospective study (82), 99S were histologically con-
firmed (916 males and 79 fetnales). Of the con firmed cases, 85 percent of the
males and 71 percent of the females were of the epidermoid or anaplastic types.
Although no statistically significant difference in smoking habits was elicited
for the several types, a relatively higher proportion of non-smokers and light
tmokers were found among patients of both sexes with adenocarcinoma.

Following the presentation by Kteyberg of a Typing Classification of the
epidermoid and at all or anapleAlc types as Group I and the adertocar-
cinema and bronchiolar or alveolar all types as Group 11, and the suggestion
of a relationship between Group I and smoking (196), several ensuing
retrospective studies desk with this question.

Breslow's study revealed a higher percentage of non-smokers among the
patients with adenocarcinoma than among those with epidermoid types (38).
In tepid succession sit additional retrospective studies analysed the rela-
tionship bets-ten histologic type of lung cancer and smoking. The 1956
study of female lung cancers by Wynder at al. (375) indicated that &dello-
carcinomata apparently had little or no relationship to smoking but that a
relationship did exist between smoking and the epidermoid and ansplastic
types. Schwan* it al. (313), similarly, in 1957, found a highly significant
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association between smoking of cigarettes, amount of smoking as well as
inhaling, and the epidermoid and anaplastic types of tumors. No such
association with "type cylindrique" was noted. In that same year Doll and
Hill furnished Kreyberg with lung cancer slides from 933 British patients.
Kreyberg, without knowledge of the patients' smoking history or clinical
data, separated these into two groups. A strong correlation was found
between smoking history and histologic type; smoking and amount were
highly associated with the epidermoid and anaplastic types, and nonsmokers
were predominantly among the adenocarcinomatous types (86).

In this study of lung cancer in women, Haenszel, et al. (150) found stasis.
tically significant relative risk gradients for amount of cigarette smoking
among Group I cancer patients. No increased risk was established for
Group II cancers. In his later study of a current mortality sample of white
males for 1958, Haenszel found relative risk gradients for the several amok.
ing classes for both adenocarcinomas and epidermoid cancers (147). A
parallel study of white females for the current mortality sample of 1958 and
1959 showed essentially the same findings, except possibly for a lower effect
on adenocarcinomas among smokers of less than one pack daily (152).

Haenszel points out that in both these studies a "true differential in risks"
for the two histologic types could well have been diluted seriously by report.
ing and classification errors which were definitely known to exist from re.
Inquiry of a sub-sample of deaths (152). (For current evaluation, see
section on Typing of Lung Tumors.)

RELATIVE RISK RATIOS FROM RETROSPECTIVE STUDIES

Retrospective studies are usually designed to establish the probability
of association of an attribute A with disease X; or, given disease X, what is
the probability that A will be found in association (P (APO)? Pro.
oedurally, one compares a supposedly representative group of patients with
disease X, with another group as controls, in regard to the percentages of
individuals with and without the attribute A. This procedure may reveal
significant differences leading to judgments of association but it does not
yield an ratimate of the magnitude of the relative risk of disease X among
those with attribute A and those without. A method which estimates this
relative risk, developed by Cornfield (61), has been referred to several
times earlier and can be applied to data derived from retrospective studies
if two assumptions, inherent in the first procedure of Judging the association,
are made: (a) that patients with disease X interviewed or otherwise studied
are a representative sample of all cases with disease X, and (b) that the
controls without disease X or who hare escaped disease X are a representative
sample of all persons without disease X. An estimate of the prevalence of
disease X in the population is a requisite.

Such an approach was utilised by a number of investigators in retro.
spective studies on lung cancer. Doll and Hill (82) made similar calculi.
lions and found a linear gradient of deaths from lung cancer for men and
women increasing with amount of tobacco smoked daily. Sadowsky et al.
(301) found similar increases in risk for amount smoked daily in virtually
all but the oldest age groups and calculated an age-standardised risk ratio
of 4.6:1 for all smokers compared to non-smokers. These authors also
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utilized the data of Wynder and Graham (381) and Doll and Hill (82) for
calculating similar risk ratios, deriving ratios of 13.6:1 and 13.8:1, respec-
tively. Their calculations of estimated prevalences by quantity smoked daily
for age groupings similar to their own also showed linear increases of risk.

Breslow et al. (38) treated their retrospective data similarly and developed
relative risk ratios of 7.7:1 for males aged 50-59 years and 4.6:1 for those
aged 60-69. In considering heavy smokers (40 or more cigarettes per
day), they showed relative risk ratios of 17:1 and 25.5:1, respectively.
Randig (283) also demonstrated a linear progression of risk with increasing
amounts of daily tobacco consumption and an over-all ratio of 5.1:1 for all
smokers to non-smokers among males and 2.2:1 for females. Schwartz
and Denoix (313) reported similar findings in amount smoked daily and
a risk ratio of smokers to non-smokers of approximately 8:1. Lombard
and Snegireff (222) approached their data in a different way, utilizing "life-
time number of packs of cigarettes consumed" as a measure of exposure.
Their estimated prevalence rates also increase linearly with amount smoked.
The risk ratio which can be calculated from their tabulated data ranges
from 2.4:1 for light smokers to 34.1:1 for heaviest smokers.

Haenazel, in his two studies on male and female lung cancer mortality
as related to residence and smoking histories, calculated relative risk ratios
of 4.1:1 for one pack or less daily and 16.6:1 for more than one pack a day
among males (147), and 2.5:1 and 10.8:1, respectively, among females
(152). Table 4 summarizes the relative risk findings of the nine studies.

TABLE 4.Relative risk, of lung cancer for smokers from retrospective
shsdies
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Pros peditt Studies
ft has been pointed out that in retrospective etudies the weal approach is

to determine the frequency of an attribute among cases nd controls. This
measure does not provide estimates of the risks of developing the disease
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among individuals with and without the attribute unless one makes assump
Lions referred to above. The validity of such assumptions may at times be
suspect, for the cases may not be representative of the total population with
the disease nor the controls representative of the population without the
disease. Thus, some retrospective studies may not truly assess the existent
risks with reasonable accuracy. However, when all the cases of a disease In
an area and a representative sample of the population without the disease are
included in a study, the estimates of risk bear high validity.

Despite the criticisms leveled at the retrospective method in general and
its obvious defects as practiced by some investigators, a number of the retro.
rpective studies on lung cancer have indeed overcome most of the criticisms
of major import leveled at the method. These criticisms and their implica-
lions will be treated specifically below in the section on an Evaluation of the
Association Between Smoking and Lung Cancer. Suffice it to say at this
point that certain shortcmings of the retrospective survey approach, some
real and some exaggerated, led several courageous investigators to under-
lake the necessarily protracted, expensive, and difficult prospective approach.

The first prospective study encompassing total and cause-specific mortality
in a human population was initiated in October 1951 among British physi-
cians by Doll and Hill (83, 84). There then followed in rather rapid suc-
cession, five additional independent studies in the United States and Canada
(25, 87, 88, 96, 97, 157, 162, 163), all but one of which continue to be active.
The earlier study, by Hammond and Horn, among 187,783 white males aged
50-69 years, initiated between January and May 1952, was terminated after
44 months of follow-up (162,163). This has been aucceeled by the current
Hammond study which broadened its agebase (35-89 years) and contains
1.085,000 persons (in 25 states) of whc.n 447,831 are males (157).

These studies have been described in detail, analysed, and evaluated in
Chapter 8 of this Report where a discussion of differences in total mortality
between smokers and non-smokers has been presented, and are summarised
in Table 1 of that chapter. All the prospective studies thus far have shown
a remarkable consistency in the significantly elevated modality ratios of
smokers particularly among the "cigarettes only" smoking class. Of special
interest is the fact that in a number of the studies the magnitude of the as-
sociation between cigarette smoking and total death rates has increased as
the studies have progressed. This has particularly been true for lung can-
cer. The presently calculated total mortality ratios have been presented in
Table 2 of Chapter 8 of this Report.

With reference to the smoking and lung cancer relationship, each of the
seven prospective studies has thus far revealed an impressively high lung
cancer mortality ratio for smoker, to non-smokers. Examination of Table
5, which presents in summary form the lung cancer mortality ratios for the
seven studies by smoking type and amount, derived both from the published
reports of these studies and current information from the investigators
wherever available, reveals a range of ratios from 6.0 to 25.2 with a median
(slue of 10.7 for all smokers irrespedive of type or amount. ror smokers
currently using cigarettes only at the time of enrollment in the studies, the
ratios range from 4.9 to 20.2 with a mean value of 10.4 as derived from
a summation of observed and expected values of most recent data.
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Several of the studies have fortunately provided data for a measure of
the "dose of exposure" relationship (84, 88, 96, 157, 163). It can readily
be seen from Table 5 that the mortality ratios increase progressively with
amount of smoking. The pivot level appears to be 20 cigarettes per day.
ages and/or pipe smokers (to the exclusion of cigarettes) manifest ratios
lower than any of the cigarette smoking classes, including combinations of
cigarettes with pipes and/or cigars (25, 84, 88, 157, 163). One study pro.
vided data on occasional smokers (163). These have a ratio very close to
that of nonsmokers. Exsmokers of cigarettes (83, 88, 163) fall into levels
of risk ratios below those for current smokers of cigarettes depending upon
the length of the interval since smoking was stopped. In the Doll and Hill
study (83), the exsmoker ratio was less than the current smoker ratio
even when cessation had occurred less than 10 years before entry into the
study. This, however, was not true for the first Hammond and Horn study
(163). In this latter study, if smoking had ceased more than 10 years
before entry, the lung cancer mortality ratios were lower than for current
smokers at the corresponding daily consumption levels, but if cessation of
smoking had occurred less than 10 years before entry, the ratios were
virtually identical to those for current cigarette smokers at the corresponding
daily consumption levels. The Dorn material (87, 88), currently brought
up to date (89), provides a measure of relative risk by amounts of smoking
prior to stopping. The ratios thus elicited are again below those for cur
rent cigarette smokers of corresponding daily amounts.

At this time it is difficult to assess the effect of other variables such as
duration of smoking and starting age on lung cancer mortality since cross
classification by these variables, and amount smoked as well, leads to cells
with small numbers of deaths. Most prospective studies have thus far con-
fined themselves to analysing the effect of these additional variables on
deaths from aU causes, or in one case (157) from cardiovascular diseases.
The current Hammond study Is concerned with inhalation practices, but
here also the total number of lung cancer deaths analysed to date does not
permit extensive classification by age, type of smoking, amount smoked
daily, present smoking status, and age when smoking was begun. In the
studies of total mortality ratios, duration of smoking, obviously immediately
dependent upon the age of the individual, was in turn dependent upon age
when smoking (cigarettes) was begun. Age when smoking began was also
a determinant, not only of the number of cigarettes smoked daily, but of the
degree of inhalation, with smokers starting at earlier ages very distinctly
tending to smoke more and inhale more deeply than those starting to smoke
at older age. (157). According to Hammond, men who smoke more per
day also tended to inhale more deeply than those who smoke fewer ciga
rettes per day. When inhalation and quantity smoked were held constant,
the total mortality ratios also increased as age at start of smoking decreased.

The stability of the lung cancer mortality ratios referred to in Table 5 is
to a peat extent dependent upon the number of observed lung cancer deaths
among non-smokers from which the expected values for the several smoker
claws are cakulated. Referring again to Table 5, in at least two of the
studies (83, 96), calculation of the expected deaths among smoker classes
had to be based on extremely small numbers of nonsmokers. However,
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the other studies have now yielded significantly greater numbers of non.
smoker lung cancer deaths and in at least three of them (88, 157, 163) these
are now appreciable.

Experimental Pulmonary Careinogenesis

ATTEMPTS TO INDUCE LUNG CANCER WITH TOBACCO AND
TOBACCO SMOKE

Few attempts have been made to produce bronchogenic carcinoma in
experimental animals with tobacco extracts, smoke, or smoke condensates.
With one possible exception (289), none has been successful (331).

Mice rarely develop spontaneous bronchogenic, oral, esophageal. gastric,
prostatic, laryngeal, or vesical carcinomas, but certain inbred strains have
a high incidence of spontaneous pulmonary adenomas (6). The adminis-
tration, by any route, of carcinogenic polycyclic hydrocarbons, including
some found in tobacco tar, increases the incidence and decreases the time
of occurrence of pulmonary adenomas. These tumors are usually regarded
as benign, and probably arise from the alveolar epithelium (4, 5, 6, 131, 330)
rather than the bronchial wall. They have no resemblance to most human
bronchogenic carcinomas.

Essenberg (106) and Miih lbock (248) exposed mice to cigarette smoke,
but their reported results are equivocal. Loren: et al. (224) and Leuchten
IN 6er ... al. (206) did not observe an increase in pulmonary adenomas in
mice that inhaled cigarette smoke.

Leuchtenberger at al. (205a.) described a sequence of microscopic changes
in lungs of mice exposed to cigarette smoke resembling somewhat those
found by Auerbach et al. in the lungs of human smokers. No doseresponee
effect uas reported. The morphologic findings consisted of bronchitis with
proliferation of the epithelium. Some areas of hyperplasia showed atypical
changes. However, the changes were reversible when exposure to smoke
was stopped. The production of bronchogenic carcinomas has not been
reported by any investigator exposing experimental animals to tobacco
smoke.

Most experiments in which tobacco tars were brought into direct contact
with the lung and tracheobronchial tree of experimental animals have
yielded negative results (273, 274, 275). Black lock (29) found one car.
cinoma when tar from cigarette filters was placed in olive oil together
with killed tubercle bacilli and injected into the hilum of a small number
of rats. hockey et al. (289) painted tobacco tar three to fire times each
week on the trachea of dogs with a tracheocutaneous fistula. Hyperptastic
changes with squamous metaplasia of the bronchial epithelium were teen
in seven dogs that survived 178 to 320 days. Carcinomainitu was reported
to occur in three, and ini a.ive carcinoma in one out of 137 dogs, but this
work has not yet been confirmed.

Sustrasay.Bronchogenic carcinoma has not been produced by the
application of tobacco extracts, smoke or condensates to the lung or the
tracheobronchial tree of experimental animals with the passible exception
of dogs.
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SUSCEPTIBILITY OF LUNG OF LABORATORY ANIMALS TO
CARCINOGENS

POLYCYCLIC AROMATIC HYDROCARBONS.Epidermoid carcinoma has
been induced in mice by Andervont by the transfixion of the lungs or bronchi
with a thread coated with a carcinogen (5) and by Kotin and Wise ley (191)
by treatment with an aerosol of ozonized gasoline plus mouse-adapted
influenza viruses.

Kuschner et al. (197, 197a) induced epidermoid carcinomas in the lungs
of rats by the local application of polycyclic aromatic hydrocarbons, either
by thread transfixation or pellet implantation. Distant metastases occurred
from some of the carcinomas. The changes in the bronchial tree at different
times prior to the appearance of cancer included hyperplasia, metaplasia
and anaplasia of the surface epithelium as well as of the subjacent glands.
These changes resembled those described by Auerbach in the tracheo-
bronchial trce of human smokers (9).

Stanton and Blackwell (324) induced epidermoid carcinoma in the lungs
of rats that had received 3-methylcholanthrene intravenously. The car-
cinogen was deposited in areas of pulmonary infarction.

Saffiotti et al. (302) produced squamous cell bronchogenic carcinomas in
hamsters by weekly intubation and insufflation of benzo (a) pyrene (4 per-
cent) ground with iron oxide (96 percent) resulting in a dust with particles
smaller than 1.0 micron. A proliferative response followed by metaplasia pre-
ceded the appearance of the carcinomas, but was not an invariable antecedent.

VIRUSES.Bronehogenic carcinoma has been induced in animals inocu-
lated with polyoma virus by Rabson et al. (282). Carcinogens enhance the
effect of viruses known to cause comer in animals (99) and localize the
neoplastic lesions at the site of inoculation of the virus (98). Howe rer,
no evidence has been forthcoming to date implicating a virus in the etiology
of cancer in man.

POSSIBLE INDUSTRIAL CARCINOGENS.Vorwald reported that expromre of
rats to beryllium sulfate aerosol resulted in carcinomas of the lur per-
cent were epidermoid but most were adenocarcinomas. The tuz Hy

arose from the alveolar or bronchiolar epithelium. He also produc .L ho-

genic carcinomas in two out of ten rhesus monkeys injected wit !'um
oxide and in three out of ten exposed to beryllium oxide by inhale' 31 ) .

Lisco and Finkel in 1949 (217) reported the production of ; rroid
cancer of the lung in rats with radioactive cerium. Subseqtn ,y
other investigators have succeeded in producing carcinomas of ti. fang,
predominantly of the epidermoid type, in a high percentage of r< and
mice with other radioactive substances. The various modes of e ire
included inhalation, intratracheal injection, or insuifiation and it..plabi..tion
of wire or cylinder. These experiments were reviewed by Gates and Warren
in 1961 (125).

Hueper exposed rats and guinea pigs to nickel dust and found inetaphstic
and anaplastic changes in the bronchi (180). Following up earlier ork
in which squamous metaplasia of the bronchial epithelium was fo Jnd in rats
exposed to nickel carbonyl (341), Sunderman and Sunderman )) in-
duced bronchogenic carcinoma in rats by exposure to this compound This
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group also found 1.59 to 3.07 pg. of nickel per cigarette in the ash and in
the smoke in several different brands. About three-fourths was contained
in the ash. Although Hueper and Payne (182, 183) and Payne (270) have
demonstrated that pure chromium compounds will produce both sarcomas
and carcinomas in several tissues in rats and mice, bronchogenic carcinomas
have not been produced by inhalation of chromium compounds in experi-
mental animals. Experiments designed to test the carcinogenicity of ar
senical compounds have been either negative or inconclusive.

Asbestosis can be produced without difficulty in experimental animals by
inhalation of asbestos fibers (359), but efforts to produce bronchogenic
carcinoma have been unsuccessful (129, 181, 227, 358).

SUMMARY.The lungs of mice, rats, hamsters, and primates have been
found to be susceptible to the induction of bronchogenic carcinoma by the
administration of polycyclic aromatic hydrocarbons, certain metals, radio.
active s'ibstances, and oncogenic viruses. The histopathologic characteristics
of the tumors produced are similar to those observed in man and are fre.
quently of the squamous variety.

ROLE OF GENETIC FACTORS IN PULMONARY ADENOMAS IN MICE
Genetic factors exert a determining influence on the spontaneous develop-

ment and induction of lung tumors in mice. Early studies of Murphy and
Sturm (251) and of Lynoh (225, 226) demonstrated the development of
pulmonary tumors in mice after the skin was painted with coal tar, and
Lynch (225) indicated the existence of genetic factors in the development
of these tumors. Later investigations of Heston (169, 170) on the effect
of intravenous injection of dibenzanthracene and the studies of several other
investigators (3, 4, 27, 47, 320) utilizing different techniques gave adds.
tional evidence of the operation of genetic factors in induced tumors. Link-
age between multiple genes for susceptibility to spontaneous and induced
tumors in mice and specific chromosomes has also been established (47,
168) and transplantation experiments (171, 173) indicate that the genetic
susceptibility resides within the pulmonary parenchyma. A number of in-
vestigators (36, 47, 124, 131) demonstrated conclusively that these tumors
usually arise distal to the bronchus and are probably alveogenic. Metastases
rarely occur. The relative importance of genes for susceptibility to these
tumors of the lung is indicated by an incidence ranging from a few tumors
to over 90 percent, depending on the inbred strain examined.

Spontaneous tumors of the lungs are rare in species of laboratory animals
other than mice, and the genetics of these neoplasms in other species has
been investigated only superficially.

SUMMARY.Genetic susceptibility plays a significant role in the develop.
ment of pulmonary adenomas in mice.

PathologyMorphology
RELATIONSHIP OF SMOKING TO HISTOPATHOLOGICAL CHANGES

IN THE TRACHEOBRONCHIAL TREE
In an extensive and controlled blind study of the tracheobronchial tree

of 402 male patients, Auerbach et al. (11, 13, 15) observed that several
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kinds of changes of the epithelium were much more common in the trachea
fend bronchi of cigarette smokers and subjects with lung cancer than of
nonsmokers and of patients without lung cancer (Table 6). The epithelial
changes observed were (a) loss of cilia, (b) basal cell hyperplasia (more
than two layers of basal cells), and (c) presence of atypical cells. The
atypical cells had hyperchromatic nuclei which varied in size and shape.
The arrangement of such cells was frequently disorderly (sect illustrations
below). Hyperplastic changes were also seen in the bronchial glands.

TABLE 6.Percent of slides with selected lesions,' by smoking status and
presence of lung cancer

Group Number
CONS

Number
slides

Percent of slides with ellia absent and
averaging 4 or more cell rows In depth

No cells
atypical

Some cells
atypical

All cells
atypical I

Total

Cases without lung cancer
Never smoked regularly 65 3, 324 1.0 0.03 1.
Ex-cigarette smokers.. 72 9,436 3.5 0.4 0.2 4.4
Cigarettesl-1 pk. a day 38 I 824 0.2 4.2 0.3 4.7
CigarettesW1 pk. a day 59 3,016 7.1 0.8 7.9
Cigarettes-1-2 pks. a day 143 7,002 12 6 4.3 16.0
Cigarettes-2+ pks. a day 38 1 787 28.2 11.4 37.5

Lung cancer cases 63 2,, 784 12.5 14.3 26.

I In some sections, two or more lesions were found. In such Instance, al of the lesions were counted and
are Included in both individual columns and in the total colunn of the tab e. Lesions found at the edge of
an ulcer were excluded.

I These lesions may be called carcinoma-In-situ.
I Of the 63 who died of lung cancer, 55 regularly smoked cigarettes up to the time of diagnosis, 5 regularly

smoked cigarettes but stopped before diagnosis, I smoked cigars, 1 smoked pipe and cigars, 1 was an tom-
sfonal cigar smoker.

Each of the three kinds of epithelial changes was found to increase with
the number of cigarettes smoked (Table 6). In smokers who had no cancers,
frequency and intensity of these changes correlated with the number of

EXAMPLES OF NORMAL AND ABNORMAL BRONCHIAL EPITHELIUM

1. Normal
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2. Basal-cell hyperplasiareplacement of ciliary epithelium with a thick layer of cells
resembling stratified squamous epithelium.

3. Extensive basal.cell hyperplasia with numerous atypical cells.

Source: Auerbach, Oscar. Special communication to the Surgeon General's Advisory
Committee on Smoking and Health.

cigarettes smoked. Among non-smokers, lesions composed entirely of atypi-
cal cells with loss of cilia were uniformly absent, although a few could be
seen with more than two rows of basal cells containing' some atypical cells.
In contrast, atypical cells were found in all lesions seen in the tracheobron-
chial tree of patients who smoked two or more packs of cigarettes a day,
irrespective of the presence of hyperplasia and/or cilia loss or whether the
patients died of lung cancer. The most severe lesion, aside from invasive
carcinoma, consisted of loss of cilia, and hyperplasia up to five or more cell
rows composed entirely of atypical cells. This lesion was never found
among men who did not smoke regularly and was found only rarely among
light smokers. However, it was found in 4.3 percent of sections from men
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who smoked one to two packs a day, in 11.4 percent of sections from those
who smoked two or more packs a day, and in 14.3 percent of sections from
smokers who died of lung cancer (15).

While epithelial changes were found in all portions of the tracheobronchial
tree, quantitative differences were found between the changes in the trachea
and those in the bronchi; byperplastic lesions consisting entirely of atypical
cells without cilia were found in all regions of the bronchial mucosa but only
rarely in the trachea. It is notable that cancer rarely occurs in the trachea.

In 35 children less than 15 years of age, Auerbach et al. (16) found the
same percent of epithelial changes in the tracheobronchial tree as in the same
number of adults who had never smoked regularly (16.6 percent of children
and 16.8 percent of adults). No hyperplasia with atypical cells was seen
in any section.

Later, Auerbach et al. (15a.) studied the morphology of the tracheobron-
chial tree from 302 women and 456 men with respect to additional variables
sex, age, pneumonia, and amount smoked. One or more epithelial lesions
were found in 68.2 percent of sections from men smokers and 68.6 percent
from women smokers when matched groups were examined. However, on
further study, hyperplastic lesions composed entirely of atypical cells were
found in 6.9 percent of the sections from the male group and in 2.5 percent
of those from females.

Matched groups of male cigarette smokers of two age groups (averages
of 37 and 67 years) were compared. Many more lesions, characterized by
a large number of cells with atypical nuclei, were observed in the older than
in the younger group. In a parallel study of women who did not smoke
(average ages of 46 and 76 years), no difference in the number or type of
lesions was noted. Few changes in the bronchial epithelium were found in
sections from 27 women non-smokers over 85 years of age.

Occa,ional atypical changes were found in women non-smokers (a) who
died of pneumonia, (b) who died of various other causes but had pneumonia
at the time of death, and (c) who died with no evidence of pneumonia.
However, basal cell hyperplasia, loss of cilia, and ulceration were found more
frequently in sections from women who died with pneumonia than from
women who had no evidence of pneumonia. These observations are in
agreement with those of other investigators who found metaplasia of the
bronchial epithelium to be more frequent in patients with various non-
neoplastic pulmonary diseases than in controls without such disease (256,
305, 352, 366).

Far fewer epithelial lesions were found in non-smokers than in pipe, cigar,
or cigarette smokers (15a.), the difference being particularly evident in the
occurrence of atypical cells. However, sections from pipe and cigar smokers
showed fewer epithelial lesions than did sections from cigarette smokers.
Cells with atypical nuclei were found far more frequently in cigarette smokers
than in cigar or pipe smokers (Table 7).

Tn 72 male ex cigarette smokers who had smoked for at least ten years
and had not smoked for at least five years prior to the time of death, there
were less hyperplasia, less loss of cilia, and fewer atypical cells than in
sections from current cigarette smokers (14). An interesting by-product
of this study was the finning of "cells with disintegrating nuclei" in the
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bronchial epithelium of 43 out of 72 exsmokers. These cells were not
found in the bronchial epithelium of current cigarette smokers or non
smokers. They 'were considered by Auerbach et al. to be pathognomonic
of the exsmoker.

Many of the histopathologic findings observed by Auerbach et al. in the
bronchial epithelium of smokers have been confirmed by other investigators
(64, 155, 189, 304).

The significance of the hyperplastic changes in the bronchial epithelium
for the pathogenesis of lung cancer in smokers is not fully understood. The
establishment of a link between the hyperplastic changes and the subsequent
development of lung cancer would relate smoking causally to lung cancer.
However, the nonspecificity of hyperplasia of the bronchial epithelium is
universally recognized. Furthermore, simile* changes are known to be
reversible.

On the other hand, evidence from both human and experimental observa-
tions points strongly to the conclusion that some hyperplastic changes of
the bronchial epithelium, especially those with many atypical alterations,
are probably premalignant.

It is well documented that the bronchial trees of patients with lung cancer
have areas, sometimes very widespread, of epithelial hyperplasia containing
many atypical and bizarre cells. This was reported by Lindberg in 1935
(216) and by many other investigators (10, 12, 28, 52, 134, 265, 285, 349,
370). Black and Ackerman (28) have carried out an extensive study
of the relationship between mctaplasia and anaplasia and lung cancer in
human lungs and have presented strong circumstantial evidence for the opin-
ion that the basal cell hyperplasia with advanced atypical changes and
loss of cilia (the so-called carcinoma in-situ) represent a stage in the devel-
opment of lung cancer. They also emphasized, as has Auerbach et al. (12),
the frequent occurrence of atypical basal cell hyperpi:-Ria at multiple sites
in the bronchial tree considerably removed from the site of the lung cancer.
They have pointed out the similarities between the atypical hyperplasias in
the tracheobronchial tree and carcinoma insitu in other sites, such as the
cervix, skin, and larynx.

Lung cancer was induced in animals by radioactive substances (198, 217),
chemical carcinogens (198, 340), and air pollutants plus influenza virus
(191). These studies have demonstrated the occurrence of extensive atyp-
ical hyperplastic changes in the bronchial epithelium of experimental animals
preceding the appearance of lung cancer. The changes described are, on
the whole, similar to those seen by Auerbach et al. in the bronchial epithelium
of heavy cigarette smokers and by others in patients with lung cancer. The
hyperplastic lesions in animals do not invariably develop into cancer. This
appears to be the case also in man (14).

In view of these observations, it seems probable that some of the lesions
found in the tracheobronchial tree in cigarette smokers are capable of de-
veloping into lung cancer. Thus, these lesions may I,e a link in the patho-
genesis of lung cancer in smokers.

SUMMARY.Several types of epithelial changes are much more common
in the trachea and bronchi of cigarette smokers, with or without lung cancer,
than of non-smokers and of patients without lung cancer. These epithelial
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changes are (a) loss of cilia, (b) basal cell hyperplasia, and (c) appearance
of atypical cells with irregular hyperchromatic nuclei. The degree of each
of the epithelial changes in general increases with the number of cigarettes
smoked. Extensive atypical changes have been seen most frequently in men
who smoked two or more packs of cigarettes a day. Hyperplasia without
atypical changes was seen in the bronchial tree of children under 15 years
of age and in women non-smokers at all ages who died with pneumonia.
Women cigarette smokt.rs, in general, have the same epithelial changes as
do men smokers. However, at given levels of cigarette Le, women appear
to show fewer atypical cells than do men. Older men smokers have many
more atypical cells than do younger men smokers. Men who smoke pipes
or cigars have more epithelial changes than do non-smokers, but have fewer
changes than do cigarette smokers consuming approximately the same amount
of tobacco. Male ex-cigarette smokers have less hyperplasia and fewer
atypical cells than do current cigarette smokers.

CONCLUSION.It may be concluded on the basis of human and experimental
evidence that some of the advanced epithelial hyperplastic lesions with many
atypical cells, seen in the bronchi of some cigarette smokers, are probably
premalignant.

TYPING OF LUNG TUMORS
Historical aspects of the typing of lung tumors in relation to py3sible

etiological agents are reviewed in the section on Retrospective Studies, His-
tologic Types.

Kreyberg (195, 196) noted that the increase of lung cancer in recent dec.
ades seemed to occur for only certain types of lung cancers (his Group I),
and that other types did not increase (his Group 11). Kreyberg's classifica-
tion is compared with the World Health Organization classification in
Table 8. His Group I includes epidermoid carcinomas and small-cell ana-
plastic carcinomas. His Group II includes adenocarcinomas and a few rare
types. He postulated that a determination of the ratio between Groups I
and II is a good index of the occurrence and magnitude of an increase in
lung cancer in a given locality and his epidemiologic studies linked the
increase almost entirely to the use of cigarettes. His thesis has been ac-
cepted by many while disputed by others.

The results of the study of lung cancer at Los Angeles County General
Hospital (LACGH) by Her.-.:an and Crittenden (167) did not confirm Krey-
berg's conclusions. These investigators, analyzing the autopsy data on lung
cancer from 1927 to 1957 at LACGII, observed I marked increase in the
number of lung cancer cases as had been noted by many other investigators.
However, the ratio of Kreyberg's Group I to Group II had not changed per-
ceptibly over this period and was notably lower than in other series studied.

The Committee on Smoking and Health sponsored a workshop in which
slides from coded cases of lung cancer from four different institutions in
three areas of the United States were typed "blind" by Dr. Kreyberg and
pathologists from the cooperating institutions.' There was good agreement
as to typing. The lm ratio of Group Ito Group H cancers at LACGH was
confirmed. When typing of the reviewed cases was compared with smoking

Workshop on typing of lung turners held in Washington, D.C., April 11, 1963.
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TABLE 8.Relation between WHO and Kreyberg classifications of lung tumors

WHO classification I

A. Epinte lid Tumors
1. Epidermoid carcinomas

a. highly differentiated
b. moderately differentiated
e. slightly differentiated

2. Sm II-cell anaplastic carcinomas
a_ with oval-cell structure ("oat-cell" carcinoma)

3. Adenocarctnomas
s. acinar (with or without formation of mucus)
h. papillary (with or without formation of mucus)
c. tumors with a predominance of "large cells" some of which show forma-

Von of glands and/or production of mucus.
4. Large-netl undifferentiated carcinomas
A. Combined eosidermold and adenocarcinomas
6. Bronchiolo-alveolar cell carcinomas
7. Carcinold tumors (solid, trabecular, alveolar)
8. Tumors of mucous glands

a. cylindroma
b. muco-epidermold tumors

9. Papillomss of the surface epithelium
a. epidermoid
b. epidermoid with goblet cells

Ti. Sarcomas
C. Cbmbtned Tumors of Epithelial and Mesenchymal Cells
D. Mesodseriomaa of the Pleura

I. Localised
2. Diffuse

E. Tumors Lrnclasstfled

Kreyberg
classifica-

tion 9

Group

Group I

Oroup II

Other s
Other
Group II
Group II
Group II

Other

Other
Other
Other

Committee on Cancer of the Lung, World Health Organisation.
Kreybcrg, Histological Lung Cancer Types. A Morphological and Biological Correlation. Nor-

wegian Universities Press, 1962.
°Types marked "other" are not Included PI either of Kreyberg groups.

histories, moreover, it became evident that both Group I and Group H were
increased among heavy smokers.

Several factors were recognized to influence Group I/Group II ratios:
(a) source of material (for example, significant differences in the ratio
were found between autopsy and surgical materials, and between surgical
materials obtained by biopsy and by resection during operation for lung
cancer); (b) failure to autopsy certain cases which were judged to be
inoperable (the patient being sent home as incurable); (c) the fact that
Group I (squamous and oval-cell) carcinomas are more likely to be among
the operable cases and among those accessible to bronchoscopy, and (d)
variations in selection of patients in different institutions.

An independent review of the histopathology of 1,146 lung cancer cases
from the U.S. veterans study (policyholders) by Dorn, Herrold and Haens.
zel (Table 9) (89) showed high mortality ratios for both Group I and
Group II cancers in current heavy smokers (over 20 cigarettes/day), al-
though Group I had a higher mortality ratio (31.2) than Group II (7.2).

Another study of Haenszel on white females (152), as well as studies of
female patients at Massachusetts General Hospital (54), Roswell Park
Memorial Institute (133), Presbyterian Hospital (323), and Washington
University (260), indicated that adenocarcinoma is also contributing to the
increment of lung cancer in women.

CONCLUSIONS --(a) The histological typing of lung cancer is reliable.
However, the use of the ratio of Group I and Group!! is an index to the mag-
nitude of increase in lung cancer is of limited value.
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TABLE 9.Mortality ratios for cancer of the lung by smoking class and.
by type of tumor, U.S. veterans study

All Deaths Group I Group If

Nonsmokers I 1.0 1.0 1.0
Pipe and/or clear smoker, 1.6 12 0.6
Cigarette smokers, total 8.2 15.4 5.1

Current
Total 10.0 18.9 8.8
$21 cigarettes /day 7.1 13.9 A 1
>20 clearettes/daY 16.0 31.2 7.2

Discontinued (By Maximum Amt. Ever Smoked)
Total 4.7 8.4 3.7
$20 ciessettes/daY 3.8 6.5 2.7
>20 cigarettes/day 7.4 12.1 5.5

Includes occasional smokers.
I Includes men who wets using pipe and/or cigars in addition to cigarettes.
Source: Dorn, H. F., Haenstel, W. and Herro ld, K. (89) (see Chapter 8 also).

(b) Squamous and ovalcell carcinomas (Group I) comprise the pre-
dominant types associated with the increase-of lung cancer in both males
and females. In several studies, adenocarcinomas (Group II) have also
increased in both sexes although to a lesser degree.

Evaluation of the Association between Smoking and Lung Cancer
It is not practical to attempt an experiment in man to test whether a

causal relationship exists between smoking of tobacco and lung cancer. Such
an experiment would imply the random selection of very young subjects
living under environmental conditions as nearly identical as possible, and
random selection of those who were to be smokers and those who were to
be the non-smoker controls. Their smoking and other habits would need
to be held constant for many years. Because of the relatively low incidence
of lung cancer in the human population, both the test and the control groups
would have to be very large.

As such an experiment in man is not feasible, the judgment of causality
must be made on other grounds. The epidemiologic method, when coupled
with clinical or laboratory observations, can provide the basis from which
judgments of causality may be derived.

INDIRECT MEASURE OF THE ASSOCIATION

The crudest indicators of an association between lung cancer and smoking
are certain indirect measures: (a) a correlative increase in lung cancer
mortality rates and in per capita tobacco consumption in a number of
countries (76, 138, 211, 239, 255), and (b) disparities between male and
female lung cancer mortality rates correlated with corresponding differences
in smoking habits of men and women, both by amounts smoked and duration
of smoking (65, 151, 344) .

Figure 9 shows a correlation of crude male death rates from lung cancer
in 11 countries in 1950 with the per capita consumption of cigarettes in these
countries in 1930 as presented by Doll (76). Assuming a 20year induction
period for the appearance of lung cancer, Doll found a significant correlation
(0.73±0.30) between the death rates and cigarette consumption. Since
virtually all the tobacco consumption in 1930 was among men in the countries
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represented (Great Britain, Finland, Switzerland, Holland, the United States,
Australia, Denmark, Canada, Sweden, Norway, and Iceland), it seemed
reasonable to compare the annual per capita consumption of each country
with the crude, male lung cancer death rates.

It will be noted in Figure 9 that the data from the United States show a
relatively low death rate in relation to cigarette consumption. Doll sug-
gested two explanations: the influence of a higher proportion of young
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people in the U.S. population and the method of smoking, with the U.S.
smokers consuming less of each cigarette than the British smokers. Since
Doll's explanations of the discrepancy, additional information has become
available. Studies on length of cigarette butts discarded have shown Amer-
ican discards to be significantly longer than British discards; 30.9 mm
(156) and 18.7 mm (85) respectively. Also, there is a significantly greater
percentage of smokers in Great Britain than in the United States in the age
groups in which lung cancer occurs at high rates (52.6 percent in 60+
year age group and 29.2 percent in 65+ year age group respectively).

Strictly comparable data do not exist on inhalation practices for the two
countries. Such information would aid in explaining this discrepancy as
well as a similar disparity between Holland and Great Britain. In Holland
1156) the length of the cigarette butts was almost the same as in Great Britain
(19.7 mm), but the crude male lung cancer death rate in Holland was
significantly lower than in Great Britain. This correlates well, as shown
in Figure 9, with the annual per capita consumption of cigarettes in Holland
which has been much lower than in Great Britain.

It should be mentioned that differences in intensity of air pollution and
industrial exposures in these countries have not been taken into account.
However, for reasons given below, these latter factors do not account for
the magnitude of the difference in incidence of lung cancer nearly as well
as the amount of each cigarette smoked and the degree of inhalation.
Finally, the varying composition of the tobacco in the several countries was
not considered in these studies.

An elaboration of the disparities between male and female lung cancer
mortality rates and their correlation with differences in smoking patterns
is also in order, for the sex disparity has also been posed as contradictory
to the smokinglung cancer hypothesis. Although the opponents of the
hypothesis, pointing to the sex disparity (116, 229), have minimized the
differences in smoking habits, the fact remains that the magnitudes of the
differences are quite large. In a representative cross-sectional survey of
smoking habits coupled with the Current Population Survey of the Bureau
of the Census in 1955, Haenszel, et al. (151) found the following disparities
between male and female smoking patterns:

1. Whereas only 22.9 percent of males had never smoked, 67.5 percent
of females had not.

2. Males showed relatively little variation among the component age
groups in percentage not smoking, whereas females after age
25-34 showed a consistently increasing percentage of non-smokers
in successively higher age groups (Figure 10).

3. Sixty-five percent of males smoked cigarettes as compared with 32
percent of females.

4. Cohort analyses revealed the adoption of cigarette smoking late in
life for both males and females among cohorts born before 1890;
but male cohorts born after 1900 successively began to smoke
earlier in life. Large-scale adoption of cigarette smoking by
women did not occur until the decades of the 1920's and 1930's.
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S. The median age at which male. started smoking has remained fairly
stable for the several age cohorts: from 193 years for ages 65 and
over to 17.9 years for age 25-31; the median age that females
started smoking has dropped dramatically from 39.9 years for
the age group 65 and over to 20.0 years for age 25-34.

6. Males in all age groups smoked considerably more cigarettes per
day than did females. In ages 55 and om, 6.9 ;:encent of the
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males smoked more than a pack a day, compared with only 0.6
percent of the females. Although urban-rural and geographic re-
gional differences were noted, significant disparities between male
and female smoking were maintained throughout. Thus it can
readily be deduced that these findings are consistent not only with
the sex disparity in lung cancer mortality but also with the slower
but nevertheless continuing rise in female lung cancer mortality.

British studies (344) also revealed that females, especially before World
War 1/, consumed much less tobacco than did males. A correction for the
marked disparity in smoking habits of males and females reduced the ob-
serled 5fold excess of male lung cancer deaths to a 1.4fold excess as of
1953 1149). Supporting this finding are the data from two retrospective
studies (147, 152) in which the ageadjusted lung cancer death rates in 1958-
59 among male and female non-smokers were 12.5 and 9.4 respectively for a
ratio of 1.33 (145). This residual ratio implies that there may be other
factors operating to produce a portion of the sex differential in mortality.

DIRECT MEASURE OF THE ASSOCIATION

For a direct measure of the association between lung cancer and smoking
it is, of course, essential that both variables or attributes be measured in the
same populations. The 29 retrospective studies, described earlier, consider
smoking (usually kind, amount, and duration) and non-smoking among cases
of lung cancer and individuals without lung cancer. The seven prospective
studies consider the occurrence or lack of occurrence of lung cancer among
smokers and non-smokers.

ESTARLISHMENT OF A5SOCIATIO,L-A number of investigators, though ac-
cepting the existence of an association, have questioned its significance
in terms of a causal hypothesis (58, 102, 114, 115, 116, 117, 141, 178,
218, 219, 287, 288, 298, 299). Some of these doubts have been on the
basis of a possible genetic underlay which might determine both smoking and
lung cancer (114, 115, 116, 117). Some have followed contradictory obser-
vations in the dissenter's own work (58, 102, 141), incorrectly assessed eii-
dente of lung cancer mortality trends, or the belief that the causal hypothesis
requires cigarette (molting to be the sole cause of lung cancer (178, 287,
288). Others believe that the lung cancer the is spurious and can be at-
tribute(' eith t to improvements in diagnosis and reporting. (218, 219, 287,
288, 298, 299) or to the aging of the population. In the latter explanation
they ignore the fact that aging of the population does not affect agespecific
mortality rates which. for lung cancer, are also rising with the passage of
time. Still others express doubt on the basis of the lack of a concomitant
rise in cancers of the oral cavity (178, 298) or of the skin of the fingers
(178). Finally. some doubts have been based on supposed ineonpueneies
betiteen the cigarette-smoking hypothesis and urbanrural as well as sex dd.
ferences in lung cancer mortality (116, 178, 229). There are a few investi-
gators who maintain that the association may be spurious or that it has not
been proved (22.2.1, 24, 228, 229, 230).

A number of these objections hare been assessed in earlier discusaions in
this section: others will be evaluated below. These latter criticisms have
revolved about defects inherent in the retrospective or the prosper the
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methods of approach, biases of selection in either method, biases of non-
response, the validity of the results in the early phases of a prospective study,
and the misclassification of both variables: smoking habits and lung cancer.

It should be noted that the Current Population Survey of 1955 yielded
results highly consistent with data on tobacco production and taxation
(151) ; that classification errors in terms of amount of smoking were rela-
tively minor in a reliability study by Finkner (113); and that, in at least
three prospective studies, in which subjects were requestioned on smoking
habits at intervals of at least two years, the replies were closely reproducible
.87, 88, 157, 159, 162, 163), particularly if no illness had intervened (159).

With regard to the retrospective studies, it has also been suggested that
knowledge of the illness might have introduced bias in relation to. histories
of smoking habits (158, 229). In at least one retrospective study, both
patient and interviewer were unaware of the diagnosis of lung cancer,
the smoking histories having been obtained before the diagnosis was made
(207). Furthermore, patients initially believed to have lung cancer who,
after interview, were found not to have the disease, reported smoking his-
tories similar to the control groups and not the lung cancer groups (84).
Finally, this bias cannot have influenced the findings of several studies in
which a significantly greater proportion of cigarette smokers and heavy
cigarette smokers were associated with epidermoid cancers than with adeno.
carcinoma (86, 150, 163, 313, 375). The reliability of response to smoking
history would thus appear to be markedly above the critical level for the
firm establishment of an association by the retrospective method. In pro.
spective studies, this factor is less of a problem.

In retrospective studies the investigator can confine himself to cases with
accurate diagnoses. In the prospective approach, accuracy of diagnosis
may not always be attainable, but all cases must be included. In assessing
the results of the prospective studies it must be kept in mind that all deaths
from any cause were involved in the calculations, with the cigarette smoker
rates higher than those for non-smokers and with a gradient by amount of
smoking demonstrated in all of the studies. Evidence that the specific
estimates of risk for lung cancer among smokers actually might have been
underestimated has been presented by Hammond and Horn (162, 163), who
found higher relative risk ratios among smokers for confirmed cases than
for those with less well-established diagnoses. Most of the prospective
studies yield relative risks of lung cancer by various smoking categories
which approximate those found in the Doll and Hill physician study (83)
where, obviously, diagnostic evidence would be more readily available than
in the general population. It would thus appear that in the data from retro-
spective and prospective studies, diagnostic accuracy was not a critkal
factor in the establishment of an association between smoking and lung
cancer.

The question of selection bias is, of course, a more complicated problem.
Several critkisms have been leveled at both the retrospective and prospective
methods. Although in retrospective studies the selection of a control group
may pose a more serious problem, even the selection of the case material
may interject difficulties. It has been claimed by Berkson (24) that the
selection of hospitalised ewes may kad to bias if smokers with lung cancer
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were more often hospitalized than non-smokers with the disease. However,
nearly all lung cancer cases are hospitalized, a point which, he concedes,
would thus minimize this bias. Furthermore, several retrospective studies
have surveyed all the cases in the area regardless of hospitalization (238,
335), or all deaths regardless of cause or hospitalization (379).

Another criticism of patient selection in retrospective studies deals with
the danger that, in studies highly cross-sectional in time, if smokers Ike longer
than non-smokers, there would obviously be more smokers in the disease
group, and thus a spurious association of disease with smoking would result
(254). There is no evidence for this basic assumption. Furthermore, it
is inapplicable because almost all the retrospective studies were actually
based on newly diagnosed cases collected serially over an interval of time
long enough to remove this bias.

Control groups pose a problem in retrospective studies. In 27 of the 29
retrospective studies (exceptions are references 147 and 152) the controls
were subjects without lung cancer, such as patients with other cancers, with
diseases other than cancer, or so-called normals selected from the population.
Analysis of the prospective studies proved that the biases interjected by the
selection of sick controls in the retrospective studies actually operated to
produce an underestimation of the association, for it has been shown that a
number of other diseases are also associated with smoking, Furthermore,
several studies have. in addition to controls with other diseases, selected a
second set of random controls from the general population (82, 150, 222),
only to find that the association utilizing sick controls, significant though it
proved to be, was intermediate to the association utilizing random population
controls.

The problem of selection bias in prospective studies is much more subtle,
since there may be self-selection on the basis of illness existing at the time
the study begins. This is c,sentially a problem of non-response which has
been handled in detail in Chapter 8. The character of this non-response
presents at least two nuances: a combination of self-selection and operator
selection. as in the volunteer studies of Hammond and Horn (1621 and Ham-
mond (157) and the response to questionnaires in a total population study
such as Dorn's ( ;11.

Suffice it to say at this point that, regardless of whether there is co.er-
representation of sick smokers or well non-smokers or both in a prospective
study. with the passage of time more deaths of sick persons would occur
(without regard to the independent variable of smoking). Thus the death
rates of smokers would tend to approach the death rate of non-smokers.
removing the original selection bias and providing greater confidence in the
residual association of the death rate with smoking if it persisted. In two
of the studies (157, 162, 163) exclusion of ill persons on entry did take place.
Further, in the studies that provide this comparison, the high lung cancer
mortality ratio of cigarette smokers was maintained with the passage of time.
In the Dorn study the mortality ratio was 9.9 after three years experience
and 12.0 after it years experience; the Hammond study gave 9.0 after 10.5
months (1571 and 9.6 after 22 months. while Doll and Hill (84) showed that
the gradient of increase in lung cancer death rate with Increasing amount
smoked appeared consistently in each of the first four }ears of their study.
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This also weakens the criticism by Mainland and Herrera (230) of the use
of non-professional volunteer workers for subject selection.

Thus it would appear that an association between cigarette smoking and
lung cancer does indeed exist.

CAUSAL SIGNIFICANCE OF THE ASSOCIATION.As already stated, statistical
methods cannot establish proof of a causal relationship in an association.
The causal significance of an association is a matter of judgment which goes
beyond any statement of statistical probability. To judge or evaluate the
causal significance of the association between cigarette smoking and lung
cancer a number of criteria must be utilized, no one of which by itself is
pathognomonic or a sine qua non for judgment. These criteria include:

(a) The consistency of the association
(b) The strength of the association
(c) The specificity of the association
(d) The temporal relationship of the association
(e) The coherence of the association.

THE CONSISTENCY OF THE ASSOCIATION. --This criterion implies that di.
verse methods of approach in the study of an association will provide similar
conclusions. It is noteworthy that all 29 retrospective studies found an assn.
ciation between cigarette smoking and lung cancer. The very nature of
the criticisms leveled against these retrospective studies indicates., diver.
pity of characteristics of approach and. for that matter, marked differences
in shortcomings which have been discussed fn detail above. It is indeed
remarkable that no reasonably well designed restrospective study has found
results to the contrary. Seven prospective studies have also revealed highly
significant associations. Where relative risks could be cakulated on the
bash of some reasonable assumptions in some of the retrospective studies,
a consistency not only among them (38, 82, 14 ?, 152, 222, 283, 301, 313,
381) but also with the prospective studies could be demonstrated. Such
a situation would prevail if the association were either causal, or spurious
on the basis of an unknown source of bias. It is difficult to conceive of a
universally acting bias in all the diverse approaches unless it be a consti
tutional genetic charederistic or one acquired early in if which will be
discussed later in the section, Constitutional Hypothesis.

Two studies of tobacco workers (58, 141) have been cited as inconsistent
with the 29 retrospective and particularly the 7 prospective studies cited in
detail fn the early portions of this section. Both these studies can be dis-
missed because of major defects in methodology and concept. The heavier
smoking among the tobacco workers in there studies was considered, but no
comparison of observedto-expected rater was made on the basis of smoking
classes within this population. Furthermote their conclusions ate based on
expectancies in the general population without regard to the fact that persons
with acute, chronic, or disabling illness are initially excluded from employ-
ment and that those developing permanent illness are lost to employee rolls.

THE STRENGTH OF THE ASSOCIATION.The most direct measure 01 the
wength of the association between smoking and lung cancer is the ratio of
lung cancer rates for smokers to the tales for nonsmokers, provided these two
rates have been adjusted for the age characteristics of each group. Aft-
other way of expressing this is the ratio of the number of observed case.
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in the smoker group to the expected number calculated by applying the
nonsmoker rate to the population of smokers. This provides us with a
measure of relative risk which can yield a judgment on the size ol the effect
of a factor on a disease and which, even in the presence of another agent
without causal effect, but correlated with the causal agent, will not be
obscured by the presence of the non-causal agent. Cornfield et al. (62) have
not only provided us with a detailed analysis of the applications of both
absolute and relative measures of risk, but have also demonstrated the useful.
ness of the relative risk measure in judging causal and noncausal effects
with mathematical proof of their statements.

An absolute measure of difference in prevalence of a disease between
populations with or without the agent (e.g., cigarette smoke), where the
agent may be causal in its effect on several diseases, can provide us with the
means of appraising the public health significance of the disease, i.e. the
size of the problem, in relation to other diseases. It is less effective for
appraising the non-causal nature of agents having apparent effects, the
importance of one agent with respect to other agents, or the effects of refine.
ment of disease classification. This, Cornfield and his coauthors (62) have
demonstrated.

In mince. then, a relative risk ratio measuring the strength of an asso-
ciation provides for an evaluation of whether this factor is important in the
production of a disease. In the data of the nine retrospective studies for
which relative risks of lung cancer among smokers and nonsmokers were
calculated, the ratios were not only high in all of the studies but showed a
remarkable similarity in magnitude. More important, in the seven pros.
pective studies which inherently can reveal direct estimates of risks among
smokers and nonsmokers, the relative risk ratios for lung cancer were uni
formly high and, again, remarkably close in magnitude. Furthermore, the
retrospective and prospective studies yielded quite similar ratios.

Important to the strength as well as to the coherence of the association is
the dose-effect phenomenon. In every prospective study that provided this
information, the dose-effect was apparent, with the relative risk ratio increas
ing as the amount of tobacco (84) or of cigarettes (25, 88, 96, 97, 163)
smoked per day increased (Table 5). Even the retrospective studies for
which relative risks were calculated by amouttt smoked (38, 147, 152, 222)
showed similar increases in risks with amount smoked (Table 4).

It may be estimated from the data in the prospective studies that, in corn
parison with nonsmokers, average smokers of cigarettes have a 9. to 10.fold
risk of developing lung cancer. and heavy smokers, at least a 20.folcl risk.
Thus it would appear that the strength of the association between cigarette
smoking and lung cancer must be judged to be high.

SPtattarT or THE ASSOcttiON.This concept cannot be entirety
dissociated from the concept inherent in the strength of the association. It
implies the precision with which one component of an associated pair can
be utilised to predict the occurrence of the other, i.e., how frequently the
presence of one variable (e.g., lung cancer) wir..lredict, in the same indi-
vidual, the presence of another (e.g.. cigarette smoking).

in a ditictwsion of the specificity of the relationship between any factor
possibly causal in character and a disease it may produce, it must be rte.
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ognized that rarely, if ever, in our biologic universe, does the presence of
an agent invariably predict the occurrence of a disease. Second, but not
less important, is our growing recognition that a given disease may have
multiple causes. The ideal state in which smoking or smoking of cigarettes
and every case of lung cancer was correlated one-to-one would pose much
Ikea difficulty in a judgment of causality, but the existence of lung cancer in
non-smokers does indeed complicate matters somewhat. It is evident that
the greater the number of causal agents producing a given disease the less
strong and the less specific will be the association between any one of them
and the total load of the disease. But this could not be posed as a contra.
diction to a causal hypothesis for any one of them even though the predictive
value of any one of them might be small. For example, the pathologist oho
examines a lung at autopsy and finds tubercle formation and ,:asestion
necrosis would almost invariably be able to predict the coexistence of tu-
bercle bacilli. Experience has shown that the lesions are highly specific for
Mycobacterium tuberculosis. On the other nand, a clinician may encounter
a combination of signs and symptoms including stiff neck, stiff back, fever,
nausea, vomiting, and lymphocytes in the spinal fluid. Experience has re.
%ealed that any one of a number of organisms may be associated with this
syndrome: polio virus, ECHO viruses, Coxsackie viruses and Leptospirae,
to name but a few. The predictability of the coexistence of polio virus
per se h rather low, In other words, the syndrome as noted is not very
specific for polio virus. This may well be the condition which prevails in
coronary heart disease where the mortality ratio h between 1.6 and 1.8 or a
60 to 80 percent excess among smokers of cigarettes. If this ratio is appli
cable to the entire population from which the sample data are derived, another
way of expressing this relationship is that, of the tots: load of coronary heart
disease mortality among males only 61 to 64 percent is associated with ciga-
rette smoking. The large residual among non-cigarette smokers implies
either other causes in addition to smoking or, as a somewhat greater possi-
bility, factors actually causally related to coronary heart disease and fre-
quently, but not invariably, associated with smoking.

Iloweser, in lung cancer, we are dealing with relative risk ratios averaging
9.0 to 10.0 for cigarette smokers compared to nonsmokers. This is an
excess of 900 to 1,000 percent among smokers of cigarettes. Similarly,
this means that of the total load of lung cancer in males about 90 percent is
aesociated with cigarette smoking. In order to account for risk ratios of
this magnitude as due to an association of smoking history with still another
causative factor X hormonal, constitutional, or other), a necessary con.
dition would be that factor X be present at least nine times more frequently
among smokers than non - smokers. No such factors with such high relative
prevalence among smokers have yet been demonstrated.

Another aspect of specificity requires some insight. Several critics
of the causal hypothesis have questioned the significance of the association
on the grounds that the existence of an association with such A wide variety
of diseases, as elicited in the prospective studies, detracts from specificity
for any one of them 122, 7). In a sense, this viewpoint is an exaggeration,
for not all the specific disease mortality ratios in excess of 1.0 are large
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enough to warrant secure judgments of the strength of the association and
of causal significance. A detailed discussion of this latter point has been
presented in Chapter 8. The number of diseases in which the ratios remain
significantly high, after consideration of the non response bias, is not so
great as to cast serious doubt on the causal hypothesis. Even it we were
dealing with a single pure substance in the environment, the production of a
number of disease entities does not contradict the hypothesis. It is well
known that a single substance may have several modes of action on the
several organ systems and that neither inhalation nor ingestion implies
action restricted to the respiratory or digestive tracts, respectively. In
tolAcco we encounter a complex of substances whose additive and synergistic
characteristics before and after combustio, remain inadequately explored.
It would not be surprising to find that the diverse substances in tobacco smoke
could produce more than a single disease.

Actually, the finding that an excess risk for smokers does not occur for
every one of the causes of death reinforces the specificity of the excess risk
for those causes where the excess is significant.

Thus, it is reasonable to conclude that the association between cigarette
Smoking and lung cancer has a high degree of specificity.

TEMPORAL RELATIoNS1111, OF AgSOC1 TED VARIABLES. In chronic disease-
insidious onset and ignorance of precise induction periods automatically
present problems on which came firstthe suspected agent or the

disease. In any evaluation of the significance of an association, exposure
to an agent presumed to be causal must precede, temporally, the onset of a dig.
ease which it is purported to produce. The early exposure to tobacco smoke
and late manifestation of lung cancer among smokers, seem, at least
superficially, to fulfill this condition. This does not, however, preclude the
possibility that such patients who, many years after the initiation of smoking
are diagnosed as haring lung cancer, may have had the primitive cellular
changes or anlage las postulated by Cohnheim) before the advent of their
smoking. flowerer, no evidence has thus far been brought forth to indicate
that the initiation of the carcinomatous process in a smoker who developed
lung cancer antedated the onset of smoking.

COHERENCE OF THE AM0CRTION.A final criterion for the appraisal
of causal significance of an association h its coherence with known facts in
the natural history aryl biology of the disease. In the lung cancer.rigarette
smoking relationship the following should be noted:

(1.1 Rise in Lung Cancer Mortality.The increases in per capita ronsump.
lion of cigarettes (76, 138, 211, 239, 2551 and the agecohort patterns of
smoking among males and females (1511 are highly compatible with a teal
increase in lung cancer mortality.

12.1 Sex Differential in Mortality. The current sex differences in tobacco
use 1151, 160), the pronuonced differences in age-cohort patterns between

males and females, particularly in the older age groups ores 5.5 (151)
and over SO (1601and the more recent adoption of cigarette smoking by
women (151, 3 t41 are all compatible with the high maletofemaks ratio
of lung cancer mortality and also with the lower ratios of 30 years ago
1130). /faenrel and Shin Ain 1149) developed a statistical model for
determining whether the results of the retrospective and prospective studies
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"were compatible with the information on distribution of lung cancer and
thus valid for generalization to larger populations." Applying their model
of scheduled relative risks to data on cigarette consumption by age and sex
derived from the Current Population Survey of 1955, their predicted male/
female ratio came quite close to the observed ratio in the general population.

(3.) UrbanRural Differences in Lung Cancer Mortality. A number of
sources in this country (90, 136, 14.8, 175, 238, 252) and overseas (82, 199,
335) have firmly established the existence of an urban excess in lung cancer
mortality. Because of the possible implication of an air pollution effect,
this urban lung cancer mortality excess has been cited as either leing incom-
patible with the smokinglung cancer hypothesis (178, 229) or minimizing
its significance (69, 70, 71, 101, 190). The data of the studies of a number
of authors have clearly shown, hOwever, that although adjustment .for
smoking history does not equalize the urbanrural lung cancer mortality ratio
(149), control on the urban.rural residence factor nevertheless leaves a
large mortality risk difference between smokers and nonsmokers. Haenszel
has demonstrated this fact in his two population sample studies on males
and females (147, 152). Mills and Porter (238) demonstrated a much
greater effect of smoking on lung cancer mortality than the urbanrural
factor. Stocks (335) also demonstrated that though smoking is not the
sole factor, as manifested by a ruralurban gradient among nonsmokers, it
represented a much more preponderant factor in accounting for the lung
cancer mortality than did presumed air pollution or at least urbanization.
He noted that his regression lines on amount smoked were parallel for the
different areas in England and North Wales and that the urbanrural mor-
tality ratios declined from 2.3 among nonsmokers and 2.5 among light
cigarette smokers to unity among heavy smokers. The first prospective
study of Hammond and Horn (162) also showed higher lung cancer mor
talky rates irrespective of residence. In Dean's second study in South
Africa (70), in which he corrected the critical defect in his first study of
not studying the smoking habits of the test populations, he continued to
emphasize urbanization or air pollution as the major factor in lung cancer.
A perusal of his data, however, shows that by controlling on smoking, the
lung cancer mortality rates are doubled by the factor of country of ori.
gin; whereas, with country of origin controlled, the lung cancer risk increases
from 3 to 20 times as the amount of cigarette smoking increases. After
smoking patterns are controlled, the residuals in the urban over rural excess
imply other factors, although the smoking factor preponderates in the urban.
rural differences in lung cancer mortality in all of these studies. Thus the
urban excess of lung cancer mortality is not incompatible with the smoking.
lung cancer hypothesis.

(4.) Sock-Economic Differentials in Lung Cancer Mortality.Distinct
socio-economic differentials have been demonstrated convincingly in the
epidemiology of lung cancer. Cohart (57) found a 40-percent excess of
lung cancer incidence among the lowest economic class (both sexes) in the
New Haven population, and the morbidity survey by Dorn and Cutler (90)
demonstrated a distinct gradient by income class among white males, with
the highest rates among the lowest income grouts. In Denmark, Clernmesen
and Nielsen, utilizing data derived from the Danish Cancer Registry, also
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found a much higher incidence of lung cancer among males in the lower
rental groups (55). In relation to the contribution which smoking makes to
this differential, there is evidence that cigarette smoking may be inversely
related to socio-economic status. The components of socio-economic status
are, at best, difficult to define, compartmentalize, and measure. Direct
inquiries of family income are rare and, when made, are subject to con-
siderable error. Studies based on rental values, as in the Danish studies,
express more adequately socio-economic status.

Another high correlate of income is educational achievement, which has
been considered by Hammond in his current prospective study (161) in
relation to smoking habits. Among males, the highest proportion of ciga-
rette smokers (past or present) and the highest proportion of those smoking
20 or more cigarettes per day (past or present) were found in the group
classified as "some high school education (but not high school graduates),"
whereas the lowest proportion was found among college graduates. The
highest proportion of ex-cigarette smokers (as of 1961-621 was among
college graduate& Although the relation of smoking and educational level
in women is more complicated, the group which had been to college also had
the highest proportion of ex-smokers. Finally. college graduates had the
next to the lowest proportion of heavy cigarette smokers. None of the
female gradients was a sharp as those for the men.

Occupation has also been utilized as a measure of socio-economic status,
but this measure obviously has severe limitations. No definitive study has
been reported in which lung cancer has been correlated with occupation
and smoking class; the current Hammond (157) and Dorn 188) prospec-
tiv e studies may ultimately yield definitive findings in this regard. However,
some indirect evidence of a partial correlation between the observed higher
lung cancer death rates in lower socio-economic groups may be found in
Table 26 of the Survey of Tohscco Smoking Patterns in the United States
(151). Keeping in mind that type of occupation is not a critical index of
income, it will nevertheless be noted that the professional and farmer and
farm manager groups had higher proportions of non-smokers among them
than did the laborers and craftsmen. This finding is in the proper direr,
Lion for compatibility with the socio-economic differential in lung cancer mor-
tality but the disparity does not appear to be sufficient to provide a satisfying
correction. in fact, in this U.S. study, analyses by amount of cigarettes
smoked tended to obscure the ordering by social class. In Great Britain.
however, the inverse relationship of socio-economic class to heavy cigarette
smoking remained apparent OM. In the U.S. study, classification by
industry showed the highest proportions of non-smokers to be in the pro-
fessional and agricultural groups and the toitrst among industries. Thus.
though the measures are admittedly etude, they are compatible with the
socio-economic differential in lung cancer mortality.

(5.) The Dose-Response Relationship.If cigarette smoking is an im-
portant factor in lung cancer, then the risk should be related to the amount
smoked, amount inhaled, duration of smoking. age when started smoking.
discontinuance of smoking, time since discontinuance, and amount smoked
prior to discontinuance. Herein lies tie greatest coherence with the known
facts of the disease. In almost every study for which data were adequate
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and which was directed to amount of smoking, duration of smoking and age
when smoking was begun, the associations or calculated relative risks (direct
or indirect) revealed gradients in tIle direction of supporting a true dose
effect. Where discontinuance, time since discontinuance, and amount
smoked prior to discontinuance were considered in either retrospective
studies or, with more detail, in prospective studies, these all showed lower
risks for exsmokers, still lower risks as the length of time since discon
tinuance increased, and lower risks among exsmokers if they had been light
smokers. These findings have been described in detail in the section on
Retrospective Studies.

Some contradictory information has been presented in regard to inhalation
of tobacco smoke. This is the lack of association between inhalation and
lung cancer as noted by Doll and Hill (82) alluded to earlier. These authors
have begun collecting data (in their prospective study) on inhalation for the
mortality experience since 1958. These data are not presently available (80).
However, until the current ongoing prospective studies will have yielded in.
formation on this point in regard to lung cancer, four retrospective studies
provide information on inhalation contrary to the Doll and Hill early nega
Live findings (38, 211, 222, 313). In two of these (222, 313) inhalation and
amount of smoking were considered and led to the provocative finding that
with increase in daily amounts of cigarettes smoked the differences in risks
between inhalers and noninhalers diminished. There is no immediate ex.
planation for this apparent discrepancy.

Hammond has studied the smoking habits of the men and women in his
current prospective study quite intensively (160). He has observed that the
majority of n,An (92.9 percent) who smoke cigarettes Inhale, and of these
the majority inhale "moderately" to "deeply." Pipe or cigar smokers inhale
rarely. Combination smokers (i.e., cigarettes in combination with pipes and/
or cigars) inhale in proportions intermediate to thfte. These findings become
compatible with the hypothesis that the degree of inhalation accounts for a
gradient of lung cancer risks, high to low, for smokers of cigarettes only,
combination smokers, and pipe or cigar smokers (Table 5). An explana-
tion of the diminishing differences in risks between "inhalers" and "non.
inhalers" with increase in amount smoked might be obtained if a more
objective measure of inhalation were available.

(6.) Localization of Cancer in Relation to Type of Smoking.Although
historically a relationship between cancer and smoking was suspected by
Holland (176) Ind Soernrnerring (322) with reference to the lower lip, it was
not until the sys.ernatic, controlled study of lung, lip, pharynx, esophagus,
colon and rectum cancers in relation to types or smoking by Levin in 1950
that significantly distinctive associations between localization of the cancer
and type of smoking were elicited (207). Levin noted that statistical sig.
nificance was achieved for cigarette smoking and lung cancer and for pipe
smoking and lip cancer and stated, "It is somewhat surprising that type of
smoking is the associated factor, rather than the actual use of tobacco."
Since then other studies have pointed up the relationship between type of
smoking and localization of cancer. Sadowslgy (301) in relative risk estima
lions of types of smoking and cancer site, also noted the highest significant
values for cigarettes with lung, larynx and esophagus; for pipes with lip,
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