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Preface

This report is a comprehensive review of more than 20 years

of research into the problem of smoking and health. This re-

search has been carried on under the sponsorship of many groups

in this country and abroad, including governments, universities,

private research institutions, voluntary health agencies, and the

tobacco industry.

Seven years ago, an advisory committee to the Surgeon General

concluded that cigarette smoking is a serious hazard to health and

is related to illness and death from lung cancer, chronic broncho-
pulmonarydisease, cardiovascular disease and other diseases. In
the intervening years, a great deal of new research has been com-
pleted. This has resulted in a growing understanding of the bio-
mechanisms whereby cigarette smoking adversely affects the hu-
man organism and contributes to the development of serious
illness.

It is encouraging that cigarette consumption in this country is
declining. If this decline can be maintained,it will result in better
health for our population and in fewer deaths among those of our
‘citizens who are in their most productive yearsof life.

JESSE L. STEINFELD, M.D.,

Surgeon General.
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CHAPTER1
 

General Considerations,

Preparation of the Present Document,

and Summary of the Report



GENERAL CONSIDERATIONS

The first major developmentin the modern history of the effects
of smoking on health occurred in 1950 with the publication of four
retrospective studies on smoking habits among lung cancer pa-
tients and among controls (1, 4, 6, 7). At that time, the question
was, “Are smokers morelikely to get lung cancer than nonsmok-
ers?” Although some epidemiologists were satisfied that the an-
swer was in the affirmative, others turned for confirmation to
prospective studies in which the smoking habits of large popula-
tions were recorded and the populations followed to identify sub-
sequent mortality. The first report of Hammond and Horn in 1954
(2), showed significantly elevated overall death rates for smokers
as compared to nonsmokers. This elevation in death rates, almost
entirely confined to those who smoked cigarettes, together with the
evidence for a gradient according to the amount smoked, changed
the question from one concerning only lung cancer to one concern-
ing overall death rates and from one concerning smoking to one
primarily concerned with cigarette smoking. In effect, the question
became, “Do cigarette smokers have higher overall death rates
than nonsmokers and smokers of pipes and cigars?”
With the publication of the later reports of the major prospec-

tive studies in the late 1950’s and early 1960’s, it becameclear that
cigarette smokers had higher overall death rates than nonsmokers,
as well as higher death rates from a number of individual causes
of death. The question then became, “Why?”
When the Advisory Committee on Smoking and Health to the

Surgeon General wasestablished in 1962, it undertook the evalua-
tion of the scientific evidence up to that time. The conclusion of the
Committee in its 1964 Report was that: “Cigarette smoking is a
health hazard of sufficient importance in the United States to war-
rant appropriate remedial] action.” Not only did the Committee
conclude that the evidence clearly showed that male cigarette
smokers do in fact have higher death rates than nonsmokers but
that the convergence of epidemiological, experimental, and path-
ological evidence also clearly indicated a cause-and-effect relation-
ship for several of the implicated diseases, particularly cancer of
the lung and chronic bronchitis, In several other important dis-
eases, the evidence on biomechanismsto explain epidemiological
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associations was felt to be inadequate at that time to draw firm

conclusions about a cause-and-effect relationship.

Three and one-half years later, when The Health Consequences

of Smoking: A Public Health Service Review, 1967 was published,

the conclusions of the 1964 review were taken as a starting point,

and the nature of the task of interpreting the scientific evidence

was restated as follows:

1. How much mortality and excess disability are associated with

smoking?

2. How much of this early mortality and excess disability would

not have occurred if people had not taken up cigarette smoking?

3. How muchof this early mortality and excess disability could

be averted by the cessation or-reduction of cigarette smoking?

4, What are the biomechanisms wherebythese effects take place

and what are the critical factors in these mechanisms?

That and subsequent reviews in 1968 and 1969 have provided

some answers to these questions, particularly in summarizing the

evidence for various theories as to how cigarette smoking affects

the human organism to produce elevated disease and death rates.

At least five different processes have been suggested whereby

cigarette smokers experience higher mortality or morbidity rates

than do nonsmokers.

1. Cigarette smoking initiates a disease process by producing

progressive irreversible damage.In this case, the total effect would

be approximately proportional to the total accumulated dosage

experienced over the years. Cessation of smoking leaves impaired

function which does not improve appreciably but does not continue

to deteriorate from continued exposure to cigarette smoke. How-

ever, such function may deteriorate through aging or through

exposure to other harmful agents. It appears that such a relation-

ship probably exists for chronic obstructive lung disease and pos-

sibly for the development of atherosclerotic heart disease.

2. Cigarette smoking initiates a disease process with continual

repair and recovery until some critical point is reached at which

the process is no longer reversible. The total effect would therefore

be affected to some extent by accumulated exposure but would be

affected also by the level of contemporary smoking. Cessation of

smoking would result in a rapid reduction of risk provided the

critical level initiating an irreversible process has not been

reached. The evidence supports this kind of mechanism accounting

both for the high dose-responserelationship in lung cancer and for

the reduction in risk from lung cancer among ex-smokers.

3. Cigarette smoking promotes a disease process either by

providing positive support to the development of a pathological

condition or by interfering with and diminishing the normal capa-
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bility of the organism to cope with and defend against a disease

process. This may take place by promoting the development of a

subclinical disease to a clinically recognizable one, by promoting a

mild disease state to a more severe form, or by increasing fatality

rates of severe disease states. This type of mechanism could ac-

count for modestly increased mortality rates for a numberof se-

vere diseases for which there is no evidence that cigarette smoking

itself has a role in initiating the disease. Some of the excess mor-

tality from infectious respiratory disease and from coronary heart

disease might take place through this kind of mechanism.

4, Cigarette smoking produces a set of temporary conditions
which increase the probability that a critical event will occur with
attendant disability and possibly fatal consequences. For example,

there is evidence to support the theory that each cigarette can pro-

duce a set of conditions which increase the probability of myocar-

dial damage through increased demand for oxygen at a time when

the suppy is diminished. Presumably, once the supply/demand im-

balance is alleviated, the probability of myocardial damage would

revert to its normal level. Cessation of smoking should have an

almost immediate effect of reducing the risk sharply for morbidity

or mortality produced through this mechanism.

5. Cigarette smoking may beartificially related to excess dis-
ability or death by way of a close association with some other con-
dition or exposure which is found at a high level in smokers, but
not in nonsmokers,andis itself responsible for the disease. The one
cause of death for which cigarette smokers have elevated death

rates that is generally interpreted in this way is cirrhosis of the

liver, Since most heavy consumersof alcoholic beverages are smok-

ers, and since alcohol consumption is an important part of the
process that produces cirrhosis of the liver, the high rate of cirrho-

sis among cigarette smokers is discounted as resulting from this

kind of artificial relationship. Some authors have proposed that
there maybe genetic factors that link smoking and certain diseases
in this fashion. Obviously, the cessation of smoking would have no

effect on morbidity or mortality from diseases which are artificially

related to smoking.
These different ways in which cigarette smoking can be related

to elevated morbidity and mortality rates are important considera-
tions in attempting to estimate the potential public health benefits

of giving up smoking. For sometypesof relationship, there would

be no benefits; for some, rather small benefits; for some, substan-
tial benefits, taking place over a long period of time; and for
others, substantial benefits taking place rather rapidly.

During the past few years, a sharp reduction has taken place

in the cigarette smoking habits of the U.S. population. The Na-
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tional Center for Health Statistics has recently published a com-

parison of smoking habits in the U.S. in 1955 and 1966 based on

two large scale household surveys (5). These showed a drop in

cigarette consumption in men under 55 years of age but no appre-

ciable change among those 55 or over. Among women, every age

group showed an increase in the eleven year period. A recent sur-

vey conducted for the National Clearinghouse for Smoking and

Health, based on a much smaller sample (approximately 5,000

interviews), was conducted in the Spring of 1970 (3) (table 1).

Even with the smaller number of cases, it is clear that a much

larger drop took place in the four years from 1966 to 1970 than

in the eleven years from 1955 to 1966. The drop extended to the

age group 55-64 among men, again with no appreciable drop

among men over age 65. Forthefirst time, the increase in smok-

ing among women leveled off, or even dropped slightly among

women under 55. The increase among women over 55 was of a

lesser magnitude than previously observed.

TABLE 1.--Percentage of Current Smokers of Cigarettes (regu-

larly or occasionally) by sex and age. U.S. Surveys: 1955 and

1966 (CPS-Current Population Surveys) and 1970 (NCSH-

Survey conducted for National Clearinghouse for Smoking &

Health) ..
 

 

 

Male Female

CPS CPS NCSH CPS CPS NCSH
Age 1955 1966 1970 1955 1966 1970

18-24 __-------- 53.0 48.3 *47.0 33.3 34.7 *31.1
25-384 ___------- 63.6 58.9 46.8 39.2 43.2 40.3

85-44 .___--_--- 62.1 57.0 48.6 85.4 41.1 39.0

45-54 _-_.------ 58.0 53.1 43.1 25.7 37.8 36.0

55-64 _--.--.--- 45.8 46.2 387.4 13.4 23.0 24.3

65+ -_--------- 25.8 24.6 23.7 4,7 8.1 11.8
 

11955 survey based on approximately 45,000 persons; 1966 survey based on approximately

35,000 persons; 1970 survey based on approximately 5,000 persons.

2 Estimated.

With the massive changes in smoking behavior which have

taken place among adults in the past few years, largely as an

expression of the desire to protect health, changes should be ex-

pected in mortality rates among those groups which have experi-

enced the greatest reduction both in accumulated dosage and in

concurrent dosage. An analysis of U.S. mortality rates for 1970

and the years to follow will provide a very valuable addition to the

knowledge concerning the effects of smoking on death rates.

PREPARATION OF THE PRESENT DOCUMENT

Following the publication of Smoking and Health—Report of

the Advisory Committee to the Surgeon General—in 1964, the fol-
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lowing documents were published as reviews of the medical litera-

ture concerning the health consequences of smoking, as called for

by Public Law 89-92:

1. The Health Consequences of Smoking, A Public Health Serv-

ice Review: 1967.

2. The Health Consequences of Smoking, 1968 Supplement to

the 1967 PHS Review.

3. The Health Consequences of Smoking, 1969 Supplement to

the 1967 PHS Review.

These documents reviewed the medica] literature which had

been published since the original Surgeon General’s Report. This

format of publishing a supplement to a supplement has become

unwieldy, particularly in the light of the lack of availability of the

previous reviews to the general public. Therefore, when Public

Law 91-222 was signed into law on April 1, 1970 calling for an

eighteen month interval between the last report and the new re-

port, the decision was made to review the entire field with em-

phasis on the most recent additions to the literature.

The National Clearinghouse for Smoking and Health has the

responsibility for continuous monitoring and compilation of the

medical literature on the health consequences of smoking. This is

accomplished through several mechanisms:

1. A scientific review corporation is on contract to extract arti-
cles on smoking and health from the medical and scientific litera-
ture of the world. This organization provides a semi-weeklyacces-
sions list with abstracts and copies of the various articles. Trans-
lations are called for as needed. Articles of pertinence are identi-
fied by a series of code words and phrases.

2, The National] Library of Medicine, through the Medlars sys-
tem, sends the National Clearinghouse for Smoking and Health a
monthly listing of articles in the smoking and health area. These
are reviewed, and pertinent articles are ordered.

3. Staff members keep up with the current contents of medical
andscientific literature and identify articles of pertinence.

Initia] drafts of the present review were prepared by Clearing-

house staff and consultants who reviewed the previous reports and

identified those articles which have been important in the develop-

ment of knowledge in this field. These were abstracted and placed

into tabular form, and a draft text of the report was prepared.

The first drafts of the individual chapters were sent to experts

for review, criticism, and comment with respect to the articles re-

viewed, those articles not included, and conclusions. The drafts

were then revised on the basis of these comments and rewritten

until they met with general approval of the reviewers. The final
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drafts were reviewed as a whole bythe Director of the National

Clearinghouse for Smoking and Health, the Director of the Na-

tional Cancer Institute, the Director of the National Heart and

Lung Institute, the Director of the National Institute of Environ-

mental Health Sciences, and by six additional experts both within

and outside of the Public Health Service.

SUMMARY OF THE REPORT

CARDIOVASCULAR DISEASES

Coronary Heart Disease

1. Data from numerous prospective and retrospective studies

confirm the judgment that cigarette smoking is a significant risk

factor contributing to the development of coronary heart disease,

including fatal CHD and its most severe expression, sudden and

unexpected death. The risk of CHD incurred by smoking of pipes

and cigars is appreciably less than that incurred by cigarette

smokers.

2. Analysis of other factors associated with CHD (high serum

cholesterol, high blood pressure, and physical inactivity) show

that cigarette smoking operates independently of these other fac-

tors and can act jointly with certain of them to increase the risk

of CHD appreciably.

3. There is evidence that cigarette smoking may accelerate the

pathophysiological changes of pre-existing coronary heart disease

and therefore contributes to sudden death from CHD.

4, Autopsy studies suggest that cigarette smoking is associated

with a significant increase in atherosclerosis of the aorta and

coronary arteries.

5. The cessation of smoking is associated with the decreased

risk of death from CHD.

6. Experimental studies in animals and humans suggest that

cigarette smoking may contribute to the development of CHD and/

or its manifestations by one or more of the following mechanisms:

a. Cigarette smoking, by contributing to the release of catecho-
lamines, causes increased myocardial wall tension, contraction
velocity, and heart rate, and thereby increases the work of the
heart and the myocardial demand for oxygen and other
nutrients.

b. Among individuals with coronary atherosclerosis, cigarette
smoking appears to create an imbalance between the increased
needs of the myocardium and an insufficient increase in cor-
onary blood flow and oxygenation.

ce. Carboxyhemoglobin, formed from the inhaled carbon mon-



oxide, diminishes the availability of oxygen to the myocardium
and mayalso contribute to the development of atherosclerosis.

d. The impairment of pulmonaryfunction caused by cigarette
smoking may contribute to arterial hypoxemia, thus reducing
the amount of oxygen available to the myocardium.

e. Cigarette smoking may cause an increase in platelet adhesive-
ness which might contribute to acute thrombus formation.

Summary Statement of Recent Additions to Knowledge Relating

Smoking and Coronary Heart Disease.—A number of epidemi-

ologic studies have provided additional evidence concerning ciga-

rette smoking as a significant risk factor in the development of

CHD, Experimental studies on animals have suggested that ciga-

rette smoking, particularly the absorbed nicotine and carbon mon-

oxide, contributes to the developmentof atherosclerosis.

Cerebrovascular Disease

1. Data from numerous prospective studies indicate that ciga-
rette smoking is associated with increased mortality from cere-

brovascular disease.

2. Experimental] evidence concerning the relationship of smok-

ing and cerebrovascular disease is at present insufficient to allow

for conclusions concerning pathogenesis. However, some of the

pathophysiological considerations discussed concerning CHD may

also pertain to the relationship of smoking and CVD, particularly

cerebral infarction.

Nonsyphilitic Aortic Aneurysm

Cigarette smoking has been observed to increase the risk of

dying from nonsyphilitic aortic aneurysm.

Peripheral Vascular Disease

1. Data from a number of retrospective studies have indicated

that cigarette smoking is a likely risk factor in the development

of peripheral vascular disease. Cigarette smoking also appears to

be a factor in the aggravation of peripheral vascular disease.

2. Cigarette smoking has been observed to alter peripheral blood

flow and peripheral vascular resistance.

CHRONIC OBSTRUCTIVE BRONCHOPULMONARY DISEASE

1. Cigarette smoking is the most important cause of chronic

obstructive bronchopulmonary disease in the United States, Ciga-
rette smoking increases the risk of dying from pulmonary emphy-

sema and chronic bronchitis, Cigarette smokers show an increased

prevalence of respiratory symptoms, including cough, sputum pro-
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duction, and breathlessness, when compared with nonsmokers.
Ventilatory function is decreased in smokers when compared with

nonsmokers.

2. Cigarette smoking does not appear to be related to death

from bronchial asthma, although it may increase the frequency

and severity of asthmatic attacks in patients already suffering

from this disease.

3. The risk of developing or dying from COPD amongpipe and/

or cigar smokers is probably higher than that among nonsmokers,

while clearly less than that among cigarette smokers.

4, Ex-cigarette smokers have lower death rates from COPD

than do continuing smokers. The cessation of cigarette smokingis

associated with improvement in ventilatory function and with a

decrease in pulmonary symptom prevalence.

5. Young, relatively asymptomatic, cigarette smokers show

measurably altered ventilatory function when compared with non-

smokers of the same age.

6. For the bulk of the population of the United States, the im-

portance of cigarette smoking as a cause of COPD is much greater

than that of atmospheric pollution or occupational exposure. How-

ever, exposure to excessive atmospheric pollution or dusty occu-

pational materials and cigarette smoking may act jointly to pro-

duce greater COPD morbidity and mortality.

7. The results of experiments in both animals and humans have
demonstrated that the inhalation of cigarette smoke is associated

with acute and chronic changes in ventilatory function and pul-

monaryhistology. Cigarette smoking has been shown to alter the

mechanism of pulmonary clearance and adversely affect ciliary

function.

8. Pathological studies have shown that cigarette smokers who

die of diseases other than COPD havehistologic changes charac-

teristic of COPD in the bronchial tree and pulmonary parenchyma

more frequently than do nonsmokers,

9. Respiratory infections are more prevalent and severe among

cigarette smokers, particularly heavy smokers, than among

nonsmokers.

10. Cigarette smokers appear to develop postoperative pul-

monary complications more frequently than nonsmokers.

Summary Statement of Recent Additions of Knowledge Relat-

ing to Chronic Obstructive Bronchopulmonary Disease.—Studies

have demonstrated that cigarette smokers show increased symp-

toms and pulmonarydysfunction as well as mortality from COPD

when compared to nonsmokers. Investigations of alpha,-antitryp-

sin deficiency in relationship to pulmonary emphysema have sug-

10



gested that cigarette smoking may act jointly with hereditary fac-

tors in the pathogenesis of pulmonary emphysema. A pathological

study on animals has shown that long-term inhalation of cigarette

smoke produceslesions characteristic of pulmonary emphysema.

CANCER

Lung Cancer:

1. Epidemiological evidence derived from a number of prospec-

tive and retrospective studies, coupled with experimental and

pathological evidence, confirms the conclusion that cigarette smok-

ing is the main cause of lung cancer in men. These studies reveal

that the risk of developing lung cancer increases with the number

of cigarettes smoked per day, the duration of smoking, and earlier

initiation, and diminishes with cessation of smoking.

2. Cigarette smoking is a cause of lung cancer in women but

accounts for a smaller proportion of the cases than in men. The

mortality rates for women who smoke, although significantly

higher than for female nonsmokers, are lower than for men who

smoke. This difference may be at least partially attributable to

differences in exposures: the use of fewer cigarettes per day, the

use of filtered and low “tar” cigarettes, and lower levels of inhala-

tion. Nevertheless, even when women are compared with men who

apparently have similar levels of exposure to cigarette smoke, the

mortality ratios appear to be lower in women.

3. The risk of developing lung cancer among pipe and/or cigar

smokers is higher than for nonsmokers but significantly lower

than for cigarette smokers.

4. The risk of developing lung cancer appears to be higher

among smokers who smoke high “tar” cigarettes, or smoke in such

a manner as to produce higher levels of ‘tar’ in the inhaled

smoke,

5. Ex-cigarette smokers have significantly lower death rates for

lung cancer than continuing smokers, There is evidence to support

the view that cessation of smoking by large numbers of cigarette

smokers would be followed by lower lung cancer death rates.

6. Increased death rates from lung cancer have been observed

among urban populations when compared with populations from

rural environments. The evidence concerning therole of air pollu-

tion in the etiology of lung cancer is presently inconclusive. Fac-

tors such as occupational and smoking habit differences may also

contribute to the urban-rural difference observed. Detailed epi-

demiologic surveys have shown that the urban factor exerts a

small influence comparedto the overridingeffect of cigarette smok-

ing in the development of lung cancer.
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7. Certain occupational! exposures have been found to be asso.

ciated with an increased risk of dying from lung cancer. Cigarette

smoking interacts with these exposures in the pathogenesis of lung
cancer so as to produce very much higher lung cancer death rates

in those cigarette smokers whoare also exposed to such substances,

8. Experimental studies on animals utilizing skin painting,

tracheal instillation or implantation, and inhalation of cigarette |

smoke or its component compounds, have confirmed the presence of

complete carcinogens as well as tumorinitiators and promotersin

tobacco smoke. Lung cancer has been found in dogs exposed to the

inhalation of cigarette smoke over a period of more than 2 years.

Cancer of the Larynx

1. Epidemiological, experimental, and pathological studies

support the conclusion that cigarette smoking is a significant fac-

tor in the causation of cancer of the larynx. The risk of develop-

ing laryngeal cancer amongcigarette smokers as well as pipe and/

or cigar smokers is significantly higher than among nonsmokers.

The magnitude of the risk for pipe and cigar smokers is about the

same order as that for cigarette smokers, or possibly slightly

lower.

2. Experimental exposure to the passive inhalation of cigarette

smoke has been observed to produce premalignant and malignant

changes in the Jarynx of hamsters.

Oral Cancer

1. Epidemiological and experimental studies contribute to the

conclusion that smoking is a significant factor in the development

of cancer of the oral cavity and that pipe smoking, alone or in

conjunction with other forms of tobaccouse, is causally related to

cancer of thelip.

2. Experimental studies suggest that tobacco extracts and to-

bacco smoke contain initiators and promoters of cancerous changes

in the oral cavity.

Cancer of the Esophagus

1. Epidemiological studies have demonstrated that cigarette

smoking is associated with the development of cancer of the esoph-

agus, The risk of developing esophageal cancer among pipe and/

or cigar smokers is greater than for nonsmokers and of about the

same order of magnitude as for cigarette smokers, or perhaps

slightly lower.

2. Epidemiological studies have also indicated an association

between esophageal cancer and alcohol consumption andthat alco-

hol consumption mayinteract with cigarette smoking. This com-

12



bination of exposures is associated with especially high rates of

cancer of the esophagus.

Cancer of the Urinary Bladder and Kidney

1. Epidemiological studies have demonstrated an association of
cigarette smoking with cancer of the urinary bladder among men.

The association of tobacco usage and cancer of the kidney is less

clear-cut.

2. Clinical and pathological studies have suggested that tobacco

smoking may be related to alterations in the metabolism of tryp-

tophan and mayin this way contribute thereby to the development

of urinary tract cancer.

Cancer of the Pancreas

Epidemiological studies have suggested an association between

cigarette smoking and cancer of the pancreas. The significance of

the relationship is not clear at this time.

Summary Statement of Recent Additions of Knowledge Relating

Smoking and Cancer.—Epidemiological studies have confirmed that

cigarette smokers incur an increased risk of dying from lung can-

cer and that those smokers who switchedto filter cigarettes incur

a lesser risk. Pathological studies have shown that cancer of the

lung and cancer of the larynx have been found in animals exposed

to the long-term inhalation of cigarette smoke.

SMOKING AND PREGNANCY

Maternal smoking during pregnancy exerts a retarding influence

on fetal growth as manifested by decreased infant birthweight and

an increased incidence of prematurity, defined by weight alone.

There is strong evidence to support the view that smoking mothers

have a significantly greater number of unsuccessful pregnancies

due to stillbirth and neonatal death as compared to nonsmoking

mothers. There is insufficient evidence to support a comparable

statement for abortions. The recently published Second Report of

the 1958 British Perinatal Mortality Survey, a carefully designed

and controlled prospective study involving large numbers of

patients, adds further support to the conclusions.

PEPTIC ULCER

Cigarette smoking males have an increased prevalence of peptic

ulcer disease and a greater peptic ulcer mortality ratio. These

relationships are stronger for gastric ulcer than for duodenal

ulcer, Smoking appears to reduce the effectiveness of standard

peptic ulcer treatment and to slow the rate of ulcer healing.



TOBACCO AMBLYOPIA

Tobacco amblyopia is presently a rare disorder in the United

States. The evidence suggests that this disorder is related to nutri-

tional or idiopathic deficiencies in certain detoxification mecha-

nisms, particularly in handling the cyanide component of tobacco

smoke.

(1)

(2)

(3)

(4)

(5)

(6)

(7)
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INTRODUCTION

Coronary Heart Disease (CHD) cuts short the lives of many

men in the Western World in their prime productive years. More

Americans die from heart disease than from any other disease. In

1967, in this country, a total of 345,154 men and 227,999 women

were classified as dying of arteriosclerotic heart disease (ASHD)

(196), a category which consists largely of what is commonly

called CHD. During the years from 1950 to 1967, the age-adjusted

death rate from ASHDincreased 15.1 percent (196, 197).

Besides the many deaths attributed to CHD, much morbidity

results from this disease. The National Health Examination Sur-

vey of 1960-1962 estimated that 3.1 million American adults, ages

18 to 79, had definite CHD and 2.4 million had suspect CHD,

together representing about 5 percent of the population. It was

further estimated that of Americans under age 65, almost 1.8 mil-

lion had definite CHD and 1.6 million had suspect CHD (195).
There are several manifestations of CHD, all related in part to

the basic process of severe atherosclerosis, a disease of arteries in

which fatty materials (lipids) accumulate in the form of plaques

in the walls of medium and large arteries. This process, as it occurs

in the coronaryarteries, leads to stiffening of the wall and narrow-

ing of the lumen which, whensevere, result in a diminution in the

blood supply to the cardiac muscle. Angina pectoris, a major mani-

festation of CHD, results from diminution in blood supply relative

to the needs of the myocardium. If the blood supply to a portion

of the myocardium is completely obstructed, due for example to the

formation of a thrombusat the site of atherosclerotic narrowing,

necrosis or death of a portion of heart muscle may occur. This

occurrence is known as a myocardial infarction. In many cases, a

disturbance of cardiac rhythm occurs at the time of thrombosis,

and the patient may die immediately. It is estimated that approxi-

mately 25 percent of patients suffering coronary artery occlusion

die within the first three hours following the occlusion (table 1)

(88). Not infrequently, sudden death occurs in patients with severe
coronary atherosclerosis but without a demonstrable arterial occlu-

sion, In these cases, it is thought that the meager blood flow to a

portion of the myocardium becomes so diminished with respect to

cardiac needs as to lead to a fatal arrhythmia, as well as to, per-

haps, a myocardial infarction.
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a CIGARETTE SMOKING(S) AT ENTRY—WITH CONTROL OF SERUM CHOLESTEROL (C) AND DIASTOLIC BLOOD PRESSURE (H)—AND TEN YEAR INCIDENCE

AND MORTALITY RATES. 7,594 WHITE MALES AGE 30-59 AT ENTRY, POOLING PROJECT

    

171

RATE FIRST MAJOR : RATE ALL CHD DEATHS

PER 1,000 CORONARY EVENT * PER 1,000

150 — oe 150—

100— 100—
82

50— 45

20

O—a—

RISK NONE s C OR H S+C OR CORH s+c C+H C+H

FACTORS OF 3 ONLY ONLY  $S-+H ONLY OR S+H +S

NUMBER 28 97 74 167 31 82 17 50 4l 90 12 4z
OF EVENTS

NUMBER 1,249 2,018 1,302 1,794 384 595 1,249 2,018 1,302 1,794 384 595

National Cooperative Pooling Project; smoking status at entry and 10-year age-adjusted rates per 1,000 men for first major coronary event (incling nonfatal Ml,

fatal MI, and sudden death due to CHD) and any coronary death. U.S. white males age 30-59 at entry.All rates age-adjusted by 10-year age groupsto the U.S.

white male population 1960. Graphs present rates for noncigarette vs. cigarette smokers at entry with simultaneous control of blood pressure and serum cho-

lesterol level. For this latter analysis, the following cutting points were used:
(a) Cigarette smoking S -—any use at ertry

(b) Serum cholesterol c — 250 mg./dl.

(c) Diastolic blood pressure H — 90 mm. Hg.

SOURCE:Inter-Society Commission for Heart Disease Resources. National Cooperative Pooling Project Data (88).



Figure 1—National Cooperative Pooling Project; smoking status at entry and 10-year age-adjusted rates per 1,000 men for

first major coronary event (includes nonfatal MI, fatal MI, and sudden death due to CHD) and any coronary death. U.S.
white males age 30-59 at entry. All rates age-adjusted by 10 year age groups to the U.S. white male population 1960.

Graphs present rates for noncigarette vs. cigarette smokers at entry with simultaneous control of blood pressure and serum

cholesterol level. For this latter analysis, the following cutting points were used:

(a) Cigarette smoking-——-S—any use at entry

(b) Serum cholesterol_C-=250 mg./dl.

(c) Diastolic blood pressure—H-=90 mm. Hg.

SouRcE: Inter-Society Commission for Heart Disease Resources. National Cooperative Pooling Project Data (88).

TABLE 1.—Sudden death and acute mortality with first major coronary episodes
 

Proportion per

 

Author, year, Number and Number 1,000 events
country, type of Data of (as calculated on
reference population collection Event events the basis of age- Comment

adjusted rates)

Pooling 7,594 males Medical exam- Ali first major coronary Data from the Pooling Project, Council on

Project, males 30-59 ination and episodes, nonfatal and fatal. 501 1,000.0 Epidemiology, American Heart Association,

American years of age follow-up. Sudden death (death a national cooperative project for pooling

Heart at entry. within 3 hours of onset data from the Albany civil servant, Chicago

Association, Ten-year of acuteillness). 123 245.5 Peoples Gas Co., Chicago Western Blectric

1970, experience. All acute deaths with Co., Framingham Community, Los Angeles

U.S.A. first episodes. 165 329.3 civil servant, Minneapolis-St. Paul business

(88). men, and other prospective epidemiologic

studies of adult cardiovascular disease in the

United States.

 

Source: Inter-Society Commission for Heart Disease Resources (88).

Representative references include: (54, 94, 148, 177) and others listed as

6a-6k in Inter-Society Commission for Heart Disease Resources report.
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“SIGNIFICANTLY DIFFERENT FROM “NONSMOKER” P<.05

Figure 2—Risk of coronary heart disease (12 years) according to cigarette

smoking habit and presence of “predisposing factors” (men 30-59 at entry).

Framingham Heart Study.

Source: Kannel, W. B., et al. (94).

Numerous epidemiological studies have indicated that cigarette

smokers have increased mortality ratios for CHD; that is, cigarette

smokers showsignificantly increased death rates compared with

nonsmokers (table 2). The risk incurred by cigarette smoking in-

creases with increasing dosage and, as measured by mortality

ratios, is more marked for men in the younger age groups, under

age 60, although the absolute increment in death rates experienced

by smokers over that of nonsmokers continues to increase with

increasing age. Table 2 lists the mortality ratios found in the major

studies. Certain of these studies, including those at Framingham,

Massachusetts, the Health Insurance Plan of New York City

(HIP), and at Tecumsen, Michigan, have analyzed morbidity as

well as mortality from CHD and have indicated that the risk of

developing fatal and nonfatal CHD is greater among cigarette

smokers than among nonsmokers (tables 3 and 4). Conflicting

evidence has been published concerning the relationship of ciga-

rette smoking and the incidence of angina pectoris. While some
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Source: Paffenbarger, R. S., et al. (146).
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TABLE 2.—Coronary heart disease mortality

(Actual numberof deaths

CSM = Smokers

 

 

 

 

 

 

 

 

 

Author,
year, Numberand Follow- Number

country, type of Data up ©: Cigarettes/day
reference population collection (years) deaths

Hammond 187,783 Question- 314 5,297 NS ......... 1.00 (709),

and white males naire and Allsmokers .1,70 (3361) "{P<9-901)
Horn, in 9 states follow-up <10 ........1.29 (192)

1958, 50-69 years of death 10-20 ....1.89 (864)

U.S.A. of age. certificate. 20-40 ..... 2.20 (604)

(77, 78). >40 ........2.41 (118)

Doyle 2,282 males, Detailed 10 93 NS ......... 1.00 (20)

etal, Fram- medical Allsmokers .2.40 (73)

1964, ingham, examina- <20 ........2.00 (17)

U.S.A. 30-62 years tion and 20 ........1.70 (20)

(54). of age. follow-up. 8 >20 ........38.50 (36)

1,913 males,

Albany,

39-55 years

of age.

Doll and Approxi- Question- 10 1,376 NS ........1.00

Hill, mately naire and Allsmokers .1.35
1964, 41,000 follow-up 1-14... £1.29

Great male British of death 15-24 ....1.27

Britain physicians. certificate. >25 «1... 1. 148

(50),

Strobel 3,749 male Question- 9 162 NS 1.00

and Gsell Swiss phy- naire and

1965 sicians. follow-up 1-20 .......1.48

Switzer- of death |a1.76

land certificate.

(180).

Best, Approxi- Question- 6 2,000 NS ........1,00

1966 mately naire and Allsmokers .1.60 (1380)

Canada 78,000 follow-up om 10 ........1.55 (387)
(24). male Cana- of death 10-20 ......1.58 (766)

dian certificate. 320 oo... eee 1.78 (277)

veterans.

Kahn U.S. male Question- 8% 10,890 NS ........1.00 (2997)

1966 veterans naire and Allsmokergs .1.74 (4150)

U.S.A. 2,265,674 follow-up 1-9 ........1.89 (489)

(93). person of death 10-20 ...... 1.78 (2102)

years. certificate. 21-39 ......1.84 (1292)

>39 Lo...2.00 (266)

Hirayama, 265,118 Trained in- 1 @l1 NS ........ 1.00 (17)

1967, Japanese terviewers 1-24 .......1.138 (69)

Japan adults over and follow- 25 ow... 1.00 (5)

(84). age 40, up of death

certificate.

Kannel 5,127 males Medical ex- 12 52 NS o.oo... 1.00 (27)

et al., and females amination SM>20 ....2.20 (25) ; mt?
1968, age 30-59. and

U.S.A. follow-up.

(94).
 

1 Unless otherwise specified, disparities between the total number of deaths

and the sum of the individual smoking categories are due to the exclusion

of either occasional, miscellaneous, mixed, or ex-smokers.
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ratios related to smoking—prospective studies

shown in parentheses )1

NS = Nonsmokers]

 

 

 

 

 

 

 

Cigars, pipes Age variation Comments

Cigars 50-54 55~59 60-64 65-69

NS. .1,00 NS -- 1,00 (90) 1.00 (142) 1.00 (204) 1.00 (273)

SM. .1.28 (420) Allsmokers .1.93 (765) 1.85 (962) 1.66 (921) 1.41 (718)

Pipes <10 --1,38 (35) 1.88 (50) 1.17 (49) 1.27 (58)

NS. .1,00 10-20 .......2.00 (213) 2.04 (258) 1.91 (235) 1.58 (158)

SM. .1.08 (312) >20 .-2.51 (2038) 2.47 (199) 1.92 (129) 1.56 (73)

Data apply

only to males

aged 40-49

and free

of CHD at

entry. NS

include pipe,

cigar and

ex-smokers.

35-44 45-64 65-84

NS ......0.. 1.00 1.00 1.00

1-14 20.0... 3.73 1.40 1.71

15-24 2.00... 4.45 1.73 1.27

D265... 1.36 1,92 1.58

NS. .1,00

SM. .1.45

Cigars 30-49 50-69 70 and over

NS. .1,00 NS .........1.00 1.00 1.00

SM. .0.98 (16) <10 ........0.97 (18) 1.56 (220) 1.71 (99)

Pipes 10-20 - 1.45 (115) 1.67 (557) 1,29 (94)
NS. .1,00 >20 --1.85 (65) 1.76 (184) 1.73 (28)
SM..0.96 (95)

Cigars

NS. .1.00

3M. .1.04 (623)

Pipes

NS..1.00

3M. .1.08 (886)

 

Prelimin-

ary report.

 

 

* ">" values specified only for those provided by authors.
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TABLE 2.—Coronary heart disease mortality ratios

(Actual number of deaths

 

 

 

 

 

 

 

 

 

[SM = Smokerg

Author,
year, Numberand Follow- Number

country, type of Data up © Cigarettes /day
reference population collection (years) deaths

Hammond 358,534 Question- 6 14,819 Males Females
and males naire and NS ........ 1,00 1.00
Garfinkel, 445,875 follow-up 1-9 1.27 0.84
1969, females of death 10-19 1.60 1.22
U.S.A. age 40-79 certificate. 20-30 1.73 1.52
(76). at entry. >40 »1.77 0.61

Paffenbar- 50,000 male Baseline 17-51 1,146 NS ~+++1.00
ger and former interview matched 3M .. 1.50 (385) (P<0.01)
Wing students. and exam- with

1969 ination and 2,292

U.S.A. follow-up controls

(146) by death

certificate,

Paffenbar- 3,263 male Initial multi- 16 291 NS and <20 1.00 (137)
ger et al., longshore- phasic SM >20 ....2.08 (154) (p<0.01)
1970, men 35-64 screening

U.S.A, years of and follow-

(144). age. up of death

certificate.

Taylor 2,571 male Interviews 5 46 NS ........1.00 (4)
et al., railroad and regular <20 ........1.97 (20)
1970, employees follow-up >20 -. 3,60 (22)
U.S.A. 40-59 years exam-

(183). of age at ination.

entry.

Weir and 68,153 Cali- Question- 5-8 1,718 NS ......... 1.00
Dunn, fornia male naire and Allsmokers .1.60
1970, workers follow-up #10 ........1.89
U.S.A. 35-64 years of death +20 we. 1.67
(205). of age at certificate, 230 Le. 1.74

entry.

Pooling 7,427 white Medical ex- 10 239 NS .... 2... 1.00 (27)
Project, males amination 1G woe. 1.65 (34)
American 30-59 years and 20 ........1.70 (86)
Heart of age at follow-up. >20 -..3.00 (68)
Associa- entry.
tion,

1970,

U.S.A.

(88).

 

1 Unless otherwise specified, disparities between the total number of deaths
and the sum of the individual smoking categories are due to the exclusion
of either occasional, miscellaneous, mixed, or ex-smokers.

28



related to smoking—prospective studies (cont.)

shown in parentheses)!

NS = Nonsmokers]

 

 

 

 

 

 

 

 

Cigars, pipes Age variation Comments

Males tBased on
4H-49 50-59 60-69 70-79 5-9 deaths.

NS . 1.00 1.00 1.00 1.00

1-9 - 1.60 1.59 1.48 1.14

10-19 .......2.59 2.13 1.82 1.41

20-30 . 8.76 2.40 1.91 1.49

>40 - 5.b1 2.79 1.79 1.47

Females

NS .........1.00 1.00 1.00 1,00

1-9 ». 1.31 1.15 1.04 0.76

10-19 . 2.08 2.37 1.79 0.98

20-30 .......3.62 2,68 2.08 1.27

>40 .......48.31 3.73 $2.02 _—

3O-44 45-54 55-69

NS . 1.00 1.00 1.00

(p<0.01)

SM ......... 1.80 (88) 1.60 (163) 1.20 (184)

Data apply

only to

those free

of CHD

at entry.

35-44 45-54 55-64 65-69 NSincludes

NS ......... 1.00 1.00 1.00 1,00 pipes and

x10 . 4.22 2.05 1.41 1.17 cigars.

+20 . 6.14 317 1.64 1,26 SM includes

+30 .....,..8.57 3.33 1.66 1.36 ex-smokers.

>40 woe... 7.93 3.15 1.42 1.42

All . 6.24 2,95 1.56 1,24

 

1.00 (27)
1.20 (24)
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TABLE 3,—Sudden death from coronary

(Mortality ratios—actual number

 

 

Author
year, Numberand Data Follow-up Number

country, type of collection years oO.
reference population deaths

Pooling 7,427 white Medical 10 145

Project, males 30-59 examination

American Heart years of age and

Association, at entry. follow-up.

1970, U.S.A.

(88).

 

TABLE 4.—Coronary heart disease

(Risk ratios—actual number of CHD

{SM = Smokers NS = Nonsmokers

 

PROSPECTIVE STUDIES
 

 

 

 

Author,
year, Number and Data Follaw- Number of

country, type of collection up incidents Cigarettes/day
reference population years

Doyle 2,282 males Detailed 10 243 myo- NS ............1.00 (52)

etal, Framingham, medical cardia] All smokers ... .2.36(191)

1964, 30-62 years examina- infare- <20 ... eee eee 1.98 (44)

U.S.A. of age. tion and tions and 20 .. 2.05 (64)

(54). 1,913 males follow-up. CHD >20 - 3.04 (83)

Albany, deaths.

39-55 years

of age.

Stamler 1,329 CHD- Interview 4 46 CHD NS ............1,00 (2)

etal., free male and examin- <10 cigarettes. 2.92 (6)

1966, employees of ation with <5 cigars....{°

U.S.A. Peoples Gas clinic <5 pipes.....

(177), Company follow-up. 10-19 cigarettes.3.67 (8)

40-59 years >20 cigarettes . } 3.83 (29)

of age. > 5 cigars....

> 5 pipes.....

Epstein, 6,565 male Initial 4 96 male, Males

1967, and female medical 92 female 40-59

U.S.A. residents examina- CHDin- NS seceee 1.00 (1)

(61), of Tecumseh, tion and cluding EX ............6.53 (10)

Mich. repeat deaths, Cigarettes .....5.20 (36)

follow-up angina, and Females

examini- myocardial NS -. 1.00 (21)

tions. infarctions, EX ............0.89 (3)

Cigarettes ..... 1.02 (14)

 

1 Unless otherwise specified, disparities between the total number of mani-

festations and the sum of the individual smoking categories are due to the

exclusion of either occasional, miscellaneous, mixed, or ex-smokers.
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laurt disease related to smoking

of deaths shown in parentheses )

 

 

Cigarettes/day Cigars, pipes Comment

Neversmoked ...........1.00 (13) 1.00 (15) See_table 1 for description of
LO eee e ee eee eee ee 90 (23) 1.86 (13) Pooling Project.

BE ccc ccc n veneer eee AGO (50)

BDeee ene ee 8,86 (44)

 

morbidity as related to smoking

manifestations shown in parentheses)!

EX = Ex-smokers]

 

PROSPECTIVE STUDIES—Continued
 

Pipes, cigars Age variation Comments

 

Data include

CHDdeaths,

only on males

40-49 years of

age and free of

CHDon entry.

NS includes

pipes, cigars,

and ex-smokers.
 

NSincludes

ex-smokers.

Includes all

 

CHD.

Males—Continued Males Reexamination

60 and over 40-59 of patients

1.00 (7} SM ....1.80(2) was spread

1,27(41) 60 and over over 114-6-year

1.96 (28) SM... .0.86(6) period, but

Femates—Continued data are re-

1.00(47) ported in

1.31 (5) terms of

0.42 (2) 4-year inci-

dence rates.

Actual number

of CHDinci-

dents derived

from data on

incidence and

total in smok-

ing class,
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TABLE 4.—Coronary heart disease

(Risk ratios—actual number of CHD

[SM = Smokers NS = Nonsmokerg
 

PROSPECTIVE STUDIES
 

 

 

 

 

Author,
year, Number and Data Follow- Numberof

country, type of collection up incidents Cigarettes/day
reference population years

Jenkins, 3,182 males Initial] 4ly 104 myo- NS weeeee 1.00 (21)

etal., 39-59 years medical cardial EX cece ee 2AT (15)

1968, of age at examina~ infarctions. Current .......2.78 (68)

U.S.A. entry. tion and 0-15/day ......41.39 (45)

(90). follow-up S16 Lo. e ee 3.08 (59)
by repeat

examina-

tions.

Kannel, 5,127 males Medical 12 228 myo- Myocardial Infarction

etal., and females examination cardial Males

1968, 30-59 years and fallow- infarc- NS ..........--1.00 (21)

U.S.A. of age. up. tions. All SM ........1.51(153)

(94). 380 CHD. Heavy SM ....1.85 (59)
Risk of CHD (overail}

Males

NS ............1,00 (61)

1-10 .. 1.34 (25)

11-20 .1.80 (90)
>20 ..2.41 (76)

Shapiro 110,000 male Baseline med- 3 Total Males

et al., and female ical inter- unspeci- NS we... 1.00

1969, enrollees view and fied. All current ....2.14

U.S.A. of Health examination cigarettes (p<(0.01)

(172), Insurance and regular <20 ween ee 150

Plan of follow-up. >20 Lees 2.336

Greater >40 wee 6.36

New York

(HIP)

35-64 years

of age.

Keys 9,186 males Interviews. 5 65 deaths. NS, EX

1970 in 5 coun- and regu- 80 myocar- (SM <20) ...1.00(305)

Yugo- tries 40-59 lar follow- dial in- All current

slavia years of up examina- farctions. (>20) we... 1.31(108)

Finland age at entry. tion by 128 angina

Italy local pectoris.

Nether- physicians. 155 other

lands —

Greece $428 total.

(111).

 

1Unless otherwise specified, disparities between the total number of mani-

festations and the sum of the individual smoking categories are due to the

exelusion of either oceasional, miscellaneous, mixed, or ex-smokers.
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morbidity as related to smoking (cont.)

manifestations shown in parentheses )+

EX = Ex-smokers]
 

PROSPECTIVE STUDIES—Continued
 

Pipes, cigars Age variation Comments

 

tIncludes nen-

 

 

(p<0.001) 39-49 50-59 smokers and
NS......1.00 (4) 1.00 (6) ex-smokers.

(p<0.001) Current 4.23(35) 2.26(33) NS includes
(comparing former pipe
0-15 and 16+) and cigar

smokers.

Myocardial infarction—Continued

Females

1.00 (31)

1.71 (23)

Risk of CHD (overall) —Continued
Females

1.00 (89)

0.86 (18)

1.29 (18)

0.93 (3)

Females Males only Males Females Total myo-
1.00 NS 165-100 85-44 45-54 55-64 35-44 45-54 55-64 cardial in-
2.00 SM ......1.82 1.00 1.00 1.00 1.00 1.00 1.00 farction in-

(p>0.01) (p<0.01) 2.47 3.06 1.69 2.25 2.87 1,80 eludes those

0.52 2.15 1.32 dead within
M7 3.04 3.29 aie 125° 2.81 165 je hours.
5.92 10.09 7.69 5.30 20.25 11.79 4.07

NSinclude

ex-smokers.

 

Includes all

CHDincidence

including EKG

diagnoses.

Coversall

countries in-

vestigated

except U.S.A.

t Difference

between total
CHDand the

sum of smoking

groups is due

to difference

in figures

presented by

authors.
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TABLE 4.—-Coronary heart disease

(Risk ratios—actual number of CHD

{SM = Smokers NS = Nonsmokerg
 

PROSPECTIVE STUDIES
 

 

 

 

 

 

Author,
year, Numberand Data Follow- Numberof

country, type of collection up incidents Cigarettes/day
reference population years

Taylor, 2,571 male Interviews 5 46 deaths. NS and EX ....1.00 (62)

et al. railroad and regu- 33 myocar- All} current ....1.77(150)

1970 employees lar follow- dial-in-

U.S.A. 40-59 up examina- farctions.

(183). years of tion. 78 angina

age at pectoris.

entry. 55 other

CHD,

212 total.

Dayton 422 male U.S. Interviews upto8 27 sudden <10 .+ 1.00 (25)

et al., veterans par- and routine deaths. 10-20 ~-1.04 (22)

1970, ticipating as follow-up 44 definite >20 .1.17 (18)

U.S.A. controls ina examina- myocardial

(48,49). clinical trial of tions, infarctions.

a diet high in

unsatu-

rated fat.

Dunn 13,148 male Data only up to14 Total un-

et al., patients in on new specified.

1970 periodic health incidents

U.S.A. examination extracted

(55). clinics. from

clinic

records.

Pooling 7,427 white Medical 10 538

Project, males 30-59 examination includes Never smoked ..1,00 (53}

American years of and follow- fatal and <10 .-1.65 (72)

Heart age at entry. up. nonfatal 20 «2.08 (205)

Association myocardial >20 . 8.28 (154)

1970, infarction

U.S.A. and sudden

(88). death.

Pauletal., 1,989 Western Screening
1963, Electric Co. examinazion Coronary

US.A. male workers and cases (87)

(148). participating history. NS oo... eee 23

in a prospec- 7 Lee eee 2

tive study 8-12 9

for 444 years. 13-17 6
18-22 ........, AT

23-27 3

>28 9

 

1Unless otherwise specified, disparities between the total number of mani-

festations and the sum of the individual smoking categories are due to the

exclusion of either occasional, miscellaneous, mixed, or ex-smokers.
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morbidity as related to smoking (cont.)

manifestations shown in parentheses)!

EX = Ex-smokers]
 

PROSPECTIVE STUDIES—Continued
 

Pipes, cigars Age variation Comments

 

All CHD

including EKG

diagnoses.

 
No data on

NS asa

separate

group.

 

30-89 40-49 50-59 + Includes

tLow NS, EX, and

SM 1.00(25) =1.00(125) 1,00(157) <20 cigarettes/

tHigh day.

SM 2.17(¢10) 0.90 (81) 1.41 (53) } >20 ciga-

rettes/day.

Includesall

CHD but

excludes

death,

Nodata avail-

able comparing

smokers and

 

 

nonsmokers.

1.00 (53)

1.25 (54)

Noncoronary 88 developed
controls clinical

(1,786) coronary

33 disease,

q 47 angina

11 pectoris,

12 28 myocardial

30 infarction,

; 13 deaths CHD.

(p<0.005)
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studies have shown an increased risk of this manifestation among
smokers, others have not (see table 5).

From these longitudinal studies, it has become increasingly clear

that cigarette smoking is one of several risk factors for CHD and

that it exerts both an independent effect and an effect in conjunc-

tion with the other risk factors. The basic concept may be ex-

pressed as follows: The more risk factors a given individual has,

the greater the chance of his developing CHD. The importance of

the constellation of coronary risk factors which include cigarette

smoking, high blood pressure, and high serum cholesterol in pre-

dicting the risk for CHDisillustrated in figures 1 through 3. Other

risk factors are included in certain of these figures and are dis-

cussed below.

Knowledge of the effects of cigarette smoke on the cardiovascu-

lar system has developed concurrently with the knowledge derived

from the epidemiological studies. Nicotine, as well as cigarette

smoke, has been shown to increase heart rate, stroke volume, and

blood pressure, all most probably secondary to the promotion of

catecholamine release from the adrenal gland and other chromaffin

tissue. This release of catecholamines is also considered to be the

cause of the rise in serum free fatty acids observed upon thein-

halation of cigarette smoke. Studies concerning the effect of nico-
tine on cardiac rhythm have also suggested that smoking might

contribute to sudden death from ventricular fibrillation.

In addition, research efforts have also been directed toward the

effects of smoking on blood clotting and thrombosis; since many

cases of sudden death and myocardial infarction are associated

with thrombosis in a diseased coronary artery branch. Cigarette

smoking maybe associated with increased platelet aggregation in

vitro and thus might play a role in the development of such throm-

bi or platelet plugs in vivo.

Other mechanisms have been investigated. Because cigarette

smoking has been shown in some studies to be related to the prev-

alence of angina pectoris as well as to the incidence of myocardial

infarction, it has been suggested that smoking enhances the de-

velopment of atherosclerotic lesions. Autopsy and experimental

studies have shown that cigarette smoking plays a role in athero-

genesis. The administration of nicotine has been observed to in-

crease the severity of cholesterol-induced atherosclerotic lesions in

experimental animals. Attention is presently being given to carbon

monoxide, which is present in cigarette smoke in such concentra-

tions as to cause carboxyhemoglobin concentrations in the blood

of smokers as high as 10 percent. Based on research in animals,

it is reasonable to conclude that the atherosclerotic process may be

enhanced, in part, by the relative arterial hypoxemia in cigarette
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AuLnor,

 

 

 

 

 

 

 

year, Numberand Data Follow-up Number Cigars

country, type of collection years of Cigarettes/day and pipes Age variation Comments

reference population incidents

Doyle 2,282 males, Detailed 10 81 NS . -1.00(30) NSinclude ex-

et al., Framingham, medical All .........-.... -1.09 (51) smokers and

1964, 30-62 years examination <20 . 1,17 (15) pipe and

U.S.A. of age. and 20... .. 0.99(18) cigar

(54). 1,913 males, follow-up. 8 >20 vee eee eee ee  AL15 (18) smokers.

Albany,

39-55 years

of age.

Jenkins 3,182 males Initial medical 414 29 NS ......... ..1.00 (9) NSinclude

et al., aged 39-59 examination All current formerpipe

1968, at entry. and follow- cigarettes ..1.44(16) and cigar

U.S.A. up by repeat >16 .. 1.63 (14) smokers.

(90). examina-

tion.

Kannel 5,127 males Medical 12 107 Males

et al., and females examination 1S1.00(16)

U.S.A, years of age and follow- Heavy SM, >20

(94). 30-59 up. cigarettes ........2.04(17)
Femates

NS oo. e eee ee «1,00 (58)

Cigarette SM ......0.65(16)

Shapiro 110,000 male Baseline 3 Total Males Females Males Males T(p<0.01)

et al., and female medical Unspec- NS wee 100 1.00 NS,..1,00 35-44 45-54 55-64 F(p<0.05)

1969, enrollees of interview ified Current SM. .$1.71 NS weeee e100 1.00 1.00 NSinclude

U.S.A. New York City and examina. cigarettes 11,91 1.20 Current cigarettes ..3.40 1.57 2.06 ex-smokers.

(172). HIP 35-64 tion and <40 steee -1.51) 1.20 <40 «22.35 1.40 1.54

years of age. regular >40 . 4.85§ . >40 . 1015 2.58 6.15

follow-up. Females

NS . «1.00 1.00 1.00

Current cigarettes ..1.56 1.67 0.97

<40 os . 167 1.53 1.04

DAD cee eee ee — 4,12 _

 

1 Unless otherwise specified, disparities between the total number of

manifestations and the sum of the individual smoking categories are due

to the exclusion of either occasional, miscellaneous, mixed, or ex-smokers.



smokers caused by the increased carboxyhemoglobin level.

With respect to the acute event of myocardial infarction, atten-

tion has been focused on therole of nicotine. Nicotine stimulates

the myocardium, increasing its oxygen demand. Other experiments

have demonstrated that in the face of diminished coronary flow

(due to partial occlusion from severe atherosclerosis in man or to

partial mechanical obstruction in the animal), nicotine does not

lead to an increase in coronary blood flow as seen in the normal

individual. These effects exaggerate the oxygen deficit when the

supply of oxygen has already been decreased by the presence of

carboxyhemoglobin. Thus, a marked imbalance between oxygen

demand (which has been increased) and oxygen supply (which

has been decreased) is created by the inhalation of CO and nico-

tine. This imbalance may contribute to acute coronary insufficiency

and myocardial infarction.

EPIDEMIOLOGICAL STUDIES

Numerous epidemiological studies, both retrospective and pros-

pective, have been carried out in various countries in order to iden-

tify the risk factors associated with the development of coronary

heart disease (CHD). Many of these studies have included smok-

ing as one of the variables investigated. Tables 2 to 4 present the

major findings.

CORONARY HEART DISEASE MORTALITY

Table 2 lists the various prospective studies concerning therela-

tion of CHD mortality and smoking. These studies demonstrate the

dose-related effect of cigarette smoking on the risk of developing

CHD. For example, the Dorn Study of U.S. Veterans as reported

by Kahn (93) reveals progressively increasing mortality ratios,

from 1.39 for those smoking 1 to 9 cigarettes per day to 2.00 for

those smoking more than 39 cigarettes per day. Although the data

are not detailed in the accompanying tables, several of these stud-

ies have also shown that increased rates of CHD mortality are

associated with increased cigarette dosage, as measured by the

degree of inhalation and the age at which smoking began. Although

not as striking, the data for females reveal the sametrends.

In most studies, the smokers’ increased risk of dying from CHD

appears to be limited mainly to those who smoke cigarettes, Some

studies that have investigated other forms of smoking have shown

much smaller increases in risk for pipe and cigar smokers when

compared to nonsmokers. However, the recent study by Shapiro,

et al. (172) of a large population enrolled in the Health Insurance

Plan (HIP) of New York City showed a significantly increased
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risk for the development of myocardial infarction and rapidly fatal

myocardial infarction for a group consisting of both pipe and cigar

smokers.

Table 3 details the findings of the American Heart Association

Pooling Project on sudden death. The Pooling Project, a national

cooperative project of the AHA Council on Epidemiology, is de-

scribed in table 1 (88). Cigarette smokers in the 30 to 59 year age

group incurred a risk of sudden death from CHD substantially

greater than that of nonsmokers. Pipe and cigar smokers were

observed to showa risk slightly greater than that of nonsmokers

(table 3).

The relative risk of CHD mortality is greatest among cigarette
smokers (as well as among those with other risk factors) in the
younger age groups and decreases amongtheelderly. In table 2,

Hammond and Horn found that for those smoking more than one
pack per day, the risk is 2.51 in the 50 to 54 year age group and
1.56 in the 65 to 69 year age group. Although the relative risk for
CHD among smokersdecreases in the older age groups, the actual
number of excess deaths among smokers continues to climb
since the differences in death rates between smokers and nonsmok-
ers continue to rise.

CORONARY HEART DISEASE MORBIDITY

Tables 4 and 5 list the prospective studies carried on in a num-
ber of countries to identify the risk of CHD morbidity incurred
by smoking. Here, CHD morbidity includes myocardial infarction
as well as angina pectoris. Certain studies, notably those of Doyle,
et al. (54), Keys, et al. (111), and Taylor, et al. (182) include a
number of CHD deaths in their data that could not be separated
out using the information provided in their respective reports.
As noted in the discussion on CHD mortality, the CHD risk ratio
increases significantly as the number of cigarettes smoked per day
increases. Similarly, the HIP data of Shapiro, et al. (172) show
that the elevated morbidity ratios declined with increasing age as
has been shown for mortality ratios.
A recent monographedited by Keys (11 1) dealt with the 5-year

CHD incidence in males age 40 to 59 from seven countries. As
summarized in table 4, cigarette smoking was found to be associ-
ated with an increased incidence of CHD in the U.S. railroad
worker population, 2,571 individuals (183). Noneof the differences
in ratio between smokers and nonsmokers was statistically signifi-
cant for the 13 other population samples which varied in size from
505 to 982 individuals, from thefive other countries. (Smoking was
not considered in the two Japanese populations.) When more cases
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become available to provide greaterstatistical stability to the rates,
this intercultural comparison should prove illuminating.

The results of those studies which have separated out angina

pectoris as a manifestation of CHD are presented in table 5. Doyle,

et al. (54) found no relationship between this manifestation of

CHD and cigarette smoking. Both Jenkins, et al. (90) and Kannel,

et al. (94) observed increased risk ratios among male cigarette

smokers although these differences were not statistically signifi-

cant. More recently, Shapiro, et al. (172) found a significantly

increased risk for angina among their male cigarette smokers as

well as increasing risk ratios with increasing dosage among both

males and females, particularly in the younger age groups. A

variety of hypothetical explanations have been advanced to account

for this seeming contradiction. Among these are the relatively
small numberof cases, the difficulties associated with the definitive

diagnosis of the syndrome, and differences in the methodsof clas-

sifying those cases of angina pectoris which are followed by myo-

cardial infarction.

RETROSPECTIVE STUDIES

Table A6 presents data from the various retrospective studies

of CHD prevalence. Mostof these are case-control studies and show

an increased percentage of smokers among those with clinical CHD
when compared with a selected control population, usually without

apparent CHD, Two of these studies include data on mortality.

THE INTERACTION OF CIGARETTE SMOKING AND

OTHER CHD RISK FACTORS

The preceding section has reviewed the epidemiologic evidence

which supports the judgment that cigarette smoking is a signifi-

cant risk factor in the development of CHD. Many of the studies
discussed above have identified a number of biochemical, physio-

logical, and environmental factors, other than cigarette smoking,

which also increase the risk of developing CHD. These risk factors

include elevated serum lipids (particularly serum cholesterol) and

hypertension, which, with cigarette smoking, are considered to be

of greatest importance. Other factors are obesity, physical inac-

tivity, elevated resting heart rate, diabetes (as well as asympto-

matic hyperglycemia), electrocardiographic abnormalities, and a

positive family history of premature CHD (88).

A number of these studies have also found that these factors,

when present in the same individual, exert a combined effect on

the risk of developing CHD. Figures 1 through 3 depict this inter-

action of risk factors. As may be noted in Figures 1 and 2, the
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additional factor of smoking greatly increases the risk of develop-
ing CHD amongthose people already at high risk because of other
factors.

Furthermore, these studies have shown that the effect of smok-
ing on the risk of developing CHDisstatistically independent of
the other risk factors. That is, when the effect of the other factors
is statistically controlled, smoking continues to exert a significant
effect on increasing the risk of developing and dying from CHD.

Smoking and Serum Lipids

The interaction of smoking and serum lipid levels in the develop-
ment of CHD should be considered in the light of information con-
cerning the relationship of smoking to serum lipid levels. Table A7
presents studies which deal with the association between smoking
and lipids, notably cholesterol, triglycerides, and lipoproteins (con-
cerned with lipid transport). While some of the studies have indi-
cated that smokers show increased serum levels of these lipid con-
stituents, others have not. The populations investigated and the
methods of the various studies showsignificant variation. This lack
of comparability makes interpretation of the findingsdifficult.

It is clear, however, that in the presence of high serum choles-
terol, cigarette smoking increases the risk of CHD. Figure 4 de-
picts the data from the Chicago Peoples Gas, Light and Coke Com-
pany study which showthat smoking greatly increases the risk of
CHDin each of the cholesterol groups.

Smoking and Hypertension

Some epidemiological studies have indicated that smokers tend
to have lower mean systolic and/or diastolic blood pressures than
nonsmokers, while other studies have not found this to be the case
(table A8). Reid, et al. (155), in a study of 1,300 British and
American postal workers, found that the blood pressure difference
between the smoking and nonsmoking groups was eliminated after
controlling for body weight.

Tables 9 through 11, derived from the study by Borhani,et al.
(27), demonstrate the following associations: That for both smok-
ers and nonsmokers, the risk of dying from CHD increases with
increasing diastolic or systolic pressure, and that the risk of mor-
tality from CHDis higher among smokers than among nonsmokers
in each blood pressure group. Cigarette smoking, therefore, has
been shown to elevate CHD mortality independently both of its
effect on blood pressure and of the effect of hypertension on CHD.

Smoking and Physical Inactivity

The recent study by Shapiro, et al. (772) of more than 110,000
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TABLE 9.—Death rates from coronary heart disease, by systolic blood pressure;
ILWU mortality study 1951-61

(Coronary heart disease as classified under ISC Code 420)
 

 

 

 

 

 

 

 

Smokers Nonsmokers

Systolic blood Person-years Death Person-years Death
Age group pressure in 1951 of observation ratel of observation rate!

45-54 <130 1,877 27 2,413 8

130-149 2,066 34 2,912 17

150-169 740 95 1,177 26

>170 369 109 672 45

55-64 <130 1,067 84 1,550 26

130-149 1,380 94 2,401 325

150-169 647 93 1,558 45

>170 524 210 1,117 125

1 Rate per 10,000 person-years of observation.

2 p<0.025,

1 p<0.01

Source: Borhani, N. O., et al. (27).

TABLE 10.—Death rates from coronary heart disease, by diastolic

blood pressure: ILWU mortality study, 1951-61
(Coronary heart disease as classified under ISC Code 420)

Smokers Nonsmokers

Diastolic blood Person-years Death Person-years Death
Age group pressure in 1951 of observation ratet of observation ratel

AB-B4 cece eee <80 1,527 26 1,700 6

80-— 89 2,115 AT 2,947 17

90- 99 961 52 1,507 33

>100 448 89 1,020 20

55-64 oe ee eee <80 1,059 104 1,447 221

80- 89 1,521 59 2,704 15

90-- 99 669 194 1,521 246

>100 369 163 954 147

1 Rate per 10,000 person-years of observation.

= p<0.05.

3 p<0.01.

Source: Borhani, N. O., et al. (27).

TABLE 11.—Death rates from coronary heart disease, among hypertensives and

nonhypertensives: ILWU mortality study, 1951-61
(Coronary heart disease as classified under ISC Code 420)

 

 

 

Smokers Nonsmokers

Blood pressure Person-years Death Person-years Death
Age group status 1 of observation rate? of observation rate?

45-54 ......... Hypertensives .......... 883 125 1,871 $32

Nonhypertensives ...... 4,169 29 5,303 13

55-64 ......... Hypertensives .......... 931 150 2,219 95

Nonhypertensives ...... 2,687 93 4,407 316

 

1 According tu the WHO recommendation, the following cut-off points are recommended for the

definition of hypertension:

(1) Normotension—below 140/90 mm. Hg.

(2) Hypertension—systolic blood pressure 160 mm. Hg. or over, or diastolic 95 mm. Hg. or

over, or both.

(3) Borderline—the residual category. In this analysis, Normotensives and Borderlines were

combined and the population was grcuped into ‘Nonhypertensives’ (1 and 3) and ‘Hypertensives’

(2).

2 Rate per 10,000 person-years of observation.

> p<0.01.

Source: Borhani, N. O., et al. (27).
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INCIDENCE

PER 1,000 MEN

80— —
80

70— —

 

NON NON SMOKERS SMOKERS SMOKERS
SMOKERS SMOKERS SMOKERS
<225 225-274 2754 <225 225-274 275+

CHD 46° 1 5 2 9 16 12

N 1329* 187 235 71 336 317 151

AGE 49 49 50 51 50 49 50
SYSTOLIC 13 139 131 133 135
PRESSURE 133 8

WEIGHT 1.16 1.19 1.21 1.18 1.12 1.15 1.17
RATIO

Figure 4—Relationship between smoking status and serum cholesterol level

at initial examination, and incidence of clinical coronary heart disease in

men originally age 40-59, free of definite CHD, and followed subsequently
without systematic intervention, Peoples Gas Light and Coke Company

study, 1958-1962. *For 34 men, no information on smoking status was
available; one of these men had a coronary episode.

Source: Stamler, J., et al. (177).

persons participating in the Health Insurance Plan of New York

City has further identified and elaborated upon the interaction of
the various risk factors. Physical inactivity, both in employment
and during leisure time, was found to be a potent risk factor for
the development of CHD, particularly for rapidly fatal myocardial
infarction.

Figure 5 depicts the effect which smoking exerts on CHD in
combination with physical inactivity. Of note, also, is the observa-

tion that within each activity grouping, smoking greatly increases
the risk of myocardial infarction, thus exerting an independent
effect.

Smoking and Obesity

The analysis by Truett, et al. (190) of the risk factor data from
the Framingham study revealed that weight, while a significant

risk factor, had a considerably smaller effect on CHD incidence
than serum cholesterol, cigarette smoking, or elevated blood pres-
sure, The results concerning the interaction of smoking and obesity
from the San Francisco longshoremen study are shownin table 12.
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5.72

(57)

5.78

4.48

(166)

5.18

(46)

1.30

(1)

Least More
active active

NONCIGARETTE SMOKERS

6.33
 

 

 

     
 

3.76

(47)

3.03

2.34

(118)
2.57

G))

0.69
(33)

Least More

active active

Note: Both for cigarette smokers and noncigarette smokers differences between rates among the least
and more active men are statistically significant for total MI and rapidly fatal Mis at the 0.99 confidence
level. For other Mls the difference is statistically significant only for the nonsmokers (confidence level 0.95).

Figure 5—Average annual incidenceof first myocardial infarction among men

in relation to overall physical activity class and smoking habits (age-ad-

justed rates per 1,000)

(Actual number of deaths or myocardial infarctions are represented by

figures in parentheses)

Source: Shapiro, S., et al. (172).

This table shows that cigarette smokers in the 55 to 64 year age

group were observed to have higher CHD death rates than non-
smokers in all weight categories. Similar findings, although not in

all weight groups, were observed for the 45 to 54 year age group.

Cigarette smoking is thus shown to be a CHD risk factor indepen-

dent of body weight.
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TABLE 12.—Death rates from coronary heart disease among men without
abnormalities related to cardiopulmonary diseases by weight classification

in 1951: ILWU mortality study, 1951-61
(Coronary heart disease as classified under ISC Code 420)
 

 

 

Smokers Nonsmokers

Weight Person-years Death Person-years DeathAge group classification 2 of observation rate = of observation rate?

45-54 ......... Not overweight ........ 388 21 279 q
Slightly overweight .... 962 28 1,096 0
Moderately overweight . 1,383 28 1,574 28
Markedly overweight .. 1,055 22 1,797 9

55-64 20.2... Not overweight ........ 222 43 247 0
Slightly overweight .... 536 75 605 36
Moderately overweight . 855 109 1,320 411
Markedly overweight .. 735 . 88 1,653 312
 

>The four classes are defined in the text.
* Rate per 10,000 person-years of observation.
*p<O.01,
Source: Borhani, N. O., et al. (27).

TABLE 13.—Death rates from coronary heart disease, by electrocardiographic
findings in 1951: ILWU mortality study, 1951-61
(Coronary heart disease as classified under ISC Code 420)
 

 

 

Smokers Nonsmokers
Electrocardiographic Person-years Death Person-years DeathAge group findings in 1951 of observation rate} of observation rate?

45-54 00, Abnormal .............. 586 102 1,020 39
Normal ............... 4,454 38 6,134 1555-64 ......... Abnormal ............. 583 223 1,149 96
Normal ............... 3,031 86 5,479 231

 

1 Rate per 10,000 person-years of observation,
* p<0.005.
Source: Borhani, N. O., et al. (27).

TABLE 14,—1958 status with respect to heart rate, blood pressure, cigarette
smoking, and 10-year mortality rates, by cause (1,829 men originally age

40-59 and free of definite coronary heart disease)
Peoples Gas Co. Study, 1958-68
 1958 risk factor status

Ten-year mortality, 1958-68
 

 

Heart Cigarette Diastolic Number All causes CHDrate smoking pressure of men Number Rate Number Rate

NH NH NH 378 20 148.8 8 112.0H NH NH 45 6 114.9 3 10.3NE NH H 107 14 118.3 6 51.8H NH H 30 8 221.6 3 52.0NH H NH 491 87 115.8 19 38.9H H NH 127 22 WL 8 62.3NH H H 103 22 190.4 6 55.0H H H 44 138 265.4 5 94.9
All 21,325 162 113.2 55 39,4
 

Rate Per thousand. All rates are age-adjusted by 5-year age groups to U.S. male population,1960. High (H): Heart rate =80: 10 cigarettes per day; diastolic blood pressure =90 mm. Hg.v 18 not high, i.e., belaw specified cutting points.
“No smoking data available on 4 of the 1,329 men,
Source: Berkson, D. M., et al. (23).
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TABLE 15.—The effect of the cessation of cigarette smoking

on the incidence of CHD

(Incidence ratios—actual number of cases or events are shown in parentheses)

 

 

 

 

Author,
year,

country, Results Comments

reference

All myocardial
All CHD events infarction

Jenkins Never smoked .........-.-..1.00(30) 1.00(21)

et al., Current

1968 cigarette smokers wee ee 2.86 (84) 2.78 (68)

U.S.A. Former

(90). cigarette smokers ........2.15(19) 2.47(15)

Death from CHD
Smoked >20

Smoked 1-19 cigarettes/day cigarettes/day
Hammond Never

and Garfinkel, smoked regularly ......1.00(1,841) 1.00(1,841) Male data only

1969, Current

U.S.A. cigarette smokers ....... 1.90 (1,063) 2.55 (2,822)

(76). Stopped <1 year .........1.62 (29) 161 (62)

V4 eee cece eee ee 122 (5TH 1.51 (154)

BO cece eee cee ee ee L26 (55) 1.16 (135)

LOG oe cece cee eee 0.96 (52) 1.25 (133)

S20 Lee ce eee eee 1.08 (70) 1.05 (80)

All ex-cigarette smokers ..1.16 (263) 1.28 (564)

Total definite myocardial infarction

Shapiro Never smoked 1.0.0.0... 00 eee eee eee en een etnies 1.00

etal, Current cigarette smokers ........-:ee cess ee ee eens 1.87

1969, Stopped 5 years 2... ... cece cece ee ee teen e eee 0.76

U.S.A.

(172).

 

Pooling Project,

American Heart

Association

1976,

U.S.A.

(88).

Al CHD deaths
Never smoked ........-..+5 1.00 (27)

>, pack/day ....-----.565 1.65 (34)

1 pack/day wae eee oL.70 (86)

>1 pack/day wee es 3.00 (68)

Ex-smokers ween ee 0,80 (19)

First major
coronary event

1.00 (53) See table 4
1.65 (72) for description

2,08 (205) of Pooling

3.28 (154) Project.

1.25 (51)

 

TaBLe 16.—Annual probability of death from coronary heart disease,

in current and discontinued smokers, by age, maximum amount smoked,

and age started smoking

 

Age started smoking

 

 

 

15-19 20-24

Discontinued Discontinued

Maximum daily Current for five or Current for five or

Age numberof ciga- smokers more years smokers more years

rettes smoked (Probability x10 5)

BB-64 oe eee 0 501 — 501 —_—

16-20 798 568 811 551

21-39 969 766 872 698

65-742 1. ee eee 0 1,015 — 1,015 —

10-20 1,502 1,169 1,478 1,213

21-39 1,710 1,334 1,573 1,098

 

1For age group 65-74, probabilities for discontinued smokers are for 10 or more years of dis-

continuance since data for the 5-9 year discontinuance group are not given.

Source: Cornfield, J., Mitchell, S. (45).

Based on data derived from Kahn, H. A. (93).
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Smoking and Electrocardiographic Abnormalities

Electrocardiographic (ECG) abnormalities such as T-wave and
ST-segment changes as well as a number of arrhythmias are use-
ful indicators of CHD and may, therefore, be predictive of the
development of clinically overt CHD manifestations. The results
summarized in table 13, from the prospective study by Borhani,
et al. (27), reflect the joint predictive value of smoking and ECG
abnormalities on the death rate from CHD.

Smoking and Heart Rate

Recent analysis by Berkson,et al. (23) of the data derived from
the Chicago Peoples Gas, Light and Coke Company study of
middle-aged men revealed that resting heart rates of 80 or greater
were associated with an increase in the risk of death from CHD.
These authors found that this association was independent of the
other major coronaryrisk factors.

Table 14 presents the interaction between smoking, blood pres-
sure, and elevated heart rate in increasing the risk of CHD mor-
tality. This study showsthat cigarette smoking increases CHD risk
in the presence of elevated heart rate as well as in its absence.

THE EFFECT OF CESSATION OF CIGARETTE
SMOKING ON CORONARY HEART DISEASE

A number of epidemiological studies have been concerned with
the CHD incidence and mortality among ex-cigarette smokers as
compared with current smokers (51, 76, 88, 90, 93, 172). These
studies are listed in table 15. Table 16 presents the data derived by
Cornfield and Mitchell (45) from the Dorn Study of U.S. Veterans
(93).

Ex-cigarette smokers show a reduced risk of both myocardial
infarction and death from CHD relative to that of continuing ciga-
rette smokers. The Pooling Project (88) and the Western Collab-
orative Study Group (192) which adjusted for the other risk fac-
tors of elevated serum cholesterol and blood pressure observed this
relationship. Hammond and Garfinkel (76) noted that cessation of
smoking is accompanied by a relative decrease in risk of death
from CHD within 1 year after stopping.
This decreased risk of CHD among ex-smokers further strength-

ens the relationship between smoking and CHD.It must be noted,
Owever, that the group of ex-smokersis composed of individuals
who have stopped smoking for a variety of reasons. Those who
Stop because of ‘ill health and the presence of symptoms are gen-
frally at high risk and can bias the group results in one direction;
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those healthy persons whostop as part of a general concern about
their health and may adopt a numberofself-protective health prac-
tices are generally at low risk and can bias the groupresults in the
other direction. Therefore, ex-smokers as a group are not fully
representative of the entire population of smokers and may have
limited value in predicting what would happen if large numbers of
cigarette smokers stopped smoking purely for self-protection. Cer-
tain incidence studies, such as the Pooling Project (88), were initi-

ated with only clinically healthy individuals. The data from such
studies, as well as those from the British physicians study, contain
ex-smoker data less influenced by these biases.

Fletcher and Horn (63) have recently presented data derived
from the British physicians study of Doll and Hill. Over the past
10-15 years, cigarette smoking rates among British physicians
have declined significantly in comparison with those of the general
British population. The information presented by these authors
concerning all cardiovascular diseases showed that for individuals
between the ages of 35 and 64, the age-adjusted death rate for CHD

declined by 6 percent among physicians and rose by 10 percent

among the male population of England and Wales during the

period from 1953-57 to 1961-65.

THE CONSTITUTIONAL HYPOTHESIS

The effect of smoking on the incidence of CHD has been found

to be independent of the influence of the other CHD risk factors.

Whensuch risk factors as high serum cholesterol (177), increased

blood pressure (27), elevated resting heart rate (23), physical in-

activity (172), obesity (27), and electrocardiographic abnormali-

ties (27) have been controlled, cigarette smokers still show higher

rates of CHD than nonsmokers.

It has been suggested by some (39, 170) that the relationship

between cigarette smoking and CHD has a constitutional basis.

That is people with certain constitutional make-ups are morelikely

to develop CHD, and the same people are more likely to smoke

cigarettes. This hypothesis maintains that the relationship between

cigarette smoking and CHDis thus largely fortuitous and that the
significant relationships are between the genetic make-up of the

individual and CHD and between the genetic make-up of the indi-

vidual and his becoming a cigarette smoker. Twosets of epidemio-

logic data bear on this hypothesis.

It has been maintained that people with a certain temperament

are more likely to smoke and also more likely to develop CHD.

These characteristics have been demonstrated for those with the
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Type A behavior pattern of Rosenmann, et al. (159) which is

characterized by competitiveness, excessive drive, and an enhanced

sense of time urgency. The prospective study organized by the

Western Collaborative Group indicates that individuals who ex-

hibit this type of personality are more likely to have or develop

CHD than those without it (Type B), whether or not they smoke.

When the incidence rates of CHD are analyzed with respect to

smoking and personality types (tables A17, A18), it is noted that

in both Type A and Type B individuals the incidence of CHD is

greater among cigarette smokers than among nonsmokers. This

research indicates that both personality type, as measured in these

studies, and cigarette smoking contribute independently as risk

factors to the development of CHD. To what extent such behavior

patterns are determined constitutionally or represent acquired

characteristics is still open to question.

The other type of research designed to study the genetic hypoth-

esis has made use of data from registries of twins. Cederlof,

‘etal. (37, 38, 39, 40) have utilized the Twin Registries of Sweden

and the Veterans Follow-Up Agency of the U.S. National Academy

of Sciences—National Research Council to investigate the relative

contributions of heredity and smoking to cardiovascular and bron-

chopulmonary symptom prevalence. Data obtained by mailed ques-

tionnaires were analyzed for the following characteristics: zy-

gosity of the same-sex twin pair, urban-rural residence differences,

smoking concordance, and history of various symptoms. Compari-

sons were made between smoking discordant monozygotic (iden-

tical) pairs and smoking discordant dizygotic (fraternal) pairs,

and between unmatched twin pairs and matched twin pairs. Smok-

ing discordance has been defined somewhat differently in various

’ reports but, in general, describes twin pairs in which the smoking

habits differ between the two membersof the same twin pair.

Analyzing the data obtained from 9,319 Swedish twin pairs

(72.3 percent of the possible respondents), Cederlof, et al. (39)

found that respiratory symptoms were more common among smok-

ers in both the unmatched and matched smoking discordant twin

pair groups. The authors analyzed the data in two distinct man-

ners. Group A analysis, which did not control for genetic factors

utilized two groups; the first composed of all the firstborn, and the

second of those listed second on the birth certificates. Group B

analysis utilized MZ and DZ twin pairs which were discordant for

smoking, thereby controlling genetic factors. “Angina pectoris,” as

defined by a certain pattern of responses to the questionnaire, was

found to be more prevalent among smokers in Group A, but this

difference was not present when the data from Group B were an-

alyzed. Malesin the first group exhibited a “hypermorbidity ratio”

49



of 1.6, while those in the second group were found to have oneof

approximately 1.1. The authors concluded that this difference be.

tween the two groups provides better support for the importance

of constitutional factors as against the importance of cigarette

smoking in the development of angina pectoris.

A similar study was done using the responses of 4,379 U.S. Vet-

eran twin pairs (approximately 60 percent of estimated available

total) who completed the mailed questionnaires (38). Cederlof, et

al. found a significantly increased prevalence of chest pain and

“angina pectoris” among smokers when Group A was analyzed,

Analysis of the smoking-discordant matched twin pairs (Group B)

revealed no association between smoking and cardiovascular symp-

toms among the monozygotic pairs. The dizygotic pair data did

show a slight association. The authors concluded that this lack of

association among the monozygotes and its presence among the

dizygotes and unmatched pairs strengthens the case for a constitu.

tional hypothesis.

A major problem in these studies is the small number of cases

available and, therefore, the statistical instability of the results,

In the Swedish study, among the 274 monozygotes, only 19 smokers

and 16 nonsmokers wereclassified as having angina pectoris while

among the 733 dizygotes, 25 smokers and 25 nonsmokers were so

classified. In neither group was the difference between the prev-

alence ratios found in the Group A analysis and that in the Group

B analysis of statistical significance. Analysis of the data on women

shows a similar lack of significance.

Similar criticisms may be made of the study which utilized the

U.S. Veteran Twin Registry. In that study, the authors observed

that the difference in the prevalence of angina pectoris between

the low-cigarette-exposure and high-cigarette-exposure dizygotic

groups was not present among the monozygotes. The authors ques-

tioned whether the excess morbidity associated with cigarette

smoking found in the dizygotic group was causal as it was not pos-

sible to reproduce the association when studying monozygotic

smoking-discordant twin pairs. As noted above, the numbersin this

study are also small so that the differences in rates do not approach

statistical significance.

Tibblin (188) has questioned the valueof a mailed questionnaire

to diagnose heart disease. The questionnaire as originally con-

structed was used and validated by interview technique alone (157,

158). Cederlof, et al. (40) conducted a study to determine the

validity of this questionnaire as a mailed instrument by personally

interviewing and examining 170 of the twin pairs whohadreplied.

Of the eight males who were diagnosed as having “angina pectoris”

by the questionnaire. four were found to be free of symptoms on
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clinical examination, while among 204 responding negatively, two

were found to have angina by clinical criteria. None of the 11

women who were diagnosed as positive by questionnaire was found

to be clinically affected, and of the 136 reporting as negative, three

had symptoms of angina pectoris.

Other majordifficulties associated with these studies include the

problems of using prevalence data in the investigation of a disease

(CHD) from which a significant number of those affected die

shortly after the onset of symptoms, the inclusion of ex-smokers

in the smoking population, and the low numbersof heavy cigarette

smokers in the Swedish population.
In general, the problems of using twin registries to study the

etiology of cardiovascular disease with mortality and morbidity
ratios in the neighborhood of 2 to 1 are much moredifficult than
in studying the etiology of bronchopulmonary disease in which the
relationships are of the order of magnitude of 4 to 1.
More recently, Friberg, et al. (69) reported on mortality data

from the Swedish Twin Registry. The authors suggested that part
of the increased mortality observed among smokers when com-
pared with nonsmokers was not due to smoking per se but to fac-
tors associated with smoking. The very small numbersof total
deaths presently available (47 deaths among 706 dizygotic pairs
and 13 deaths among 246 monozygotic pairs) do not provide a sta-
tistically stable base for deriving any conclusions at the present
time.

Hauge, et al. (87) have recently reported on the influence of
smoking on the morbidity and mortality observed in the Danish
Twin Register. Among 762 monozygotic and same-sexed dizygotic
twin pairs, angina pectoris was found to be significantly more fre-
quent in those cotwins with a higher consumption of tobacco than
in those with a lower or no consumption. A similar tendency was
observed for myocardial infarctions but was not of statistical
Significance,

Seltzer, who has been a proponentof the constitutional hypothe-
sis, in a recent review of some of the experimental, clinical, and
pathological data relating smoking and CHD, concluded that the
evidence from these areas has not “reasonably substantiated” the
“hypothesis” of the acute effect of cigarette smoking on the coro-
nary circulation, nor has the chronic effect of cigarette smoking on
the cardiovascular system been shown to be a “clear” and con-
sistent one (170). His views are contrary to those of most re-
searchers in this field.

Although the data from the twin studies are inconclusive with

regard to a role for genetic factors in heart disease, it would be
Surprising if genetic factors did not play such a role. It is open to
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question whetherfindings from twin studies can be used to distin-

guish between the hypothesis that genetic factors govern the level

of host susceptibility or resistance to the effects of an exogenous

influence such as cigarette smoking and the hypothesis that genetic
factors “cause” both heart disease and smoking.

AUTOPSY STUDIES RELATING SMOKING,
ATHEROSCLEROSIS, AND SUDDEN CHD DEATH

A numberof researchers have investigated the cigarette smoking

habits and the cardiovascular pathology of those individuals dying

suddenly from CHD andof large populations of individuals with

and without histories of overt CHD.

Spain and Bradess (175) recently analyzed the smoking habits

of 189 individuals who died suddenly and unexpectedly, apparently

from the first acute clinical episodes of CHD. The authors noted a

close correlation of a history of cigarette smoking with this type

of sudden death and also with shorter survival times following the
acute episode. This association was strongest in those persons

under 50 years of age.

The authors also observed that those surviving very short pe-

riods of time showed a notable lack of intracoronary artery throm-

bi at autopsy and that the frequency of thrombi present increased

with increasing survival time. They suggested that thrombi found

at autopsy may be the result rather than the cause of certain

instances of myocardial infarction, particularly of lesions showing

subendocardial necrosis. This finding is of significance in the study

of the effect of smoking on myocardial metabolism and oxygen

supply and demand rather than on thrombus or platelet plug

formation.

While the autopsy study of Spain and Bradess (175) concerned

sudden death among smokers, other autopsy studies from various

countries have been directed towards the relationship of cigarette

smoking to the presence of atherosclerotic disease in the aorta and

coronary arteries. These are concerned with the long-term effects

which smoking has on the cardiovascular system and are sum-

marized in table 19. The studies of Auerbach, et al. (12), Avtan-

dilov, et al. (12), Sackett, et al. (165), and Strong, et al. (182)

found that aortic and coronary atherosclerosis were more common

and more severe among smokers than among nonsmokers. Auerbach,
et al. (12) noted that this relationship persisted when the cases

were matched for both age and cause of death or when the follow-

ing cases were excluded; men with a history of diabetes; men who

had died of any type of heart disease; and men whose hearts

weighed 400 grams or more. Sackett, et al. (765) found that the
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(Figures in parentheses are number of individuals in that smoking category)!

[SM = smokers NS = nonsmokers]

 

 

 

Author,
year, Autopsy Data

country, population collection Cigarettes per day Conclusions Comments

reference

Wilens 989 consecutive Routine clinical Severity of aortic sclerosis The authors conclude that Smoking data unavailable

and Plair, male autopsies records of Above average Average Below average in 60 percentof cases, the for 120 cases.

1962, at New York previous and NS wi. ee sees 9.9(161) 60.2 29.8 degree of sclerosis at Each aorta specimen given

U\S.A. City VA present <20 . 19.1(152) 63.2 17.8 autopsy was commen- an “atherosclerotic age”

(214). hospitals. admissions. 20-30 .... ee eee 26.4 (288) 62.5 11.1 surate with age of patient, by comparison witha

>30 coerce e F25.1(199) 61.3 $13.6 regardless of smoking standard, If ‘‘athero-

habits. In the remaining sclerotic age’ was found

40 percent there is evi- to be 10 years more than

dence that cigarette real age, the aorta was

smoking may be asso- said to show above-

ciated with an above- averagesclerosis.

average degree of aortic tp<(0.001 comparing 9.9

sclerosis. with 25.1 and 29.8 with

13.6.

Auerbach, 1,372 autopsies Interview with Degree of coronary artery atherosclerosig (overall age- The authors conclude that

et al., of male next of kin. adjusted results) the percentage of men

1965, patients in No athero- with an advanced degree of

U.S.A. Orange, New sclerosis Slight Moderate Advanced coronary atherosclerosis

(12). Jersey, VA NS vee ee BB (69) 57.3 21.8 15.3 was higher amongciga-

hospital for Current rette smokers than among

whom smoking cigarette nonsmokers and that the

habit data were <20 .....,2.6(139) 30.9 37.3 29.2 percentage increased

available and 20-39 ....0.8(299) 19.7 42.1 37.4 with amountof cigarette

whodid not >40 ......0.6(144) 18.1 35.4 45.9 smoking. This relation-

have overt CHD ship persisted even

at death. when cases were matched

for age and cause of

death.

 

1 Unless otherwise specified, disparities between the total number of in-

dividuals and the sum of the individual smoking categories are due to the

exclusion of either occasional, miscellaneous, mixed, or ex-smokers.
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TABLE 19.—Autopsy studies of atherosclerosis (cont.)

(Figures in parentheses are number of individuals in that smoking category )+

[SM = smokers NS = nonsmokers]

 

 

 

Author,
year, Autopsy Data

country, population collection Cigarettes per day Conclusions Comments

reference

Avtandilov, 259 male and Not specified, Comparative size of mean area of atherosclerotic lesions The author concludes that Causes of death 96-athero-

1965, 141 female but there were: in inner coat of coronary arteries. the worst changes were sclerotic, 102-accidental,

Russia autopsies. 180 SM and Right coronary artery Left coronary artery foundin theleft and 202-various diseases.

qs). 220 NS. SM NS SM NS right coronary arteries {T-test for significance

30-39 .. $15.5 (30) 1.8 (32) $6.3 2.2 with less severe changes of difference between

40-49 .. 23.6 (34) 11.5 (27) 15.8 4.4 in circumflex artery meansis significant

50-59 .. 136.3 (39) 14.8 (39) $27.9 9.9 and aorta. at p<0.05 level.

60-69 .. $31.9 (32) 23.8 (36) $26.5 22.5

70-79... 41.9(18) 31.7 (36) 26.1 35.8

Sackett, 893 total, Patient The results concerning aortic atherosclerosis are given in The authors conclude that

etal. including 433 interview on form of figure presentation of ridit-analysis. among males, “... &

1968, male and 450 admission.
large increase in the

ULS.A. female (white)
severity of aortic athero-

(165). patients autop-
sclerosis occurred in the

sied at Roswell

Park Memorial

Hospital.

Representsall

deaths 1956-1964

exclusive of 81

male pipe and

cigar smokers

and 55 incom-

pletefiles.

1 Unless otherwise specified, disparities between the total number of in-

dividuals and the sum of the individual smoking categories are due to the
exclusion of either occasional, miscellaneous, mixed, or ex-smokera.

groups using either ciga-

rettes only or both ciga-

rettes and alcohol as

compared with the group

using neither cigarettes

nor alcohol... there

was only a small and

statistically insignificant

difference between the

group using cigarettes

alone andthe group using

both cigarettes and alcohol,

...” The severity of

aortic atherosclerosis

increased with increasing

use of cigarettes, when

measured both by in-

tensity and by duration

of smoking.
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TABLE 19,-Autopsy studies of atherosclerosis (cont.)
(Figures in parentheses are number of individuals in that smoking category)!

[SM = smokers NS = nonsmokers]

 

 

 

Author,
year, Autopsy Data

country, population collection Cigarettes per day Conclusions Comments
reference

Viel 1,150 males Interview with The results concerning internal fibrous streaks and fatty The authors conclude that:

et al., and 290 relatives. plaques in the left anterior descending coronary artery ‘‘No relationship be-

1968 females who are reported in graphic form only, An examination of tween atherosclerotic

Chile died violently this data indicates that the moderate and heavy smokers lesions and theuse of

(200), in 1961-1964. appeared to show consistently higher percentages of tobacco wasdiscernible.”

Smokinginfor- diseased areas than the nonsmokers. But the statement

mation avail- of the authors implies that these differences were not

able only on statistically significant when subjected to an analysis

566 males. of variance.

Strong 747 males 20— Interview with Basal Group (excluding diseases related to smoking or The authors conclude that: This report concerns only

etal, 64 years of next of kin CHD). Mean percentage of coronary artery internal ‘Atherosclerotic in- ages 25-64.

1969 age autopsied within 8 weeks surface involved with raised lesions (number of cases). volvementof aorta and Nodata onstatistical

U.S.A. betwen 1963— of death. White coronary arteries is significance provided.

(182). 1966 at Charity 25-84 S5—-44 45-54 55-64 greatest in heavy

Hospital in NS ooo eee eee ee eee 2 (5) 19(14) 20 (6) 80(11) smokers andleast in

New Orleans. 1-24 cigarettes/day . 9(14) 17(10) 26(16) 39 (7) nonsmokers.”

>25 cigarettes/day --12 (9) 31(14) 26(25) 3920)

Negro

NS woe eee ee ee ees 414) 8 (8) 16011) 17(14)

1-24 cigarettes/day .... 3(39) 11(31) 14(30) 28(22)

>25 cigarettes/day --17(10) 14017) 29082) 16 (11)
 

1Unless otherwise specified, disparities between the total number of in-

dividuals and the sum of the individual smoking categories are due to the

exclusion of either occasional, miscellaneous, mixed, or ex-smokers.



severity of aortic atherosclerosis, as measured both by intensity
and duration, increased with increasing use of cigarettes and that
this dose-relationship persisted when the patients were matched
for the consumption of alcohol. On the other hand, Viel, et al.
(200) concluded from their study of accidental deaths in Chile
that “no relationship. between atherosclerotic lesions and the use
of tobacco wasdiscernible.” Examination of the data (provided in
graph form only) indicates that heavy smokers showed consistently
higher percentages of diseased areas than nonsmokers, but appar-
ently these differences were not statistically significant when sub-
jected to an analysis of variance.

Thus, in addition to the acute effects which smoking exerts on
cardiovascular physiology, cigarette smoking is associated with a
significant increase in atherosclerosis.

EXPERIMENTAL STUDIES CONCERNING THE
RELATIONSHIP OF CORONARY HEART DISEASE

AND SMOKING

Several areas of interest in cardiovascular pathophysiology have
been investigated in the search for the mechanisms by which ciga-
rette smoking contributes to cardiovascular disease, particularly
coronary artery disease. Previous Public Health Service Reviews
(191, 192, 198, 198) have described in detail and commented on
the results of experiments by many teamsof researchers.

Central to the discussion which follows is a concept of cardiac
physiology which provides a framework for analysis and under-
standing of the varied research. That concept concerns the dynamic
balance between myocardial oxygen need and supply.

CARDIOVASCULAR EFFECTS OF CIGARETTE SMOKE AND NICOTINE

The inhalation of tobacco smoke or the parenteral administra-

tion of nicotine has been found by manyresearchers to be asso-

ciated with a number of specific acute cardiovascular responses.
These responses have been observed in human as well as animal
subjects, including increased heart rate, blood pressure, cardiac

output, stroke volume, velocity of contraction, myocardial contrac-

tile force, myocardial oxygen consumption, arrhythmia formation,

and electrocardiographic or ballistocardiographie changes (tables

A20 to A22). The effect of these responses on coronary blood flow

will be discussed in a following section.

That the acute effects observed following the inhalation of ciga-

rette smoke are due primarily to the nicotine present in the smoke

may be seen in the results of a numberof experiments. In humans,

Irving and Yamamota (89) and Von Ahn (202) duplicated the
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effects of cigarette smoking by the administration of nicotine intra-

venously. Similar results in animals were noted by Kien and

Sherrod (712).

The mechanism by which cigarette smoke and hence nicotinein-

duces these changes has been of interest to numerous investigators.

Nicotine has long been known as a stimulator of both sympathetic

and parasympathetic ganglia. Research has centered, therefore, on

the function of catecholamines, mainly epinephrine and norepi-

nephrine, as mediators, of these responses. Using isolated rabbit

atrial myocardium, Burn and Rand (85) noted that the prior ad-

ministration of reserpine to the perfusate blocked the increased

rate and amplitude of contraction seen following the administra-

tion of nicotine. West, et al. (208) showed that the in vivo cardiac

stimulating effect of nicotine was blocked by tetraethylammonium

chloride. Leaders and Long (125), Romero and Talesnik (156),

and, more recently, Ross and Blesa (160) have all demonstrated

this blockade in animals using agents such as pentolinium, hexa-

methonium, guanethidine, and reserpine.

More direct evidence of the catecholamine-releasing effect of

nicotine has been found by Watts (203) and Westfall, et al. (209,

210, 211) (table A22). Among animal subjects, nicotine adminis-

tration and the inhalation of the smoke of standard cigarettes

caused significant increases in peripheral arterial epinephrine lev-

els, while cornsilk cigarette smoke inhalation evoked no such

change. In humans, cigarette smoking was found to be associated

with a significant increase in urinary epinephrine excretion,

The source of these nicotine-released catecholamines, particu-

larly those which mediate the immediate and local cardiac re-

sponses to intracoronary injections of nicotine, is felt to be the

myocardial chromaffin tissue (35, 160). The more widespread

effects are most probably mediated by hormones released from the

adrenal gland.

According to recent research of Saphir and Rapaport, catechol-

amine release may not be the sole mediator of these responses
(166). These investigators reported that intra-arterial injections

of nicotine into the mesenteric circulation of cats were followed

within 1 to 2 seconds by enhanced myocardial performance, in-

creased left ventricular systolic pressure, and increased systemic

resistance. Sectioning of the mesenteric afferent nerves led to a

diminished response. The authors concluded that the cardiovascu-

lar response to nicotine may also be neurogenic in nature. Nadeau

and James (142) injected nicotine directly into the sinus node

artery of dogs and noted an initial bradycardia, due probably to

direct vagal stimulation, followed by tachycardia, due probably to

catecholamine release.
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That the presence of nicotine may predispose the myocardium,
particularly a hypoxic or previously damaged myocardium,to ar-
rhythmia formation is suggested by the research of Balazs, et al.
(16), Bellet, et al. (21), and Greenspan, et al. (74). Balazs pro-
duced myocardial lesions in dogs either by pretreatment with iso-
proterenol or ligation of the anterior descending coronary artery.
It was found that while normal animals did not develop arrhy-
thmias upon challenge with small doses of intravenous nicotine,
the animals with damaged myocardiums responded with increased
arrhythmia formation shortly after their spontaneous arrhythmias
had ceased. Morerecently, Bellet, et al. (20) studied the effect of

cigarette smoke inhalation on the ventricular fibrillation threshold

in anesthetized dogs. They observed a statistically significant de-

crease in the threshold following smokeinhalation. Greenspan,et

al. (74), using isolated dog right ventricular myocardium, ob-

served that nicotine perfusion increased the automaticity of the

Purkinje fibers system and decreased the conduction velocity. The

authors consider that these two nicotine-induced effects probably

predispose the myocardium tothe initiation of arrhythmias.

CORONARY BLOOD FLOW

Studies in animals and humans (tables A20, A21) have noted

alterations in coronary blood flow (CBF) following the inhalation

of cigarette smoke or the administration of nicotine. Generally,

exposure of the normal subject to these agents results in an in-

crease in flow. Kien and Sherrod (112), Leb, et al. (126), Ross

and Blesa (160), Travell, et al. (189), and West et al. (208),

working with normal animals, and Bargeron, et al. (17), working

with normal humans, have demonstrated this response. As with

the other cardiac responses to the administration of nicotine, it has

been found that the augmentation in CBF is most probably due to
the release of catecholamines. Using instantaneous coronary arte-

rial flow measurement in dogs, Ross and Blesa (160) were able to

reproduce the effects of intracoronary nicotine with the adminis-

tration of epinephrine and wereable to block the responseto nico-

tine by pretreatment with pentolinium.

The direct action of catecholamines on the coronary arteries

may not, however, be solely responsible for the increase in CBF

seen with cigarette smoking and intravenous nicotine administra-

tion. It appears that the catecholamine-induced increase in myo-

cardial work and therefore in myocardial oxygen requirementis a

prerequisite for the increase in CBF. Kien and Sherrod (112),

using tracheostomized dogs, found that without blood pressure and

cardiac output changes CBF did not increase following either the

inhalation of cigarette smoke or the administration of nicotine
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intravenously, although CBF did increase following such changes.

Recent work by Leb, et al. (126) has utilized Rb* as a radioactive

marker in order to distinguish capillary flow from overall total

CBF. The authors consider that this capillary flow represents that

portion of CBF which is effectively involved in nutrient and

oxygen exchange. The researchers observed that the increase in

effective coronary flow was almost proportional to the nicotine-

induced increase in myocardial oxygen consumption. However, the

increase in total coronary flow which may be due to increased

myocardial shunting was far in excess. Thus, the increased work

evoked by the effect of nicotine on the myocardium may induce

local hormonal release in the myocardium and coronary vessels

leading to coronary vasodilatation and increased CBF.

This homeostatic response to increased work appearsto be fully

effective only in the subjects with normal coronary arteries. Bellet,

et al. (22), working with normal dogs and dogs that had under-

gone either coronary artery ligation or artificially-induced coro-

nary artery narrowing, noled that the increase in CBF following

the intravenous administration of nicotine was significantly less
among the animals with coronary insufficiency. Work with humans

discussed above has revealed a similar increase in CBF with smok-

ing in normals. Regan,et al. (154) studied seven men with EKG-

proven myocardial infarction and observed that cigarette smoke

evoked slight increases in myocardial oxygen consumption in only

three patients and caused no overall rise in CBF. A number of

other investigators have noted that patients with overt CHD do
not respond to the stimulus of cigarette smoke as readily as do

normals (67, 149, 164).

Thus, patients with compromised coronary circulation may not

be capable of increasing their coronary flow in the face of the in-

creased demands of a myocardium stimulated by nicotine or ciga-
rette smoke. In the normal state, the heart responds to increased

oxygen demands by increasing coronary flow because even at rest

oxygen extraction is almost at a maximal level. Any further in-

crease in extraction may produce coronary sinus pO, values incom-

patible with proper tissue oxygenation.

CARDIOVASCULAR EFFECTS OF CARBON MONOXIDE

Carbon monoxide (CO) is a colorless and odorless gas, low

levels of which have significant effects on human and animal physi-

ology which are just now beginning to be understood, According

to Wynder and Hoffmann (215), it is present in cigarette smoke

in concentrations of approximately 2.9 to 5.1 percent. The concen-

tration of CO in smoke is subject to many factors, among them
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the type of tobacco and the porosity of cigarette paper. Thecon.
centration of CO in smokehas been found to increase significantly
toward the last puffs of the cigarette.

According to Chevalier, et al. (41 ), a concentration of approx.
mately 4 percent CO in cigarette smokewill produce alveolarlevels
of around 0.04 percent which, equilibrated with hemoglobin, result
in carboxyhemoglobin (COHb) concentrations of from 3 to 10 per.
cent. A number of investigators have compared COHblevels in
smokers and nonsmokers. Goldsmith and Landaw (73) reported
the analysis of expired air samples obtained from 3,311 longshore.
men. Using a regression analysis, they calculated the concentra.
tion of COHb and found that nonsmokers showedlevels of 1.2 per.
cent while those smoking over 2 packs per day had levels of 6.8
percent and that smokers of lesser amounts had intermediate
levels. Occupational exposure accounted for the mean nonsmokers’
level being over 1.0 percent, an unusual finding in comparison with
other studies. Kjeldsen (113) interviewed and obtained blood
samples from 934 CHD-free smokers and nonsmokers. The mean
COHblevel for 196 nonsmokers was 0.4 percent while all inhaling
smokers had a meanlevelof 7.3 percent. All 416 cigarette smokers,
regardless of inhalation or amount smoked, showed a mean level
of 4.0 percent.

Carbon monoxide has many varied and Significant effects on
human physiology. An overall review of these effects may be found
in a discussion by Lilienthal (127) or more recently in an exten-
sive review by the United States Public Health Service National
Air Pollution Control Administration (7 94). Apart from its effects
on respiratory and circulatory function, CO has been found to
affect certain central nervous system functions adversely. These
effects are probably due to interference by CO with the proper
oxygenation and oxidative metabolism of the tissue in question.
CO interferes with oxygen transport in a variety of ways. First,

the affinity of hemoglobin for CO is approximately 200 times
greater than its affinity for oxygen, and thus CO can easily dis-
place oxygen from hemoglobin. Second, CO shifts the oxyhemo-
globin dissociation curve. By increasing the avidity with which
oxygen is bound by hemoglobin, CO interferes with O, release at
the tissue level. This is of greatest importance at the tissue level
where the oxygen content of the capillary blood has been reduced
to approximately 40 percent saturation. Here the shift can sub-
stantially decrease the oxygen tension supplying the tissues.

Third, and of more recent note, is the possible interference by
CO with the homeostatic mechanism by which 2, 3-diphosphogly-
cerate (2, 3-DPG) controls the affinity of hemoglobin for oxygen.
Bunn and Jandl (34) have recently reviewed the various experi-
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ments concerning this glycolytic intermediate. The question of

whether the low levels of CO present in the blood of smokers can

affect this homeostasis is presently under investigation (29, 143),

and firm conclusions cannot be drawn at this time.

Apart from its effect on hemoglobin affinity, CO appears to
induce arterial hypoxemia, and this may act as an additional cause
of tissue hypoxia. Ayres, et al. (74, 15) observed unexpectedly that
exposure of individuals to CO sufficient to raise their levels of
COHb to between 5 and 10 percent was associated with a signifi-
cant fall in arterial pO.. Greater fall in venous pO. was noted,
but this was considered secondaryto increased tissue extraction.

In a recent article, Brody and Coburn (30) suggested that this

COHb-induced arterial hypoxemia was due to the interaction of a
number of factors. These authors noted that in the presence of
veno-arterial shunts or of an imbalance in the ventilation-perfu-
sion ratio, the shift in the oxyhemoglobin dissociation curve in-

creased the alveolar-arterial O. gradient and resulted in arterial

hypoxemia. The presence of shunts as smal] as 2 percent of cardiac

output as well as of approximately 10 percent COHb was found

to cause an increase in the gradient. Such ventilation-perfusion

(V/Q) abnormalities have recently been noted even in asymp-

tomatic smokers (see Chapter on Chronic Obstructive Broncho-

pulmonary Disease). The increased levels of COHb found in the
blood of smokers may interact with these V/Q abnormalities to
further decrease available oxygen.

In normal individuals, coronary flow can increase to meet the
increased oxygen demands of a stressed myocardium (as that
under nicotine stimulation), while in individuals with severe CHD
coronary flow cannot respond as readily. In such cases, myocardial
oxygen extraction must be increased above the almost maximal
extraction found at rest. Any interference with arterial oxygen
levels or hemoglobin affinity could very well decrease available
oxygen supplies below the level required for proper tissue func-
tion. That this occurs is suggested by the experiments discussed
below.

Chevalier, et al. (41) exposed 10 young nonsmokers to CO con-
centrations sufficient to induce COHb levels of approximately 4
percent, Taking measurements from blood specimens obtained at
cardiac catheterization under resting and exercise conditions, the
authors noted that the ratio of oxygen debt to oxygen uptake in-
creased significantly under conditions of increased COHb. Accord-

ing to the investigators this implied that the same work was being
done at a greater metabolic cost. These same authors (121, 122)
had previously noted similar findings among smokers and observed
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that cessation of smoking was associated with a significant im.
provement in oxygen debt accumulation.

More recent work by Ayres, et al. (15) has focused on the dif.
ference in response to CO exposure between 7 normals and 4 pa-
tients suffering from CHD (proven arteriographically) . The induc.
tion of a COHb concentration of approximately 9 percent in the
normals was followed by an increase in coronary blood flow, a
decrease in hemoglobin-oxygen percent extraction and no change
in myocardial oxygen consumption, coronary sinus oxygen tension,
and lactate and pyruvate extraction ratios. The induction of simi-
lar COHblevels in the CHD patients was followed by no change
in coronary blood flow, a decrease in the hemoglobin-oxygen ex-

traction ratio, and no change in myocardial oxygen consumption,
However, these patients did manifest a decrease in coronary sinus
pO, as well as a decrease in lactate and pyruvate extraction. The
latter measures indicate that the myocardium was functioning
under hypoxic conditions. Because the coronary flow could not in-
crease and because the myocardium could not extract O. from
HbO,which was underthe influence of CO, coronary sinus oxygen
tension decreased to a point which could inactivate certain oxida-
tive enzyme processes. Thus, the myocardial function of persons
with CHD may be unable to compensate for the stresses induced
by smoking.

Although COHblevels resulting from the CO present in the

atmosphere during pericds of high air pollution are much lower
than those due to the inhalation of cigarette smoke, these concen-
trations of COHb might contribute to the manifestations of CHD.

Cohen,et al. (44) studied the case fatality rates for patients ad-

mitted to 35 Los Angeles area hospitals with myocardial infarction
in relation to atmospheric CO pollution. The authors observed an
increased MIcasefatality rate in areas of increased pollution, and
then only during periods of relatively increased CO pollution.

An area of interest which has been discussed in previous reports

concerns the presence of hydrogen cyanide in tobacco smoke.

According to Wynder and Hoffmann (215), the amount present

ranges from 11 to 32 micrograms HCN perpuff. It is known that

a significant amount of this material is detoxified to thiocyanate

and excreted as such in the urine or saliva. However, cyanide is a

potent inhibitor of oxidative metabolism. Such inhibition of myo-

cardial oxidative metabolism may be of importance when combined

with the other factors mentioned above which tend to decrease the

oxygen supply available and increase the need for oxygen on the

part of the myocardium.
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EFFECTS OF SMOKING ON THE FORMATION OF

ATHEROSCLEROTIC LESIONS

A number of autopsy studies have demonstrated a significant

association between cigarette smoking and the presence of aortic

and coronary artery atherosclerosis, even in men without a his-

tory of clinical CHD. The possible pathophysiologic mechanisms

for the atherogenic influence of cigarette smoking are discussed

in this section.

A number of investigators have studied the effect of nicotine

administration, either subcutaneously or intravenously, upon athe-

rosclerotic changes in the aorta and coronary arteries of animals

(table A283). When administered alone, nicotine induces certain

necrotic changes in the arterial wall. However, in combination

with the administration of increased amountsof cholesterol] in the

diet, nicotine aggravates either subendothelial fibrosis (75) or

definite atheromatous lesions (46, 75, 80, 130, 178). Studies by

Choi (42) and by Wenzel, et al. (207) did not demonstrate this

synergism between cholesterol and nicotine.

The other major cigarette smoke component under discussion

in this chapter, carbon monoxide, has also been recently implicated

in atherogenesis. Table 24 presents the studies which haverelated

exposure to CO in combination with increased dietary cholesterol

to both macroscopic and microscopic aortic and coronary athero-

matosis. Astrup, et al. (10) exposed cholesterol-fed rabbits to CO

continually over a period of up to 10 weeks. The experimental

group showed increased aortic atheromatosis over that shown by

the control group, also cholesterol-fed. Kjeldsen, et al. (114)
observed that exposure of rabbits to increased oxygen concentra-

tions significantly reduced the amount of cholesterol-induced

atheromatosis in rabbits. Most recently, Webster, et al. (204) have

extended this research to primates. These investigators found that

cholesterol-fed squirrel monkeys developed significantly more

coronary artery atherosclerosis when exposed intermittently to CO

over a 7-month period than when exposed only to room air.

Recent discussion has centered on the mechanisms whereby CO
can induce these changes (9, 212). Astrup (9), referring to pre-

vious experiments in humans which had shown increased vascular

permeability for albumin upon chronic exposure to CO (11), con-

siders it likely that this increase in permeability allows for in-
creased filtration of lipoproteins into arterial walls. This, he con-

siders, is a primary cause of intimal and medial lipid accumulation

and, therefore, of atherosclerosis.

Another point of view has been stressed by Whereat (212), who

considers the filtration theory to be an inadequate hypothesis for
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TABLE 24,—Experiments concerning the atherogenic effect of carbon monoxide exposure and hypoxia
 

 

 

 

 

Author,
year, Number and

country, type of animal Procedure Results
reference

Astrup 24 female Regular diet plus 2 percent The experimental group exposed to carbon monoxide showed increased macro- and
etal., albino rabbits. cholesterol: mieroscopic aortic atheromatosis over that shown by control animals. Micro-
1967 I. (12) control. scopic examination revealed intimal lipoid deposition limited in penetration by
Denmark TI. (12) continual exposure to the internal elastic membrane. Coronary vessels were found to show similar
(70). carbon monoxide: changes. Carboxyhemoglobin. (COHb) levels averaged 15-19 percent during the

0.017 percent for 8 weeks. first 8 weeks and 33 percent during the final 2 weeks.
0.035 percent for 2 weeks.

Kjeldsen 24 castrated male Regular diet plus 2 percent The experimental group exposed to hypoxia showed increased macroscopic aortic
etal, albino rabbits, cholesterol: atheromatosis over that shown by control animals. Microscopic examination re-
1968, T, (12) control. vealed more intimal and subintimal lipid deposition in the aortas of the exposed
Denmark H, (12) continual exposure. rabbits than in those of the nonexposed. The total amount of cholestero! de-
(117). to hypoxia: posited in the aortas of the experimental group was three times higher than in

10 percent-0, for 6 weeks. those of the control group.

9 percent 0, for 2 weeks,

Kjeldsen 24 castrated male Regulardiet plus 2 percent Macroscopically, the experimental group showed significantly fewer atheromatous
etal. albino rabbits. cholesterol: changes. Microscopically, the experimental group showed significantly less aortic
1969, I. (12) control. intimal lipid deposition.
Denmark II, (12) exposure to 28 percent

(114). 0 for 10 weeks,

Webster 22 female squirrel Diet containing 0.5 percent The experimental group exposed to carbon monoxide showed a greater mean per-
et al., monkeys. cholesterol and 25 percentfat: centage of coronary arteries with atherosclerotic lesions and more lumen occlu-
1970, I. (10) eontrol. sion among the affected arteries. There were significantly more CO-treated
U.S.A. Il. (12) experimentally exposed to monkeys than control monkeys having 35 percent or more apparent athero-
(204). 200-300 p.p.m. carbon monoxide sclerotic stenosis among the affected arteries. Aortic atherosclerosis was appar-

for 20 hours per week for 7

months.
ently not aggravated by exposure to CO. COHb levels at the end of each exposure
period averaged 16-26 percent during the final 24 weeks of the experiment.
 



mural lipid accumulation. The author notes that when the oxida-

tion of the pyridine nucleotide, nicotinamideadenine dinucleotide

(NAD), is impaired, the reduced form of this nucleotide (NADH)

provides an essential factor for fatty acid synthesis. Fatty acid

synthesis in the aorta and heart is carried out by mitochondrial

enzymes whose hydrogen donor is NADH. Substances which slow

or impair the reoxidation of this compound tend to increase mito-

chondrial fatty acid synthesis (and decrease fatty acid utilization)

in the arterial wall. Carbon monoxide prevents this oxidation proc-

ess both directly and indirectly. Indirectly, it decreases the oxygen

available for diffusion into the tissue. Directly, carbon monoxide
can stall the process of NADH oxidation by combining with cyto-

chrome oxidase. Further research is required into this problem,

particularly in view of the fact that cyanide is also a respiratory

chain inhibitor and thus mayalso adversely affect arterial wall fat

metabolism.

THE EFFECT OF SMOKING ON SERUM LIPID LEVELS

In the discussion concerning the epidemiological aspects of CHD,

it was noted that increased serum cholesterol was a significant

risk factor for the development of overt CHD. Serum triglycerides

have also been related to CHD incidence. Of concern also is the
immediate effect which cigarette smoking has upon blood lipid

levels.

The studies concerning this immediate effect are presented in

tables A25 and A25a. The table is divided into a section concern-

ing studies on humans (table A25) and one concerning studies

utilizing animals or in vitro systems (table A 25a). Although no

consistent response was noted for serum cholesterol, serum free

fatty acids were found consistently to rise following smoking. As

with other cardiovascular reactions to nicotine and smoking, it

appears that the fatty acid response is also mediated by catechol-

amine release. This relationship has been observed in a number

of experiments by Kershbaum,et al. (105, 106, 108, 109, 110) and

Klensch (118). That nicotine is primarily responsible for this rise

May be seen by reference to the study by Kershbaum,et al. (105)

in which lettuce-leaf cigarettes of minimal nicotine content had a

negligible effect upon serum free fatty acids in comparison with

that of regular cigarettes.

; While attention has been centered upon nicotine as the agent
Inducing the immediate increase in serum lipids, recent studies

have been concerned with the effect of chronic exposure to carbon

monoxide on serum lipid metabolism. These studies are listed in

table A26. Among rabbits fed increased amounts of cholesterol,
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the authors observed significant increases in cholesterol and tri.
glyceride concentrations in those exposed to CO versus thoge
maintained in a normal atmosphere.

THE EFFECT OF SMOKING ON THROMBOSIS

In the study of CHD, a number of investigators have turned
their attention to thrombosis because myocardia] infarction and
sudden coronary death frequently result from thrombotic events,
A thrombus maybeof either gross or microscopic dimensions, and
a minute thrombusat a strategic site may precipitate a fatal ar.
rhythmia. However, thrombotic and prethrombotic states are dif.
ficult to detect except when gross, and the emphasis has been pri-
marily on factors which can be studied conveniently. Coagulation
is now thought to have a secondaryrole in the consolidation of an
arterial thrombusandlittle if any in initiating the process. The
prime mechanism in thrombogenesis appears to be the reaction of
the platelet. Several papers have been written about platelet re.
activity in vitro but few about the effect of smoking on platelet
behavior in vivo. The assay of fibrinolysis, which mayalso be im-
portant, has received scanty treatment. The relevant studies are
listed in table A27. Manyof these are discussed in the 1968 sup-
plement (192) and by Murphy (140). Corroborative data arestil]
inconclusive as to whether smoking shortens platelet survival.

OTHER AREAS OF INVESTIGATION

Certain other aspects of cardiovascular pathophysiology may be
of importancein the relationship of smoking to CHD. Glucose me-
tabolism and insulin response, when altered, may alter myocardial
response. This topic has been covered in detail in the 1968 Supple-
ment to the Health Consequences of Smoking (192). Also, varia-
tions in blood hemoglobin and hematocrit may adversely affect
coronary blood flow. A number of studies showing a possible rela-
tionship of smoking to hemoconcentration have been reviewed pre-
viously (791, 192), and the readeris referred to those discussions.

CEREBROVASCULAR DISEASE

The term cerebrovascular disease (CVD) refers to a numberof
different types of vascular lesions affecting the central nervous
system: subarachnoid hemorrhage, cerebral] hemorrhage, cerebral
embolism, and thrombosis (ICD Codes 330 to 334), In 1967 in the
United States, a total of 93,071 males and 109,113 females were
listed as dying from CVD as the underlying cause (196).

Epidemiological studies indicate that cigarette smoking is asso-
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ciated with increased mortality from cerebrovascular disease,

whether CVDis listed as the underlying oras a contributory cause

of death. Table 28 presents the results of the seven major epidemi-

ological studies. The smoking of pipes and cigars does not appear

to increase significantly the risk of dying from CVD. The impor-

tance of high blood pressure and diabetes as risk factors for mor-

tality from CVD hasrecently been noted by Hammond and Gar-

finkel (76). The data from their study, as presented in table 28,

also indicate that the mortality ratio for cigarette smokers is

greater for persons under 75 years of age than for older

individuals.

Many of the pathophysiologica] considerations discussed in the

sections concerning CHD mayalso pertain to the relationship of

smoking and CVD,particularly cerebral infarction.

In a study reported by Kuhn (123), 20 habitual smokers re-

frained from smoking for one-half day, and base line retrograde

brachiocerebral angiograms were taken; they then smoked one

cigarette, inhaling deeply, and had repeat angiograms. Those over

60 years of age failed to have significant acceleration of flow as

demonstrated in carbon dioxide inhalation experiments.

More recently, Miyazaki (132) studied the effect of smoking

on the cerebral circulation of 12 moderate/heavy cigarette smokers

as measured indirectly using an ultrasonic Doppler technique to

record internal carotid artery flow. Measurements were made be-

fore and after ordinary smoking and showed an increase in cere-

bral blood flow and a decrease in cerebral vascular resistance in

all subjects. No significant difference in response was observed

between the 4 younger and 8 older (over 60 years of age) subjects.

More research is needed to clarify the role of cigarette smoking

in the acute pathogenesis of CVD manifestations. However, the

chronic effect of smoking upon the cerebral circulation (particu-

larly its extracranial portion) is likely to be similar to the effect

of smoking upon the aortic and coronary atherosclerosis.

NON-SYPHILITIC AORTIC ANEURYSM

Aortic aneurysm is an uncommon but not rare cause of death.

In 1967 in the United States, a total of 8,448 men and 3,173 women

were listed as dying from aortic aneurysm as the underlying cause

(196). Cigarette smoking appears to increase the risk of dying

from this disease, perhaps by promoting the atherosclerotic proc-

ess which underlies this type of aneurysm. Asillustrated in table

29, the mortality ratios for cigarette smokers are high relative to

other cardiovascular diseases in which smokingincreasestherisk,

and the risk increases in proportion to the amount smoked.
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9 TABLE 28.—Deaths from cerebrovascular disease related to smoking

(Mortality ratios—actual number of deaths shown in parentheses)!

(SM = smokers NS = nonsmokers]

 

PROSPECTIVE STUDIES
 

 

 

 

 

Numberof
Author, Follow- deaths due Pipesyear, Number and Data up to CVD as Cigarettes per day and Age variation Commentscountry, type of collection years underlying cigars
reference population cause

Hammond 187,783 white Questionnaire 3% 1,050 NS .....,..1.00 (164) t(p<0.01).and Horn, males in9 and follow- Cigarettes
1958, states 50-69 up of death SM_......£1.30 (556)
U.S.A. years of age. certificate. Other SM ..1.25 (330)
(77, 78). Cigarettes only

<0 ...0.., 1.24 (41)

10-20 ......1.44 (140)

20 ........1.46 (83)

Doll and Approximately Questionnaire 10 605 NS .........1.00
Hil, 41,000 male and follow- ANISM ......1.05
1964, British up of death All
Great physicians. certificate. cigarette 1.12
Britain 1-14 ......1.10
(50). 15-24 eee 1.09

25 14... 126

Kannel 5,127 males Medical 12 130 NS .........4.00

©

(5) Data apply onlyetal., and females examination Heavy SM to males 30-591965 30-59 years and follow- (20)... .3.23 (8) years of ageU.S.A. of age, up.
at entry.

(96),
Data apply only

to cerebral

infarction.
 

1 Unless otherwise specified, disparities between the total number of deaths
and the sum of the individual smoking categories are due to the exclusion of
either occasional, miscellaneous, mixed, or ex-smokers.



6
9

TABLE 28.—Deaths from cerebrovascular disease related to smoking (cont.)

(Mortality ratios—actual number of deaths shown in parentheses)?

[SM = smokers NS = nonsmokers]

 

 

 

 

PROSPECTIVE STUDIES

Numberof .
Author, deaths due Pipes
year, Number and Data Follow- underlying Cigarettes per day and Age variation Comments

country, type of collection up years to CVD as cigars
reference population cause

Kahn, U.S. male Questionnaire 814 2,008 NS ..1.00 (614) Pipes

1966, veterans and follow- All SM ..1.06 (82)

UVS.A. 2,265,674 up of death current ....1.30(1,894) NS ..1.00(614)

(93). person certificate. Current Cigars

years. cigarettes ..1.52 (692) NS ..1.00(614)
1-9 --1.51 (98) SM ..1.08(135)

10-20 «1.42 (325)

21-39 1.70 (215)

>39 ~1.59 (37)

Hammond 358,534 males Questionnaire 6 4,099 Current tBased on only

and 445,875 and follow- regular Males 5-9 deaths.

Garfinkel, females 40-79 up of death cigarette 40-49 50-59 60-69 70-79

1969, years of age certificate. Never

U.S.A. at entry. smoked 1.00 1.00 1.00 1.00

(76). 1-9 «2.79 1.95 1.30 0.95

10-19 .114 1.48 $1.44 0.92

20-39 .....2.21 2.03 1.62" 1.22

>40 1.2... 1.64 2.40 1,72 $0.68

Females

Never

smoked 1.00 1.00 1.00 1.00

1-9 . 1.50 1.26 1.26 0.83

10-19 . 2.60 2.70 2.15 $0.57

20-39 » 2.90 2.67 1,83 1.28

>40 .....15.70 £8.52 _ —

 
1 Unless otherwise specified, disparities between the total number of deaths

and the sum of the individual smoking categories are due to the exclusion of

either occasional, miscellaneous, mixed, or ex-smokers.
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TABLE 28.—Deatlhs from cerebrovascular disease related to smoking (cont.)

(Mortality ratios—actual number of deaths shown in parentheses)!

SM = Smokers. NS = Nonsmokers.

 

PROSPECTIVE STUDIES
 

 

 

 

Paffen- 3,263 male Initial multi- 16 67 NS and

barger, longshoremen phasic <20 .........1.00 (42)

et al. 35-64 years screening >20 .........1.15 (25)
1970 of age in and follow-

U.S.A. 1951. up of death

(144). certificate.

RETROSPECTIVE STUDY

Paffen- >50,000 male Initial college Death Rates The 63 deaths from

barger University entrance Cases (158) Controls (615) occlusive stroke

and students medical ex- SM wo. ee eee ee ee ee es 45.0 31.3 (p<0.01) contributed to the

Williams followed up aminations Cigarette SM >10 per day . 20.9 11.2 (p<0.01) statistical sig-

1967 to 50 years. with follow- nificance,

U.S.A. up of death The 95 deaths from

(145). certificate. hemorrhagic

Controls— stroke showed

surviving no statistica}

classmates significance as

age-matched. a single group.

 

1 Unless otherwise specified, disparities between the total number of deaths

and the sum of the individual smoking categories are due to the exclusion of

either occasional, miscellaneous, mixed, or ex-smokers.
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TABLE 29.—-Deaths from nonsyphilitic aortic aneurysmrelated to smoking—prospective studies

(Mortality ratios—actual number of deaths shown in parentheses)?

{SM = Smokers NS = Nonsmokers]

 

 

 

 

 

 

Author,
year, Number and Data Follow-up Number

country, type of collection years of Cigarettes per day Pipés Cigars Comments

reference population deaths

Hammond 187,783 white Questionnaire 3, 68 NS ...+..1,00(25) (expected)

and Horn, males in9 and follow-up SM 1, 2.72 (68) (p<0.005)

1958, states 50-69 of death

U.S.A. years of age. certificate.

(77,78).

Kahn, U.S. male Questionnaire By 491 NS ....cee cece ee ee ee 100 (58) NS ..1.00(58) NS . .1.00(58)

1966, veterans and follow-up Current cigarettes ..5.24(284) SM ..1.138 (8) SM ..2.06(24)

U.S.A. 2,265,674 of death 1-9 cigarettes/day ...2.12 (13)

(98). person years. certificate. 10-20 wi. cece cece eee 5.53 (124)

21-89 2... eee eee 595 (76)

89 eee eee ee ee eee T26 (17)

Hammond 358,534 males Questionnaire 6 337 NS... eee eee 100 Data apply only

and 445,875 females and follow-up 1-9 wo. eee eee 2.62 to males 50-69

Garfinkel, 40~79 years of of death 10-19 .......-- 3.85 years of age.

1969, age at entry. certificate. 20-39 ..........4,54

U.S.A. >40 2.0.2.2... 8.00

(76).

Weir and 68,153 California Questionnaire 5-8 51 NS ...........-1.00 SM include

Dunn, male workers and follow-up All ...........-+2.64 ex-smokers,

1970, 35-64 years of of death #10 oe eee2.44 NSinclude pipe

U.S.A. age at entry. certificate. #20 ............2.88 and cigar

(205). 2280 2. eee 2654 smokers.

 

1 Unless otherwise specified, disparities between the total number of

deaths and the sum of the individual categories are due to the exclusion

of either occasional, miscellaneous, mixed, or ex-smokers.



PERIPHERAL ARTERIOSCLEROSIS

Peripheral arteriosclerosis represents the effects on the vaseu-
lature of the extremities of the pathophysiologic processes which
Produce coronary and aortic atherosclerosis. A number of studies
have been concerned with smokingas a risk factor in the develop.
mentof this disease. Kannel,et al. (95) observed, in the Framing.
ham study, that diabetes mellitus and elevated serum cholesterol,
as well as cigarette smoking, werealso risk factors in the develop.
ment of peripheral vascular disease.

Juergens, et al. (92) reviewed the records of and contacted 478
male patients with arteriosclerosis obliterans (a severe form of
peripheral arteriosclerosis), who had been patients at the Mayo
Clinic between 1939 and 1948. The diagnosis of this condition was
based uponcertain clinical criteria: the presence of intermittent
claudication, the marked diminution or absence of lower extremity
arterial pulsations, and objective trophic manifestations of per-
ipheral limb ischemia. Smoking information was available on 401
patients. These patients were compared with a control group of
350 Mayo Clinic patients of similar age who showed no clinical
evidence of vascular disease. It was found, for males under the
age of 60, that 2.5 percent of the cases and 25 percent of the con-
trols were nonsmokers. However,no difference was noted between
the percentages of heavy smokers in each group. The authorsalso
implicated high blood pressure and elevated serum cholesterol as
risk factors in the occurrence of this disease.
Begg (19) noted similar findings in a study of 294 male patients

with intermittent claudication who were patients at the Western
Infirmary in Glasgow, Scotland. In comparing the smoking his-
tories of 100 patients with this complaint with those of 116 healthy
male controls, the author found that 1 percent of the patients and
21 percent of the controls had never smoked. A total] of 42 percent
of the patients smoked more than 20 cigarettes per day while only
24 percent of the controls had a similar history of heavy smoking.
The author concluded that smoking, while not a prime cause of
peripheral arteria] disease, is a significant cofactor in its develop-
ment in almost all cases. The authoralso noted obesity, high blood
pressure, and elevated serum cholesterol as risk factors,

Schwartz, et al. (168) compared the prevalence of risk factors
in four groups of subjects: 141 cases with arteriosclerotic disease
of the lower limbs, 551 cases with coronary arteriosclerosis, 58
cases with both conditions, and finally an indefinite numberof
control individuals who had been hospitalized for injuries. The in-
vestigators reported that certain risk factors, including hyper-
cholesterolemia, hypertension, and cigarette smoking, weresignifi-
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cant in both coronary and lowerlimb arteriosclerosis. The authors
noted that the inhalation of cigarette smoke appeared to be an
important risk factor for coronary arteriosclerosis up to age 55
while in arteriosclerosis of the lower extremities, inhalation ap-
peared to increase the risk even in the older age groups.

Widmer, et al. (213) compared 277 male patients with arterial
occlusion of the limbs as demonstrated by aortographyoroscillog-
raphy with 2,082 men demonstrated by oscillography to be free of
arterial disease. The authors found that cigarette smoking, parti-

cularly heavy smoking, was significantly more frequent among the
cases with arterial occlusion than among the controls. Increased
beta-lipoproteins and systolic hypertension were also found to be
more common amongthe cases.

EXPERIMENTAL EVIDENCE

A number of experimenters have investigated the acute effects
of smoking or nicotine upon the peripheral circulatory system.

These investigators, as listed in table A30, have measuredeffects

in termsof alterations in skin temperature and blood flow as meas-

ured by plethysmography, radioactive iodinated albumin clear-

ance, or radiosodium clearance from the skin. The majority of

these studies have shownsignificant decreases in peripheral blood

flow and skin temperature upon smoking, particularly in persons

without manifest peripheral vascular disease, The study of Freund

and Ward (68) demonstrates the difference in peripheral vascular

reactivity found between normals and patients with arterioscle-
rotic changes in the vessels of their extremities. The work of
Strémblad (181) on blockade of this response with automatic SYS-
tem blockers indicates that the reactivity of these vessels is sec-
ondary to the local release of catecholamines. Most probably, the
degenerative changes associated with this disease create a stiffen-
ing of the vessel wall and prevent rapid alteration, particularly
dilatation, in response to the catecholamines liberated by smoking
or nicotine.

THROMBOANGIITIS OBLITERANS

Thromboangiitis obliterans (Buerger’s Disease) (TAO) is an

uncommon obstructive vasculitis primarily involving the arteries
and veins of the extremities. Severely affected patients may even
lose their limbs secondary to ischemic changes. Much discussion
has centered upon the question as to whetherthis disease is a clin-
ical and pathological entity separate from peripheral arterioscle-
rosis. McKusick, et al. (128) consider it to be a distinct entity
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while Eisen (57) concludes that TAO is the acute inflammatoryphase of severe arteriosclerosis,
Clinically, it has been shown that smoking aggravates this dis.ease and cessation of smoking frequently aids in complete or par.tial remission, Razdan,et al. (153) and Brown,et al. (32) foundvery few nonsmokers in groups of patients diagnosed as havingtypical TAO. A recent study from Israel (16) involved a case.control comparison of 46 patients with TAO and 32 matched con.trols. Although the controls were found to smokeless per day thanthe patients, this difference was not found to bestatistically sig.nificant. However, 100 percent of the smoking patients and only72 percent of the smoking controls were inhalers, a difference sig-

nificant at the 0.02 level.

CARDIOVASCULAR DISEASES

SUMMARY AND CONCLUSIONS

CORONARY HEART DISEASE

1. Data from numerous prospective and retrospective studies
confirm the judgment that cigarette smoking is a significant risk
factor contributing to the development of coronary heart disease
including fatal CHD and its most severe expression, sudden and
unexpected death. The risk of CHD incurred by smokers of pipes
and cigars is appreciably less than that by cigarette smokers.

2. Analysis of other factors associated with CHD (high serum
cholesterol, high blood pressure, and physical inactivity) shows
that cigarette smoking operates independently of these other fac-
tors and can act jointly with certain of them to increase the risk
of CHD appreciably.

3. There is evidence that cigarette smoking may accelerate the
pathophysiological changes of pre-existing coronary heart disease
and therefore contributes to sudden death from CHD.

4. Autopsy studies suggest that cigarette smoking is associated
with a significant increase in atherosclerosis of the aorta and coro-
nary arteries.

5. The cessation of smoking is associated with a decreased risk
of death from CHD,

6. Experimental studies in animals and humans suggest that
cigarette smoking may contribute to the development of CHD and/
or its manifestations by one or more of the following mechanisms:

a. Cigarette smoking, by contributing to the release of catechol-amines, causes increased myocardial wall tension, contraction
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velocity, and heart rate, and thereby increases the work of the
heart and the myocardial demand for oxygen and other
nutrients.

b. Among individuals with coronary atherosclerosis, cigarette
smoking appears to create an imbalance between the increased
needs of the myocardium and an insufficient increase in coro-
nary blood flow and oxygenation,

c. Carboxyhemoglobin, formed from the inhaled carbon mon-
oxide, diminishes the availability of oxygen to the myocardium
and mayalso contribute to the development of atherosclerosis.

d. The impairment of pulmonary function caused by cigarette
smoking maycontribute to arterial hypoxemia, thus reducing
the amount of oxygen available to the myocardium.

e. Cigarette smoking maycause an increase in platelet adhesive-
ness which might contribute to acute thrombus formation.

CEREBROVASCULAR DISEASE

1. Data from numerous prospective studies indicate that ciga-

rette smoking is associated with increased mortality from cerebro-

vascular disease.

2. Experimental evidence concerning the relationship of smok-

ing and cerebrovascular disease is at present insufficient to allow

for conclusions concerning pathogenesis. However, some of the

pathophysiological considerations discussed concerning CHD may

also pertain to the relationship of smoking and CVD,particularly

cerebral infarction.

NOoN-SYPHILITIC AORTIC ANEURYSM

Cigarette smoking has been observed to increase the risk of

dying from nonsyphilitic aortic aneurysm.

PERIPHERAL VASCULAR DISEASE

1. Data from a numberof retrospective studies have indicated

that cigarette smoking is a likely risk factor in the development

of peripheral vascular disease. Cigarette smoking also appears to

be a factor in the aggravation of peripheral vascular disease.

2. Cigarette smoking has been observed to alter peripheral

blood flow and peripheral vascular resistance.
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TABLE A6.—Coronary heart disease morbidity and mortality--retrospective studies

(Actual number of cases shown in parentheses)?

 

  

 

 

 

{SM = Smokers NS = Nonsmokers EX = Ex-smokers]

Author,
year, Numin - and Data

country, f collection Cases (percent) Controls (percent) Comments

reference hopu

English 1,000 pintes « Case selection Age Percent Smokers Percent Smokers

et al., manifest! “HD, from Mayo) 4u-49 2 79.7 (187) 61.9 (302) (p<0,001)

1940, 403: 30f age. Founda- BOBO occ eee T7382) 73.9 (371) (not significant)

U.S.A. Cont: Is: 1,000 tion files. 60 or over ....... -68.8(431) 61.8 (327) (not significant)

(60). male non-CHD Controls Allages ........69.8 66.3 (p<0.05)

patients. same year
of admis-

sion age-

matched.

Mills and 474 white male Undefined. 40-49 50-59 60-69 YO orover 40-49 50-59 60-69 70 er over

Porter, coronary deaths. (56) (135) (153) (130) (216) (188) (114) (88)

1957, Controls: 606 NS Lowe eee ee O14 6.66 18.30 33.84 19.91 24.47 35.09 54.12

U.S.A, white males. Allcigarettes  .........83.93 82.23 49.02 18.44 70.83 59.94 43.86 16,47

(181). Pipes, cigars .......... 8.93 11.11 32.68 47.70 9.26 16.47 21.05 29.41

Buechley Males reporting Question- NS ............-..20.4 (23) NS. ...........42.1(51)

etal., CHDto California naire and 20 2... 61.1 (69) 20 .......... 46.3 (56)

1958, Health Survey interview. 20 0... .e eee 185 (21) 20 Looe ee 11.6(14)

U.S.A. with matched

(38). controls from

same survey

(included those

surviving first

myocardial

infarction).
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6 TABLE A6.—Coronary heart disease morbidity and mortahty—retrospective studies (cont.)

(Actual number of cases shown in parentheses)

[SM = Smokers NS = Nonsmokers EX = Ex-smokers]

 

 

 

 

 

 

 

Author,

year, Number and Data
country, type of collection Cases (percent) Controls (percent) Commentsreference population

Russek and 97 male and 3 Interviews Tobacco usage>80 cigarettes/day Patients
Zohman, female coronary by 70 percent. 35 percent. included 89
1958, patients. Controls: authors.

with classical
U.S.A. 100 healthy controls

myocardial
(163). of similar age,

infarction
sex, occupation,

and 11 with
and ethnic origin.

angina pectoris.

Spain and 269 malesidentified 3,000 males NS ..............80.0 (81) 29.0 (772)
Nathan, as having CHD by in New <40/day .........29.0 (78) 33.0 (870)
1961, physical examination York City >40/day . 18.0 (33) 9.0 (234) (p<0.05)
U.S.A. and history. Controls: inter- EX ..............14.0 (89) 14.0 (361)
(176). 2,637/3,000 males viewed and Cigar, pipe ....... 14.0 (38) 15.0 (400)

identified as examined Total ..... 100.0 (269) 100.0 (2,687)
not having CHD by medical

group.

Mulcahy and 400 mz.’ s less than Interview. Males Males Control smoking
Hickey, 60 yours of age with NS oo... eee... 4.50 (18) 18.2(110) data obtained
1967 classical CHD. Data SM .............90.75 (363) 70.6 (427) from estimated
Ireland compared with male EX ............. 4.758 (19) 11.2 (68) smoking habits
(185, 186). population con- Total ..........100.00(400) 100.0(605) of Irish

sumption figures.
population of

sameage group.

Schwartz 612 male patients Interview, Average amount 15.5 (p<0.0001) Data apply only to
et al, with angina or laboratory, per day as 86.0 those under 551966, myocardial and cigarettes . 18.6 years of age.
France infaretion. clinicalex- Al!SM ..........86.0
(169). 612 age-matched aminations. Inhalers ..........59.0 45.0 (p<<0.00001)

controls.
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(SM = Smokers

(AACLUAL NUUWEF OL Cots sLUWwLL in barelibieses J+

NS = Nonsmokers EX = Ex-smokers]

 

 

 

 

 

Author,
year, Number and Data .

country, type of collection Cases (percent) Controls (percent) Comments

reference population

Villiger and 100 cases with Hospital Malea(72) Females(28) Males(72) Females(28) These are not pure

Heyden- recent myocardial history or NS see see. 6.94 71.4 $25.0 82.1 smokingclasses.

Stucky, infarctions. interview. Cigarettes . 0.0... cece eee eee ee 66.7 28.6 45.8 14.3 ft (p<0.01)

1966, 72 males, 28 females, 1-19 cigarettes/da. tee eee ee ee AB 10.7 23.6 10.7

Swit- 100 age-matched P20 ccc ete eee eee ns AB.6 17.9 $22.2 3.6

zer- controls (72 male Cigar, pipe . 44,4 27.8 .

land industrial EX . 42 $15.3 3.6

(201). employees and 28

females in hospital

for other diagnoses).

Dérken, 205 males up to 44 Death cer- NS coe ee eee eee 10 (2) 18,4 (76) Ex-smokerslisted

1967, years of age with tificate re- Cigarette Units under nonsmokers,

Germany myocardial infarc- view. In- 1B oo... eeeeeeeees 15 (8) ~ 10.4 (43) Smoking information

(52). tion or sudden terview of 10-15 .. 82.2 (62) 46.5 (192) available only on

death (139 deceased, patient 20-30 . 48,5 (84) 22.5 (93) 193/205. These

66 living). Controls or kin. 35 21.8 (42) 2.2 (9) cigarette categories

—Hamburg age- 100.0 (193) 100.0(413) include mixed or cigar

matchedcitizens (only 28 were mixed (62 were mixed or smokersrecalculated

selected randomly. or cigar smokers) cigar smokers) as to numberof ciga-

rettes. No patients

or controls smoked

pipes exclusively.

Dorken, 33 females up to Death cer- Cigarettes per day

1967, 44 years of age tificates, O ceeeeeeecaaeees 61, (2) 63.2 (84) (p<0.001)

Germany with myocardial inter- WB oe eee ee ee 17.3 (23)

(58). infarction or sudden views. 6-15... ee eee 48.5 (16) 16,5 (22)

death. Controls—133 20-30 ............39.4 (13) 3.0 (4)

females 27-44 years B85 eee eee eee GL (2)

of age from clinic

without CVD or lung

cancer.
 



TABLE A6.—Coronary heart disease morbidity and mortality—retrospective studies (cont.)
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* (Actual number of cases shown in parentheses)?

[SM = Smokers NS = Nonsmokers EX = Ex-smokers]

Author,
year, Number and Data

country, type of collection Cases (percent) Controls (percent) Comments
reference population

Hyams 79 males surviving Interviews NS ....... eee eee 101 (8) 21.0 (33)
etal., myocardial infare- by trained 1-9 cigarettes
1967, tion. 157 age- personnel, perday ........ 7.0 (5) 10,5 (13)
Japan matched controls 10-15 ............25.4 (18) 33.9 (42)
(87). hospitalized for non- 16-20 woo... ee 35.2 (25) 25.8 (32)

CVD but include 21-34 ............22.5 (16) 17.7 (22)
hypertensive disease, >35 see. 99 (7) 12.1 (15)

AIL SM « -100.0 (71) 100.0(124)

Mulcahy 100 female patients Hospital SM .............,63.0 (63) 45.6 (261) Smoking on controls
et al., less than 60 years interviews. NS ..............33.0 (33) 45.3 (259) obtained from
1967, of age admitted to EX .............. 4.0 (4) 9.1 (52) statistics of
Treland hospital with CHD. Total .....100.0(100) 100.0 (572) smoking in
(187).

Irish Republic.

Sudden death

not ineluded.

Stejfa, 70 male and Direct Prevalence of risk factors Authors then followed
1967, female patients interviews. Angina patienta Control group the 70 patients forPoland with recent onset 60.0 3 years and noted(179). exertional angina

48.1{p>0.1) that smokingsignifi-
pectoris, 54 controls

cantly influenced
of same age.

the incidence of

coronary occlusion.

Schimmler 603 males with Hospital NS oo... eee... 9.0 (44) 26.0 (187) (p<0.001)
etal, healed myocardial interviews. EX ..............12,0 (59) 20.0(142) (p<0.001)
1968, infarctions. 714 male Cigar, pipe .... ..12.0 (62) 11.0 (77)
Germany controls of same age <19 cigarettes ....25.0(129) 14.0(101) (p<0.001)
(167). without detectable 200 6.6... 42.0(209) 29.0(207) (n<0,001)

heart disease. Total .....100.0(503) 100.0(714)
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TABLE A6, Coronary heart disease morbidity and mortalely—retrospeetive studies (cunt.)

(Actual numberof cases shown in parentheses) !

 

 

 

 

[SM = Smokers NS = Nonsmokers EX > Ex-smokers]

Author,
year, Number and Data

country, type of collection Cases (percent) Controls (percent) Comments
reference population

Hood et al., 230 males surviving Interview (230) (855)

1969, early first myocardial and exam- Never smoked... .1.75 24.2

Sweden infarction. Controls: ination. EX before

(85), 855 randomlyselected infarction ......1.75 19.7

males 50 years of EX after

age. infarction .....29.1 .

<15 cigarettes ...28.3 27.4

15 cigarettes ...22.6 20.0

All ..............80.0 47.4

Pipe ............ 16.5 8.8

Jouve 1,229 CHD patients; Interview. 43.0 13.0(p<0.0001)

etal., 802 males, 427

1969, females. Controls:

France 743 individuals of

(91). both sexes; age,

sex, and social

class matched,

Kastl, 275 male railway Interview NS ..... 2.2.0... -20.0 (55) 29.8 (82)

1969, employees up to 65 and ex- 2-20 cigarettes or

Germany years of age sur- amina- up to 6 cigars. ..32.0 (88) 63.3 (82)
(98). viving myocardial tion. >20 cigarettes or

infarction. 275 con- >6 cigars. .......48.0(132) 6.9 (19)

trol employees with

minorcirculatory

disturbances.

 

1 Unless otherwise specified, disparities between the total number of cases

and the sum of the individual smoking categories are due to the exclusion of

either occasional, miscellaneous, mixed, or ex-smokers.
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TABLE A7.—Differences in serum lipids between smokers and nonsmokers
(Actual number of individuals shown in parentheses)?!

[SM = Smokers NS = Nonsmokers]

 
Author,year, Numberand

 

 

 

 

 

 

country, type of Results Comments
reference population

Gofman 401 male Difference between SM and NS +Sf refers to Svedberg
et al,, employees Ages 20-29 Ages 80-89 Ages40-59 flotation units of

1955, 20-59 years Lipid: (NS 55, SM 37) (NS 56, SM 67) (NS 17, SM 44) centrifuged lipoproteins.

ULS.A., of age. TSE 0-12 « $59.9 p<0.001 +19.9 p<0.05 + 3.9 p<0.05

(72). Sf 12-20 -. + 9.4 p<0.001 + 5.4 p<0.05 — 3.5 p<0.05

Sf 20-100 + $20.0 p<0.025 + 9.1 p<0.05 + 8.5 p<0.05

Sf 100-400 - +15.8 p<0.025 412.1 p<0.05 — 4.5 p<0.05

Cholesterol ....... +212 p<0.05 + 9.0 p<0.05 — 48 p<0.05

Thomas, 521 medical Serum cholesterol mg. percent

1958, students. NS (264) SM (257)

U.S.A. Observed/Expected Observed/Expected

(185). <250 170/157 149/161.6

>250 Len ere ee ee ee ee nee eee 87/99.6 115/102.4

Chi Square Value = 5.2 p<<0.025

Dawber 2,253 males Serum cholesterol mg. percent The authors conclude that

etal., participating 29-44 45-59 there is evidence of a

1959, in the Framingham NS oo cece cent eee e pees ence ne 216.1(149) 228.3(131) gradient of cholesterol with

U.S.A. study 29-59 All cigarettes 224.8 (874) 229.5 (589) increasing amountofcigarette

(47), years of age. <10 217.4 (75) 229.1 (76) smoking in younger men.

10-19 221,1(134) 230.1 (95)

20-39 225.8 (551) 227.8 (350)

>40 229.0(114) 238.5 (68)

Pipe and 214.9 (128) 227.1(166)

Karvonen 525 males in Serum cholesterol mg. percent The authors state that no
et al., various West Finland East Finland Helsinki trend was noted associating
1959, occupations 208.0(64) 226.6 (39) 235.1 (62) increasing amount smoked with
Finland 20-59 years 228.7(91) 249.7(103) 257.8 (166) increasing serum cholesterol,
(97). of age. although smokers and nonsmokers

did have different overall
levels.



6
6

Author, year,

TABLE A7.—Differences in serum lipids between smokers and nonsmokers (cont.)

Number and

(Actual number of individuals shown in parentheses)!

{SM = Smokers NS = Nonsmokers]

 

   
  

 

 

country, type of Results Comments
reference population

Acheson 221 randomly Mean serum cholesterol Mean Beta/Alpha

and Jessop, chosen pensioners mg. percent lipoprotein ratio

961 65-85 years of NS oo. Liceeeeee ee eee 214(38) 2.0 (36)

Treland age. 5 cigarettes/day tae 201(12) 2.1011)

(1). 5 213 (34) 1.9(33)

20 201 (33) 1.9 (35)

S80eeeee 206 (8) 1.8 (8)

Bronte- Approximately Cholesterol mg. percent Beta/Alpha lipoprotein ratio No data given on numbers in

Stewart, 600 healthy 25-389 40-55 25-39 40-55 each group.

1961, males 25-55 tA TE A E A E A E fA—African.

South years of age, NS... ww... V9 197 222 246 2.89 3.34 3.75 4.59 £E—European.

Africa “Heavy SM .. 186 223 204 236 3.82 4.40 4.07 5.40

(3r).

Konttinen, 314 male military Serum cholesterol Serum phospholipids No serumlipid differences

1962, recruits 18-25 mg. percent mg. percent found among the various

Finland years of age. NS Loic ce eee ee  CIAB) cece ee eee 208.8 218.0 smoking groups.

(119). (Cigarettes per day) 1-10 (58)............. 206.8 222.3

11-19 ae (54). .....0.0..., 2181 224.7

20 eeeee eens (62)............, 202.8 210.5

Blomstrand 76 monozygotic I. Monozygotes discordant for smoking: Smokers showed slightly lower levels The authors conclude from the

and Lundman,

1966,

Sweden

(26).

twin pairs and

87 dizygotic

twin pairs obtained

from Swedish Twin

Registry.

of cholesterol, triglycerides, and phospholipids than nonsmokers.

II. Dizygotes discordant for smoking: Smokers showed significantly higher

levels of phospholipids. No differences for cholesterol and triglycerides.

differing MZ and DZ results

that constitutional factors

are probably more important

than smoking in determining

lipid levels.
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1 TABLE A7.—Differences in serumlipids between smokers and nonsmokers (cont.)

(Actual number of individuals shown in parentheses)1

[SM — Smokers NS = Nonsmokers]

 Author, year, Numberand

 

  

 

 

 

country, type of Results Comments
reference population

Fidanza 111 male prisoners Serum cholesterol mg. percent No statistically significant

etal., 34-69 years of Ages <39 40-49 50-59 60-69 differences found between

1966, age. BSES 195 (12) 189 (10) 176 (7) SM and NS.

Italy <20 cigarettes/day 208 (5) 201(16) 202 (13) 195 (10)

(62). >20 cigarettes/day 197(5) 175 (7) 171 (7)

Serum triglycerides mg. percent

NS clic ccc cece cen eee eens a $4.7 719 85.0

<20 cigarettes/day 84.5 99.4 101.9 89.8

>20 cigarettes/day 91.0 86.0 65.7

Kedra and 200 clinically Serum cholesterol Phospholipids Total lipids Serum cholesterol also noted

Dmowski, healthy males mg. percent mg. percent mg. percent to increase with increasing

1966, 20-50 years of NS(100) oo... ee 170.2 268.1 1,234.8 intensity and duration of

Poland age. SM 100) .......00. 24a p<0.01 2575 p>0.05 vasa P<0.01 smoking.
(99), Beta-lipoproteins

Total fatty acide percent of total

mg. percent lipoproteina

NS(100) 797.8 43.1

SM 100) ....cee eee 26094 p<0.01 woof p<0.01

Harlan 657 former naval Serum cholesterol Serum triglycerides Lipoproteins

et al., aviation cadets Foundto be related Found not to be related Sf 0-12 related. p<{0.05

1967, 48 years of age to cigarette smoking to cigarette smoking. Sf 20-100 unrelated.

U.S.A, (average). p<0.05. Sf 100-400 unrelated.
(79).

Heyden- 500 plant workers Serum cholesterol Serum triglycerides Nostatistically significant
Stucky and 30-60 years of mg. percent mg. percent difference found between
Schibler- age. <10 cigarettes/day 210.0(334) 110.0 SM and NS,
Reich, 1967, >10 cigarettes/day 260.0 (166) 180.0 .
Switzerland

(82).
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TABLE A7.—Differences in serumlipids between smokers and nonsmokers (cont.)
{Actual number of individuals shown in parentheses)?!

[SM = Smokers NS = Nonsmokers]

 

Author, year, Numberand

 

 

country, type of Results Comments
reference population

Higgins 5,030 male and Males Females

and Kjelsberg, female residents NS woeceeee tenes 209.9 (360) 210.1(1,439)

1967, of Tecumseh, Cigarette cee ea ee 212.5(1,426) 212.4 (910)

ULS.A. Michigan, 16-79

(83). years of age.

Pincherly 2,000 men Percentage with serum The authors noted that smokers

and Wright, participating in Serum cholesterol cholesterol >270 showedsignificantly higher

1967, executive health mg. percent mg, percent (p<0.001) serum cholesterol

England examinations NS(677) 236.2 19.0 levels than nonsmokers.

(150), 28-70 years of Ex-smoker(388 } beeen eee 246.0 28.0

age. 1-19 cigarettes/day (424) 239.2 24.0

>20 cigarettes/day (511) 249.4 30.0

 

 

Van Buchem,

1967,

918 randomly chosen

males 40-59 years

Serum cholesterol

0-209 mg. percent 210-249 mg. percent >250 mg. percent

 

The authors found no

correlation between smoking

 

 

Netherlands of age for entry NS co.cc ee eee ee ee 12.4 (32) 14.0 (44) 14.2 (41) and serum cholesterol levels.

(199). into prospective Cigarette SM 71.6 (184) 67.8 (213) 68.2(197)

study. Other 16.0 (41) 18.2 (57) 17.6 (51)

Boyle et al., 1,104 male factory Serum cholesterol Serum Beta-lipoprotecin Beta-lipoproteins were found

1968, employees 20-64 mg. percent mg. percent to increase with age, but

U.S,A. years of age. NS oeceee eee 243 (519) q 0.325) smokers had higherlevels
<0.005 <(28). SMe cceeeceee eee eeeeees 251576) § PSPS 0.3514 P<0.001 than nonsmokers at all ages.

Caganova 49 malesliving Serum cholesterol Scrum Beta-lipoprotein

etal., in youth hostel, mg. percent mg. percent

1968, 21.6 average age. NS(384) coe eee eee eee ee 188.20) r 359.80)
: . <0.001Czechoslovakia 0S214.20 P<0.025 4gg.4o¢ PS 9-00

(36). Beta/aipha lipoprotein ratio

NS(84) ocoeee e ee ee ee ee eee ete ees 1.16

SM(1B) oe ce ccc ce ese cee cc ee cece te teeeen tue eseeeeees 1.55 P<0-025
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TaBLeE A7.—Differences in serumlipids between smokers and nonsmokers (cont.)
(Actual number of individuals shown in parentheses)?!

[SM = Smokers NS = Nonsmokers]

 Author, year, Number and
country, type of Results Comments
reference population

 Medzelewski 140 males 20-68 Serum-choleaterol

NS p<0.01

Serum Beta-lipoproteins Serum free fatty acida

NS p<0.01

 

 

 

and Malec, years of age, NS (20) p<0.01

1969, Heavy smokers Heavy smokers Heavy smokers

Poland

(133),

Kjeldsen, 934 employees of Serum cholesterol mg. percent

1969, various firms NS (196) 0.0en ee cn nen eee t een eens 236) p<0.01

Denmark in Copenhagen. SM (7388) 2474

(118).

Pozner 64 male and Serum cholesterol Serum triglycerides Total phospholipids Significant figures refer to

and Billimoria, female healthy mg. percent mg. percent mg. percent heavy smokers as compared

1970, volunteers 19-30 NS(20) wo... ee eee 176.3 68.6 193.4 with nonsmokers.

England years of age. Light SM(17) «..... «172.1 68.4 188.9

(151). {Over 7.3

cigarettes/day)
Heavy SM(27)..... 200.0 p<0,05 87.6 p>0.05 215.0 p<0.001

(Over 22.5
cigarettes/day)

 1 Unless otherwise specified, disparities between the total number of cases

and the sum of the individual smoking categories are due to the exclusion

of either occasional, miscellaneous, mixed, or ex-smokers.
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TABLE A8.—Blood pressure differences between smokers and nonsmokers
(Actual number of individuals shown in parentheses)!

{SM = Smokers NS = Nonsmokers]

 

Author, year,

country,
reference

Numberand type
of population

Results Comments

 

Dawberet al.,

1959, U.S.A.

(47).

1,253 male

and female

residents

of Framingham.

Systolic blood pressure No association found

   
Ages 29-44 45-59 between systolic blood

NS(149) ... 6. eee : 188.8 143.0 pressure and smoking.

Cigarettes(874) . : teeae .: 132.5 140.3

<10(75) 144.0

10-19 (134) 141.6

20-89 (551) 138.9

>40(114) 141.5

Pipe and cigar(128) oie ce ee ee ee tee etnies 135.0 141.9

 

Edwardset al.,

1959, England

(56).

1,737 male

patients of

general prac~

titioners over

60 years of age.

Proportion of males with “Hypertension” (=2200/=2100 mm. Hg.)

NS us... cease cence cece cee ee re eereeseeeerees 27.2 percent (151)

Cigarettes 2... cect cea cre eee nee enees 20.5 percent (780)

Pipe ooo cece cece eee ete eeeeesereeeess 25.9 percent (341)

 

Karvonenet al.,

1959, Finland

(97).

525 males in

various regions

of Finland

20-59 years of

age.

Systolic blood pressure No data on pipe and

West Fintand East Finland Helsinkt cigar smokers. No

NS Loic ccc ce ee ete eens 139.2 (64) 142.6 (39) 182.8 (62) statistical significance

SM wee eee eee eee nes 133,2(91) 135.4 (103) 129.8(166) noted.

Diastolic blood pressure

NS Locee ee eee eee 84.7 86.8 89.6

SM woeeee eee eee 81.9 84.1 86.8

 

Clark et al.,

1967, U.S.A.

(43).

1,859 malecivil

servants.

Mean syatolic Mean diastolic Nonsmoker and smoker

blood-pressure blood-pressure groups were of similar

NS(728) oo. cece eee ett et ee eee 137.0 < 83.9) < average age.

SM (407) oo cc ccc cece cece cece eens eeeeens 133.6( (P=0-05) 82.5 (p30.08)
 



o
l

TABLE A8.—Blood pressure differences between smokers and nonsmokers (cont.)
(Actual number of individuals shown in parentheses }1

 

 

 

 

[SM = Smokers NS = Nonsmokers]

Author, year,
country, Numberand type Results Commentsreference of population

Higgins and 5,030 male and Age adjusted Age adjusted
Kjelsburg, female residents mean. systolic blood pressure mean diastolic blood pressure
1967, U.S.A. of Tecumseh, Michigan, Males Females Males Females
(83). 16-79 years of age. NS ........137.9 (360) 84.5 (1439) 136.6 (360) 82,1( 1439) v (p<0.001)

Cigarette ...136.4(1426) 81.4 (910) 131.6 (1426) 79.0 (910) § .

Reid et al., 676 male British Mean systolic blood pressure The authordid note1967, England and 625 male (adjusted for difference in weight) Mean. diastolic blood pressure SM-NSblood pressure dif-(155). American postal UK U.S.A. UK U.S.A, ferences prior toworkers 40-59 NS ....... 128.2 (45) 124.8 (89) 79.3 81.0 controlling for weight,years of age. 1-14 grams 130.2 (27) 133.0 (60) 19.4 82.1 but not after such control,
15-24 grams 128.5 (232) 127.7(169) 78.5 17.3
>25 grams 127.9 (70) 128.1 (218) 97.5 771
All amounts 129.1 (519) 128.6 (447) 78.7 17.8

Tibblin, 1967, 895 males in Blood pressure 215-145/ 150-170/ Numbersin parenthesesSweden Goteborg, Sweden, 110/70 (89) 75-95 (468) 100-110 (220) >175/>115(75) represent total in blood(187). born in 1913. NS woe eee eee ee ee ee ee 18.0 23.0 25.5 34.7 pressure group.
1-14 cigarettes ...........29.2 29.2 25.5 18.7 The author notedDl5 cigarettes ...........28.1 20.9 15.5 17.3 a stepwise decrease withPipeandcigar ...........11.2 8.6 10.0 4.0 level of blood pressure

as smoking increased.

 ‘Unless otherwise specified, disparities between the total number of in-
dividuals and the sum of the individual smoking categories are due to the
exelusion of either occasional, miscellaneous, mixed, or ex-smokers.
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TABLE A17.—Incidence of new coronary heart disease by smoking category and behavior type for men 89-49 years of age
(Numbers in parentheses are number of CHD cases in each subgroup)

 

Smoking group
 

 

 

 
 

 

 

  

Former Current and Cigarettes
Behavior Never cigarette former pipe
type smoked smokers and cigar only 1-15 16-25 26 and over Total

Acc ee ee nee eee 15.3(5) 13.8 (7) 1.3(1) 1.6(1) 15.8(15) 14.9 (16) 9.3 (45)

Boece cece eee eens 1.3(2) 5.1 (3) 2.2(2) 7.3(4) 3.1 (3) 4.9 (4) 3.3 (18)

Total ...........2.--- 2.9(7) 9.1(10) 1.8(3) 4.9(5) 9.3 (18) 10.4(20) 6.2 (63)

Analysis of variance table

Source Sum of squares df. Mean square F P

Within cells... 0...cece een eee creer ener eaten 59.471 2,245 0.026 oe oe

Regression on age 0.458 1 0.458 17.296 0.001
Between smoking group: 0.504 5 0.101 3.81 0.002

Between behavior types? ..0. 00 ce cece cc tee et nee en ee 0.329 1 0.329 12.43 0.001

Interaction 2.0.6.6 ccc eeenene e eee e cnet te 0.396 5 0.079 2.99 0.011

 

1 Rates are age-adjusted annual incidence per 1,000 men.

?Mean squares for “between smoking groups” and “‘between behavior

types’”’ are each computed eliminating the general mean and the other main

effect but ignoring interaction, thus yielding an estimate of each main ef-

fect unconfounded by other significant main effects.

Source: Jenkins, C. D. et al. (90).
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TABLE A18,.—-Incidence of new coronary heart disease by smoking category and behavior type for men 50-59 years of age
(Numbers in parentheses are number of CHD cases in each subgroup )

Smoking group

 

 

 

  
 

 

 

Interaction ©0060.cece cee cee eee ee nenenees

Former Current and CigarettesBehavior Never cigarette formerpipe
type smcked smokers andcigar only 1-15 16-25 26 and over Total

Aceeee cee veces 112.4(5) 18.6(8) 21.8 (8) 16,4(5) 21.5 (9) 30,0(14) 20.4(49)Bow. cece eee eee 10.0(4) 5.101) 8.4 (3) 4.7(1) 21.1 (7) 19,1 (5) 12.0(21)
Total vio. eee 11.1(9) 14.2(9) 14.9(11) 11.5 (6) 21.3(16) 26.0(19) 16.8(70)

Analysis of variance tableSource

Sum of squares d.f. Mean square F P
Within cells 200cececee cease oe 63.527 911 0.070 a ae
Regression on age ...00 0000.0. cc cece cece cece ence cece ‘i 0.177 1 0.177 2.54 0,111Between smoking groups 0.522 5 0.104 1.496 0.188Between behavior types = 0.296 1 0.296 4.24 0.040

0.129 5 0.026 0.37 0.870

 1 Rates are age-adjusted annual incidence per 1,000 men.
*Mean squares for “between smoking groups” and “between behavior

types” are each computed eliminating the general mean and the other main

effect but ignoring interaction, thus yielding an estimate of each main ef-
fect unconfounded by other significant main effects.

Source: Jenkins, C. D. et al. (90).
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TABLE A20.—Experiments concerning the effects of smoking and nicotine on animal cardiovascular function
 

 

 

 

Author,
year, Number and Smoking Heart Blood

country, type of procedure rate pressure Comments
reference population

Bellet 89 experiments Inhalation Definite Definite Coronary artery ligation increased the frequency

etal, on dogs which of tobacco increase. increase. of nicotine-induced severe arrhythmias; these

1941, had undergone smoke in became less evident with increasing time since

U.S.A. coronary chamber. ligation.

(21). artery liga- Nicotine Definite Definite

tion up to intravenous increase, increase,

45 days before. 0.2-1.2

mg./kg,

Burn and 10 rabbits, Experimenta! Isolated atrial specimen showed increased rate and

Rand, 5 eaperimental, animals pre- increased amplitude of contractions with admin-

1958, 5 control, treated with istration of nicotine proportional to pretreat-

England isolated atria, intraperitoneal ment. These reactions were blocked by reserpine,

(35). nicotine and and the authors consider nicotine effects to be

the atria of mediated by catecholamine release from chro-

both groups maffin store in myocardium.

excised and

perfused with

nfeotine.

West et al., 33 normal Coronary Definite I. Myocardial contractility increased 40-90 per-

1958, adult mongrel intra- increase cent in 15/15 animals tested accompanied by

U.S.A. dogs. arterial (systolic). ST segment depression and T-wave inversion

(208), nicotine: and blocked by tetraethylammonium chloride.

I. 0.2-2.2 II, Coronary blood flow increased 19 percent upon

ug./ke. left circumflex artery injection; coronary blood

Il. 0.04-1 flow showed no change upon left anterior de-

ue./ke. scending artery injection, 64 observations on

10 dogs.

(Tetraethylammonium chloride blocked CBF in-

crease.)

The authors found no evidence of coronary vaso-

constriction in these healthy animals.
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TABLE A20.-Eaperiments concerning the effects of smoking and nicotine on animal cardiovascular function (cont.)
 

 

 

 

Author,
year, Numberand Smoking Heart Blood Cardiac Coronary

country, type of procedure rate pressure output blood Comments
reference population flow

Forte 27 observa- Intravenous Definite No change. No significant change in either left ventricular
et al., tions on 8 nicotine up initial work or myocardial oxygen extraction.

1960, dogs. to 21.5 mg. increase

U.S.A. given as 5-15 then

(65). ne./ke./ decrease.

minute.

Kien and 21 adult dogs Cigarette Definite Definite Increase Effects of cigarette smoke were duplicated by in-
Sherrod, smoke under increase. increase. following travenoug nicotine and epinephrine.
1960, positive increase During cigarette smoke inhalation, it was noted
ULS.A. pressure via in blood that without blood pressure or output changes,
(112). tracheostomy. pressure coronary blood flow did not increase and that

Nicotine 20 and cardiac while adverse EKG changes were noted they cor-
ug./kg. intra- output. related more closely with decreased cardiac oxy-
venously. gen utilization than with actual cardiac work.

Epinephrine 5

ug./kg. intra-

venously.

Travel! 14 normal Intravenous Definite Nicotine-induced coronary blood flow and heart
et al., rabbits and nicotine increase rate increase in the atherosclerotic animals re-
1960, 16 rabbits 0.01-0,1 mg. in normals. quired 10 times and 2 times, respectively, the
U.S.A. with severe amounts required in the normal animals.
(189). cholesterol-

induced athero-

sclerosis.

 



6
0
1

TABLE A20.—Experiments concerning the effects of smoking and nicotine on animal cardiovascular function (cont.)
 

 

 

 

Author, :
year, Numberand Smoking

coutry, type of procedure Comments
reference population

Bellet I. 10 normal dogs Intravenous I. 125 percent The authors noted that:

etal., IL. 9 dogs at nicotine, increase 1, The response of coronary blood flow to nico-

1962, varying in- 20 we./ke./ II. 82.5 percent tine resembled that of anoxemia in the pres-

U.S.A, tervals fol- minute for increase ence of coronary insufficiency.

(22). lowing coro- 15-20 minutes. IIT, 83.3 percent 2. The greater the induced coronary impairment

nary artery increase the smaller the increment in coronary blood

ligation. flow.

Ill. 7 dogs with

varying

grades of

artificially-

induced coro-

nary artery

narrowing.

Leaders 15 adult Left anterior Nicotine and norepinephrine both increased coro-

and mongrel descending nary vascular resistance and myocardial contrac-

Long. dogs. intracoronary tile force (the former measured by a constant-

1962, injection of volume variable-pressure system). The action of

U.S.A. nicotine or nicotine was blocked by pretreatment with hex-

(125). norepinephrine. amethonium, pentolinium, reserpine, or guane-

thidine.

Larson 13 adult Intravenous Definite Definite Systemic vascular resistance and pulmonary artery

et al., mongrel nicotine, increase. increase. and left atrial pressures showed biphasic re-

1965, dogs. 0.02 mg./kg./ sponses of increase followed by decrease.

U.S.A. minute for

(124). 10-12 minutes.
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TABLE A20.—Eaperiments concerning the effects of smoking and nicotine on animal cardiovascular function (cont.)

 

 

Author,

year, Numberand Smoking
country, type of procedure Comments
reference population

Folle 7 dogs of 30 investigated ¥. Cigarette smoke inhalation I. No change in coronary vascular resistance.
et al., (Remainder experienced to isolated left lower lobe Ii. 5/6 showed increase in coronary vascular resistance due, according to
1966,

U.

(6

Nadeau and

Ja

catheterization failures).

S.A.

4).

26 dogs
mes,

1967,

U.

(1

Rom

Talesnik,

19
U.
a

Puri

et

19

U.

S.A.

42).

16 experiments

on isolated
67, cat heart.
S.A,

56).

ero and

22 mongrel dogs
al.,

68,

S.A.

(152).

and then blood perfused coronary

arteries.

Il. Cigarette smoketo rest of

lung and then blood passed to

general circulation.

III. Nicotine perfused directly

into left coronary artery.

Nicotine 0.01-10.0 ug. into

sinus node artery.

Nicotine in varying doses in

perfusate of coronary arteries.

I. (14) Intravenous nicotine

50 uwe./kg./minute for 3-4

minutes

II. (8) Propranolol] pretreat-

ment, then 50 ng./kg./minute

nicotine for 3-4 minutes

the author, to general sympathetic nervous system stimulation.

III. 4/5 showed increase in coronary vascular resistance. The authors con-

clude that the cardiac effects of tobacco arise almost entirely from
the extracardiac actions of smoking instead of the direct response
of the heart.

Heart rate showed initial slowing (due probably to vagal stimulation) fol-
lowed by acceleration (due probably to vagal paralysis and catecholamine

release). No systemic blood pressure changes noted,

Over 5 ug. of nicotine was found tev produce an initial bradycardia asso-
ciated with increased coronary flow, followed by prolonged tachycardia
with an initial decrease in coronary blood flow followed by a prolonged
increase. Pretreatment with hexamethonium or reserpine prevented both
the myocardial stimulation and the increase in coronary blood flow. The
authors consider the action of nicotine to be a combination of a direct
vasoconstrictive effect and an indirect catecholamine-releasing vasodilating
effect.

I. Nicotine produced a definite increase in the force and velocity of left
ventricular contraction.

II. Pretreatment with propranolol produced (relative to results of Group I):
(a) A further increase in left ventricular systolic pressure.

(b) A decrease in velocity of shortening.

(c) A significant increase in left ventricular end-diastolic pressure.
The authors conclude that propranolol probably impairs the norepinephrine-

like effects of nicotine on the myocardium while enhancing its peripheral
vasopressor effects.
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TABLE A20.—Experiments concerning the effects of smoking and nicotine on animal curdiovaseular function (cont.)

 

Comments

 

Author,
year, Numberand Smoking

country, type of procedure
reference population

Balazs Beagle dogs with lesions I. Normals (3-6 per experiment);

etal., induced in myocardium by (a) 4 we./kg. intravenous

1969, either: (1) Isoproterenol nicotine, (b) 40 ug./kg.

U.S.A. pretreatment, or (2) intravenousnicotine.

(16). ligation of the anterior Il. Experimental (3), 4 we./kg.

descending coronary artery. intravenous nicotine

I. (a) No evidence of arrhythmias; (b) A single or a few ectopic beats

in 2/3 normal dogs.

IE. Extrasystoles noted in 2/3 animals during the first day after cessation

of the arrhythmia induced by the lesion alone, but not thereafter.

These and nicotine-induced arrhythmias were of a short duration.

 Greenspan Cardiac muscle isolated from Nicotine 2~100 ug./cc. in

et al., the right ventricle of 10 Tyrode’s solution perfusate.

1969, adult dogs.

U.S.A.

(74).

Nicotine perfusion produced:

(1) An inerease in myocardial contractile force apparently independent

of adrenergic innervation.

(2) An increased automaticity of the Purkinje fiber system apparently

due to release of catecholamines from chromaffin tissue stores.

(3) A decrease in conduction velocity.

The authors conclude that the latter two effects probably predispose to ar-

rhythmia formation.

 Saphir and 88 mongrel catg Nicotine 5-12 ug.; kg. injected

Rapaport, intraarterially to mesenteric

1969, circulation.

U.S.A.

(166).

I. Mesenteric injection of nicotine was followed with 1-2 seconds by:

(a) Increased left ventricular systolic pressure (LVSP).

(b} Increased systemic resistance.

(c) Enhanced myocardial performance.

II. Left ventricular injection of nicotine was followed by:

(a) Increased LVSP.

(b) Bradycardia.

(c) Enhanced myocardial performance greater than that seen in

mesenteric-injected group.

IIl. Pretreatment with phenoxybenzamine diminished the increase in LVSP

while propranolol pretreatment diminished the enhancement of my-

ocardial performance while LVSP still showed a significant increase.

IV. Mesenteric sympathetic nerve section led to a diminished response.

The authors conclude that the cardiovaseular responses to nicotine may be

neurogenic in nature with receptors distributed in certain abdominal

arteries.
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TABLE A20.—Eperiments concerning the effects of smoking and nicotine on animal cardiovascular function (cont.)

 

 

 

Author,
year, Numberand Smoking

country, type of procedure Commentsreference population

Leb et al., 12 mongrel dogs and Nicotine 100 ug./kg. for Effective Coronary Flow (ECF) is that part of the total coronary flow
1970, CBF measured with use of 2 minute intravenously. (TCF) which is “effectively ’ involved in nutrient exchange.
U.S.A, Rb* and digital counter. Nicotine injection was followed by:
(126). (1) 96.6 percent increase in TCF.

(2) 51.1 percent increase in ECF.
(3) 73.1 percent increase in myocardial oxygen consumption and analysis

revealed that capillary flow increased almost proportionately to my-
ocardial oxygen consumption whereas the increase in TCF was far
in excess.

(4) Definite increases in cardiac output, heart rate, left ventricular work,
and aortic pressure.

Ross and 10 dogs undergoing Nicotine 10-100 ug. intra- Nicotine injection was followed by:
Blesa, instantaneous coronary coronary injection. (1) Inereased contractile force.
1970, arterial low measurement, (2) Decreased myocardial contraction time.
U.S.A. (3) Decreased time necessary to reach peak tension.
(160). (4) Decreased total stroke systolic CBF,

(5) Increased total stroke diastolic CBF.

(6) Increased total stroke CBF.

(7) Changes similar to intraarterial epinephrine.
(8) Changes blocked by pentolinium pretreatment,

(9) No changein heart rate or blood pressure.

The authors conclude that catecholamines released from the ventricular
myocardium mediated these responses to nicotine.



TABLE A21.—E'xperiments concerning the effects of smoking. and nicotine on the cardiovascular system of humans
 

 

 

A
utnor, Numberand Smoking Heart Blood Electrocardiogram Stroke Coronary

country, type of procedure rate pressure’ ballistocardiogram volume blood Comments
reference population flow

Russek I. 28 healthy 1 standard and 1 I. Increase, Increase. EKG: Denicotinized ciga-
etal., male smokers denicotinized I. 16/28 showed rettes evoked changes
1955, 21-60 years cigarette. significant of a lesser degree
U.S.A. of age (aver- changes. in normals and CHD
(164), age 42). II, No sig- subjects, but in the

II. 37 male patients Il. Increase. Increase. nificant latter group there

with overt changes. was no significant

clinical CHD BCG: difference between

42-70 years of I... these changes.

age (average II. 18/37 showed

54), 6 were significant

nonsmokers. change.

Bargeron 14 of 30 healthy 1 cigarette Insignificant Increase. Definite Coronaryvascular

et al., adult male vol- inhaled at increase. increase. resistance fell

1957, unteer smokers intervals of significantly.

U.S.A. and nonsmokers 20 seconds. Myocardial 0,

(17). who underwent usage underwent no
successful

catheterization

18--53 years

of age.

significant change.

Pyruvate extraction

fell slightly.

Authors consider

lack of increase in

heart rate as due to

baseline apprehensive

tachycardia.
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TABLE A21.—Ecperiments concerning the effects of smoking and nicotine on the cardiovascular system of humans (cont.)
 

 

 
 

Author, Numberand Smoking Heart Blood Electrocardiogram Stroke Cardiaccountry, type of procedure rate pressure

_

ballistocardiogram volume output Comments
reference population

Regan 7 males with 2 standard Definite Definite Increase. No signi- Myocardial 4 consump-
et al., history of cigarettes in increase. increase,

tion rose slightly in
1960, EKG-proven 25 minutes

3 out of 7.
U.S.A. myocardial inhaled at

The authorconsiders
(154). infarction minute

that the EKG changesundergoing intervals.

noted on smoking are
cardiac ca-

probably dueless totheterization.

decreased coronary
blood flow than to

increased workload

(oxygen need) where

oxygen supply does

not increase.

Noted no evidence of

myocardial ischemia
during smoking.

Thomas and 113 clinically Onestandard Definite Definite Definite Definite Pulse pressure showed
Murphy, healthy young cigarette increase. increase. increase. increase, a decrease,
1960, males, smoked at

Smokers responded
U.S.A own pace.

slightly but signi-
(186)

fieantly more

actively than non-

smokers.

BCG changes were

increasingly common

with increasing age,

weight, and serum

cholesterol.

 
 



TABLE A2l.—E'xperiments concerning the effects of smoking and nicotine on the cardiovascular system of humans (cont.)

 

 

 

Author,
year, Numberand Smoking Heart Blood Electrocardiogram Stroke Cardiac

country, type of procedure rate pressure ballistocardiogram volume output Comments
reference population

Von Ahn, The author Cigarette Increase. EKG: Slight ST EKG changes more

1960, reviews a smoking. segment prominent in young,

Sweden series of depression clinically healthy

(202). experiments and T-wave subjects than in

performed flattening, older, habitual

between smokers. Intra-

1944-1954. venousnicotine and

smoking showed

identical cardio-

vascular effects.

Smokingelicited

angina pectoris in

a number of CHD

patients.

Irving and 5 normal males, (a) Sham smoking. (a) No No change. (a) Nochange. No change. Cardiac output

Yamamoto, 15 patients with change. measured by dye

1963, diseases not de- (b) Non-inhalation (b) No No change. (b) No change. No change. dilution technique.

England fined, 19-66 years smoking. change.

(89). of age, allmod- (ec) 2 standard (c) Definite Widened (c) Definite Definite

erate-heavy cigarettes in increase. pulse, increase. increase.

cigarette smokers, 10 minutes, pressure,

(d) Nicotine 0.6 (d) Definite Definite (d) Definite Definite

mg. intra- increase. increase. increase. change.

venously.

 

s
t
l



G
t
k

 

 

 

  

TABLE A21.—Ewperiments concerning the effects of smoking and nicotine on the cardiovascular system of humans (cont.)
Author,
year, Number and Smoking Heart Blood Electrocardiogram Stroke Cardiac Coronarycountry, type of procedure rate Pressure

_

ballistocardiogram volume output blood Commentsreference population
flow

i -nteeost I. 14 volunteers Single cigarette Definite Definite I, 10 27 percenttnd with clinical smoked at own increase increase percent increase,shiling- CHD,13/14 rate in 6-7 in all in all increase,Ford, smokers, minutes. groups, groups.
ted, average age
biol, 39.5.

ifgay, Il. 5 patients
If. Inter- Interme-with angina

mediate diatepectoris, all
change. change.smokers, ave-

rage age 43.4,

ITI. 14 patients
IIL. 8 per- 1 percentwith history of

cent increase.definite myo-
decrease,

cardial infarc-

tion, all smok-

ers average

age 54.1,

brankl 5 male and 3 2 standard Definite No signifi- Nosignifi- The authorcontrastsetal, female patients cigarettes in increase cant changes cant this-‘response with1965, with healed 10 minutes at at rest at rest or changes that seen amongUSA. myocardial infare- rest and under and at during at rest or healthy youngCar) tion 48-69 years graded exercise. exercise. exercise, during individuals.of age 2/8 non-
exercise.smokers.

 



Author,
Cardiac

 

  

 

year, Number and Smoking Heart Blood Electrocardiogram
country, type of procedure rate pressure ballistocardiogram output Comments
reference population

Sen Gupta 6 healthy male 1 untipped Increase Increase No change.

and Ghosh, nonsmokers. cigarette in in all in all

1967, 8 healthy male 5-7 minutes, groups. groups, 6/8 showed ST

India smokers, changes.

(i7t). 6 patients with All showed ST

CHD, nonsmokers and T-wave

3 patients with changes.

CHD, smokers. All showed ST

36-64 years of age. and T-wave

changes.

Aronow 10 male patients 1 standard high Definite Definite Product of systolic

etal. with classical nicotine ciga- increase. increase. blood pressure and

1968, angina pectoris. rette in 5 heart rate showed a

U\S.A. 32-59 years of age minutes. significant increase

(5). on smoking while left
ventricular ejection

time values did not.

All patients developed

angina more rapidly

under a constant

exercise load if they

had smoked before

exercising.

Kerrigan 24 male and 1 2 filtered ciga- Definite Definite Cardiac Theincrease in

etal, female healthy rettes in 15 increase increase index. cardiac index, heart

1968, smokers, average minutes with under under rest Definite rate, and blood

U.S.A. age, 45. measures taken rest and and exercise increase pressure during

(102). & male and 2 at rest and during exercise conditions, under rest exercise with smoking

female healthy exercise. conditions. and was the sum of such

Z
i
t

nonsmokers,

average age 33.

exercise

conditions.

increases seen with

smoking or exercise

separately.

Neither group showed

increases in peri-

pheral vascular

resistance.
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TABLE A2l.—Experiments concerning the effects of smoking and nicotine on the cardiovascular system of humans (cont.)
 

 

 

 

 

Author,
year, Number and Smoking Heart Blood Electrocardiogram Stroke Cardiac Coronarycountry, type of procedure rate pressure  ballistocardiogram volume output blood Commentsreference population

flow
Allison 30 healthy male 2 standard ciga- Definite Increase. Increase fol- Definite decrease inand Roth, subjects. rettes smoked increase.

lowed by pulmonary blood1969, 19-59 years of in.12-16 minute
decrease volumeas indicatedU.S A. age. period.
within 20 by impedance methods(3).
minutes. of thoracic pulse

volume.
Aronow and 10 male patients 1 low nicotine Definite Definite

All patients developedSwanson, with classical cigarette in increase. increase.
angina soonerif1969, angina pectoris. 5 minutes.
they smoked beforeU.S.A. 32-59 years of
exercising.(7), age.

Aronow and 10 male patients 1 non-nicotine No change. No change.
Nodifference notedSwanson, with classical cigarette in

in time or onset1969, angina pectoris. 5 minutes.
of exercise-inducedU.S.A, 32-59 years of
angina between(6). age.
smoking and non-

smoking procedures,
Marshall 42 normotensive 3/4 of onestandard Insignificant Insignificant

Blood pressure responseet al., healthy male cigarette. increase. increase,
to cold pressor test1969, prisoners
noted to be greater inU.S.A. 18-50 years of
heavy smokers.(129). age.

Presyncopal reactions13 nonsmokers.

16 moderate

smokers.

13 heavy smokers,

to 40 degree head-up

tilt more frequent

in smokers,
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TABLE A22.—Experiments concerning the effect of nicotine or smoking on catecholamine levels
 

Author, year, Number and

 

 

 

country, type of Procedure Results
reference subject

Watts, 11 dogs 0.02-0.60 mg/kg. Nicotine administration was associated with significant increases in peripheral arterial

1960, nicotine intravenously. epinephrine levels. Ganglionic blocking agents prevented this effect.

U.S.A.

(208).

Westfall 22 mongrel dogs Cigarette smoking via Regular cigarette smoke evoked a statistically significant increase in adrena] vein,

and Watts, tracheal cannula; vena cava, and femoral artery levels of epinephrine. Cornsilk cigarette smoke evoked

1963, 1 cigarette/8 minutes no change.

U.S.A. for 35 minutes.

(210).

Westfall 21 male volunteers 3 cigarettes smoked in Smoking at rate noted for 214 hours evoked a significant increase in urinary epine-

and Watts, approximately 25 30 minutes. phrine, but not norepinephrine levels.

1964, years of age;

U.S.A. 11 nonsmokers,

(211), 10 smokers.
 

Westfall et al.,

1966,

U.S.A.

(209).

Mongrrel dogs Standard cigarette smoke

exposure via endotracheal

tube. Smokeinhalation

every third inspiration for

3 minutes.

Smoke inhalation evoked a rise in cardiac output, stroke volume, blood pressure, and

plasma catecholamine levels. Pretreatment with propranolol diminished the cardiac

output and stroke volume responses but increased the blood pressure response—the

latter effect due to the release of alpha-receptor activity by beta-blockade.
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TABLE A23.--Experiments concerning the atherogenic effect of nicotine administration
 Author,year,

 

 

 

 

country, Numberand type Procedure Resultsreference of animal

Adler et al, Rabbits Nicotine 1.5 mg. intravenously in 5 percent The authors noted an arterionecrosis of the aorta, affecting mainly the1906, solution 6 of 7 days per week for more than inner muscular layers. Macroscopically, early changes consisted ofU.S.A, 4 months. small areas of caleareous ridging and aneurysmal dilatation without(2). notable fatty degeneration or intimal discontinuity. Microscopically,
early changes appeared in the muscle cells of the media, and “chalky”
deposits were noted between the elastic fibers.

Hueper, I. 6 mongrel dogs. Nicotine subcutaneously. Increasing dosage up I. 4/6 animals died of infection and showed marked edema and focal1943, up to 2.5 ce. of 3 percent solution for 1 hyalinization of the media of the aorta and large elastic arteries,U.S.A. month, 2/6 animals were sacrificed and showed thickening and hyaliniza-(86).
tion of the walls of the coronary arteries and edema of the media
as well as endothelial proliferation of other arteries,

Il. 60 rats. Increasing doses up to 1 ec. of 1 percent II. Much less aortic involvement than that found in the dogs; infre-
solution for 1 month. quent arteriolar changes consisting of fibrosis and thickening of

the media.

Maslova, Rabbits 1. (10) Nicotine subcutaneously 1 percent I. Aortic wall-—-acute swelling of elastic fibers with focal fragmenta-1956, solution 0.2 ce. daily for 115 days. tion and partial disintegration--no intimal fat deposits seen.USSR
Coronary vessels—-thickening of the vessel wall—no fat deposits.(180). II. (14) Nicotine plus 0.2 grams cholesterol] Il. Aorta—‘massive” deposits of ‘‘cholesterol” in the intima and vasa

per day. vasorum with “loosening” of the aortic wall. Coronary vessels—
the larger vessels showed moderate fat deposition and the smaller
vessels showed swelling of the elastica.

Ill. (10) Cholesterol only. II. Aorta—isolated lipid deposition in the arch and ascending portions
only. Coronary vessels—-no fat deposition.

Czochra- Rabbits T, (10) 1.0 g. cholesterol/day for 100 Index of aortic lesion density (cholestero} infiltration) :Lysanowicz days, I. 2.5,
et al., iL. (10) Cholesterol plus 0.0015 g. nicotine/ IL. 3.4,
1959, day intravenously.
U.S.A. Il]. (4) Nicotine only. IIf. No aortic lesions noted.
(46),
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TABLE A23.—-Experiments concerning the atherogente effect of nicotine administration (cont.)
  

Author, year,
country,
reference

Wenzel et al.,

Number and type Procedure
of animal

Rabbits i. (12) Control untreated.

Results

General findings: Marked aortic pathologic invelvement was noted in all

cholesterol-treated groups: however, no difference was noted between

Group Il and Groups TV., V., and VI.

Cardiac histopathology:

I. No change.

li, Advanced atherosclerotic changes in the subendocardial vessels.

HI, Thickening and fibrosis of coronary artery small branches.

IV.-VI. More severe changes with greater fatty metamorphosis and

actual early myocardial necrosis, but no dose-dependent ef-

fects observed.

 

 

1959, HI. (12) Control diet plus 1 percent

U.S.A. cholesterol and 5 percent cottonseed

(127). vil added,

Ill. (12) Contre! diet plus oral

nicotine 2.28 mg./ke./day.

IV. (12) Regimen II plusoral nicotine

2.28 mg./ke./day.

V. (12) RegimenIT plus oral nicotine

1.42 mg./kg./day.

VI. (12) Regimen IT plus oral nicotine

0.57 mg./kg./day.

Thienes Newborn rats and Nicotine subcutaneously up to 5 mg./kg.

1960, mice. twice daily by the end of 1 month.

U.S.A. Animals autopsied at | year.

(184)

Grosgogeat Male rabbits TI. (10) Nicotine subcutaneously 0.75

et al., me./day.

1965, (10) Controls—saline injected.

France Sacrificed at from 20-120 days.

(75). Il. (27) Same as Group I.

(27) Controls—saline injected.

Sacrificed at 90 days.

III. (66) Nicotine subcutaneously

0.8-1.5 meg./day.

Sacrificed at 30 days,

IV. (24) Nicotine subcutaneously 0.75

mg./day.

(24) Controls—saline injected.

One-half of each group ate cholesterol-

enriched diet (0.5--1.0 percent choles-

terol added).

Sacrificed at 60 days.

No arterial pathology noted. Medial degeneration seen more frequently

in controls. Suggests that older animals be used.

 

Significant differences in aortic subendothelial fibrosis between control

and experimental groups noted only in II] and IV. In group IV, the

nicotine-treated group showed more severe changes.
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ay TABLE A23.—Experiments concerning the atherogenic effect of nicotine administration (cont.)
 Author, year,

 

 

 

country, Numberandtype Procedure Resultsreference of animal]

Hasset al., Male rabbits Nicotine Diet Vitamin D
1966, I. (8) Control Control Control I. Infrequent medial calcific disease without lipid localization.ULS.A. II. (7) Control Cholesterol! Control HII. No medial calcific disease but frequent intimal atheroma formation.(80). HI. (14) Nicotine Control Control II. Rare caleifie medial degeneration: no intimal atheromatous disease,IV. (15) Nicotine Cholesterol Control IV, The largest number of atheromatous lesions.

V. (9) Control Cholesterol Vitamin D V. No medial calcific disease.
VI, (14) Nicotine Cholesterol Vitamin D VI. Consistent medial calcific disease.

(Sacrificed at various times)
Control—no treatment.

Nicotine—subcutaneousinjections in oil—

increasing amounts 2 times per week,

Vitamin D—subcutaneous injections up to

6-8 x 1 1U.

Cholesterol—-250-500 mg. cholesterol] added
per 100 g. diet.

Choi, Albino rabbits I. Nicotine 1-5 mg./kg./day intraperi- I. Increasing nicotine dosages were associated with decreased atheroma1967, toneally. formation (findings not Statistically significant).Korea Cholesterol 1 g./day (in varying Il. Nicotine alone produced no atheroma formation but was associated(42). eombinations with controls). with the presence of aortic medial calcification and endothelial]IT. Nicotine alone. hyperplasia.
II. Cholesterol alone. (Sacrificed at 60 days) ITI. Cholesterol alone was associated with a definite increase in atheroma

formation.
Stefanovich Female albing I. (10) Diet supple- Percent of aortic In both stock and cholesterol-fed animals, nicotine was also noted toetal, rabbits. mented with 2.0 surface involved increase aortic triglyceride content and to decrease aortic free cho-1969, percentcholes- with lesterol content.U.S.A. terol. Nicotine in- atherosclerosis

(178). tramuscularly I. 9.4

2.78 mg./kg,/day, II. 5.7

5/7 days. Ill. 0.1

Il. (10) Cholesterol Tv.

only.

III. (10) Nicotine only.

IV. (10) Control.
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TABLE A25.—Experiments concerning the effect of smoking and nicotine upon blood lipids
(Human Studies)

 

 

 

 

Author,
year, Number and Smoking Plasma free Serum Serum

country, type of procedure fatty acids cholesterol triglycerides Other Comments
reference population

Page 13 male and 2 nonfiltered No change. Serum lipoproteins

et al., 7 female cigarettes No change (10 subjects).

1959, laboratory in 10 minutes

U.S.A. workers and blood

(147). 17-51 years levels

of age. measured

over 30-

minute

period.

Kershbaum 31 male I. 17 subjects Mean rise No change. No change. The authors consider the in-

et al., patients or smoked 2 T, 351 pEq./L. crease among controls to be

1961, staff 16-72 non-filter II. 9.8 wEq./L. due to fasting.

U.S.A. years of age, cigarettes III. 272-2,304

(104). 7 normals, in 10 BEQ./L.

7 CHD, minutes.

17 other II. 9 controls.

medical ITIL. 5 subjects

diagnoses. smoked 6

cigarettes

in 40

minutes.

Kershbaum I. 17 male I, IL, 11, Mean rise No difference found between re-
et al,, patients 2 non-filter I. 858 wEq./L. sults following inhalation or

1962, with healed cigarettes in Il. 320 wEq./L. noninhalation.

U.S.A. myocardial 10 minutes. I. 292 wEa./L. Statistically significant difference
(108). infarctions. IV. No smoking. IV. 20 wEaq./L. found between increases in

Tf. 16 non-CHD

patients.

III. 10 normals.

IV. 13 normals.

Groups II and III and

Group I.
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TABLE A25.

Author,
year,

country,
reference

Kershbaum

etal,

1968,

ULS.A.

(f09),

Konttinen

and

Rajasalmi,

1963,

Finland

C120).

Kedra

etal,

1965,

Poland

(107),

Number and
type of

population

11 normal}

patients.

40 healthy

moderate

smokers

19- 20 years

of age,

37 male and

5 female

medical

students

22-23 years

of age.

 Eeperiments concerning the effect of smoking andnicotine upon bloodlipids (cont.)
(HumanStudies)

Smoking
procedure

9 standard

cigarettes

in 3 hours.

Samples at

10, 20, and

40 minutes

of smoking

period,

Fed at fat meal

and then 20

were allowed

to smoke

cigarettes of

known-nicotine

content over 6

hour period

(approximately

283 cigarettes

consumed).

3 cigarettes

smoked in

 

rapid suecession

and samples

taken at 10

and 30

minutes.

[ISM — Smokers

Plasmafree
fatty acids

Definite increase

at start of

smoking period.

NS—definite

increase at

6 hours.

5SM-—-definite

increase at

6 hours.

No change.

Serum
cholesterol

No change

in either

group.

No change.

NS = Nonsmokers]

Serum
triglycerides Other

3 patients with trime-

thaphan camphor-

sulfonate (Arfonad)

pretreatment and 8

formerly adrenalecto-

mized patients showed

either minimal or no

elevation.

NS-.-definite

increase

at 2 hours.

SM—slight

increase

at 2 hours.

Beta-lipoproteins defi-

nite increase.

Comments

Both free and total urinary

catecholamines increased with

smoking and the author

considers them as mediators

of the FFA increase.
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TABLE A25,.—Baperiments concerning the effect of smoking and nicotine upon blood lipids (econt.)

{HumanStudies)

 

 

 

 

Author,
year, Numberand Smoking Plasma free Serum Serum

country, type of procedure fatty acids cholesterol triglycerides Other Comments
reference population

Frankl 5 male and 1 2 standard Nochange. Subjects were in nonfasting,

etal, female cigarettes nonbasal state.

1966, healthy inhaled in

U.S.A. smokers 10 minutes.

(66). 24-29
years of age.

Kershbaum 43 normal male I. Terminal I. Indefinite Cigar smoking in 11 subjects

etal. heavy cigarette segment of increase. showed an intermediate in-

1966, or cigar cigar in 20 Il. Definite crease in the excretion of

ULS.A. smokers, minutes—-15 increase. urinary catecholamines as

(106). 21 46 years subjects. Ill. Increase with compared to that with ciga-

of age. Il. 3 cigarettes inhalation rette smoking.

in 20 minutes greater than

15 subjects with non-

Cineluding 6 inhalation

from group I). in every

Ill. Cigarette subject,

inhalation or

noninhalation

6 subjects,

Klensch, 56 observations 1 standard Definite Indefinite increase in venous

1966, on student cigarette increase. epinephrine levels.

Germany smokers 20-24 in 4 minutes.

(118). years of age. FFA measured at

16~25 minutes.
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TABLE A25.—Experiments concerning the effect of smoking and nicotine upon blood lipids (cont.)
{HumanStudies)

 

 

Author,
year, Number and Smoking Plasma free Serum Serum

country, type of procedure fatty acids cholesterol triglycerides Comments
reference population

Murchison 8 male and 4 2 cigarettes I. Definite No change. No change, Both regular and sham smokers
and female mod- in 15 minutes. increase. showed significant increases
Fyfe, erate smokers I. Lit-ciga- II. No change. No change. No change, in concentration of serum
1966, with various rettes. oleic acid and significant
Scotland diseases 37— II. Unlit-ciga- decreases in concentration o:
(139), 67 years of rettes,. serum palmitic acid. .

age.

 Kershbaum 6 normal

et al., heavy

1967, cigarette

U.S.A. smokers

(105). 28-45 years

of age.

Various types

of cigarettes

of known

nicotine

content.

Regular cigarettes,

filter cigarettes,

charcoal-filter

cigarettes, pipe

tobacco plus

cigarettes all

showed similar

increase in FFA.

Lettuce leaf

cigarettes had

negligible effect.

Both catecholamine and

nicotine excretion rates showed

responses to the various ciga-

rettes similar to that of the

FFA response.
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TABLE A25a.—Experiments concerning the effect of smoking and nicotine upon blood lipids

(Animal Studies)
 

ANIMAL AND IN VITRO STUDIES
 

Author, Number
year, and Smoking Plasma free Serum Serum '

country, type of procedure fatty acids cholesterol triglycerides Other

reference population

Comments

 

Wenzeland 48 male J. Untreated control— Group II and IV

Beckloff, New 12 subjects. showed an im-

1958, Zealand Il. Regular diet plus mediate in-

U.S.A. white 0.1 percent cholesterol— crease in plasma

(206). rabbits. 12 subjects. cholestero} and

Ill. Regular diet plus 2.28 phospholipids

me./kg./day nicotine with a level-

in water—12 subjects. with a leveling

IV. Diet plus— : of response

(a) 0.1 percent cholesterol at 4 weeks.

(b) 2.28 mg./kg./day ‘Group 1V showed

nicotine in water— a furtherin-

12 subjects. crease at 8-12

week period. .

The authors consider an el-

evated cholesterol/ phos-

pholipid ratio to bea

notable indication of

atherogenic susceptibility.

The concomitantincrease
in phospholipids with the

cholesterol may negate

the importance of nico-

tine-induced hypercho-

lesterolemia as an

atherogenic stimulus.

 

 

 

 

Kershbaum 5 mongrel Intravenous infusion of 20 : Definite increase in

etal., dogs. mg./kg. nicotine 13/15 observations,

1961, in 20 minutes.

TSA,

th).

Kev hbaum 20 adult TI. 9 received IM nicotine J. Significant increase Nochange

ead, mongrel daily for 6 weeks; in 8/9 dogs. in any

Tb, dogs. up to 1 mg./kg. Il. No change. group.

USA, II. 5 placebo injection. Ill. No change.

(107). IIT. 6 control.
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TABLE A25a.—Experiments concerning the effect of smoking and nicotine upon blood lipids (cont.)

Author, Number

(Animal!Studies)

ANIMAL AND IN VITRO STUDIES

 

 

year, and Smoking
country, type of procedure

Other Commentsreference population

Kershbaum 28 adult Intravenous infusion of nicotine. The authors report on the
etal, mongrel

results of the use of ne-1966, dogs.
thalide (a Beta-adrener-

U.S.A.
gic blocker), phenoxy-(108).
benzamine, and chlor-

promazine to block the

FFA response to nicotine.

Only nethalide was suc-

cessful and this consti-

tutes an indication that

nicotine stimulates Beta-

adrenergic receptors to

release catecholamines

which, in turn, stimulate

the release of FFA.

Kershbaum Sprague- Nicotine perfusion.
Although nicotine perfusionetal., Dawley

was not associated with1967, rat
FFA release from fat tis-U.S.A. fat-pad
sue, epinephrine did

(t10). tissue.
produce a significant in-

crease in FFA release.

The authors conclude

that the sympathetic

nervous system mediates

the FFA response to

nicotine in the intact

animal.
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TABLE A26. Experiments concerning the effect

 

 

 

 

af carrion monoride exposure upon blood lipids

  

Author,
year, Numberand

country, type of Smoking procedure
Results

reference population

Kjeldsen & male students 2 Five daily one-half hourex posures No significant changes in total fatty acids, phospholipids, or triglycerides.

and years of age. to 0.5 percent CO for 8-10 days. Cholesterol showed a significant inerease only during the last 3 days of

Damgaard Overall mean COHb result: +g exposure.

1968, was 12.5 percent.

Denmark

(115).

Kjeldsen, 72 female albino rabbits: J. 12 control and 12 exposed L. Serum cholesterol concentrations cca riidly aud then remained slightly

1969, I. Regular diet, 24 to gradually increasing CO above control vaiues far the d-week period,

Denmark subjects. concentrations (0.015-0.40 Tl. At 35 days, the serim cholesterat eoencentration in the exposed group was

Cty. VI. Regulardiet plus percent) over a 4-week 21, times that ti tue coutrol preup.

Ill. Serum cholestero) eonesutrations among those exposed were significantly

Kjeldsen,

1960,

Denmark

Cita).

period.2 percent choles-
12 control and 12 exposed toterol, 24 subjects. If.

Hi. Resulay diet plus 0.020 percent CO for 35 days.

% percent choles- Ill. 12 control and 12 exposed to

to 0.020 percent CO for

7 weeks, then 0.036

percent CO for 3 weeks,

terol, 24 suigects.

12 control and 12 maintained at 10

pereent oxygen levels for 6

weeks, then 9 percent for 2

weeks.

24 castrated male albino

rabbits. Regular diet

plus 2 percent

cholesterol.

 

higher than those in ihe control group for 5 weeks of the 10-week period.

Serum cholesterol and triglyceride concentrations rose to significantly higher

levels during 3 of the 8 weeks. No changes noted in serum phospholipids.
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TABLE A27.—Smoking and thrombosis
 

 

 

  

 

Author, Whole Partial Recalcified
year, Number and Experi- blood Pro- thrombo- plasma Platelet Platelet Platelet Plateletcountry, type of mental clotting thrombin  plastin clotting adhesive- count survival turnover Other Commentsreference population conditions ! time time time time ness

Black- 16 adult 12 individuals
Plasmaburn schizo- smoked 2
atypvenet al., phrenic high-
time1959, patients, 8 nicotine
(—)U.S.A. university standard

(25), students,all brand

smokers. cigarettes.

Mustard 7 white males Compared
Plateletand with either after
clumpingMurphy, CVDor periods of

time1983, COPD,all abstinence (—) (—) C) (—-) (-) (+) (+) (+)U.S.A, heavy or econtinua-
decrease

—

inerease
(141). smokers $5- tion of

72 years of smoking.

age,

Ambrus 20 healthy Deep inhala-
Thromhoplastin 2 studentsand male non- tion of one

generation becameill.Mink, smoking nonfiltered (—) (-) (-) (+) (-) tine Results1964, medical cigarette. increase f--) reflectU.S.A. students <30
data on 18.(4). years of age.

Ashby 27 male 13 controls
Increase ofetal, medical measured at
subjects1965, students and 2 separate
greaterTyeland hospital times 14
than that(8). staff subjects (4-) of controlsmembers. measured increase
at p<0.01.before and

after

smoking 2

cigarettes
in 20
minutes,
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Author, Whole Partial Recalcified
year, Numberand Experi- blood Pro- thrombo- plasma Platelet Platelet Platelet Platelet

country, type of mental clotting thrombin plastin elotting adhesive- count survival turnover Other Comments
reference populationconditions } time time time time ness _ ae

Sogani 11 observations Smoked2 cig- Fibrinolysis Biri--

and on male arettes or (+) tobaceo

Joshi, smokers all] 2 biris or decrease wrapped in

1965, regular chewed f (~—) (-—) t--} (+) tobacco

India tobacco betel nut inerease leaf.

(174). users. quid in 20

minutes,

Engel- 40 male and 2 cigarettes Chandler

berg, 20 female in 20 (in vitro)

1965, hospital pa- minutes. thrombosis

ULS.A. tients, all time

(58), smokers 17- +

68 years of decrease

uge.

Kedra 39 male and 5 cigarettes Thrombin

and 11 female in 1 hour. time

Korolko, smokers and {+) (—) (++) (+)

1965, 24 male and decrease decrease decrease

Poland 26 female

(100). nonsmokers

18-25 years

of age.

Murchi- 8 males and 2 cigarettes +t Smoking both

son 4 female in 15 lit and unlit

and patients minutes. cigarettes

Fyfe, with lit or unlit (Tt) (+) caused a rise

1966, various cigarettes. increase in platelet

Scotland diseases, all adhesiveness

(139). heavy which the

smokers 37- authors

67 years correlated

of age. with rise in

plasma non-

esterified

fatty acids.
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TABLE A27.—Smoking and thrombosis (cont.)

 

 

 

 

Author,
year, Numberand Experi- Platelet Platelet

eountry, type of mental adhesive- count Other Comments
reference population conditions? ness

Glynn 20 male and 3 cigarettes Platelet Smokers found

etal, 17 female in 30 serotinin to havea

1966, smokers and minutes. 9) {(—) greater

Canada 9 male and Platelet tendency for

(71). 21 female adenosine platelet

nonsmokers nucleotide aggregation

17-76 years (—) than non-

of age. smokers.

Engelberg $4 male and 1 cigarette Thrombus Norelation

and 53 female in 5 minutes. formation found with

Futter- patients and time increase in

man, medical (+) free fatty

1967, housestaff. decrease acids.

U.S.A.

(59).

Murphy, Literature Platelet

196%, review with adherenceto

U.S.A, summaryof (+) (+) vascular
(140). data and

conclusions.

Symbols:

-- ~ No effect,
* .. Questionable effect.

increase increase endothelium

(+)
increase

Fibrinolysis

(+)

decrease

Thrombus

formation

time

(+)
decrease

 

1 Results,

+- = Definite effect.

unless otherwise stated,

measured before and after smoking procedure noted.
specific coagulation test as



TABLE A30.—Ewperiments concerning the effect of nicotine and smoking upon
the peripheral vascular system
 

Author, year

country, reference

 

Moyer and Maddock,

1940, U.S.A. (2384).
20 subjects (including heavy smokers) were studied for the effects of

the following procedures on skin temperature: the inhalation of a

lit cigarette, inhalation through an empty paper tube, or the ad-

ministration of 1 mg. nicotine intravenously. All subjects responded

with decreased cutaneous temperature following the smoking and

nicotine procedures, No changes were noted following sham smoking.
 

Mulinos and Shulman,

1940, U.S.A. (188).
A number of experimental groups, each consisting of 6-17 persons,

were studied for the effects of deep breathing and cigarette smoking

on skin temperature and digit or limb plethysmography. The au-

thors concluded that deep breathing alone could account for the

changes in temperature and blood flow noted upon smoking and

noted that denicotinized cigarettes evoked the same or greater

vasoconstriction as that noted following the smoking of a standard

cigarette.

 

Shepherd, 1951,

Treland (1273).
50 young male smokers were studied with plethysmography before

and after the normal and rapid inhalation of a standard cigarette.

The author noted that rapid inhalation was associated with a pro-

longed decrease in extremity blood flow while a more natural rate

of inhalation was followed by a momentary decrease in flow. The

author considered the former reaction to represent the pharmacolo~-

gic effect of the smoke and the latter tu represent the physiologic

response to deep breathing, as the natural inhalation of an unlit

cigarette produced the same transient decrease in flow as did the

natural inhalation of the lit cigarette.
 

Friedell, 1953,

USA. (70).
52 male and 48 female young smokers and nonsmokers were studied

for the effects of smoking on hand blood volume as measured by

the use of radioactive iodinated albumin. The inhalation of un-
filtered cigarettes was associated with an average decrease in hand
blood volume of 19 percent in men and 33 percent in women; while

filtered cigarettes showed respective decreases of 11 percent and
21 percent.

 

Strémblad, 1959,

Sweden (181).
11 male and female subjects (smokers and nonsmokers) were studied

for the effect of the intra-arterial administration of nicotine (bra-
chial artery) on blood flow to the hand as measured by venous
occlusion plethysmography. Increasing doses of nicotine were asso-
ciated with increasing numbers of individuals manifesting vagso-
constriction. The vasoconstrictive effects of nicotine were abolished
by the prior administration of either hexamethonium or pentolinium.

 

Barnett and Boake

1960 Australia (18).

© male patients with intermittent claudication (7 were heavy smokers)
were studied for the effect of smoking on blood flow to the leg as
measured by venous occlusion Pplethysmography. Smoking an un-
filtered cigarette was found not to produce any consistent changes
in blood flow to the calf or foot of the affected leg,

 

Freund and Ward,

1960, U.S.A. (68).
15 male prison inmates (less than 35 years of age) and 14 male

patients with peripheral vascular disease (approximately 65 years
of age) were studied for the effect of smoking on digital circulation
as measured by skin temperature, plethysmography, and radiosodium
clearance from the skin. Smoking was found to adversely affect
the first and third measures in a significant manner (while plethys-
mographic values were variable) only in the healthy prisoners

and not at all in the patient group.

 

Roth and Schick,

1960, U.S.A, (161).
100 normal individuals underwent 425 experimental procedures con-
cerning the effect of smoking on the peripheral circulation. Smok-
ing was found to be associated with a decrease in extremity skin
temperature.

 

133



TaBLe A30.—Experiments concerning the effect of nicotine and smoking upon
the peripheral vascular system (cont.)
 

Author, year,
country, reference

 Rottenstein et al., 8 males (18-21 years of age) were studied for the effect of ‘intras
1960, U.S.A. (162). venous nicotine on extremity temperature and blood flow. Intra.

venous nicotine was found to evoke a decrease in skin temperature
while increasing muscle blood flow. The former effect began sooner
and lasted longer than the latter.

 Allison and Roth, 30 healthy ind:viduals (19-59 years of age) were studied for the effect1969, U.S.A. (8). of smoking two cigarettes on extremity pulse volumes and skin
temperature. Smoking was found to be associated with a 2-6 per.
cent decrease in skin temperature and a 45-50 percent decrease in
blood pulse volumes to segments of the finger, calf, and toe,
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CHAPTER 3
 

Chronic Obstructive Bronchopulmonary Disease
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INTRODUCTION

Chronic obstructive bronchopulmonarydisease (COPD) is char-

acterized by chronic obstruction to airflow within the lungs. The

term COPDrefers to three commonrespiratory ailments; namely,

chronic bronchitis, pulmonary emphysema, and reversible obstruc-

tive lung disease (bronchial asthma) .*

Chronic bronchitis has been defined as the chronic or recurrent

excessive mucussecretion of the bronchial tree. It is characterized

by cough with the production of sputum on most daysfor at least

three months in the year during at least two consecutive years

(217).

Pulmonary emphysemais that anatomically defined condition of

the jung characterized by an abnormal, permanentincrease in the

size of the distal air spaces (beyond the terminal bronchiole) ac-

companied by destructive changes (217).

Patients can suffer from both of these conditions simultaneously.

The symptomsas well as the abnormalities in pulmonary function

observed in the presence of the two ailments maybe quite similar.

Patients with chronic bronchitis suffer from productive cough with

or without dyspnea (breathlessness both at rest or on exertion)

while pulmonary emphysemais characterized mainly by dyspnea.

COPD comprises a spectrum of clinical manifestations; thus, it is

frequently difficult to determine whether a particular patient is

suffering from one of the two specified diseases alone or which one

predominates when both are thought to be present.

COPD is responsible for significant mortality in the United

States. In 1967, a total of 21,507 men and 3,885 women were re-

corded as dying from chronic bronchitis and emphysema (221).

This figure does not include a sizable numberof individuals for

whom COPD wasa contributory cause of death.

During the past two decades, a major increase has taken place

in the mortality from COPD in the United States. In 1949, the

death rate from COPD was 2.1 per 100,000 resident population,

while in 1960 it was 6.0 (222), and in 1967, 12.9 (221). Although

* Because mortality from bronchial asthma does not appear to be related to cigarette smoking,

the term COPD will be used henceforth to refer only to chronic bronchitis and pulmonary

emphysema. Exacerbation of pre-existing bronchial asthma has been observed among cigarette

smokers, Further elaboration of this question may be found in a previous Public Health Service

Review (223).

139



much of this rise is probab.y due to changes in certification and
recording methods as well as to an increased interest on the part
of the medical community, an appreciable proportion is also gen-
erally accepted as reflecting a real increase in disease. Similar jn.
creases over the past 20 to 30 years have also been observed in
Canada (7) and in Israel (54). The lack of a similar increase in
Great Britain, a country with an extremely high rate of COPD
may be the result of a number of factors including improved
therapy and decreased airpollution. Moreover, it is also likely that
the diagnosis of COPD has been made more commonly and ac.
curately in Great Britain for a longer time than in the United
States, or elsewhere. Furthermore, the British definitions of bron.
chitis and emphysema have (cliffered in the past from those used in
the United States.

The mortality from and prevalence of COPD is probably under.
estimated. In a study of death certificates, Moriyama,et al. (170)
reported that COPD is often omitted as a contributing cause of
death. In a study of more than 350 autopsies, Mitchell, et al. (169)
noted that the disease often goes unreported and that emphysema
was occasionally found unassociated with severe clinical airway
obstruction. Hepper, et al. (110) observed that ventilatory test re-
sults were abnormal in 10 percent of 714 patients in whom no
symptoms, signs, or past history of pulmonarydisease were noted.
They concluded that severe degrees of ventilatory impairment may
be undetected by history and physical examination alone. Boushy,
et al. (40) evaluated clinica] symptoms, physiologic measurements
of airwayobstruction, and morphologic bronchial and parenchymal
changes in 90 males with bronchogenic carcinoma. The authors
found that wheneitherclinical, physiologic, or pathologic evidence
of COPD was used alone, one-third to one-fourth of the patients
were considered normal, but when all three criteria were used to-

gether, only one patient was free of COPD. The importance of

COPD as a contributing cause of mortality is now beginning to be

more fully recognized.

Clinicians have long observed that the majority of their patients

suffering from COPD were cigarette smokers (1, 150). Epidemio-

logical studies have validated this impression by indicating that

cigarette smokers are at a much greater risk of developing or dying

fromthis disease and that the risk increases with increased dosage

of cigarette smoke, reaching in the smoker of two packs or more a

day a level as high as 18 times that of the nonsmokers (132). The

salutary effect of giving up smoking has also been borne out by

clinical observation and epidemiological studies.

In a numberof studies, smokers were found to suffer more fre-

quently than nonsmokers from pulmonary symptoms including
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cough, cough with production of phlegm, and dyspnea. By a variety

of pulmonaryfunction tests, smokers were shown to have dimin-

ished function as compared to nonsmokers and also to have a

steeper slope of the expected decline of function with age. Tests of

ventilation/perfusion relationships in the lung have revealed ab-

normal function in smokers. Autopsy studies have indicated that

smokers dying of causes other than COPD havesignificantly more

changes characteristic of emphysema than nonsmokers.

Several recent studies have validated the clinical impression that

among patients who undergo surgery, cigarette smokers run a

greater risk of developing complications in the post-operative

period than nonsmokers,
Abundant experimental evidence of the role of smoking in

bronchopulmonary disease has been obtained from experiments

employing animals and tissue and cell cultures. Recent work has

demonstrated, in dogs trained to inhale cigarette smoke through a

tracheostoma, that emphysema, pulmonaryfibrosis, and other path-

ologic changes in the pulmonary parenchyma and bronchi develop

and that these changes are proportional to the total dosage of cig-

arette smoke inhaled. In vivo and in vitro studies have shown that

whole cigarette smoke, or certain fractions thereof, inhibit ciliary

activity of the bronchial epithelium, adversely affect the mucous

sheath, and inhibit the phagocytic activity of the pulmonary

alveolar macrophage. These abnormalities lead to retarded clear-

ance of inhaled foreign matter including infectious agents from

the lungs, thus predisposing the individual to respiratory infec-

tions. Evidence also exists that pulmonary surfactant may be ad-

versely affected by cigarette smoke.

The convergence of these lines of evidence, which will be de-

scribed in more detail in the body of this chapter, leads to the

judgment that cigarette smoking is the most important cause of

COPD in man.

EPIDEMIOLOGICAL STUDIES

COPD MORTALITY

Numerous epidemiological studies, based on a variety of pop-

ulations and carried on in a number of countries, have investi-

gated the association between cigarette smoking and COPD. They

have shown a greatly increased mortality and morbidity from

COPD among smokers as compared to nonsmokers. Results from

the major prospective studies relating smoking and COPD mortal-

ity are presented in table 1. The majority of the studies separate
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TABLD 1.—Chronic obstructive bronchopulmonary disease mortality ratios
(Actual number of deaths shown in parentheses)!

SM = Smokers. NS = Nonsmokers

 
PROSPECTIVE STUDIES

 

 

 

so Number and Data Follow-up Number Cigarettes/day Chroniccountry, type of collection years of deaths pipes, cigars bronchitis Emphysema Otherreference population

Hammond 187,783 white Questionnaire 314 338 Cigarettes
and males in 9 and follow-up SM ......308 NS .......1.00 (30)Horn, states 50-69 of death NS ...... 30° <10 ......1.67 (10)1958, years of age. certificate, 10-20 .....3.00 (57)U.S.A,

>20 22... 3.64 (40)C108).
All ,....,.2.85 (281)

Pipes

NS ......1.00 (30)

SM ...... 1.77 (23)

Cigars

NS ......1.00 (80)

SM ......1.29 (18)

Doll and Approximately Questionnaire 10 292 Cigarettes CigarettesHill 41,000 male and follow-up Chronic NS ......1,00 NS ..... 1.001964 British of death bronchitis 1-14 .....6.80 1-14... .0,65Great physicians. certificate. 111 15-24 ...12.80 15-24 ..1,08Britain
Other 25...21.20 >25  ....0.63(70).

181 All ..... 11.60 AH ..... 0.81
Pipes and Pipes and

Cigars Cigars
SM _......3.00 SM ..... 0.78
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TABLE 1.—Chronic obstructive bronchopulmonary disease mortality ratios (cont.)
(Actual number of deaths shown in parentheses)!

 

 

 

 

 

SM = Smokers. NS = Nonsmokers

Author,
year, Number and Data Follow-up Number Cigarettes/day Chronic

country, type of collection years of deaths pipes, cigars bronchitis Emphysema Other
reference population

PROSPECTIVE STUDIES

Best, Approximately Questionnaire 6 124 Cigarettes Cigarcttes

1966, 78,000 male and follow-up NS. ......1.00 NS ....... 1.00

Canada Canadian of death <10 i... 7.02(17)} <10 =... 4.81 (9)

(80). veterans. certificate. 10-20 ...13.65(49) 10-20 .....6.12(21)

200... 14.63 (12) >20 ......6.93 (7)

All ..... 11.42 (78) AH ......... 5.85 (37)

Pipes Pipes

SM .......2.11 (5) SM. ........ 0.75 (2)

Cigars Cigars

SM _......3.57 (1) SM .......3.83 (1)

Hammond, 440,558 males Interviews by 4 389 Males

1966, 562,671 ACSvolun- SM ...... 369 NS... 1.00 (20)

U.S.A. females teers. NS ......20 SM (age

(108). 35-84 years 45-64). .6.55(194)

of age in SM (age

25 states. 65-79) .11.41(175)

Kahn, U.S. male Questionnaire Bl, Bronchitis NS. ......1.00 (81) Current ciga- Current ciga-

1966, veterans ‘and SM ....... 64 AIlSM ...6.49(348) rettes only rettea only

U.S.A. 2,265,674 follow-up NS .......138 Current ciga- NS. ......1.00(13) NS) .......1,00 (18)

(182). person years. of death Emphysema rettes .10.08(229) 1-9 ...... 3.63 (5) 1-9 ....... 5.83 (10)

certificate. SM ......284 Pipes 10-20 ....4.51(22) 10-20 ....14.04 (93)

NS .......18 SM. ......2.36 (9) 21-389 ....4.57(12) 21-39 ....17.04 (62)

Cigars 239 ww, 8.31 (4) 239... 25.34 (17)

SM. ......0.79 (5) All ......4.49(43) All ....,.14.17(186)
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TABLE 1.—Chronic obstructive bronchopulmonary disease mortality ratios (cont.)
(Actual number of deaths shown in parentheses)}

 

 
 

 
 

SM = Smokers. NS = Nonsmokers

Author,
year, Number and Data Follow-up Number Cigarettes/day Chroniccountry, type of collection years of deaths pipes, cigars bronchitis Emphysema Otherreference population

PROSPECTIVE STUDY

Weirand 68,153 males Questionnaire 5-8 58 Cigarettes
Dunn, in various and

NS. ...... 71.00
1970, occupations follow-up #10)... 8.18
U\S.A. in California. of death #20) —«..., 11.80
(225). certificate.

380 0... 20.86

AH ...... 12.33

RETROSPECTIVE STUDY

Wicken, 1,189 males. Personal inter- 1,188 obtained Cigarettes
1966, view with retrospec- only
North- relatives of tively. NS ......1.00(124)
ern individuals SM ....1,064 1-10 ..... 2.95 (245)
Treland listed on NS ..... 124 11-22) ....3.48(300)
(227). death 23... 4.44 (168)

register. Mixed

SM ...,.. 1.55 (62)

Pipes or cigars

SM ......1.84(289)

 
1 Unless otherwise specified, disparities between the total number of deaths

and the sum of the individual smoking categories are due to the exclusion

of either occasional, miscellaneous, mixed, or ex-smokers.
?.NS includes pipe and cigar smokers; SM includes ex-smokers.



the findings for chronic bronchitis and emphysema. Such specific

grouping of the mortality data should be viewed with some reser-

vations in the light of the difficulties mentioned above in dis-

tinguishing the two diseasesclinically.

The dose relationship of increased mortality ratios with increased

consumption of cigarettes is indicated by the results of all the

studies which present rates for different levels of smoking. Kahn

(132), for instance, noted that those smoking only1 to 9 cigarettes

per day incurred an emphysema mortality ratio of 5.53 while those

smoking over 39 per day incurred one of 25.34. Pipe and cigar

smokers were found in somestudies to haveslightly elevated mor-

tality ratios in comparison with nonsmokersalthough other studies

did not showthis. The risk of dving from COPD amongcigar and

pipe smokers appears to be much less than that incurred by

cigarette smokers but may be somewhat greater than that among

nonsmokers (table 1).

The effect of stopping smoking on COPD mortalityis reflected in

the results of Doll and Hill (70, 71) in their study of British physi-

cians. They found that during the years immediately following

cessation of smoking, mortality ratios remained elevated and did

not begin to decline below the level of continuing smokers until

nearly a decade later. This delay in response is probably due to two

factors: the presence in the ex-smokers’ group of many who quit

for reasons of il] health and the long-term effects of cigarette

smoke on the respiratory tree, some of which are irreversible.

Kahn (132) also noted that the age-specific mortality ratios for

ex-smokers were lower than those for continuing smokers of cor-

responding amounts of cigarettes.

A better estimate of the potential effect of stopping smoking on

COPD mortality can be gained by studying the death rates in a

population in which a high proportion of smokers have stopped

smoking to protect their health rather than as a response to ill

health. Among doctors age 35-64 in England and Wales, many of

whom have stopped smoking cigarettes, there was a 24 percent

reduction in bronchitis mortality between 1953-57 and 1961-65,

as compared with a reduction of only 4 percent in all men of the

same age in England and Wales, among whom there was no reduc-

tion of cigarette smoking. (84).

COPD MoRBIDITY

Manyinvestigators have studied the prevalence of bronchopul-

monary symptoms (including those of chronic nonspecific respira-

tory disease) among smokers and nonsmokers. These studies are

outlined in table A2. Their results indicate that the cigarette

145



smoker is much more likely to suffer from respiratory symptoms
such as cough, sputum prcduction, and dyspnea than is the non-
smoker. Such symptoms, particularly cough and sputum produc-
tion, increase with increasing dosage of cigarette smoke. Table A2
also showsthat pipe and cigar smokers experience COPD symptoms
more frequently than nonsmokers although not to the degree found
in cigarette smokers. These morbidity findings are similar to the
mortality findings presented above.

Similarly, cessation of cigarette smoking has been shownto be
associated with a decrease in symptom prevalence. Mitchell, et al.
(168) studied 60 patients who succeeded in stopping smoking and
84 continuing smokers, Among the ex-smokers, more than 70 per-
cent reported improvementin their cough while less than 5 percent
of the continuing smokers did so. Wynder,et al. (237) followed
224 ex-smokers of cigarettes and noted that 77 percent reported
cessation of persistent cough and an additiona] 17 percent reported
definite improvement. Hammond (102) reported similar results
concerning cough and shortness of breath in a study of a large
group of ex-smokers.

VENTILATORY FUNCTION

Another type of quantification of the effects of smoking on the
bronchopulmonary system has been obtained by those groups of
investigators who have studied pulmonary function in various
groups. Results are presented in table A3, and a glossary of the
terms used in the various tests is presented in table Ad. The pa-
rameters investigated have included maximal breathing capacity
(maximal voluntary ventilation), expiratory flow rates, forced
expiratory volume, and vita] capacity. Although certain of these
parameters appear to be more sensitive measures of pulmonary
dysfunction than others, the overwhelming majority of these stud-
ies have shown diminished function among smokers. An increase in
the expected age-diminution rate in smokers has been observed in
those studies which employed either repeated examinations or
examinations at manydifferent age levels. Higgins, et al. (117)
conducted a nine-year follow-up examination of 385 male residents
of a British industrial town who were age 55-64 at the beginning
of the study. Among the survivors who were tested initially and
nine yearslater, the averageclecline in FEV,,-; was smallest in non-
smokers, slightly greater in ex-smokers, and greatest in smokers.
As with COPD mortality and symptom prevalence, the impairment
of pulmonary function shows a dose-relationship with increasing
amounts of cigarettes smoked,
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The data contained in table A3 provide two different kinds of

information. The majority of the studies were conducted on un-

selected populations, which probably include a numberof individ-

uals with clinically manifest COPD. Therefore, these studies re-

flect the prevalence of COPD-related dysfunction (as determined

by pulmonary function tests) in relation to smoking. However,

some studies of younger individuals have revealed that pulmonary

function tests are abnormalin clinically asymptomatic smokers.

Krumholz, et al. (140) and Rankin, et al. (189) have shown that

pulmonary diffusing capacity is impaired in young asymptomatic

smokers when compared with age-matched nonsmokers. Similar

impairment in other pulmonary function tests was noted by Peters

and Ferris (182, 183) in an asymptomatic college-age group and

by Zwi, et al. (241) and Krumholz, et al. (140, 142) in groups of

young asymptomatic physicians and medical students.

Several investigators have employed tests which measure the

relationship of ventilation and perfusion (V/Q relationships) in

the various pulmonary segments. These tests are predicated on

observations that some segments of the lung may berelatively

under or overperfused and that, likewise, segments may be under

or overventilated. Anthonisen, et al. (70) investigated pulmonary

function in 10 male smokers with clinically mild chronic bronchitis,

all of whom had smoked cigarettes for at least 20 years. Regional

pulmonary function was studied using radioactive xenon. Despite

the fact that overall pulmonary function was nearly normal in sev-

eral patients, all had depressed V/Q ratios in some lung regions

with the basal areas being those most commonly affected. The au-

thors suggested that significant disease in the peripheral airways

may exist in patients whose chronic bronchitis is clinically mild

and who showno present impairment of ventilatory capacity. The

radioactive xenon test may reveal severe compromise of local gas

exchange when usual studies of ventilatory capacity do not reveal

any impairment. Similar results concerning peripheral airway ob-

struction in bronchitic patients with normal, or only minimally in-

creased pulmonaryresistance, have been observed by Woolcock,

et al. (234). These authors also noted that their patients demon-

strated frequency-dependent compliance which was unaffected by

the administration of bronchodilator aerosols.
Strieder, et al. (214) have recently investigated the mechanism

of postural hypoxemia in 24 asymptomatic smokers and non-

smokers. They found that standard ventilatory tests and lung vol-

umes were normal in both the smoking and nonsmoking groups.

However, the arterial pO? measured in the supine position was

significantly lower among the smokers and alveolar-arterial oxygen

gradients, while breathing room air, were larger in smokers than in
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nonsmokers (more so in the supine than in the erect position). The

increase in alveolar-arterial O, gradients was greater for heavy
than forlight smokers. The authors concluded that maldistribution
of ventilation and perfusion accounted for the observed hypoxemia.
Theyalso felt that this mild diffuse airway disease among asympto-
matic smokers is physiologically significant mainly because of in.
volvement of small bronchi, as expressed by maldistribution unac-
companied by gross airway obstruction. A similar ventilatory
distribution abnormality among smokers has also been observed
by Ross, et al. (198) with the mere severe alterations foundin the
long-term srnokers.

Although of concern in the consideration of COPD, such dis.

turbances of the V/Q relationship may also have adverse effects

upon cardiac function depending uponthe level of hypoxemia (219),

The discussion in the section on Coronary Heart Disease noted that
carbon monoxide has adverse effects on both oxygen transport and

alveolar-arteria] exchange as well as on oxygen debt developed with
exercise (50). Further research is needed on the joint effect of these

pulmonary and carbon monoxide induced hypoxemic influences.

A numberof other studies have provided further evidence con-

cerning the adverse effect of smoking on ventilatory function.

Table 5 presents those experiments which dea] with the effect of

cessation of smoking on pulmonary function. Among the param-

eters which have been noted to improve after stopping smoking

are: diffusing capacity, compliance, resistance, maximal breathing

capacity, and forced expiratory volumes. These parameters showed

improvement within 3 to 4 weeks after cessation of smoking.

GENETIC FACTORS

Recent interest has been shown in the possible contribution of

genetic factors to the pathogenesis of COPD. Earlier studies (127,

147) had noted the existence of kindreds with high incidences of

chronic bronchitis, emphysema, or both diseases. In addition to the

presence of genetic susceptibility, Larson, et al. (147) also observed

that all but one of the 11 symptomatic individuals in their two

kindreds were smokers. They postulated that the susceptibility of

some smokers to develop emphysema maybe, at least partially,

genetically detemined.

More recently, Larson, et al. (148) studied 156 relatives of COPD

patients and 86 control individuals. The subjects underwent pul-

monaryfunction testing, incliding forced expiratory volume and

residual volume total lung capacity measurements. The authors

observed that pulmonary function abnormalities were most prev-

alent among the relatives who smoked and least prevalent among
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TABLE 5.—Cessation of smoking and human pulmonary function’
 

 

 

 

Author,
year, Numberand

country, type of Results Comments

reference population

Krumholz 10 physicians Following 3 wecka abstinence Following 6 weeks abstincnce (6 subjects only)t + All subjects were >5 pack

et al., 25-33 years Lung volumes—no significant change. Lung volumes: per year smokers.

1965, of age. Peak expiratory flow rate—increase Inspiratory reserve volume—increase (p<0.05).

U.S.A. (p<00.01). Functional residual capacity—increase (p<0.05).

(141). Maximal breathing capacity—increase (p<0.02).

Mean diffusing capacity: Meandiffusing capacity—nochange.

Resting—inerease (p<0.02)

Exercise—no change.
Compliance—-increased in 6/8 tested. Compliance—continued to show increase.

Wilhelmsen, 16 smokers. Value prior to cessation Value after cessation Significance Mean duration of the non-

1967, (43,7 mean Vital capacity ........4.50 4.57 Notsignificant. smoking period was 40

U.S.A. age). FEV, ween eee 888 3.52 p<0.05. days.

(230). FEV,)/FVC wees 15,0 76.8 Not significant.

PEFR ooo. cece eee ee 6.97 7.45 Not significant.

MEFR 50%... «10... 8.81 3.93 Not significant.

MEFR 25% Cw... we ee SD 1,50 p<0.05.

Inspiratory resistance .2.07 1.43 p<0.025,

Expiratory resistance .2.80 2.04 p<0.02,

Compliance ..........000- No change

Peterson 12 smokers After 1 month ecssation After 18 months cessation

etal, studied at MBC increase (p<0.001). Increase (p<0.01).

1968, various FEV, increase (p</0.01). Increase.

U.S.A. intervals and

(184). compared with

12 continuing

smokers.
 

1 Abbreviations are explained in the glossary of bronchopulmonarytable A4.



the nonsmokingcontrols. No relationship of this increased preva.
lence could be demonstrated to alpha,-antitrypsin deficiency (see
below). In addition, nonsmoking relatives and smoking controls
were observed to show approximately the same prevalence of ab-
normalities. However, due to the large proportion of females in the
nonsmoking relative group and to the clustering of two-thirds of
the affected relatives in 10 families, firm conclusions cannot at
present be drawn from this study concerningthe relative contriby-
tions of smoking andof heredity to the pathogenesis of COPD.

In order to determine the relative significance of smoking and
heredity in the pathogenesis of COPD,Cederlof,et al. (45, 46) have
used the twin-study methods on registries in both Sweden and the
USA.Thespecific details of this method are described in the sec.
tion on Coronary Heart Disease. As may be noted from a summary
of their work at the end of table A2, the authors compared the
symptom prevalence among monozygotic and dizygotic twins who
were both discordant and concordant for smoking habits. They
observed that the hypermorbidity for COPD symptomsrelated to
smoking persisted even after controlling for zygosity and concluded
that a causalrelationship of smoking and COPD symptomswas sup-
ported. However, genetic factors werestill found to have an appre-
ciable influence. Lundmann (159) has applied this method to the
study of pulmonary function. He studied 37 monozygotic and 62
dizygotic twin pairs, measuring forced expiratory volumes and
nitrogen washout gradients, and matched the various pairs for
smoking discordancy. He observed that both of these parameters
were adverselyaffected in twins who smoked and that these changes
were correlated with cigarette consumption. The results are out-
lined at the end of table A3.

Alpha,-antitrypsin (A,AT)-—Of more recent note and discus-
sion has been the discoveryof an association between a hereditary
predisposition to COPD and the relative or absolute absence of

alpha,-antitrypsin, a serum glycoprotein enzyme. Eriksson (78)

was the first investigator to observe a relationship between the

presence of markedly decreased serum trypsin inhibitory capacity

and panlobular emphysema. Since Eriksson’s paper, much added

research has been published concerning manyfacets of this intrigu-
ing area.

It appears that A,AT deficiency is inherited as an autosomal

recessive trait (78, 216) althcugh Kueppers (742) considers the

transmission to be by an autosomal codominantallele. It has been

estimated that up to 5 percent of the general population may be

heterozygous for this gene (154) although full cross-sectional

studies of the population remain to be done.

Homozygous or severe deficiency of this enzyme has been asso-
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ciated with a particular type of pulmonary emphysema. While the

majority of lungs of emphysematous patients reveal] bullous or

centrilobular deformities, particularly of the upper lobes, this

hereditary disorder reveals a panacinar change, most severe in the

lower lobes (101, 215, 226). Patients with emphysema who are

found to have the homozygous deficiency have been observed to

include a greater percentage of female patients than is usually ob-

served in the general emphysema population. Their disease begins

earlier, is more severe, is characterized by dyspnea rather than

cough, and frequently is unassociated with a history of preceding

bronchitis (101, 215, 226). Radiographic studies of A,AT-deficient

patients have revealed decreased vascularization of the lower lobes

and increased vascularization of the upper lobes (101, 21.3). It is

estimated that between 1 and 2 percent of patients with COPD have

this homozygousdeficiency (78, 216). In family studies, it has been

found that almost all the homozygous individuals are symptomatic

bythe age of 40 and that those whoare not usually show alterations

in pulmonary function studies. Guenter, et al. (98) studied 7 per-

sons with homozygousdeficiency. Of the five symptomatic individ-

uals, 4 smoked and al] had abnormal timed vital capacity. Neither

of the two asymptomatic individuals smoked or had this change in

vital capacity. All 7, however, were noted to be hypoxemic at rest

and to have decreased pulmonarydiffusing capacity.

It has been suggested (154) that the lack of this proteinase in-

hibitor in the serum of homozygous patients predisposes them to

emphysema in the following manner: Leukocytes present in the

blood contain significant amounts of proteinase enzymesas part of

the overall defense mechanism against infection; the breakdown of

these cells during acute infection releases proteinases into the pul-

monarytissues and these, without the presence of a normal inhib-

itor, may contribute to the breakdown of the structural proteins of

lung tissue.

Heterozygous individuals have been defined as those who show

levels of A,AT intermediate between those of normals and those

with homozygous deficiency. At the present time, there is much

debate about whether or not heterozygotes for A,AT are at a

greater risk of developing COPD than are A,AT normals. A major

difficulty is the lack of a precise definition of heterozygosity. At

present, the best method for the determination of the level of A,AT

appears to be that of crossed serum immunoelectrophoresis be-

cause levels of trypsin inhibitory capacity (TIC) have been shown

to rise acutely with infections.

Welch, et al. (226) feel that heterozygotes do not show an in-

creased susceptibility to COPD. The hete:ozygotes which they

studied showed symptoms of bronchitis and did not present the
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lowerlobe perfusion defects frequently noted in homozygotes, They
also found no difference in the numberof COPD patients among the
heterozygotic and the general population. Other investigators, no.
tably Lieberman, et al. (153, 155), Kueppers, et al. (144), and
Larson, et al. (148) found significantly increased percentages of
COPD patients among those with heterozygous deficiency as com-
pared with the general population. Lieberman, et al. (155) ob.
served that the percentage of heterozygotes among a group of
healthy industrial workers wag 4.7 percent while that among a
group of patients with emphysema was 18.1 percent. In a recent
review, Falk and Briscoe (79) considered that the available evi-
dence points to an increased prevalence of COPD among hetero.
zygotes.

Of more central interest to this discussion, however, is the pos-
sible relationship of smoking to the predisposition of disease among
the heterozygote population, Kueppers, et al. (144) studied three
populations: younger controls, older controls, and a group of
COPDpatients. They observed that of the 25 heterozygotes with
COPD,only 2 were over 70 years of age, both were female and non-
smokers, The remaining 23 were cigarette smokers, Nevertheless,
studies which adequately sort out the factors of genetic susceptibil-
ity and cigarette smoke exposure have yet to be reported.
An important question is to what extent the relationship between

smoking and COPDis influenced byidentifiable genetic factors. At
present, it is possible to identify what appears to be only a very
small group of susceptibles for whom genetic factors may be para-
mountin the pathogenesisof their ailment. Of greater public health
import is whetherlesser degrees of genetically identifiable suscep-
tibility interact with cigarette smoking to accountfora significant
proportion of the problem.

AIR POLLUTION

Numerous epidemiological studies have been conducted in order
to examinethe effect of air pollution on human nonneoplastic res-
piratory disease. Three major types of studies have been utilized:
observation of the mortality and morbidity due to an acute episode
of increased air pollution, observation of the day-to-day variation
in mortality andits relation to air pollution levels, and geographical!
comparisons. The majority of studies fall into the third category,
and these are detailed in table A6.
A numberof studies did not show an association amongair pol-

lution, respiratory symptoms, and pulmonary dysfunction (81, 204).
Morerecent studies which evaluated the factors of smoking,social
class, and air pollution separately noted a greater prevalence of
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COPD symptoms, pulmonary dysfunction, and COPD mortality

in areas of high pollution (12, 122, 146, 233). Lambert and Reid

(146) observed that in the absence of cigarette smoking the corre-

lation between COPD symptoms andair pollution was slight and

suggested that the two factors mayinteract to produce higherrates

of disease.

The evidence which has accumulated in the past 7 years gives

further support to the conclusion of the Surgeon General’s Ad-

visory Committee on Smoking and Health asstatedinits 1964 Re-

port that: “For the bulk of the population of the United States, the

relative importance of cigarette smoking as a cause of chronic

bronchopulmonary disease is much greater than atmospheric pol-

lution or occupational exposures.”

OCCUPATIONAL HAZARDS

Exposure to various dusty occupational environments has been

shown in manystudies to be associated with the development of

various forms of nonneoplastic lung disease. Lowe (/58), in a re-

view of the relationship of occupational exposure and chronic

bronchitis, noted that among workers exposed to dust significant

increases in COPD mortality were observed. These occupations

included coal mining, tinning, galvanizing, riveting, and caulking.

Commenting on a previously unreported study of more than 20,000

steel workers, he observed that the relationship between mean dust

exposure levels and COPD prevalence was much stronger among

smokers than among nonsmokers,

More recently, Bouhuys and Peters (37) reviewed those specific

industrial exposures related to lung disease. COPD was found to be

associated with exposure to coal dust, asbestos, bagasse dust, iso-

cyanates, various irritant gases, and textile dusts (cotton, flax, or

hemp).

Studies which have investigated the interrelationship between

smoking, industrial exposure, and COPDarelisted in table A7. Ad-

ditional compounds,notlisted in the table, but which also appearto

be related to COPD, are chlorine (49) and washing powder dust

(97). Cigarette smoking and harmful dust exposures appear to act

in a combined mannerin the production of COPD.

Although an increased prevalence of COPD is found with cer-

tain occupational exposures, in none is the relationship as strong

as that between COPD and cigarette smoking. To demonstrate an

increased occupational risk, careful analysis of smoking habits is

required. The relative importance of cigarette smoking appears to

be much greater than occupational exposure as an etiologic factor

in COPD.
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Cadmium—Chronic industrial exposure to cadmium in man has
been found to induce pulmonary emphysema without significant
accompanying chronic bronchitis (34, 35, 210).

Nandi,et al. (177) recently investigated the contribution of the
cadmium in cigarette smoke to the pathogenesis of emphysema.
Analyzing whole cigarettes, ash, and filters, they found that an
average of 69 percent of the cadmium present in the cigarette (ap-
proximately 16 micrograms/20 cigarettes) is inhaled in the smoke,
In a related study (153), these investigators showed that the level]
of cadmium in water-soluble liver protein on autopsy was three
times greater in those patients with a history of chronic bronchitis /
emphysema than that found in those without such a history. Un-
fortunately, no smoking histories were available.

PATHOLOGICAL STUDIES

The relationship between smoking habits and pathological]
changes in the bronchial] tree and pulmonary parenchymahas been
investigated by several groups of workers. Metaplastic changes,
although found in nonsmokers, are much more common in smokers
(table 10, Cancer Chapter), and a dose-relationship of increasing
metaplasia with increased smoking has been evidentin manyof the
studies.

Pathological studies which deal primarily with pulmonary
parenchymal and non-metaplastic bronchial changes are presented
in table 8. Goblet cell distention, alveolar septal rupture, thickened
bronchial epithelium, and mucous gland hypertrophy have been
found to be more frequent in smokers than in nonsmokers. Auer-
bach, et al. (17) noted a dose-response relationship between the
amount of smoking and the degree of septal rupture,

Anderson, et al. (4, 5) studied the difference in the type of
emphysema shown by smokers and nonsmokers. In their study,
listed in table 8, they noted that the group of patients with panlobu-
lar emphysema was comprised of equal numbers of smokers and
nonsmokers while of patients with centrilobular emphysema, 98
percent were smokers. More recently, the same authors studied
lung macrosections from 80 nonsmokers. While most were normal,
24 demonstrated parenchymaldilatation and disruption consistent
with panlobular emphysema. Thurlbeck,et al. (217) have also ob-
served that centrilobular emphysemararely occurs in nonsmokers.
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TABLE 8.—Studies concerning the relation of human pulmonary histology and smoking’
(Actual number of deaths shown in parentheses)

SM = Smokers. NS = Nonsmokers

 

 

 

 

 

Author,
year, Number and

country, type of Results Comments

reference population

Chang, 62 males and 43 Distention of goblet cells (by percent of smoking group) The authors also noted

1957, females autopsied 1%, of Most of that smokers’ lungs

ULS.A,, within 5 hours of None Few 14 of surface surface surface Whole surface showed shortercilia

Korea death (nodata NS(22) 13.6 22.7 31.8 22.7 9.1 oe and thicker epithelium

(47). available on case SM (49) 12.2 10.2 10.2 18.4 26.5 22.5 (20 percent nonsmokers

selection).
and 36 percent smokers

had respiratory disease.)

Ide et al., 93 males autopsied Mean thickness of tracheal and Meanciliary height in trachea Nocigar or pipe

1959, within 6 hours of bronchial epithelium (u) in and bronchus on cigarette smokers were included.

U.S.A. death. No cases cigarette smokers and nonamokers smokers and nonsmokers

(129). of pneumonia Trachea Bronchus Trachea Bronchus

or lung disease NS(28)....... 52.8 47.7 (23) 6.39 5.95

included. Light (31) 62.0 57.5 (29) 5.62 5.49

Heavy (10) 66.2 61.9 (10) 4.89 4.66

Auerbach 654 males over Age-atandardized percentage distribution of subjects The authors also noted a

et al., 60 years of age according to degree of rupture of the alvcolar septume dose-responserelation-

1963, autopsied at Degree of rupture 0-0.25 0.5-0.78 1.0-1.25 1.5-1.75 2.0-2.25 2.5-8.00 ship between smoking

U.S.A. East Orange Never smoked 19.4 50.5 24.9 3.6 1.6 and degree of rupture.

(17), VA Hospital. Current cigarette A 5.1 16.2 39.2 39.1 tNone had ever smoked

fCurrent cigar os 24.6 45,4 26.2 3.8 cigarettes regularly.

{Current pipe nd 23.0 53.5 15.9 2.2

4.R 7.6 A6.5 33.6 7.5Current pipe, cigar
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TABLE 8.—Studies concerning the relation of human pulmonary histology and smoking (cont.)
(Actual number of deaths shown in parentheses)

SM = Smokers. NS = Nonsmokers

 

  

 

 

    

 

year, Number and
country, type of Results

Commentsreference population

Anderson 39 males and Severity of emphysema (mean degree) Theauthors also noted that:etal, 32 females Males Females Every person showing se-1964, (Caucasians) NS (4) 1.5 oe (20) 1.0 vere disease was a smoker,U.S.A. undergoing SM (35) 2salin (12) ro} (P<0.05) “among those with panlobu-(5). routine autopsy

lar emphysema, there was(40-97 years
an equaldistribution ofof age.)

smokers and nonsmokers

while among those with

centrilobular emphysema

98 percent were smokers

and only 2 percent were
nonsmokers,

Anderson 107 males and Percentage distribution of Mean severity of emphysemaet al., 58 females tobacco usera in 165 necropsies Mean Statistical1966, autopsied for by degree of emphysema severity Category Severity SignificanceU.S.A. whom smoking None ..... . 36 (12/383) SM(1M4) oeeee 28)(6). data was Mild ......, 69 (58/84)  NS(51) ....... 0.9

¢

P<9-001)available, Moderate 91 (80/33) Male(107) 2.2Severe... sees. 93 (14/15)  Female(58) 1.2¢(P<0.001)
Never smoked ........... . O09
<20 cigarettes/day ............ 1.9
20-40 cigarettes/day .......... 2.4
>40 cigarettes/day ............ 2.8

Megahed 50 male patients
Mucous gland hypertrophyet al., with chronic

Percent1967, bronchitis under- NS oo. ec ee cence ee 29 (2/7)Egypt going bronchial SM oe, 17 (3/43) (P<0.02)(163), biopsy and

lavage.
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TABLE 8.—Studies concerning the relation of human pulmonary histology and smoking (cont.)
(Actual number of deaths shown in parentheses)

 

 

 

SM — Smokers. NS = Nonsmokers

Author,
year, Number and

country, type of Results Comments

reference population

Auerbach 562 males au- Degrce of tracheal and bronchial arteriolar thickening

etal, topsied at East (by percentage of smokers)

1968, Orange VA 0.0-0.4 0.5--0.9 10-14 1.5-1.9 2.04

U.S.A. Hospital. Never smoked (122) 21... . cece ee ee eee 46.1 39.3 13.3 1.3 aan

(14). <20 cigarettes/day (120) 11.7 22.0 33.5 28.4 4.4

20-49 cigarettes/day (254) .. 50 8.6 37.4 40.9 8.1

>40 cigarettes/day (66) ..... 1.38 1.4 31.5 45.3 20.5
 

   
 

' Numerous experiments detailing changes in bronchial epithelium are detailed tabularly in the Cancer chapter.



EXPERIMENTAL STUDIES

ANIMAL STUDIES

A numberof investigators have studied the effect of the inhalg.tion of cigarette smoke on the macroscopic and microscopic struc.

COPD, i.e., bronchitis, parenchymal] disruption, alveolar septa]rupture, alveolar space dilatation, and the loss of cilia andciliatedcells in the bronchial] mucosa,
The investigations of Auerbach andhis coworkers (15, 16, 88)have demonstrated bythe use of both light andelectron microscopythat dogs who inhale cigarette smoke through tracheostomas de.velop progressively more severe lesions of the bronchi and paren.chyma with increased exposure to cigarette smoke. In electronmicroscopic studies of specimens taken from the lungs of dogs thusexposed to cigarette smoke, the following changes were observed:In 5 dogs sacrificed after only 44 days of smoking exposure, therewas a proliferation of goblet cells as well as a partial loss of ciliain the lining cells, and in 5 dogs sacrificed after 420 days or more ofexposure, the numberofcell layers in the bronchial] epithelium wasfound to be twice that of the nonsmoking dogs. Goblet cells andciliated columnarcells were no longerpresent; instead, the surfacewas lined with columnar and cuboidal cells with stubby projectionsin place of cilia. Mitotic figures were frequently observed in thebasal cells. These findings may be relevant to carcinogenesis aswell as to the development of COPD.

In a long-term experiment, carried out by the same group, dogswere exposed to varying doses of cigarette smoke. Details of theexperimental procedure have been outlined in the section on Pul-monary Carcinogenesis. The animals were separated into non-smoker,filter-tip cigarette, nonfilter-light, and nonfilter-heavy ex-posure groups. The dogs were “smoked” for 875 days, or approxi-mately 29 months, The animals which died during the experimentand the animals sacrificed after day 875 were examined for pul-monary parenchymal changes as well as for bronchial epithelialalterations. As seen in figures 1 and 2, dose-related pathologicalchanges,including fibrosis and emphysema, were found in the lungparenchyma of the exposed dogs. These changes were similar tothose seen in the lungs of humans with COPD.
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TABLE 9.—Experiments concerning the effect of the inhalation of cigarette smoke upon the tracheo-bronchial tree and pulmonary
parenchyma of animals’

{Actual number of animals shown in parentheses)
 

 

  

 

 

Author, A. Type of
year, Animal exposure

country, and B. Duration Results
reference strain C. Material

Leuchten- 603 CF, A, Inhalation, Number of mice showing specified changes

berger, female mice. B. Up to 8 ciga- Number Number

et al, rettes/day for Months of of No Mild Severe bronchitis
1960, up to 2 years. exposure cigarettes mice change bronchitis with atypism

U.S.A, C. Cigarette smoke. 0 0 150 146 2 2 (no atypism)

(152). 1-3 100-200 36 20 9 7

4-8 250-500 36 19 10 7

9-23 600-1600 34 19 7 8

1-23 25-1526 151 RR 33 30

Holland 60 rabbits. A. Inhalation. Cytology of tracheobronchial mucosa

etal., B. Up to 20 ciga- Generalized Generalized

1968, rettes/day for Normal Focal hyperplaasis hyperplasia emphysema

(123). 2-5. Controls 2... ese e eee eee eee ee ees (30) 21/30 6/30 3/30 1/30

C. ‘Normal ciga- Exposed (30) 7/30 10/30 9/30 11/30

rette smoke’’,

Hernandez Adult Grey- A. Inhalation. Mean Mean

et al., hound B. Twice daily/ Number of number of parenchymal Groups

1966 dogs. 5 per week, sections months disruption/dog compared P-value

U.S.A. C. Cigarette I. Controls ............. (€8)112 we 0.7150 I-IIl insignificant

(f11). smoke, Il. Allexposed ........... (15) 205 10.50 0.9583 II-I insignificant

HII. Exposed <l year ..... (7) 98 4.60 0.6421 HI-IV p <0.05

IV. Exposed >1l year ...... (8) 107 14.74 1.2350 iv-I p <0,02
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TABLE 9,—Experiments concerning the effect of the inhalation of cigarette smoke uponthe tracheo-bronchial
parenchyma of animals* (cont.)

(Actual number of animals shown in parentheses)

tree and pulmonary

 

 

 

Author, A. Type of
year, Animal exposure

country, and B. Duration Results
reference strain C. Material

Auerbach Beagle dogs. A. Active inhalation Controls ....(10)—No evidence of pulmonary fibrosis or septal rupture.
etal., via tracheostomy. Exposed ....(10)—Early (sacrificed) :
1967, B. Up to 12 cigarettes 1. Alveolar space dilatation.
U.S.A. per day for up 2. Pad-like attachments to alveolar septa.
(15, 16). to 423 days. Medium exposure: Septal wall thickening.

C. Cigarette smoke. Latest exposure:

1. Focal subpleural pulmonary fibrosis.

2. Ruptured alveolar septa.

3. Granulomata.

Frasca Beagle dogs. A, Active inhalation Electron microscopic results:
etal., via tracheostomy. After 44 days — Increased number of goblet cells.
1968, B. Up to 12 cigarettes Decreased numberof cilia on surface lining cells.
U.S.A. per day for up After 420 days— Increased number of epithelial cell layers.
(88). to 423 days. Loss of ciliated columnar cells.

C. Cigarette smoke. Frequent interruptions in basement membrane.

 1 Numerous experiments detailing changes in bronchial epithelium are detailed tabularly in the Cancer Chapter.
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Ficure 1.—Percent of lung sections with grade IV or V fibrosis.

Sources: Hammond,et al. (104).

Several investigative groups have exposed rodents to various
ambient concentrations of nitrogen dioxide over prolonged periods

of time. This gas is found in cigarette smoke and in some indus-

trially polluted air. The results of these studies are outlined in

table A10. It is clear that chronic exposure to low levels of NO,is

capable of inducing lesions in the bronchial tree although the rela-

tionship between these changes, cigarette smoking, and the devel-

opment of COPD remains to be determined.
Rosenkrantz, et al. (196, 197) have recently undertaken experi-

ments dealing with pulmonarycellular metabolism. They exposed
Swiss albino mice to cigarette smoke or its vapor phase for varying

lengths of time. On autopsy, animals exposed to cigarette smoke

showed elevations in the levels of lung DNA,lactate, and glycogen
which the authors conclude reflect hyperplasia and macrophage

infiltration. Similarly, a dose-related increase in lung hydroxypro-

line was observed. This was considered to be due to increased fi-

broblastic collagen synthesis.
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FIGURE 2.—Percent of lung sections with grade II or III emphysema.
Sources Hammond,et al. (104).

Aviado and coworkers have performed a series of experiments

on live animals and in heart-lung preparations to study the effect

of cigarette smoke on pulmonary physiology and structure (18, 19,

20, 21, 22, 179, 180, 199, 200, 201, 202). The authors observed that

cigarette smoke causes acute bronchoconstriction both by the re-

lease of histamine and the stimulation of parasympathetic nerve

pathways in the lung. Bronchial arterial injections of nicotine were

found to cause reactions similar to those observed after cigarette

smokeinhalation. The bronchoconstriction was usually followed by

bronchodilatation which the authors attributed to sympathetic

stimulation. As mentioned in the Chapter on Cardiovascular Dis-

eases, nicotine has been shown to inducethe release of catechola-
mines.

Experiments by Aviado and coworkers as well as other authors

(66, 99) using guinea pigs showed that exposure to cigarette

smoke was associated with increased bronchopulmonaryresistance

and decreased pulmonary compliance. The authors related these

changes to the bronchoconstriction of terminal ventilatory units.
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Similar experiments in dogs showed that the increase in resistance

following either cigarette smoke exposure or intravenous nicotine

could be blocked by pretreatment with atropine. As a parasympa-

thetic blocker, atropine would decrease the acute bronchoconstric-

tive phase.

Most recently, Aviado and his colleagues (20, 130) have at-

tempted to induce physiologic and anatomic changes similar to

those found in the lungs of patients with emphysema. They ex-

posed male rats to cigarette smoke, the introduction of the enzyme

papain, as well as to partial tracheal ligation. In 10 rats exposed

to cigarette smoke twice daily for 30 minutes over a period of 10
weeks, no changes in pulmonary compliance or resistance were

noted, Also, no abnormal histological changes were observed in the

group exposed only to cigarette smoke. However, animals who

underwent tracheal ligation as well as smoke exposure showed in-

creased numbers of enlarged air spaces and increased pulmonary

resistance when compared with animals who underwent only

tracheal ligation.

STUDIES IN HUMANS

The acute effects of cigarette smoke inhalation on bronchopul-

monary function in man have been investigated by a number of

workers. The results of these studies are presented in table 11. The

majority of studies, particularly the more recent ones, found that

the inhalation of cigarette smoke is associated with an acute in-

crease in pulmonaryresistance and a decrease in pulmonary com-

plianee. Chapman (48) also observed decreases in pulmonarydif-

fusing capacity and arterial O. tension. Chiang and Wang (51)

noted changes in nitrogen washout time andalveolar dilution fac-

tor, alterations which reflect impaired alveolar ventilation and gas

mixing.

James (131) examined the effect of prior smoking on the mul-

tiple breath nitrogen washout test in 41 pneumoconiotic miners and

5 normal young males. Prior smokingof a cigarette in the subject’s

normal manner was found to adversely affect the indices of dis-

tribution in 20 percent of the miners andin all of the 5 normals

who smoked within one hour of testing. The author suggests that

smoking be prohibited prior to any series of pulmonary function

studies.

Anderson and Williams (9) studied the acute effect of cigarette

smoke inhalation upon the ventilation-perfusion (V/Q) measure-

ments in the lung in normals and in patients with COPD.Cigarette

smoking was observed to cause acute changes in the V/Q measure-

ments, and the COPD patients were foundto be particularly liable

to these changes.

163



Finally, Robertson, et al. (194) studied the effect of unfiltered ©

and filtered cigarette smoke and cigar smoke upon bronchial] re-

activity in 19 of the most reactive persons in a group of 91 heavy

smokers. They observed that bronchial reactivity was significantly

reduced by increasing che retention efficiency of the filter and that

reactivity to inhaled cigar tobacco wasnoless than that to cigarette

smoke. They concluded that differences in inhalation account for

the difference in COPD prevalence observed between cigarette and

cigar smokers,

STUDIES CONCERNING PULMONARY CLEARANCE

Overall Clearance

The ability of the lung to rid itself of inhaled particles that can-

not be easily exhaled is dependent upon a numberof physiologic

mechanisms including ciliary activity, the mucous sheath, and the

pulmonaryalveolar macrophage. Studies concerning the effect of

humancigarette smoking and the exposure of animals to cigarette

smokeon this clearance system are presented in table A13. LaBelle,

et al. (145) and Bair and Dilley (23) observed no change in clear-

ance following the exposure of rats, rabbits, or dogs to cigarette

smoke. The latter authors noted, however, that normal clearance

rates obtained prior to smoking were too low to reflect any sig-

nificant change except complete cessation.

Albert, et al. (2) exposed donkeys to cigarette smoke via nasal

catheter and observed impairmentof clearance times. Holma (125)

obtained similar results in rabbits.

In a related study, Albert, et al. (2) studied the bronchial clear-

ance times of 9 nonsmokers and 14 cigarette smokers in a total pop-

ulation of 36 subjects. The rates of bronchial clearance were slower

on the average in the cigarette smokers when compared with the

nonsmokers, although a wide variation was present in each group.

In relation to their study mentioned above, they also noted that the

shape of the whole lung clearance curves seen in smokers (with

markedlyprolonged 50 percent clearance times) was similar to that

developed in the donkeyfollowing acute exposures to sulfur dioxide

or cigarette smoke. ~

Ciliary Function

Numerous experiments have shown that cigarette smoke or cer-

tain constituents of cigarette smoke adversely affect and can even

bring about a cessation of ciliary activity in respiratory epithelium

in vivo and in vitro in cultures of ciliated microorganisms. The re-

sults of a number of these experiments are presented in table 12.
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Ciliary activity has been shownto be affected by particulate matter

as well as by the gas phase componentsof cigarette smoke. Therel-

ative importanceof these two large classes of components of smoke

in producing ciliastasis is presently a matter of some discussion.

Dalhamn and Rylander (63, 64) consider the particulate phase to

be of greater importance while Battista and Kensler (28, 29) con-

clude that gas phase components are more important in the induc-

tion of ciliastasis.

Studies investigating the effect of cigarette smoke on the

morphology of the tracheobronchial tree in animals have noted a

decrease or absence in the numberof cilia in smoke-exposed ani-

mals. Recently, Kennedy and Elliot (734) studied the effect of the

direct exposure of cigarette smoke upon the electron microscopic

structure of protozoan mitochondria. After 42 minutes of exposure

to mainstream smoke, they noted destruction of the internal mem-

brane structure of the mitochondria.

Thus, cigarette smoke has been shownto be toxicto ciliary func-

tion by pathological (including electron microscopic) and physio-

logical methods. ,

Phagocytosis

The effect of cigarette smoke upon pulmonaryalveolar phago-

cytosis, one part of the clearance mechanism,has been studied by

several authors. Masin and Masin (162) observed increased varia-

tion in the size of lipid inclusions in sputum macrophages obtained

from smokers as compared to those obtained from nonsmokers.

They attributed these differences to a combinedeffect of irritation

of the alveolar lining, increased turnover of alveolar cells, and in-

creased injury to the macrophages. Green and Carolin (96) noted

that cigarette smoke inhibited the ability of rabbit alveolar macro-

phages to clear cultures of S. aureus. This effect was noticeably

reduced by filtration. Similarly, Yeager (239) exposed rabbit

alveolar macrophages which had been induced by M.bovis to cigar-

ette smoke and observed a dose-dependent decrease in protein syn-

thesis. This alteration occurred at smoke solution concentrations

that did not affect cell viability. The alteration was only partlyre-

versible and was due mainly to gas phase components, Myrvik and

Evans (175) observed similar protein synthesis alterations in

macrophages exposed to NO.

Roque and Pickren (195) obtained alveolar macrophages at

thoracotomy from 17 smokers and 4 nonsmokers, They found a

decrease in the activity of oxidoreductases and hydrolases in the

macrophages of smokers. The reduction in the enzymatic activity

was directly proportional to the amount of stored fluorescent ma-

terial present in the macrophages. This material was thought to
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TABLE 11.—Experiments concerning the acute effect of cigarette smoke inhalation on human pulmonary function

 A. Method ?
B. Material 1
C. Duration of

smoking
Results Comments

 A. Pulmonary

function.

B. 3 cigarettes.

C. 30 minutes,

Vital capacity (VC)

T. 10/91 decrease.
I. No significant change.

Maximal breathing capacity 9/91 patients showed
10/91 decrease. VC increase due to
Nosignificant change. clearance of secre-

tions, All mild or

moderate smokers.

 

Author,
year, Numberand

country, type of
reference population

Bickerman I. 66 male and

and 25 female

Barach, patients

1954, with chronic

U.S.A. nontuberculous

(81). respiratory

diseases

(average age

50).

II. 20 male and

7 female

normalsub-

jects (average

age 20).

Eich, I. 31 patients with

et al., obstructive

1957, pulinonary

U.S.A, emphysema.

(76). Il. 14 normal

subjects,

IIL. 5 patients with

respiratory

complaints.

All habitual

smokers.

A. Esophageal balloon

technique to

measure pulmonary

compliance and

resistance.

B. 1 cigarette.

C. Undefined.

Mean airway resistance

I. Statistically significant

increase.

II. No change.

Ill. No change,

Mean airway compliance

No change.

No change.

No change,
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TABLE 11.—Experiments concerning the acute effect of cigarctte smoke inhalation on human pulmonary function (cont.)

 

 

 

 

Author, A. Method 2
year, Number and B. Material *

country, type of C, Duration of Results Comments
reference population smoking

Attinger [. 20 normal A. Esophagalballoon I. No change. No change.

etal. subjects technique to measure

1958, (10 Sm, pulmonary compliance

U.S.A. 10 NS). and resistance.
(18). II. 34 patients with B. 1-4 cigarettes. Ii, Expiratory resistance rose No change.

various diseases; C. 10 minute interval significantly only among

9 rheumatic heart between patients with

diseases, 8 pul- cigarettes. emphysema.

monary emphy-

sema, 7 asthma,

5 pulmonary

fibrosis,

5 undefined.

Motley and 125 males and A. Pulmonary 41 smokers Pulmonary compliance Various groups of

Kuzman, 16 females function. (8 normals, normals and cardio-

1958, (24-70 years of B. 2 cigarettes. 33 patients Significant decrease after pulmonary patients

U.S.A. age—normals C. Undefined. with cardio- smoking. showed little or no

(174). and patients). pulmonary changein arterial

disease). pd, during exercise
and at rest follow-

ing cigarette smoke

inhalation.

Nade}l and I. 22 patients with A. Body plethy- Airway conductance/thoracie gas volume Nicotine bitartrate

Comroe, cardiopulmonary smography. I. 18/22 significant decrease (inhibited by pretreatment aerosol evoked no

1961, disease—all B. 15 puffs. with isoproterenol aerosol), change.

U.S.A. smokers. C. 5 minutes. Il. 31/36 significant decrease (inhibited by pretreatment with

(176). II, 36 normals (21 isoprotereno] aerosol).

smokers, 15

nonsmokers).
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TABLE 11.—Eaperiments concerning the acute effect of cigaretie smoke inhalation on human pulmonary function (cont.)
 

 

 

 

 

Author, A. Method 1
year, Number and B. Material?

country, type of C, Duration of Results Commentsreference population smoking

Simonssgon, I. 9 male and 7 A. Pulmonary Mean PEV,, Mean FEV, 4 Nosignificant changes
1962, female normals function. (immediately after) (45 minutes later) observed in FEV/FVC.
Sweden, (most smokers). B,. 1-2 cigarettes. I. Significant decrease. No significant decrease.
(207), IT. 15 male and 1 C. 5-6 minutes II. Significant decrease. Significant decrease.

female pulmonary percigarette.

disease patients

(most smokers).

Zamel I. 6 male and 6 A. Body plethy- Airway resistance
et al., female nonsmokers. smography. I. Significant increase.
1963, II. 6 male and 6 B. 1 cigarette. II. Significant increase,
England, female smokers C. Undefined.
(240). (18-32 years

of age.)

Chapman, I, 12 normal A. Pulmonary funetion I. All showed a decrease in diffusing capacity.
1965, volunteers Arterial blood II. 4/6—significant decrease in arterial 04 tension.
Treland (all smokers). studies. No change in vital capacity or FEV.
(48). II. 6 patients with B. 1 cigarette.

chronic non- C. Undefined.

specific lung

disease.

McDermott I, 32 normals. A. Body plethy- Mean airway resistance Light smokers showedand II. 28 with chronic smography, I, Significant increase, greater changes thanCollins, bronchitis B. Cigarette. IL. Significant inerease. heavy smokers.
1965, (All ciga- C. Undefined.

Wales rette smokers
(160), 35-60 years

of age.)
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TABLE 11.—Ewperiments concerning the acute effect of cigarctte smoke inhalation on human pulmonary funetion (cont.)

 

 

 

 

 

Author, A. Method!
year, Number and B. Material +

country, type of C, Duration of Results Comments

reference population smoking

Miller and 10 normal A. Esophagealballoon Dynamic Inapiratory and

Sproule, cigarette technique. FEV4.5 compliance expiratory resistance

1966, smokers B. 1 cigarette. Nosignificant Significant Significant

ULS.A. (40 years C. Oneinhalation change decrease. increase

(166). of age). every 30-60

seconds.

Sterling, 11 normal]adults A. Body plethy- Airway resistance

1967, (8 smokers, smography. Significant increase (Return

England 3 nonsmokers). B. 15 inhalations. to normal in 30 minutes) .

(213). Cc. 5 minutes.

Chiang and 7 male normal A. Pulmonary function Nitrogen washout Lung clearance Alveolar dilution All lung volumes,

Wang, nonsmokers Nitrogen washout. time index factor except for residual

1970, (18-43 years B. 2 cigarettes. Significant Significant Significant volume showed no

Formosa of age). C. Undefined. increase. increase. decrease. significant change.

(51). No significant

change in any of

the flowrates.

Guyatt 710 subjects; A. Body plethy- Bronchoconstriction On the average, non-

et al., 508 smoked smography. Significant increase with smoking. smokers and ex-smokers

1970, between meas- B. 1 cigarette. showed bronchodilation

England ures 202 C. Undefined. and smokers showed

(100). did not smoke. bronchoconstriction.

1 All the experiments listed concern studies of pulmonary function be-

fore and after smoking the epecified number of cigarettes (unless other-

wise specified).

The authors postulate

that the result among

nonsmokersis due to

the release of adrenal

hormones in these sub-

jects.
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TABLE 12.—Eaperiments concerning the effect of cigarette smoke on human and animal pulmonary clearance

 

 

 

 

 

Author,
year,

country, Subjects Method Results Commentsreference

Laurenzi Swiss-Webster Mice exposed to Significant increase in S. aureus retention in mice exposed to:etal, male mice. aerosol of S. aureus (a) hypoxia—retention ratio 2.5 (10 percent 0,4).1963, and sacrificed at (b) cigarette smoke—retention ratio 4.5.
U.S.A. intervals following
(149). exposure to various

stimuli.

LaBelle Albino female Silver iodide or 17-30 hours of exposure to cigarette smoke caused no change in pulmonaryetal, rabbits. colloidal gold clearance as compared with controls breathing room air.
1966, intratracheally,
U.S.A.

(145).

Bair and Sprague-Dawley Radivactive aerosol. Acute exposure to cigarette smoke had no gross effect on clearance. ChronicDilley, female rats, exposure to cigarette smoke (up to 18-20 cigarettes/7 hour day/5 day week1967, male beagle dogs. Radioactive aerosol. for up to 420 days) had no observable effects. The authors noted, however,U.S.A, that normal clearance rates were too low to reflect anything but complete(28).
cessation.

50 percent 90 percent ¢ Approximate values.
clearance clearance None of 9 nonsmokersAlbert 36 subjects Radioactive tagged Number of

—

Average time time had 50 percent timesetal., undergoing 117 Fe0, particles subjects age (minutes) (minutes) over 200 minutes or1969, experiments. measured with Nonsmokers ................ 9 28 88 357 90 percent times overU.S.A. Scintillation Allsmokers ...............,. 14 33 172 496 600 minutes while(2). counter. 20-29 cigarettes/day ......... 7 29 191 T6519 6/14 smokers exceeded
30-40 cigarettes/day 7 386 153 474 both these limits.Uranium miners ............. 3 52 310 580
Cigar and pipe smokers ..... 4 46 87 375
Emphysemapatients ......... 2 66 330 575
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TABLE 12.—Experiments concerning the effect of cigarette smoke on human and animal pulmonary clearance (cont.)

 

 

 

Author,
year,

country, Subjects Method Results Comments
reference

Albert Donkeys exposed Radioactive tagged Average Trachael transit Those donkeys exposed

et al., to cigarette Fe0, particles number time to the greatest

1969, smokeby nasal measured with cigarettes in Percent clearance Halftime clearance amount of smoke

U.S.A. catheter. Scintillation 2-hour period Control Cigarette Control Cigarette Control Cigarette showed residual

(3). counter. 18-24 58 69 1.2 1.9 0.6 1.2 impairmentof

36 58 64 1.0 3.4 0.4 5.8 clearance for at least

2 monthsafter acute

exposure.

Holma, Rabbits Cr*t monodisperse Exposure to fresh cigarette smoke (1.5 cc. puffs, 40 puffs/8 minutes) caused

1969, (anesthetized). polystyrene a “significant” increase in lung retention 10 minutes following cessation of

U.S.A. aerosol. exposure.

(125).

 



originate in tobaceo smoke. The authors suggested that the tobaeeo
smoke mayhave induced abnormalities in the mitochondria of the
macrophage. In a study of pulmonary macrophages harvested by
endobronchial lavage from smokers and nonsmokers, Pratt, et aj,
(187) observed that the macrophages of smokers contained an ab-
normal pigment.

These studies indicate that the function of pulmonaryclearance
carried on by the macrophage and ciliary systemsis adversely af.
fected by cigarette smoke.

STUDIES CONCERNING THE SURFACTANT SYSTEM

The surfactant system of the lung consists of various biologically
active compounds such as phospholipids and mucopolysaccharides
which are present in the alveolar lining. Norma] pulmonary fune-
tion is influenced and partly determined by the integrity of this
system (203). The purpose of the surfactant system is to main-
tain the proper amount of surface tension in the alveoli so that the
expansion and contraction of the alveoli are facilitated,

Studies concerning the effect of cigarette smoke upon the sur-
factant system and the surface tension of the pulmonary alveoli
are presented in table Al4. Exposure of rat and dog lung extracts
to cigarette smoke has been found to induce a notable decrease in
the maxima] surface tension demonstrated by the extracts (94,
165, 224). Cook and Webb (57) observed that surfactant activity
was diminished in smokers and in patients with pulmonary disease
when compared with healthy nonsmokers.

Scarpelli (203) in a recent review, concluded that the lowering
of maximal surface tension by cigarette smoke has been demon-
strated reasonably well. The relationship of these findings to the
pathogenesis of emphysemais unclear at this time.

OTHER RESPIRATORY DISORDERS

INFECTIOUS RESPIRATORY DISEASES

Several studies have examined the question of whether ciga-
rette smokers are at an increased risk of developing infectious res-
piratory and bronchopulmonary disease. Table A15 presents a
summary of these studies. Lowe (157) observed an excess of
smokers among 705 tuberculosis patients, but Brown and Campbell
(43) in a similar study found that the difference was not present
when the cases and controls were matched for alcohol intake. More
recent studies have been concerned with the frequencyof upper
respiratory infections among groups of smokers and nonsmokers.
A numberof investigators (108, 181, 183) have reported increased
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sates of respiratory illnesses among smokers. Finklea, et al. (838)

studied a male college population (prospectively) during the

1968-69 influenza epidemic. They found that smokersofall amounts

xxperienced moreclinical illness than did nonsmokers and that this

-elation was dose-dependent. Similarly, smokers required more bed

rest than nonsmokers.

A survey conducted by the National Center for Health Statistics

(220), involving approximately 134,000 persons, showed that male

cigarette smokers reported 54 percent more cases of acute bron-

chitis than males who had never smoked cigarettes, while female

smokers reported 74 percent more acute bronchitis than did females

who had never smoked. Male cigarette smokers reported 22 percent

more eases of influenza than did males who had never smoked cigar-

ettes, while the female smokers reported an excess of 9 percent.

Experimental evidence in support of this relationship has been

noted by Spurgash, et al. (211). Mice were challenged with

Klebsiella pneumoniae or Diplococcus pneumoniae before or after

a single exposure to cigarette smoke. They observed that those ani-

mals exposed to smoke exhibited a decrease in resistance to respira-

tory infection, as shown by an increase in mortality and a decrease

in survival time. Preexposure to cigarette smoke was found to have

no significant effect on resistance of mice to influenza infection

initiated by aerosol exposure. However, exposure of infected mice

to smoke resulted in significantly higher mortality, thus suggest-

ing that cigarette smoke can aggravate an existing respiratory

viral infection.

In the light of the experimental evidence presented above con-

cerning the effect of cigarette smoke on pulmonary clearance,

phagocytosis, and ciliary function, it seems reasonable to conclude

that such changes in tracheobronchial physiologic function would

predispose a person to respiratory infections or aggravate already

existing ones.

Further evidence is derived from the work of Henry,etal. (109)

and Ehrlich, et al. (75). These investigators exposed squirrel

monkeys to atmospheres containing 10 and 5 p.p.m. of nitrogen

dioxide. They observed that this exposure increased the suscepti-

bility of the animals to airborne Klebsiella pneumoniae as demon-

strated by increased mortality and reduced lung clearance of viable

bacteria. Infectious challenge with influenza virus 24 hours before

exposure to 10 p.p.m. was fatal to all monkeys within three days.

Infected controls showed symptomsof viral infection but did not

succumb to the infection. The extent to which the various oxides of

nitrogen present in cigarette smoke contribute to the increased sus-

ceptibility to respiratory disease noted in smokers is presently

undefined.
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POSTOPERATIVE COMPLICATIONS

Several studies have been published which examinethe questionsof whether smokers run an increased risk of developing postopera.tive pulmonary complications over nonsmokers undergoing similaroperations.
Morton (173) reported on a study of more than 1,100 patientsundergoing abdominal operations in which he found that cigaretteand mixed smokers were significantly more likely to develop bron.chitis, bronchopneumonia, or atelectasis during the postoperativeperiod than nonsmokers (table A16).
Wiklander and Norlin (229) examined the incidence of post.operative complications in 200 patients undergoing laparotomyinthe winter months when it was expected that pulmonary compli.cations would be at their maximum. These authors found no sig-nificant differences between the frequency of complications jnsmokers and nonsmokers. No information about the definition ofa smoker and no data on dosage of tobacco smoke were reported,Piper (186) observed the prevalence of postoperative pulmonarycomplications in 150 patients undergoing laparotomy. Of the total]sample, 66.7 percent developed pulmonary complications duringthe first postoperative week, All patients considered in the statis-tical analysis as having pulmonary complications had radiographicevidence of disease. Of the cigarette smokers, 73.5 percent hadcomplications as compared to 55.5 percent of the nonsmokers,When the smokers were divided according to dosage, heavy smok-ers being those consuming more than 10 cigarettes per day for theprevious six months, 55 percentof light smokers and 88 percentof heavy smokers were considered to have postoperative compli-cations. Piper also reported that stopping smoking for up to fourdays preoperatively had no apparent effect on the incidence of

complications,
Wightman (228) reported on the incidence of postoperative pul-monary complications in 455 patients undergoing abdominal oper-ations and in 330 patients undergoing other operations. Of thecigarette smokers, 14.8 percent developed complications as com-pared to 6.3 percent of the nonsmokers. The substantial differencebetween these figures and those of Piper (186) is due to the latter’s

use of radiographic criteria alone. Wightman utilized only clinical
criteria.
Morton (172) has recently reported a study of postoperativehypoxemia in 10 patients, 5 of whom werecigarette smokers, Four

of the smokers had chronic bronchitis. He found that the smokers
had a more pronounced decreasein arterial oxygen saturation, per-
sisting into the second postoperative day (table A17).
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In summary, the majority of studies so far reported indicate

that cigarette smokers run a higher risk of developing postopera-

tive pulmonary complications than do nonsmokers, corroborating

a long-held clinical impression. The risk of developing such com-

plications appears to increase with increasing dosage of cigarette

smoke.

SUMMARY AND CONCLUSIONS

1. Cigarette smoking is the most important cause of chronic ob-

structive bronchopulmonary disease in the United States. Ciga-

rette smoking increases the risk of dying from pulmonary emphy-

sema and chronic bronchitis. Cigarette smokers show an increased

prevalence of respiratory symptoms, including cough, sputum pro-

duction, and breathlessness, when compared with nonsmokers.

Ventilatory function is decreased in smokers when compared with

nonsmokers.

2. Cigarette smoking does not appearto be related to death from

bronchial asthma although it may increase the frequency and se-

verity of asthmatic attacks in patients already suffering from this

disease.
3. The risk of developing or dying from COPD amongpipe and/

or cigar smokers is probably higher than that among nonsmokers

while clearly less than that among cigarette smokers.

4. Ex-cigarette smokers have lower death rates from COPD

than do continuing smokers. The cessation of cigarette smoking

is associated with improvement in ventilatory function and with

a decrease in pulmonary symptom prevalence.

5. Young, relatively asymptomatic, cigarette smokers show

measurably altered ventilatory function when compared with non-

smokers of the same age.

6. For the bulk of the population of the United States, the im-

portance of cigarette smoking as a cause of COPD is much greater

than that of atmospheric pollution or occupational exposure. How-

ever, exposure to excessive atmospheric pollution or dusty occupa-

tional materials, and cigarette smoking may act jointly to produce

greater COPD morbidity and mortality.

7. The results of experiments in both animals and humans have

demonstrated that the inhalation of cigarette smoke is associated

with acute and chronic changes in ventilatory function and pul-

monaryhistology. Cigarette smoking has been shownto alter the

mechanism of pulmonaryclearance and adversely affect ciliary

function.

8. Pathological studies have shown that cigarette smokers who

die of diseases other than COPD have histologic changes charac-
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teristic of COPD in the bronchial tree and pulmonary parenchymamore frequently than do nonsmokers.
9. Respiratory infections are more prevalent and severe amongcigarette smokers, particularly heavy smokers, than amongnonsmokers,
10. Cigarette smokers appear to develop postoperative pulmo-nary complications more frequently than nonsmokers.
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TABLE A2.—Smoking and chronic obstructive pulmonary disease symptoms'—percent prevalence
(Numbers in parentheses represent total number of individuals in particular smoking group)

EX = Ex-smokers.
 

Number and
type of

population

Other Comments

 

2,031 male and

female insurance

policy holders.

NS.........10.9

SM .........18.0

Chestillnesses

as repre-

sented by

frequent

colds.

 

8,602 male and

2,242 female

clerical

workers 40-65

years of age.

Chronic Bronchitis Chronie

Males bronchitis

NS .......15.8 (474) defined by

SM .......18.4 (1,940) habitual

Females cough and

NS .......12.1 (619) sputum

SM .......18.8 (579) production.
 

1,274 male

factory workers

without overt

pulmonary

disease or

heart failure.

SM = Smokers. NS = Nonsmokers.

Breathlessness
Cough Sputum production or dyspnea

NS....... 1.6 (496)

SM ....... 6.4(1,293)

NS....... 2.0 (451)

SM .......51.0 (823)

 

301 male and

280 female

rural dwellers

25-74 years of

age,

Cough and sputum

Males Males

NS .......0. 7.1 (28) NS..........

SM .........538.9 (222) SM..........

Females Females

NS......... 4.5 (176) NS..........

SM .........17.2 (98) SM..........

Chronic Bronchitig

Males

NS 3.6

SM ....... 9.9

Females

NS 3.4

SM 8.6
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TABLE A2.—Snoking and chronic obstructive pulmonary, disease symptoms'—percent prevalence (cont.)

(Numbers in parentheses represent total number of individuals in particular smoking group)

SM = Smokers. NS = Nonsmokers. EX = Ex-smokers.

 

 

  

 

 

 

Author,
year, Numberand Breathlessness

country, type of Cough Sputum production or dyspnea Chest illnesses Other Comments

reference population

Higgins 94 males and Females Males Males Chronte bronchitis

and 92 females Cough and sputum NS. 33.3 NS..... 0.0 Males

Cochran, randomly chosen NS ......--- (6) SM. .....29.3 SM..... 16.0 NS ....... 0.0

1958, (members of an $ ..24.0 (75) Females Females SM ....... 6.7

England agricultural .. Bl (64) NS ..... 02... 45.3 NS ..... 10.9 Females

(114). community.) . 3.0 (20) SM............20.0 SM..... 10.0 NS ....... 0.0

SM . 6.0

Edwards 1,737 male out- Chronic bronchitis

etal., patients on NS .......16.6 (151)

1959, lists of Cigarettes 29.7 (T79)

England general prac- 1-9 .. 23.4 (235)

(74). titioners >60 10-19 - 81.2 (369)

years of age. >20 - 338.7 (175)

Pipe 18.5 (840)

Flick 222 male NS .......10,0 (51) NS.........25.0 (49) NS..... 30.0 (47)

and patients not SM .......55.0 (157) SM.........65.0 (156) SM. - 60.0(188)

Paton, suffering from

1959, overt cardio-

U\S.A. pulmonary

(86). disease, 20-90

years of age.

Higgins 776 males in Cough and sputum Chronic bronchitis

et al., various SM......... 71 (85) NS............ 94 NS..... Td SM ...... 14.3

1959, occupations NS .........36.9 (575) SM.......,.....24.9 SM..... 20.2 NS 3.5

England 25-64 years

(116). of age.
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TaBLe A2.—Smoking and chronic obstructive pulmonary disease symptoms'—percent prevalence (cont.)

(Numbers in parentheses represent total number of individuals in particular smoking group)

SM = Smokers. NS = Nonsmokers. EX = Ex-smokers.

 

 

 

 

Author,
year, Numberand Breathlessness

country, type of Cough Sputum production or dyspnea Chest illnesses Other Comments

reference population

Higgins, 393 males in Cough and sputum Chronic bronchitis Chronic

1959, various NS ........ 6.1 (33) NS.......... 18.2 NS.......... 3.0 NS ...... 6.0 bronchitis

England occupations 1-14 g./day 9.7 (173) 1-14 ¢./day 30.1 1-14g./day 23.7 1-14 ¢./day 13.9 defined as

(113). 55-64 years DIB ow... 42.3 (142) 1B... 888 DIB LL... 28.9 1B... 17.6 persistent

of age.
sputum and

at least 1

chest illness

in past 3

years.

Tobacco gram

equivalents

are:

1 cigarette

= 1lgram,

leigar =

2-5 grams,

1 pipe =

10-25 grams.

Liebeschuetz,147 male NS....... 0.0 (52)

1959, soldiers SM....... 18.0 (88)

England 20-30 years

(156). of age.

Ashford 4,014 male Respiratory symptoma Respiratory

etal., coal workers. NS wees 103 (677) symptoms—

1961, EX ......19.5 (123) “bronchitis

England Cigarettes 21.1 (1,504) and/or

{ift). Pipe only 35.1 (202) asthma’’. No

Cigarettes dose rela-

and pipe 37.1 (90) tionship

ANISM ...21.7 (3,214) found.
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L TABLE A2.—Smoking and chronic obstructive pulmonary disease symptoms'—percent prevalence (cont.)
(Numbers in parentheses represent total number of individuals in particular smoking group)

SM = Smokers. NS = Nonsmokers. EX = Ex-smokers.

 

 

 

 

 

 

Author,
year, Number and Breathlessness

country, type of Cough Sputum production or dyspnea Chest illnesses Other Comments
reference population

Bower, 95 male and NS........ 4.1 (49) NS ........ 20.4 NS ...... 34.7 Chest illness—

1961, 77 female SM........27.6 (76) SM ........ 34.2 SM ...... 38.2 chest colds

U.S.A. bank employees Pipe, cigar (18) Pipe, cigar 15.4 Pipe, cigar during each
(Al). 40-70 years 53.9 of last 2

of age. winters.

Fletcher and 363 male London NS ........ .. (80) NS voces cee 8.7 NS ....... eee ee NS...... 4.3

Tinker, transport 1-14 g./day 15.5 (156) 1-14g./day ..29.9 1-14 g./day .. 8.2 1-14 g./day

1961, employees >15 woes 27,3 (116) DIB wee. ae. 36,9 D>1B ......... 8.6 8.2

England 40-50 years >15 2... 10.7

(85). of age.

Read 170 male and Males

and 132 female NS........ 4.4

Selby, individuals SM ........28.1

1961, interviewed EX ........21.2

Australia in an out- Females

(191). patient NS........ 49

elinic (not SM ........18,6

all patients).

Balchum 1,451 male NS ........10.2 (253) NS .......... 11.0 NS... eee ee 9.8

etal. light SM ....... .23.3(1,198) SM... - 80.4 SM ........0. 14,5

1962, industry <1 pack- <1 pack- <1 pack-year .10.0

U.S.A. employees in (257) year . 12.0 1- 9 ........12.0

(24). California, (263) 1- 9 .....,.,18.0 10-19 ........11.0

0 (303) 10-19 ......0e 82.0 20-29 ........ 18.0

20-29 ..... 21.0 (236) 20-29 ++ 84,0 30-39 ........ 21.0

30-39 28.0 (144) 30-39 . . 40.0 40-49 13.0

40-49 39.0 (92) 40-49 ........ 37.0 50-59 .......- 38.0

50-59 ..... 34.0 (29) 50-59 «45.0 >60 29.0

>60 -50.0 (24) >60 .-62.0
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TABLE A2.—Smoking and chronic obstructive pulmonary disease symptoms'—percent prevalence (cont.)
(Numbers in parentheses represent total number of individuals in particular smoking group)

SM = Smokers.

Author,

NS = Nonsmokers. EX = Ex-smokers.

 

 

 

year, Number and Breathlessness
country, type of Cough Sputum production or dyspnea Chest illnesses Other Comments

reference population

Boucot 6,137 males NS wo... eee 18.0 (806)

et al., 1962, enrolling SM ........31,5 (5,381)

U.S.A. in pulmonary

(86). neoplasm project.

Ferris 90 male and Chronic Nonspecific

et al, 71 female Respiratory Disease

1962, flax mill- Males Females

U.S.A. workers. NS ..15,0(20) 10.0(60)

(82). EX ..12.5(16)

1-20 .27.8(22) ..

>20 53.1(382) 60.0 (4)

Ferris 542 male and Chronic bronchitis Age-specific

and 625 female Males rates.

Anderson, residents of NS .......18.8 (126)

1962, New Hampshire EX .......11.9 (17)

U.S.A. town chosen Cigarettes 40.3 (340)

(81). by random 1-10 ....,29.8

sampling of 11-20 .....34.2

census. 21-30 .....42.3

31-40 .... 61.1

D>41 .....,75.8

Females

NS ....... 94 (878)

EX .......10.8 (87)

Cigarettes 19.8 (208)

1-10 .....13.1

11-20 .....22.2

21-30

31-40 27.3

D>41 ow...
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Tapie A2.—Smoking and chronic obstructive pulmonary disease symptoms'—percent pre valenec (cont.)

(Numbers in parentheses represent total number of individuals in particular smoking group)

SM = Smokers. NS = Nonsmokers. EX = Ex-smokers.

 

 

 

 

 

  

Author,
year, Number and Breathlessness

country, type of Cough Sputum production or dyspnea Chest illnesses Other Comments

reference population

Goldsmith 3,381 active
Respiratory

etal., or retired
conditions

1962, longshoremen.
NS .-.. 81.4 (744)

U.S.A.
Moderate/ heavy

(95).
smokers 43.0 (1,238)

Coates 1,342 male and Cough and chronic phlegm Current

etal., 242 female NS. .....11.2 (747) NS ...14.7 NS ...... 4.0 smoking

1965, Detroit post 1-14 ...12.7 (266) (not sig.) 1-14 .28.2(p<0.001) 1-14 5.3(not sig.) data.

U.S.A. office 15-24 ...27.6 (402) (p<{0.001) 15-24 .30.7 (p<0.001) 15-24 ....17.2(p<0.001)

(53). employees. >25 . 36.4 (170) (p<0.001) >25). 34,1 (p<0.001) S25... 25.3 (p<0,001)

Deane 508 tele-
Persistent cough, NS includes

et al., phone
phlegm, dyspnea ex-smokers,

1965, company NS ....... 4.5 (200) pipe, and

U.S.A. workers. Current cigarette cigar

(67),
smokers 15.9 (308) smokers.

Huhti, 653 male and Males Chronic bronchitis Ex-smokers

1965, 823 female NS NS ........-5 15.6 Males represent

Finland residents of EX. EX ..........24.8 NS wees BT those who

(126). a Finnish 1-14 ........ 25.0 EX .......16.3 have

communal 15-24 ........ 26.2 1-14 .....38.0 stopped

region, >25 ve eee ee B18 15-24 . 41.4 smoking

40-64 years Females >25 «2... 40.0 for more

of age. NS oe 29.2 Females than 1

EX .... . 388.3 NS ...... 4.5 month.

1-14 . 14.3 EX ......13.3 Dyspnea

15-24 21.0.2. 14.0 1-14 .....10.4 Grade II

>25 vhs 15-25) 57.0 only.  Dep gt
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TABLE A2.—Smoking and chronic obstructive pulmonary disease syniptoms'—percent prevalence (cont.)
(Numbers in parentheses represent total number of individuals in particular smoking group)

SM = Smokers. NS = Nonsmokers. EX = Ex-smokers.
 

 

 

  

Author,
year, Number and Breathlessness

country, type of Cough Sputum production or dyspnea Other Comments
reference population

Wynder 315 male New York City

et al., patients in NS........14.0 (44)

1965 New York City Pipe, cigar 33.0 (64)

U.S.A. and 315 male Cigarettes:

(288). patientsin 1-10 ...45,.0 (44)

California. 10-20 ...46.0 (88)

>20 ....67.0 (85)

California

NS wo... 22.0 (69)

Pipe, cigar 30.0 (32)

Cigarettes:

1-10 ...45.0 (54)

10-20 ...74.0 (91)

>20 =....74.0 (69)

Freour 1,055 randomly Clinical signs of
et al., chosen males in bronchitis and
1966 Bordeaux 30-70 respiratory
France years of age. insufficiency
(92). NS ...... 25.4 (45)

SM ......54.4 (478)

Haynes, 179 male Average number of Heavy
et al., preparatory severe respiratory smoker—
1966 school illnesses per 10 more than
U.S.A. students students (adjusted 10 ciga-
(108). 14-19 years for age) rettes

of age. NS) ....... 0.36 perday.

All smokers 2.30

Heavy SM 3.34
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TABLE A2.—Smoking and chronic obstructive pulmonary disease symptoms'—percent prevalence (cont.)
(Numbers in parentheses represent total numberof individuals in particular smoking group)

 

 

 

 

 

SM = Smokers. NS = Nonsmokers. EX = Ex-smokers.

Author,
year, Number and Breathlessness

country, type of Cough Sputum production or dyspnea Chestillnesses Other Commentsreference population

Densen 5,313 male Postai Postal Postal Dyspnea
et al., and 7,291 NS ....... 7.0 (903) 13.1 19.8 represented1967, female postal Pipe, cigar 12.4 (628) 17.4 24.8 by Grade ITU.S.A. and transit Cigarettes

only.(68). workers. only ....27,0(2,687) 28.9 317
Transit Transit Transit

NS ....... 6.4(1,012) 9.6 11.7

Pipe, cigar 10.5 (765) 14.1 14.2
Cigarettes

only ....23.5(3,746) 23.7 21.9

Higgins 926 white NS ....... 15.4 (162) NS ........... 811 NS ........... 5.0
etal., male resi- SM .......47.2 (518) SM ...........46.2 SM ........... 10.7
1968, dents of EX ....... 19.3 (144) EX .........., 28.5 EX ...........16.8
U\S.A. Marion

(118). County, West

Virginia,

26-69 years

of age.

Holland 9,786 male Malea Females Males Females
and and female NS ....... 3.8 (1,900) 3.2 (3,137) 2.4 2.1
Elliott, school SM ....... 6.3 (1,098) 6.3 (554) 6.1 8.3
1968, children, EX ....... 2.9(1,782) 4.3(1,151) 3.9 42
England <li cigarette/day ...............5.8(876) 5.8
(121). 1-2 «+. .6.5 (417) 8.4
a5.6 (124) 8.1
a9.9(142) 18.3
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TABLE A2.—Smoking and chronic obstructive pulmonary disease symptoms'—percent prevalence (cont.)

(Numbers in parentheses represent total number of individuals in particular smoking group)

SM = Smokers. NS = Nonsmokers. EX = Exesmokers.
 

 

 

 

Author,
year, Numberand Breathlessness

country, type of Cough Sputum production or dyspnea Chestilinesses Other Comments

reference population

Gandevia 762 male and Males Productive

1969 1,804 female NS ....... 10.8 (284) cough upon

Australia patients SM ...-51.3 (528) request,

(98). from 13 general Females

practices NS ....... 10.6 (857)

in all parts of SM ....... 37.4 (447)

Australia.

Rimington 41,729 male Age-adjusted total Cigarette

1969 and 22,295 prevalence of dosage

England female persons chronic bronchitis gradient

(198). participating Males significant

in mass NS ....... 5.1 (9,055) to p<0.001.

miniature EX ....... 9.8 (6,510)

radiography Pipe 9.0 (2,921)

screening. Cigarettes . (23,243)

1-9 ...., 91

10-19 .....15.0

>20 ..... 20,6

Females

NS ...... 3.4(12,861)

EX ...... 38 (959)

Pipe .... 0.0

Cigarettes (8,985)

1-9 1... BI

10-19... 10.6

D>20 oo. eee18.5

Wilhelmsen 313 males Chronic bronchitis

et al., 50-54 years NS ...... 1.0 (88)

1969, of age randomly EX 2.2... 3.0 (67)

Sweden sampled from 1-14 grams/

(281). population day ... 5.0 (94)

of Goteborg. D165 1... 17.0 (64)
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TABLE A2.—Smoking and chronic obstructive pubnonary disease symptoms'—percent prevalence (cont.)
(Numbers in parentheses represent total number of individuals in particular smoking group)

SM = Smokers. NS -= Nonsmokers. EX = Ex-smokers.

 

  

 

Author,
year, Numberand Breathlessness

country, type of Cough Sputum production or dyspnea Chestillnesses Other Commentsreference pepulation

Lambert 9,975 male Persistent cough and phlegm
and and female Males
Reid, responders dlge Age Age Age
1970, to a postal 85 45 45-55 55-65 65-69
England survey NS « 1(227) 6 (200) 11(171) T (61)
(146). (4,688 males KX . 7(803) 11(358) 15 (335) 18(148)

and 5,287 <20 ....15 (521) 22 (488) 30(490) 37 (189)
females 20 ». 23 (191) 28 (204) 32 (149) 38 (37)
35-69 years >20 --27(148) 28 (136) 42(121) 25 (12)
of age). Females

NS . 8(500) 4(637) 5 (925) 6 (21)
EX ..... 3(127) 8(128) 7 (94) 7 (Al)
<20 . 9(602) 13 (472) 16 (306) 11 (65)
20 .16 (128) 27 (122) 31 (77) 14. (7)
20 . 23 (22) 26 (39) 43 (7) (1)

Lefcoe 310 male
Age-standardized rates Excluded fromand physicians
of chronic reapiratory ex-smokersWonnacott, in London

disease are those1970, and Ontario,
NS .......... 1.0 (88) cigaretteCanada 25-74 years
EX «. 5.0 (61) smokers who(151). of age.
SM 34.0 (101) now smoke

 

Pipe, cigar ..12,0 (388) pipesor cigars.

 ‘Data collected by either direct interview, questionnaire, review of medical records and/or medical examination.
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TABLE A2a.—Smoking and chronic obstructive pulmonary disease symptoms'—percent prevalence
(Numbers in parentheses represent total number of individuals in particuar smoking group)

SM = Smokers. NS = Nonsmokers. EX = Ex-smokers.

 

 

 

 

Author,
year, Number and

country, type of Cough Bronchitis Comments
reference popuation

Cederlof 9,319 twin Observed/ Observed Explanation of analyses for All ex-smokers included

et al., pairs expected Hypermorbidity expected Hypermorbidity respiratory symptom with smokers.

1966, registered Group A: cases ratio cases ratio prevalence: MZ—monozygotic

Sweden in Sweden Males ........393/151.9 2.6 157/50.8 3.1 Group A analysis—using each pairs
(46). of 12,889 Females 186/ 49.4 2.8 43/11.2 3.8 firstborn twin as one group DZ—dizygotic pairs

available. Group B SM/NS: in an unmatched relationship Author concludes that
MZ Males .... 14.6/7,.7 1.9 6.6/ 1.1 6.0 (274) to each secondborn twin, since hypermorbidity

Females ... 13.6/7.6 1.8 3.0/ 2.3 1.33 (264) Group B analysis—using each for smoking persists
DZ Males .... 12.8/5.5 2.25 4.5/ 1.8 2.54 (733) twin set as matchedpair. in smoking-discordant

Females ...  14.5/5.7 2.57 5.5/ 1.8 3.0 (653) All comparisons in Groups A MZ population, a

and B are between smoking- easual relationship of

discordant pairs. smoking and broncho-

pulmonary symptoms

is supported.

Cederlof 4,379 twin Prevalence of respiratory symptoms Noex-smokers included
et al., pairs (all Group A: in Group B analysis.

1969, U.S. veterans) NS » AD 4.3 1.6 Group A-—as above. The authors conclude
U\S.A. in U.S. 1-10 peeeeee OF 6.4 2.7 Group B—asabove. that the data indicate
(45). National 11-380 pee ee ee LSB 15.3 8.0 a strong probability

Academyof 31 ee bene eee ebad 27.7 16.8 of a causal connection
Sciences Twin Pipe, cigar ............. 7.1 TA 2.7 with smoking. Even
Registry (of Group B: NS SM NS SM these symptoms,
9,000 avial- MZ ooceeee ee 2.4 5.4 18 4.8 however, seem to be
able). DZ 9.8 1.6 9.1 influenced by genetic

' Data collected by either direct interview,

 

questionnaire, review of medical records and/or medical examination.

factors.
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TABLE A3.—Smoking and ventilatory function
(Numbers in parentheses represent total number of individuals in particular smoking group)

NS = Nonsmokers. SM = Smokers, EX = Ex-smokers.

 

 

 

 

Author,
year, Numberand

country, type of MBC EFR FEV ve Miscellaneous Commentsreference population

Chivers, 463 male Height-in-inches ¢Mean EFR
1959, employees Cigarettes/day: 64"" 66" 68"" 70"" in liters
England of alkaline 0-5 peeeee $97 (28) 91 (35) 108 (81) 101 (21) per minute.(52). industry 6~20 - 89(50) 8&8 (75) 101 (112) 109 (75) Regression

plant. >20 . 63 (6) 88.5 (9) 92.5 (9) 113(12) analysis of

data revealed

& significant re-

lationship between

smoking and de-

creasing function.

Higgins 773 males 25-34 55-64
FEV9.45 expressedet al., in various NS 145 (56) 10% (29)

as mean indirect1959, occupations BX 148 (81) 89 (62)
MBC.England (25-34 and 1-14 grams

(116). 55-64 years -140(193) 87(157)

of age). >>15 grams

-133 (89) 80(136)

Wilson 28 male
RV/TLC

etal., residents of
NS..... 5.59 (14) NS 211

1960 Dallas,
SM ..... 34.44 (14)SM ....... 227.01U.S.A. Texas,

(232). former

rural

dwellers;

matched

for body

surface, age,

andheight.
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TABLE A3.—Smoking and ventilatory function (cont.)
(Numbers in parentheses represent total numberof individuals in particular smoking group)

NS = Nonsmokers. SM = Smokers, EX = Ex-smokers.

 

 

 

 

Author,
year, Number and

country, type of MBC EFR FEV ve Miscellaneous Comments
reference population

Ashford 4,014 male FEV, 9 Data represent
etal., coal workers Age: NS SM results after
1961, at 3 Scottish <21-30 4.09(103) 3.96(280) correction for
Scotland collieries. 21-30 .3.86(182) 3.77(555) sitting height.
(11). 31-40 .3.44(188) 3.88(777) SM includes pipe

41-50 .3.04(110) 2.96 (755) smoker.

51-60 .2.71(102) 2.56(610) Data on ex-smoker

>60 ...2.38 (42) 2.21(287) not included.

FEV, found

significant; lower

for SM than NS.

Fletcher 363 male Mean peak EFR

and London NS ......-. 570 (30)

Tinker, transport I-14 grams 537 (156)

1961, employees, >15 grams 628 (116)

England EX ........ 555 (61)
(85).

Franklin 213 male FEV,9 FEVo9, FEVo.s9 Heavy smoker
and factory He . 0.75 0.75 | represents an
Lowell, workers favy 2,670 3,011 2,710 Light .. 3,703 (59) amount equal
1961, 40-60 years Light 12,489 72,656 72,284 Heavy 13,578 (104) to or more
U,S.A. of age. than 30 pack
(87). years.
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TABLE A3.—Smoking and ventilatory function (cont.)
(Numbers in parentheses represent total number of individuals in particular smoking group )

 

 

 

 

NS = Nonsmokers. SM = Smokers, EX = Ex-smokers.

Author,
year, Numberand

country, type of MBC EFR FEV vc Miscellaneous Comments
reference population

Balchum 1,451 male MMEFR Data for: MMEFR

etal., employees NS ....... 15.6 (88) 7.8(19) given as pereent

1962, in Pack/year: of individuals

U.S.A. California <1 ..... 15.0 (257) 8.0 with a value of

(24). light indus- 1-9 .... 10.0 (263) 6.0 <500 L/M;

try. 10-19 ... 10,0 (303) 12.0 FEV,5

20-29 ... 19.0 (236) 24.0 given as percent

30-39 ... 33.0 (144) 26.0 of individuals

40-49 ... 38.0 (92) 40.0 with value of

50-59 ... 55.0 (29) 45.0 <70 percent

>60 ..... 71.0 (24) 62.0 of expected.

Goldsmith 3,311 active MEFR FEV,4 Authors concluded

etal., or retired NS ........ 313.63 (250) 2.99 that cigarette

1962, longshore- Pipe, cigar 299.26(125) 2.80 smoke was found
U.S.A. men. EX ....... 295.23(102) 2.84 to have a slight

(95). Cigarettes/day: effect on

=20..... 309.73 (144) 2.89 pulmonary

20-40 ... 303.44(346) 2.91 function.

240 ..... 307.63 (57) 2.90

Martt, 73 healthy D,co Smokers defined

1962, medical per- u as those smoking

U.S.A. sonnel with- NS2 33.10(30) >20 cigarettes/

(161) out signifi- SM <6years 728.40 (8) oy for varyi. B-l0 years ...°28.20(10) CY*OP Varying
cant age 10 years ...524.90(25) Petiods.
difference

between

smokers and

nonsmokers.
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TABLE A3.—Smoking and ventilatory function (cont.)

(Numbers in parentheses represent total number of individuals in particular smoking group)

NS = Nonsmokers. SM = Smokers, EX = Ex-smokers.

 

 

 

 

 

Author,
year, Numberand

country, type of MBC EFR FEV vc Miscellaneous Comments

reference population

Revotskie 1,130 male FEV 0 Data presented

et al., and 1,818 Males Females in terms of

1962, female NS .....0.98 (55) 0.98(255) ratio of

U.S.A. residents in Cigarettes/day: observed to

(192). Framing- 1-10 .0.97 (90) 0.99 (92) predicted

ham par- 10-29 .0.91(163) 0.93 (157) values.

ticipating >30 ..0.90 (81) 0.91 (22)

in the pro-

spective

study.

Krumholz 18 physicians MEFR
Mean D,

etal., 24-87 years NS ...eeae 580 (9) NS SM

1964, of age. SM ........ 1590 (9) Rest .......ee 36 231

U.S.A.
Exercise:

(149).
2minutes . .50 S41

4minutes . .50 143

3 minutes
post exercise 39 135

Zwi 20 medical MMEFR Authors found

etal, studentsor NS . 187 (10) 4.34 5.77 a significant difference

1964, graduate SM ...1193 (10) 15.09 15.58 between SM and

UOS.A. physicians.
NS for RV/TLC,

(241).
compliance, and non-

elastic resistance.

Coates 1,342 male FEV, 14 Timed VC! FEV, ,/VC

et al., and 242 Age: NS 25 cig/day NS >285/day NS >25/day

1965, female post 40-44 12,99(186) 2.85 (69) 3.89 3.85 30.77 0.74

U.S.A. office 45-49 52.95(170) 2.64 (42) 3.92 3.83 30.74 0.70

(53). employees 50-54 12.75(116) 2.62 (22) 3.71 3.74 20.74 0.70

>40 years 55-59 12.64 (64) 2.44 (18) 3.54 3.61 50.74 0.68

of age. 60-64 12.85 (53) 2.80 (8) 3.30 3.83 10,72 0.70
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TABLE A3.—Smoking and ventilatory funetion (cont.)
(Numbers in parentheses represent total number of individuals in particular smoking group)

NS = Nonsmokers. SM = Smokers, EX = Ex-smokers.

 

 

 

 

Author,
year, Numberand

country, type of MBC EFR FEV ve Miscellaneous Comments
reference population

Edelman 410 male FEV,4 Vital capacity Ex-smokers of

etal., community NS ........ 164 (152) 7.89 2.83 4.93 cigarettes only.

1966, dwellers Current Differencesignifi-

U.S.A. 20-103 cigarette cant between NS

(78). years of smokers. .5161(118) 7.86 52.64 34.74 and current

age. EX seveees 157 (98) 8.09 2.80 4.17 cigarette smokers

Pipe, cigar .. 167 (47) 8.20 2.91 5.08 at p<0.01.

Peters 124 male MEFR FEV,4 FEV,/VCe Heavy smokerrefers

and college age NS ........210.28 (41) 4.68 287.5 to greater than

Ferris, students, Moderate 10.06 (54) 4.59 85.3 or equal to +

1967, Heavy 9.64 (29) 4.43 83.9 pack years.

U.S.A. EX ....... 9.48 (10) 4.74 83.2 Moderate smoker

(182). includes pipe and

cigar smokers,

Difference between

NSand heavy

smokeris

significant.

Higgins 926 white FEV,5

et al., male NS ........ 3.64(160)

1968, residents EX ........, 3.25(148)

U.S.A. of Marion Cigarette SM 3.48(611)

(118). County, 1-14 .. 3.67 (88)

West 15-24 ....... 8.57(278)

Virginia, D>25 we... eee. 8.30(150)

20-69 years

of age.
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e TABLE A3.—Smoking and ventilatory function (cont.)
(Numbers in parentheses represent total numberof individuals in particular smoking group)

 

 

 

 

 

  

NS = Nonsmokers. SM = Smokers, EX = Ex-smokers.

Author,
year, Numberand

country, type of MBC EFR FEV vc Miscellaneous Comments
reference population

Sluis- 5383 white 35-44 45-54 >55 FEV5.4 1 cigarette =

Cremer male NS ........ 553 (106) 527 (101) 444 (27) B5-44 45-54 >bS 1 gram.

and factory Grams/day: 3.70 3.22 2.76 1 ounce tobacco =

Sichel, workers 1-14, 557 (26) 519 (17) 410 (7) 3.64 3.31 2.24 26 grams.

1968, over 35 15-24 532 (94) 446 (35) 401(13) 3.66 2.94 2.28 leigar=2to5

South years of 25 1528 (66) 494 (31) 1380(10) 3.54 3.05 12.12 grams.

Africa age. t Derived slopes

(208). foundsignifi-

eantly different

from 0.

Stanescu 87 male bus FEV, 4 Nitrogen gradient

et al, drivers; Younger Older Younger Older Younger Older

1968, 27 aged NS ..... 4,470(14) 3,310 (40) 5,125 4,290 1,53 2.49

Rumania 20-25, 60 SM... .. -4,500(13) 13,200 (20) 15,285 14,290 1Y.47 53.77

(212). aged 40-60,

all without

respiratory

symptoms.

Densen 5,287 male FEV14 FEV expressed as
et al., postal and Postal standardized for

1969, 7,213 male White Non-white specified postal

U.S.A transit NS ....... 3.29 (685) 3.05 (204) and transit

(69) workers in All cigarette cece cece eter eae ee vanes 8.11 (2,340) 2.94 (768) workers at age

New York <25 grams/day ..... 0. cee cee cee ce eee 3.14 (1,292) 2.95 (599) 45 and at sitting

City. 2225 grams/day 3.06 (1,038) 2.93 (161) height of 35

Transit inches.

White Non-white Includes mixed

NS occ cece eee e tee teen ene eee 3.39 (620) 3.08 (298) smokers.

All cigarette 3.11 (2,941) 2,99(1,041)

<25 grams/day 3.15 (1,929) 3.00 (891)

2225 grams/day ............0..000ee-eeee+  8.02(1,011) 2.95 (149)
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TABLE A3.—Smoking and ventilatory function (cont.)
(Numbers in parentheses represent total number of individuals in particular smoking group)

EX = Ex-smokers.NS = Nonsmokers. SM = Smokers,

 

 

 

 

Author,
year, Numberand

country, type of MBC EFR FEV vc Miscellaneous Comments

reference population

Rankin 60 male FEV, FEVexpressed as

et al., and 10 NS wee es 497.5 (12) percentof

1969, female SM . 78.4 (58) predicted value

Australia patients for age, sex,

(190). with chronic and height.

alcoholism

26-66 years

of age.

Wilhelmsen 313 male PEFR FEV, ve 1963 values only.

etal., residents NS Lecce cee ee ee ee eens 525 (88) 3.77 4.83

1969, of Géteburg DD,Ca 539 (67) 3.69 4.77

Sweden 50-54 years 1-14 grams/day ..........-.0065 521(94) 3,62 4.83

(231). of age. S15 grams/day ............0065 492 (64) 3.39 4.56

Lefcoe 310 male MMFR FEV1.9 MMFRhasbeen

and physicians NS ....... 4.09 (88) 3.39 standardized for

Wonna- of London, Cigarette age and height.

cott, Ontario. smokers. 3.64(101) 3.11

1970, EX ....... 3.99 (61) 3.38

Canada Pipe, cigar 4.17 (33) 3.17

(151).
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TABLE A3.—Smoking and ventilatory function (cont.)
(Numbers in parentheses represent total number of individuals in particular smoking group)

 

 

NS = Nonsmokers. SM = Smokers, EX = Ex-smokers.

Author,
year,

country, FEV Miscellaneous Comments

reference

Lundman, 37 MZ and FEV9 N, washout gradient MZ = monozygotic.

1966, 62 DZ twin os 7 ss : DZ = dizygotic.

Sweden pairs selected Significant differences Significant differences The author concludes that the degree of ventilation as measured by N
: between smoking discordant between smoking dis- . : : 2

(159). from Swedish : . . . washout was correlated with cigarette consumption, The FEV
: : twin pairs found for: cordant twin pairs se 2-0

Twin-Pair . was significantly lower for smokers and there was a correlation
Registry. 1. Group A MZ males foundfor: with cigarette consumption.

. and females. Group B DZ males.

2. Group B DZ males.

3. Group A DZ males.

Explanation of analyses for respiratory symptom prevalence:

Group A analysis—using each firstborn twin as one group in an

unmatched relationship to each secondborn twin.

Group B analysis—using each twin set as matched pair. All

comparisons in Group A and B are between smoking-discor-

dant pairs.
 

1 Not significant (difference or trend).

2 p<0.05

3 p<0.01

4 p<0.005

5 p<0.001
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TaBLE A4.—Glossary of terms used in tables and text on smoking and ventilatory function

 

 

 

 

 

 

 

 

 

 

 

 

 

Symbo} Term Volumeor rate Definition

MBC......... Maximal breathing LiterS. 0. cc eee eee eee The maximal volume of gas that can be breathed in one minute.

capacity.

MVV......... Maximal voluntary

ventilation.

EFR......... Expiratory flow rate............ Liters/minute.... 2.0... 00sec eee Rate of flow for a specified portion of a forced expiration (MMEFR—rate

PEFR .. Peak expiratory flow rate. of flow measured for middle half of FVC).

MEFR........ Maximal expiratory flow rate.

MMEFR...... Maximal] midexpiratory

flow rate,

FEV ......... Forced expiratory Liters... eeeee eee Volume expired within a specified time interval. (FEV,,—volume expired

volume. in first second of expiration.)

VG... eeeVital capacity........ 0. eeeLiters. ... 00. cee ee ee eee Maximal volume of a gas that can be expelled from the lungs by forceful

FVG......... Forced vital capacity. effort following a maximal expiration.

FEV/VC. ... Foreed expiratory Percent... .... cece eee e eens Volume of forced expiration (in time specified) related to vital capacity,

volume/vital capacity.

dD, wee nutes Pulmonarydiffusing ml/min/mmHg The ability of a chosen gas to pass from the alveolus to within the pulmonary

; capacity. eapillary.

N, washout... Nitrogen washout Exponential The stepwise pulmonary alveolar clearance of a gas. (Slope of curve depends

gradient. curve. upon the uniformity and adequacy of ventilation of all parts of the lung.)

It may be done as a single--or multiple—breath procedure.

Compliance....... - Liters/CMH,0. paveteueuees Volume change of the lung produced by a unit pressure change.

RV.. . Residual volume..........-6.. 045 Liters... 0... ccc ee ce ce eee Volume of gas remaining in the lungs at the end of a maximal expiration.

TLC......... Total lung capacity..........0.. Liters... 0.0. cee eee ee ee Volume of gas contained in the lungs at the end of a maximal inspiration.

FRC .Functional residual Liters... cee ccc eae Volume of gas remaining in the lungs at the resting expiratory level.

capacity.

Aleveolar volume. ............. Liters. 0... eee eee eee ene eee Volume of gas contained in pulmonary alveoli.

 

SOURCE: Comroe, J. et al. (56)



TABLE A6,—Epidemiological studies concerning the relationship of air
pollution, social class, and sinoking to chronic obstructive

bronchopulmonary disease (COPD)
 

 

 

Author,
year, Numberand type

country, of population Results
reference

Higgins, 301 males and Male data only (170): oo
1957, 280 females (a) The frequency of recurrent chest illnesses was high
England living in 2 er in the more polluted region but the prevalence of
(112). separate other respiratory symptoms and mean valueg were

districts. similar.

(45-64 years (b) Significant difference observed in COPD mortality
of age.) rate.

College of 787 males and (a) Male urban inhabitants manifested almosttwicethe
General 782 females prevalence of chronic bronchitis as rural males: this
Practi- 45-64 years of difference could not be explained on the basis of
tioners, age from smoking habits.

1961, medical doctors’ (b) No significant urban/rural differences noted for
England caselists. PEFR!

(55). (c) No significant urban/rural differences noted for

COPD symptoms among females.

 

Ferris and

Anderson,

1962,

U.S.A.

(81).

1,219 males and

females living

in 3 different

areas of a New

Hampshire town,

Following adjustment for differences in smoking habits, no
significant differences in chronic bronchitis were observed
among the 3 pollution areas.

 

Mork,

1962,

U.S.A.

(171).

339 male trapsport

employees from

London and

Norway.

The excess prevalence of serious respiratory symptoms (dy.

spnea, wheezing) and PEFR dysfunction among London

Transport employees was only partly eliminated after

standardization for smoking, and the author suggests

that this is due to differences in air pollution levels,

 

Schoettlin,

1962,

US.A.

(204).

2,622 males

45-75 years

of age.

(a) No positive correlation found between chronic respira.

tory illness and city size.

(b) A positive correlation was found between chronic res.

piratory illness and cigarette smoking (particularly du-

ration}.

 

Anderson

et al.,

1965,

Canada

(8).

Holland

and

Reid,

1965,

England

(124).

Bates

778 residents of

Berlin, N.H., and

918 residents of

Chilliwack,

Canada.

676 male transport

employees in

Londen and rural

England.

216 hospitalized

veterans from

various areas of

Canada (all

standardized for

age, tobacco

consumption, and

eecupation) .

Berlin, New Hampshire, has higher SO, and particulate air

pollution levels and the higher respiratory disease preva-

lence rates among its residents were not accounted for

by age differences, but were aceounted for after stan-

dardization for smoking habits (except that PEFR and

FEV, 4 dysfunction was more prevalent in New Hamp-

shire, and the authors suggest that this difference re

flects air pollution differences).
  

 
(a) London employees manifested a greater prevalence of

COPD symptoms and PEFR dysfunction than did the

rural employees.

{b) Smoking habit differences alone were not sufficient to

explain this difference in COPD manifestations.

{c) Both groups manifested pulmonary dysfunction cor-

related with tobacco consumption.

Winnipeg (cleanest of all areas in 50, and industrial

dustfall}) residents manifested decreased prevalence of

chest ilnesses, less severe grades of dyspnea, and less

sputum volume produced when compared to residents of

all uther areas.
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Tas_e A6.—Epidemiological studies concerning the relationship of air

pollution, social class, and smoking to chronic obstructive

bronchopulmonary disease (COPD) (cont.)

 

 

 

Author,
year, Numberand

country, type of Results
reference population

Ashley, Standardized Positive correlations:

1969, mortality (a) Smoke concentration and bronchitis mortality.

England ratios for (by) SO, and smoke concentration and bronchitis mor-

(12). males (1958-63) tality and social class.

for 53 boroughs (c) Pollution and social class.

with air pollution

indexes.

Holland 10,971 children Factors affecting prevalence of respiratory symptoms:

etal, over 11 years of (a) Smoking—highly significant association.

1963, age in 4 areas. (b) Area of residence (pollution)—-significant association

England except for periods of cough and phlegm lasting more

(122). than 3 weeks.

Winkelstein

and

Kantor,

1969,

U.S.A.

(288),

842 females

over 25 years of

age in various

regions of

Buffalo.

{c) Social class, age, sex—-no association noted.

(a) The increased prevalence of respiratory symptoms could

not be explained by social class differences.

(b) No overail association noted between productive cough

and air pollution.

 

Cooley and

Reid,

1970,

England

(58).

10,887 children

6-10 years of

age from con-

trasting urban

and rural areas.

Ilinesses considered included chronic cough, past bronchitis,

blocked nose,

(a) Every geographic area showed a clear gradient of in-

creasing illness prevalence with decreasing social class.

(b) Social classes I, II, and III showed no urban/rural

gradient while ITV and V showed a clear excess in fre-

quency of chest illnesses among urban residents over

rural residents.

 

Lambert

and

Reid,

1970,

England

(146).

9,975 males and

females

responding

to questionnaire

survey.

fa) The trend of increasing prevalence of bronchitic symp-

toms from rural to urban respondents was not negated

by adjustment for smoking differences.

(b) After adjustment for age and smoking habits, male

respondents manifested a clear correlation of persistent

cough and phlegm prevalence with increasing air pollu-

tion. Correlation was not as striking in females.

(c) Although the proportionate rise in symptom preva-

lence increased with air pollution similarly in each smok-

ing group, the absolute differences in morbidity risk in-

ereased with increased cigarette consumption, suggesting

synergistic influences of cigarette smoking and air pollu-

tion.
{d) In the absence of cigarette smoking, the correlation

between the prevalence of persistent cough and phlegm

and air pollution was slight.

 

1 See Glossary of Terms: Bronchopulmonarytable A4.
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TaBLeE A7.—Epidemiological studies concerning the relationship of occupational
exposure and smoking to chronic obstructive bronchopulmonary disease
 

 

 

 

 

 

 

 

 

Author,
year, Numberand

country, type of Results
reference population

Higgins 185 males Miners showed increased symptom prevalence (breathless-

et al. (84 nonminers, ness, cough, sputum).
1956, 101 miners) Miners showed increased prevalence of chronic bronchitis, -
England without pneumo- Miners showed decreased MBC.

(119). coniosis. Differences in smoking between the two groups did not ac-

count for above differences.

Phillips 1,274 males None of the industrial environments were associated with

etal. factory employees an increased prevalence of chronic cough.
1956, (coke and Cigarette smoking and age were directly correlated with
U.S.A. electrolytic increased prevalence of chronic cough.
(185). process}.

Higgins 325 males 25-34 Miners as compared to workers in non-dusty occupations:

etal, years of age and 25-34 years of age—significantly increased prevalence of

1959, 401 males 55-64 chronic bronchitis and MBC abnormalities.

England years of age in 55-64 years of age—less significantly increased prevalence

(116). various occupa- of chronic bronchitis and MBC abnormalities than in

tions. 25-34 years of age group,

No smoking information available.

Chivers, 463 males in No significant differences in PEFR?! between dusty and
1959, non-dusty and non-dusty groups.

England dusty occupations Cigarette smoking (especially in those >40 years of age)

(52). (lime and soda was associated with decreased PEFR values.
ash exposure).

Higgins 300 male miners Miners showed increased prevalence of symptoms and de

and and 300 male creased MBC values which remained even after standard-

Cochrane, nonminers 35-64 ization for smoking habits.

1961, years of age. Total dust exposure was not directly correlated with these
England findings.

(115). Wives of miners showed similar symptom and test changes

as compared with wives of nonminers.

Brinkman 1,317 males 40-65 Increased silica exposure was associated with an increased
and years of age prevalence of chronic bronchitis.

Coates, with various Highest prevalence of chronie bronchitis was noted in the

1962, silica exposure non-exposed group; and this group was noted to have

U.S.A. histories. the highest number of smokers and highest consumption.

(42).

Hyatt 267 male miners Increased history of underground work was associated with

etal., and ex-miners an increased bronchopulmonary symptom prevalence and

1964, 45-55 years decreased pulmonary function values.
U.S.A, of age. The impairment of pulmonary function associated with

(128). underground work was separate from effect of smoking;

but smoking and underground work did show additive

effects.

Elwood 2,528 male and Preparing room workers who manifested byssinosis symp-
etal., female flax toms also showed an increased prevalence of chronic
1965, workers over 35 bronchitis independent of age or smoking when compared
Ireland years of age. with non-preparing room workers.

(77). Female workers manifested a signiticant association be-
tween byssinosis symptoms and smoking while male work-

ers did not.
 

Sluis-Cremer

et al.,

1967,

South Africa

(209).

218

827 miners and

nonminers over

35 years of age,

Those smokers exposed to gold mine dust manifested more

symptoms of COPD! than did non-dust exposed smokers,

while prevalence of symptoms, among nonsmokers, was

similar for the two groups,



TaBLE A7.—Epidemiological studies concerning the relationship of occupational

exposure and smoking to chronic obstructive bronchopulmonary disease (cont.)

 

Author,
year, Number and

country, type of
reference population

Results

 

827 miners and

nonminers over

35 years of age.

Sluis-Cremer

etal., 1967,

South Africa

(209). (cont.)

The dose relationship of cigarettes and COPD?! symptoms

was much more noticeable among those exposed to dust.

The authors stressed the synergistic actions of cigarette

smoking and dust exposure.

 

Those exposed to dust manifested a significantly greater

prevalence of byssinosis symptoms than nonexposed,

Smokers manifested a significantly greater prevalence of

byssinosis symptoms than nonsmokers.

No significant differences in Monday morning FEV? values

were observed between smokers and nonsmokers.

Prevalence of byssinosis symptoms did not show any re-

lationship to length of employment.

 

Hemp workers (especially the older ones) were noted to

have different smoking habits from control group—fewer

heavy smokers, more light smokers, more ex-smokers due

to doctor’s orders.

Aged 20-49 — a. No difference in FEV, values . between

controls and hemp workers in any smok-

ing category.

b. No difference in FEV, values between

men in different smoking categories.

Aged 50-69-41. Hemp workers manifested decreased

FEV1.) values in all smoking groups

except for heaviest smokers. Ex-smok-

ers had lowest FEV1. values.

b. Those smoking most had lower FEV,

values as compared with light and non-

smokers.

The authors conclude that:

There appears to be no synergism between smoking and

hemp exposure as to effect on FEV, although the

selection process whereby those with symptoms have a

greater tendency to stop smoking may obscure such a

relationship.

 
Chlorine-exposed group manifested no difference in symp-

toms and a decreased MBC value when compared with

non-exposed group,

Smokers in chlorine-exposed group had significantly de-

ereased MBC and FEV values as compared with non-

smokers in non-exposed group.

 

Sensitized group manifested lower FEV, ,/FVC1 values

as compared with nonsensitized group even after smok-

ing habits were controlled for.

 

Bouhuys 455 male cotton

et al., textile workers

1969, (214 exposed to

U.S.A. dust in carding

(39). and spinning

rooms, 241 not

exposed).

Bouhuys 216 male hemp

etal, workers and 247

1969, workers in other

U.S.A. industries in

(88). same region,

20-69 years

of age.

Chester 189 male chlorine

etal., plant workers

1969, (55 with history

U.S.A. of severe ex-

(49). posure).

Greenberg 121 workers in

et al., washing powder

1970, factory (48 found

England to be sensitized

(97). to product,

73 not).

Tokuhata 801 male miners
et al.,

1970,

ULS.A.

(218).

Increased mine exposure was associated with residual vol-

ume and FEV abnormalities even after adjustments for

age and smoking.

A systematic exposure-impairment relationship was noted

only among smokers while relatively few nonsmokers

shuwed COPD impairment,

Smoking miners manifested more X-ray alterations and

COPD symptoms than nonsmokers, regardless of num-

ber of years of underground exposure.

 
1 See Glossary of Terms in Bronchopulmonary table Aé4.
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TaBLE A10.—Experiments concerning the effect of the chronic inhalation of NO,
upon the tracheobronchial tree and pulmonary parenchyma of animals
 

 

 

 

 

 

 

 

Author,
year,

country, Animal Results
reference

Freeman Sprague-Dawley 25 p.p.m.:

and rats. (a) after 37-41 days-—-moderate hypertrophy and hyper.

Haydon, plasia uf bronchial and bronchiolar epithelium.

1964 (b) after 146-157 days—(1} Advanced hypertrophy and

U.S.A. hyperplasia of bronchial and

(90). bronchiolar epithelium,

(2) Increased lung volume.

(3) Proliferation of connective

tissue.

Haydon Sprague-Dawley 12.5 p.p.m. to death:

et al., rats. (a) Hypertrophy and occasional metaplasia of bronchial

1965 and bronchiolar epithelium.

U.S.A. (b) Increase in number of actively secreting goblet cells.

(107).

Haydon Albino rabbits. 8-12 p.p.m. for 4 months:

et al., (a) Abnormal dilatation of peripheral air spaces.

1967 (b) Decreased density of alveolar walls,

U\S.A. (¢) Hypertrophy and hyperplasia of bronchial epithelium

(106). (especially terminal bronchiolar).

(d) Increase in size of alveolar ducts.

(e) Increased elastic tissue staining.

(f) Increased alveolar size.

Freeman Sprague-Dawley 0.8 p.p.m.-2 p.p.m, for entire lifespan:

et al., rats. (a) Alveolar distention.

1968, (b) Reduction in number of cilia.

U.S.A. (ce) Epithelial inactivity (‘‘dormancy”).

(91).

Freeman Sprague-Dawley 18 p.p.m.

et al., rats. (a) 5 days—terminal bronchiolar epithelial hypertrophy.

1968, (b) 4 weeks—(1) Widespread bronchiolar epithelial hy-

U.S.A. pertrophy.
{89), (2) Non-necrotizing emphysema.

Blair Female Swiss 0.5 p.p.m.:

etal, Albino mice. (a) 6 hours/day for 3 months—pneumonitis.

1969, (b) 24 hours/day for 3 months—(1) Respiratory bronchi-

ULS.A. olar obstruction.

(32). (2) Alveolar expansion

and bronchiolar

inflammation con-

sistent with early

focal emphysema.

Kleinerman, Male Syrian Golden 100 p.p.m. for 513 hours:

1970, hamsters. (a) thymidine autoradiography—intense burst of prolif.

U.S.A. eration of epithelium returning to normal in 4 days

(186). (more persistent distally).
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(b) electron microscope-(1} Decreased numberof se-

cretory cells + secretory

granules,

(2) Increased numberof lyso-

somal structures.

(3) No change in number of

ciliated cells.



TABLE A18.—Experiments concerning the effect of cigarette smoke or tts

constituents upon ciliary function
 

 

 

 

 

 

 

 

 

Author,
year,

country, System Method ! Results

reference

Mendenhall /7 vitro: Cigarette smoke Controls—ciliary activity depressed approxi-

and Calf trachea. by direct appli- mately 4 percent.

Shreeve, eation or in Experimental—ciliary activity depressed ap-

1937, solution. proximately 40 percent.

U.S.A.

(164).

Rakieten In vitro: I, Nicotine in J. Ciliary activity depressed only upon ex-

etal. {a) rabbit Locke-Ringers posure to 100 mg. percent solution.

1942, and rat solution. Il. Ciliary activity depressed after 15-20 min-

USA. trachael Il. Cigarette smoke utes exposure depending on concentration

(188). rings. in solution. of smoke in solution.

(b) human

nasal

mucous

membrane

Kordik In vitro: Nicotine in Locke’s Nicotine at 10—° g./ce had no effect on ciliary

etal. Rabbit solution. activity.

1952, trachea

England

(187),

Hilding, In vitro: Cigarette smoke All tracheas showed depressed or absent ciliary

1956, Cow trachea (direct activity.

U.S.A. exposure}.

(120).

Krueger In vivo: Cigarette smoke. Cigarette smoke decreased ciliary activity by

and Rabbit approximately 200 beats/minute.

Smith, trachea

1958,

ULS.A.

(139).

Dalhamn, Tn vivo: Cigarette smoke. I. 7/10 showed cessation of ciliary activity

1959, I. Rat after one exposure.

Sweden trachea II. 6/10 showed cessation of ciliary activity

(59). In vitro: after one exposure.

Il. Rabbit TIl. 6/7 showed cessation of ciliary activity

trachea after one cigarette exposure.

Ili. Human

ciliated

mucosa

Falk In vitro: Cigarette smoke. Decreased ciliary activity noted on exposure to

et al, Rat and rabbit cigarette smoke:

1959 tracheal (a) Repetitive exposure was associated with

U.S.A, epithelium. persistence of response over longer periods

(80). of time.
(b) ‘‘Tar’-rich cigarette was more inhibitory

than ‘‘tar’’-poor.

{c)} Filtered smoke was less inhibitory than

unfiltered.

Ballenger, Jn vitro: Cigarette smoke Ciliary activity was fully inhibited within 5-28

1960, Human in solution. minutes of exposure depending upon concen-

U.S.A, bronchial tration of smokein solution.

(25). and tracheal

epithelium

obtained

during

anesthesia.
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TABLE A13.—Eaperiments concerning the effect of cigarette smokeor its

constituents upon ciliary function (cont.)
 

 

 

 

 

 

 

 

 

 

Author,
year,

country, System Method 2 Results
reference

Wynder In vivo: Cigarette smoke; Unfiltered cigarette smoke—ciliastasis by 2nd.

et al., Fresh water andits fractions 5th puff,

1963, mussel in solution. Acid (phenolic) fraction solution—immediate
U.S.A. ciliated ciliastasis.

(286). epithelium. Whole extract fraction solution—nociliastasis,

Neutral fraction solution—no ciliastasis.

1 percent phenol solution—immediate ciliasta-
sis.

Dalhamn In vivo: Cigarette smoke. Unfiltered cigarettes—ciliastasis in 3/5 cats
and Cat trachea. after 5 cigarettes.

Rylander, Filtered cigarettes—no ciliastasis after 8 ciga-
1964, rettes (5 cats).

Sweden Controls—no ciliastasis (5 cats).

(61),

Ballenger Invitro: Nicotine in solution. Initial stimulation of activity followed by de

et al., Human celine and complete ciliastasis after 12-24

1965, ciliated hours of exposure.
U.S.A. tracheal

(26). epithelium

obtained

during.

anesthesia.

Dalhamn in vive: Cigarette smoke. The longer the time interval between expo-

and Cat trachea. sures, the more puffs were required to cause

Rylander, ciliastasis,

1965,

Sweden

(62).

Wynder In vivo: Various compounds Formic, acetic, propionic, benzoic acids all

etal, Fresh water in solution. more ciliatoxic than phenol.

1965, mussel Oxalie acid less ciliatoxie than phenol.

U.S.A. ciliated Formaldehyde, acrolein more ciliatoxic than
(285). epithelium phenol.

Carson In vivo: Cigarette smoke. Percent decrease in ciliary activity

etal., Cat trachea. Control . 0...ecee cece eee eens 0

1966, Unfiltered smoke ...........-.: eee cece eee 5B

U'S.A. Cellulose acetate filter .......... 45

(44). Carbon cellulose acetate filter 30

Dalhamn, In vivo: Cigarette smoke. Mean number of puffs required to produce

1966, Cat trachea. ciliastisis

Sweden No filter 0...cc eee ee eee eee eee 91

(60). Charcoal filter ........ 0... cece cece eee eee 170

Commercial cellulose acetate filter ........ 194

Charcoal and acetate filter .............. 512

Cambridge filter 2.0.00... . cc ccc eee eee 600

Kensler In vivo: Cigarette smoke Rabbit trachea—Total smoke condensate of 3

and Rabbit and components cigarettes, gas phase condensate of 7 ciga-

Battista, trachea, in Tyrode’s rettes caused similar ciliastasis.

1966, eattrachea, solution. Other species—All found sensitive to ciliastatic

U.S.A. dog trachea, components of cigarette smoke. Bulk of ac-

(185). monkey tivity noted in gas phase (HCH, formalde-

trachea, hyde, acrolein).

rat trachea.

 



TaBLe A13.—Experiments concerning the effect of cigarette smoke or its

constituents upon ciliary function (cont.)
 

 

 

 

 

 

 

Author,

year,
country, System Method 1 Results
reference

Dalhamn In vivo: Cellulose acetate- Increased amounts of tar were associated with

and Cat trachea. filter cigarettes decreased number of puffs required to inhibit

Rylander, with varying ciliary activity.

1967, amounts of

Sweden “tar” but simi-

(63). lar gas phases.

Dalhamn In vivo: Unfiltered and Whole smoke found to be markedly more toxic

and Cat trachea. Cambridge-filter to ciliary activity than volatile (gas) phase

Rylander, cigarettes. at lower dosages (puff volume). This differ-

1968, ence diminishes with increasing puff volume.

Sweden

(64).

Kaminski In vivo: Whole andfiltered Wet chamber adsorption significantly reduced

et al., Cat trachea. cigarette smoke the ciliastatic activity of whole smoke, but

1968, exposed or unex- did not affect the ciliastatic activity of smoke

U.S.A, posed to ‘‘wet previously filtered by Cambridge or charcoal

(188). chamber” made filters.

to stimulate

oral mucosa

and saliva.

Krahl In vivo: Cigarette smoke Significant ciliastasis, reversible.

and Common dissolved in

Bulmash, mollusk sea water.

1969, ciliated

U.S.A. epithelium.

(188).

Battista In vitro: Cigarette smoke The authors observed that:

and Chicken or HCN in (1) The more diluted smoke required more

Kensler, tracheal Tyrode’s puffs to cause ciliastasis.

1970, epithelium. solution, (2) Activated charcoal filtered smoke was

U.S.A. less ciliastatic than cellulose acetate filtered

(28). smoke and also contained less HCN and

acrolein,

(3) HCN alone was ciliastatic but recovery

was more rapid than after cigarette smoke

alone.

They conclude that the gas phase components

are more related to ciliastasis (as particulate

matter is not significantly decreased by char-

coal filtration while HCN and acrolein are).

Battista In vivo: Cigarette smoke. The authors observed that:

and Hen trachea. (1} Whole smoke acutely depressed ciliary

Kensler, activity in 4-6 puffs.

1970, (2) Gas phase was only slightly less depres-

U.S.A. sant than whole smoke.
(29). (3) Chronic exposure (1 cigarette/day for

32 days) to smoke resulted in no apparent

permanent defect in ciliary activity (al-

though mucous production was signifi-

cantly increased).
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TABLE A1l3.—Experiments concerning the effect of cigarette smoke or its
constituents upon cittary function (cont.)
 

 

 

Author,
year,

country, System Method 1 Results
reference

Dalhamn In vivo: Unfiltered cigarette Average number of puffa required to arrest

and Cat trachea. and cigar smoke. ciliary activity

Rylander, Cigarette smoke ....... 13

1970, Cigar smoke ......... “rap (@<0.01)
Sweden The authors note that cigar smoke is of a
(65). different pH and that it contains more igo-

prene, acetone, toluene, and acetonitrile,

Kennedy In vivo: Mainstream Electron microscopic observations:

and Protozoan cigarette smoke, (1) After 7 minutes exposure—alteration of

Elliott, (ciliated). mitochondrial structure.
1970, (2) After 42 minutes exposure—destruction
U.S.A. of internal mitochondrial membrane struc-
(194). ture,

(3) Gas phase alone, while ciliatoxic, did
cause mitochondrial swelling but no dis-
ruption of membrane structure.
 

+Unless otherwise stated, method entailed the direct observation of ciliary activity using
markers.
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TABLE Al4.-Experiments concerning the effect of cigarette smoke on pulmonary surfactant and surface tension

 

 

 

 

 

Author,

year,
country, System Method Results

reference

Miller and Rat lung extracts Cigarette smoke: (1) Exposure to cigarette smoke was associated with decreased surface tension in lung extract.

Bondurant, (1) Applied to (2) Surface tension of rats (lung extracts) exposed to’ cigarette smoke was decreased

1962, extract. as compared with those not exposed.

U.S.A. (2) Exposure

(165) of rats.

Cook 40 subjects undergoing Surface tension

and Webb bronchoscopy:
values of surfactant

1966, 14 normal
20 100 Stability index (reflects + Values significantly

U.S.A. 7 nonsmokers with percent percent surfactant activity) different from

(57) pulmonary disease area area values of normals

19 smokers with and Normal .....-+-5- 6.5 60.0 1.61 at p<0.02 level.

without pulmonary Pulmonary

disease. patients .....- 717.0 $50.0 1.00

Chronic smokers .. 15.7 51.0 1.04

Giammona In vitro: Exposed to In vitro:

1967, Surfactant material cigarette Exposure to cigarette smoke was associated with a significant decrease in maximal surface

U.S.A. induced from dogs smokefor tension.

(94) and rats. 3 hours/day In vivo:

In vivo: for up to Dogs and cats (exposed for 1 week)—no significant change.

Dogs, cats, and 3 weeks. Guinea pigs (exposed for 3 weeks)~-significant decrease in maximal] surface tension.

guinea pigs.

Webb, Bronchial Direct Surface tension valucs of surfactant

et al. washing, exposure to 20 percent 100 percent

1967, from cigarette smoke. Number areca arca Stability index

U.S.A. dog lungs. Control .......- 11 U1 : 60.7 1.60

(224) Smoke 10 is.74 (P<0.002 weet (p<0.002) 0.84
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TaBLE A15.—Studies concerning the relationship of smoking to infectious respiratory disease in humans
(Actual number of cases shown in parentheses)

SM = Smokers NS = Nonsmokers

 

 

 

 

 

Author,
year, Numberand Data

country, type of collection Results Comments

reference population

Mills, 118 male and Hospital Cases Controls The authorstated that

1950, female patients Interview. Mean age 49.6 49.6 there was a

U.S.A. with pneumonia NS ccc cece cece ese eae 15.25 25.21 significant difference

(167). and 472 healthy Cigarettes only 63.56 62.33 in tobacco usage

individuals from Mixed 21.19 22.46 between the

“random” sample. two groups.

Lowe, 520 male and Interview by Males Females Cigarette smokers

1956, 185 female trained Cases Controls Cases Controls include pipe smokers.

England tuberculosis social NS cece cece renee eee eee 2.5 8.1 37.8 61.4 The author noted a

(157). patients and 419 worker. Cigarettes/day: 1-9 ...... 9.2 12.9 20.5 25.7 significant deficiency

male and 249 W019 eee eee 38.1 35.6 30.8 20.5 of non- and light
female control 20-29 oo eee eee eee 29.4 27.4 smokers and an

outpatients. 80-39 cee eee eee eee 11.3 9.3 11.4 2.4 excess of heavy

oo| 9.4 6.7 smokers among

the cases

Dowling, Individuals Interview and Exposedto placebo Exposed to infectious agent Nostatistically

etal, exposed to medical Percent Percent significant

1957, “infectious examination. developing developing differences

U.S.A. cold agent” Number “cold” Number “cold” noted.

(72). and placebo. NS wee ccc eee cee eee 111 10 328 34

SM woe ccc ee eee eves 18 14 249 35
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TaBLE A15.—Studies concerning the relationship of smoking to infectious respiratory disease in humans (cont.)

(Actual number of cases shown in parentheses)

 

 

 

SM = Smokers NS = Nonsmokers

Author,
year, Number and Data

country, type of collection Results Comments

reference population

Boake, Parents of Interview Number of Nostatistically

1958, 59 families.
Person-  reapiratory  Illnesses/ significant

U.S.A.
years ilineasea person-years differences

(38). NS cece eee eee enes (24) 120 624 5.2 noted.

Cigarettes/day: 1-10 ......... (19) 99 529 5.3

U2-20 Lecce eee eee eee (25) 108 486 4.5

S20 cece eee cnn eee (19) 99 424 4.3

Pipe, cigar ...-.....ees renee (14) 12 304 4.2

Shah Tuberculosis Survey, X-ray, Tuberculous Normal or + Numbersin

et al, institute and by X-ray . nontuberculous parentheses

1959, employees. interview. NS coe e cece ccc ee eee ee t10 (19.7) 178 (168.3) representfigures

India SM owe ee eee eee 86 (26.3) 215 (224.7) “expected” by use of

(205).
2x2 contingency

table.

Tuberculous

employees were

found to have

significantly fewer

nonsmokers and

more smokers.
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z TABLE A15.—Studies concerning the relationship of smoking to infectious respiratory disease in humans (cont.)

(Actual number of cases shown in parentheses)

SM = Smokers NS = Nonsmokers

 
Author, year, Numberand

 

   

 

 

 

country, type of Data
reference population collection Results Comments

Brown 306 male and Interview Smoking habits prior to diagnosis Data presented only

et al., female Tuberculous patients Controls on Queensland

1961, tuberculosis (percent) (percent) sample.

Australia elinie NS coc cee eee cee nee . 9.1 19.9 The authors noted

(4). patients, Cigarettes/day: 10.5 15.4 that the

221 male and 10-19 84.3 19.5 significant difference

female 20-29 26.3 25.8 between the

outpatients. 30-39 1.2 5.4 patients and

>40 Lo. 6.2 9.1 controls was not

Pipes 5.9 4.6 present when the
groups were

matched for

alcohol intake.

Haynes 191 male Interview Average number of respiratory illnesses/10 students

etal, prep school (adjuated for age)

1966, students. All severe lower

U.S.A. All All severe or combined

(108). respiratory respiratory respiratory

episodes episodes episodes

NS (99) ci cec cece cence eee 11,1 1.6 0.36

SM (92) cee eee eee eee 20.2 6.7 3.34

Parnell 47 smoking- Interview Median number of illnesses/student The authors noted

et al., nonsmokerpairs andhealth All All that these

1966 of student nurses service respiratory other differences were

Canada matched for age records. diseasest illnesses statistically

(181). and parents’ NS (47) 2.08 2.99 significant.

occupational SM (47) 2.54 5.00 ¢ Particularly

class. tracheitis,

bronchitis,

and pneumonia.
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Tapie Al5.—Studies concerning the relationship of smoking to infectious respiratory disease in humans (cont.)

(Actual number of cases shown in parentheses)

SM = Smokers NS = Nonsmokers

 

 

 

Author,
year, Numberand Data

country, type of collection Results Comments

reference population

Peters 1,496 Harvard Medical history, Number of visits to student health unit for respiratory illness/student t p<0.001.

et al., and chart review, (common. colds, pharyngitis, bronchitis, laryngitis,

1967, 370 Radcliffe and pneumonia—notallergic rhinitis)

U.S.A. students. questionnaire.
Harvard Radcliffe

(183).
DS 1.44 (771) 1.44 (193)

SM nce eee eee eee $2.27 (725) 2.27 (177)

<2 years smoked .......- 2.00

BHAeee tenes 2.30

DBeee eee eee 2.50

Finklea 1,811 male Questionnaire Heavy smokers—21 percent more clinical illnesses than nonsmokers; The authors also

et al., college prior to 20 percent more requiring bed rest than nonsmokers noted that:

1969 students. A,/HK/68 ” Light smokers—10 percent more clinical illnesses than nonsmokers; (a) Smokers

U.S.A. epidemic and 7 percent more requiring bed rest than nonsmokers. exhibited

(83). follow-up on
serologic

morbidity.
evidence of

increased

subclinical

A,/HK/68

infection.

(b) There was no

difference in the

vaccination

status

between

smokers and

nonsmokers.

 



TABLE A16.—Complications developing in the postoperative period

in patients undergoing abdominal operations
 

Men over 20
 

 

 

 

Percent
Percent broncho- Percent

Group Cases chest Percent pneumonia total
clear bronchitis and complication

atelectasis rate

Smokers .............-.+.-.- 800 41,7 53.0 5.3 58.3

Light Smokers .............. 180 68.4 27.7 3.9 31.6

Nonsmokers ................ 66 92.5 6.0 1.5 1.5

Womenover 20

Smokers ............0 0005: 23 89.1 43.5 17.4 60.9

Light Smokers ............. 62 WS 20.9 1.6 22.5

Nonsmokers ..........-.00005 518 88.8 8.1 3.1 112

 

Source: Morton, H. J. V. (173)

TABLE A17.—Arterial oxygen saturation before and after operation

 

Arterial oxygen saturation (percentage)

 

 

 

Case Before
Group number operation Day 1 Day 2 Day 3

1 94 93 94

2 94 93 94

Nonsmokers 2... 0.0.00 cece eee eee 3 96 93 94

4 95 90 94

5 94 90 93

6 95 91 89 91

7 92 89 81 89

Smokers . 1.2.00... 0. cee eee eee 8 91 89 85 89

9 93 91 88 92

10 30 87 88 92

 

Source: Morton, A. (172).
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INTRODUCTION

During the early vears of this century, a numberof pathologists

and clinicians reported a dramatic increase in the incidence of lung

cancer, Autopsy studies and studies of lung cancer death rates re-

vealed a significant increase beginning prior to World War I and

continuing during the ensuing years. This epidemic of lung cancer

continues to the present day, with nearly 60,000 deaths expected

from this disease in the United States during 1970.

Beginning in the 1920’s, a number of reports appeared which

suggested a relationship between lung cancer and tobacco smoking

(4, 203, 278). Since that time, manyclinical and epidemiological

studies have been published which confirm this relationship. The

1964 Report (291) contains a thorough review and analysis of the

data available at that time as well as an excellent discussion of the

considerations necessary for their evaluation.

Major epidemiological studies have demonstrated that smokers

have greatly increased risks of dying from lung cancer compared

to nonsmokers. An increased risk of lung cancer has been found

for every type of smoking habit investigated, but two character-

istics of the risk are particularly evident: The risk is much greater

for cigarette smokers than for smokers of pipes and cigars, and

among cigarette smokers a dose relationship exists. That is, the

more one smokes, as measured by total pack-years of smoking,

present level of smoking, degree of inhalation, or age at start of

smoking, the greater is the risk. It has also been shown that the

risk of lung cancer among ex-smokers decreases with time almost

to the level of nonsmokers; the time required is dependent on the
degree of exposure prior to cessation.

Pathologists have found that the squamous cell or epidermoid

form of lung cancer is the mostprevalent one in cigarette smoking
populations and that this form accounts for a major portion of

the rise in lung cancer deaths (75.4). Such studies have also indi-

cated a lower prevalence among smokers for oat-cell and adeno-

carcinomas of the lung than for the squamous form, but in most

studies a higher frequencyof these tumors is found among smokers

than among nonsmokers.

Smoking has been implicated in the development of other types

of cancer in humans. Amongtheseis cancerof the larynx. A num-
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ber of epidemiological studies have demonstrated increased mor-
tality rates for laryngeal cancer in smokers, particularly cigarette
smokers, compared with nonsmokers. Autopsy studies have re.
vealed that a clear dose-relationship exists between smoking and
the developmentof cellular changes in the larynx, including carei-
noma in situ.

Cancers of the mouth and oropharynx have been found to be
more common among users of all types of tobacco than among
abstainers. Although smoking is a definite risk factor in the de-
velopment of malignant lesions of the oral cavity and pharynx,its
relative contribution in conjunction with other factors such as poor
nutrition and alcohol consumption has not been fully clarified,

Similarly, although smokers are more likely to develop carci.
noma of the esophagus than nonsmokers, the relative additional]
contribution of smoking in conjunction with nutritional factors
and alcohol consumption requiresclarification.

Smokershave been found to be more at risk for the development
of cancer of the urinary bladder than are nonsmokers, and there
is evidence to suggest that some smoking-induced abnormal meta-
bolic product or abnormal concentration of a metabolic product
may be responsible for this increased risk. In addition, cancer of
the kidney is apparently more common in smokers than in non-
smokers, but the epidemiologic evidence for this relationship is
not as definite as for bladder cancer.

Epidemiological studies have indicated an association between
smoking and cancer of the pancreas. The significance of this rela-
tionship is unclear at this time.

Experimental studies have demonstrated the carcinogenicity of
the condensate of tobacco smoke, or “tar.” This material, when
painted on the skin of animals, leads to the development of squam-
ous cell tumors of the skin. Researchers have shown that this
condensate contains substances known as carcinogens, capable of
inducing cancers. Among these carcinogens are several chemicals
which have been identified as tumor initiators, that is, compounds
which initiate changes in target cells and also tumor promoters,
or compounds which promote the neoplastic developmentofiniti-
ated cells. Other, as yet unidentified, factors are presumably also
involved because the sum of the carcinogenic effects of the known
agents does not equa] that of cigarette smoke condensate.
Numerous experiments have been performed in which whole

cigarette smoke, filtered smoke, or certain constituents of smoke,
such as the “tar,” are administered by varying methodsto animals
or to tissue and cell cultures in order to investigate the neoplastic-
inducing properties of cigarette smoke, Particular difficulty has
been encountered in experiments which have attempted to deliver
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whole cigarette smoke to the larynx and into the lungs of experi-

mental animals. This has resulted in the use of other methods such

as the implanting of pellets containing suspected carcinogens and

the instilling into the trachea of suspected carcinogens as such, or

adsorbed onto fine inert particulate matter as a carrier. The dif-

ficulty with the inhalation studies has been twofold. First, the

animals, particularly the smaller species such as the rat, frequently

die from the acute toxic effects of the nicotine and carbon monoxide

in the tobacco smoke. Second, the upper respiratory tract of experi-

mental animals, particularly the nose, is much different from anal-

ogous humanstructures, resulting in a moreefficient filtration of

smoke in the upper respiratory tract. Nevertheless, in rodents and

canines, progressive changes apparently indicative of ultimate neo-

plastic transformation have been identified in the respiratory tract.

Recently, two studies in different species and in different target

organs have been reported concerning the developmentof early in-

vasive cancer following the prolonged inhalation of cigarette smoke.

Auerbach and his coworkers (11) trained dogs to inhale cigarette

smoke through a tracheostoma. After approximately 29 months of

daily exposure, these investigators found a number of cancers of

the lung.

Dontenwill (76) in the second of these two studies, exposed ham-

sters to the passive inhalation of cigarette smoke over varying and

prolonged periods of time. He observed the development of pre-

malignant changes and, ultimately, invasive squamous cell cancer

of the larynx.

LUNG CANCER

Cancer of the lung in the United States accounted for 45,383

deaths among males and 9,024 deaths among females in 1967 (289).

It is presently estimated that approximately 60,000 people will die

of lung cancer during 1970.

The alarming epidemic of lung cancer is a relatively recent

phenomenon. Death rates for lung cancer (ICD Codes 162, 163)

rose from 5.6 (per 100,000 resident population per year) in 1939

to 27.5 in 1967 (289, 290). This rapid increase followed the in-

creased use of cigarettes among the United States population. The

increase has occurred principally among males, although more re-

cently females have shown a similar rising pattern.

The converging evidence for the conclusion that cigarette smok-

ing is the major cause of lung cancer is derived from varied types

of research including epidemiological, pathological, and laboratory

investigations.
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EPIDEMIOLOGICAL STUDIES

Numerous epidemiological studies, both retrospective and pros-
pective, have been carried out in different parts of the world to
investigate the relationship between smoking and cancer of the
lung. These studies are outlined in tables 1, 2, A3, and A4.

Prospective Studies

The major prospective studies concerning the relationship of
smoking and lung cancer are presented in table 1. In all, these
investigations have studied more than a million persons from a
numberof different populations for up to 10 years. These studies
show increased lung cancer mortality ratios for cigarette smokers
of all amounts ranging from 7.61 to 14.20 among male smokersas
compared to nonsmoking males. The one major prospective study
of female cigarette smokers reveals an overall mortality ratio of
2.20 (118).

Also uniformly present in these studies is a dose-related increase
in the mortality from lung cancer with increasing amountsof cigar-
ettes smoked per day. Other measures of exposure show similar
trends. Hammond (118) reported increased mortality ratios asso-
ciated with increased inhalation (table 1) as well as with increased
duration of smoking (table 2).

.. Ex-smokers showsignificantly lower lung cancer death rates
than continuing smokers.In their study of more than 40,000 British
physicians, Doll and Hill (74, 75) noted a decrease in lung cancer
mortality rates with increasing time since smoking stopped (table
1). During the past 20 years, half of all the physicians in Britain
who used to smoke cigarettes have stopped smoking. While the
death rates from lung cancerrose by 7 percent amongall men from

England and Wales during the period from 1953-57 through 1961-

65, the rates for male doctors of the same agesfell by 38 percent

(96).
Pipe and cigar smokers have been shownin the prospective stud-

ies to have lung cancer mortality rates higher than those of non-
smokers, although these are generally substantially lower than

those of cigarette smokers (table 1).

Retrospective Studies

More than 30 retrospective (case-control) studies have been re-

ported concerning the relationship of smoking and lung cancer.

These studies are outlined in tables A3 and A4. Table A4 presents

the percent of nonsmokers and of heavy smokers among both cases

and controls as well as the relative risk ratios for all smokers.
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TABLE 1.—Lung cuncer mortality ratios

(Actual number of deaths shown in parentheses)?

SM = Smokers. NS = Nonsmokers.

 

  Prospective studies

Author, Number

 

 

 

 
 

year, and type collection Follow- Number Regular cigarette Pipe

country, of Data up 0 smoking only cigar Inhalation Exsmokers Comments

reference population years deaths (cigarettes/day)

Hammond 187,783 Question- Bla 448 Pipe No data Bronchogenic 341/448

and white naire and SM . 443 NS ..... 1,00 (15) NS . 1.00 (15) (acluding adenocarcinoma) deaths with

Horn, males interview. NS. 15 <10 . 8.00 (24) SM . 2.57 (18) Never smoked .......-- 1.00 microscopic

1958, in 9
...10.50 (84) Cigar Previously <1 pack/day proof. In-

U\S.A. States
.. 23.40(117) NS ... 1.00 (15) Continuing weve ee 16.94 cludes those

(120). ages
... 410.73 (397) SM ... 1.00 (7) Duration <lyear ..16,50 regular

50-69.

of 1-10 years .10.44 cigarette

cessation| >>10 years .. 1.51 smokers who

Previously >1 pack/day also smoked

Continuing .....-.-++: 46.21 pipes and

Duration] <lyear ..58.23 cigars.

of 1-10 years .22.82 + With or

cessation] >10 years ..17.79 without

microscopic

proof.

Dolland Approxi- Question- 10 212 NS ....-- 1.00 (3) Pipe and Cigar No data Cigarette amokers

Hill, mately naire and SM . 209 1-14 . 814 (22) NS.... 1.00 (3) NS coc cc cece cee ee cease 100 (3)

1964, 41,000 followup NS. 8 15-24 ...19.86 (53) Grams/day Continuing .....---+-- 18.29 (124)

Great male of death >>25 | 82.48 (57) 1-14... 6.00 (12) Duration <Byears .. 9.57 (5)

Britain British certificate.
15-24.. 6.43 (6) of 5-9 years . 7.00 (7)

(74). physicians
25 ...13.71 (3) cessation|]10-20 years . 2,57 (3)

>20 years . 2.71 (2)

Best, Approxi- Question- 6 3381 NS ..... 1.00 (7) Pipe No data
{ Refers

1966, mately naire and TSM . 324 <10 ....10.00 (67) NS ....1.00 (7) NS ..cccceee ce eeeee es 1,00 (7) to cure

1966, 78,000 followup NS. 7 10-20 ...16.41(204) 5M ... .4.35 (18) Ex-smokers 0: rent

Canada male of death 20.0 ....17,81 (63) Cigar cigarettes only ...... 6.06 (18) cigarette

(21). Canadian certificate. All ..... 14.20(245) NS ....1.00 (7)
smokers

veterans.
SM ....2.94 (2)

only.
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TABLE 1.—Lung cancer mortality ratios (cont.)
(Actual number of deaths shown in Parentheses )1

SM = Smokers. NS = Nonsmokers.

Prospective studies
Author, Number

 

 

year, and type Data Follow- Number Regular cigarette Pipecountry, of collection up 0: smoking only cigar Inhalation Exsmokers Comments
reference population years deaths (cigarettes/day )
Kahn U.S. male

—

Question- 8% 1,256 Pipe(Dorn), veterans naire and SM .1,178 NS ..... 1.00 (78) NS ....1.00 (78) No data1966, 2,265,674 followup NS. 78 1-9 .... 5.49 (45) SM ....1.84 (17) NS ............ 1.00 (78)U.S.A, person of death 10-20 ... 9.91(303) Cigar Number of cigarettes/day:(189), years. certificate. 21-39 ...17.41(315) NS ....1.00 (78) 1-9 «ee. 0.95 (4)>39 ....23.93 (82) SM ....1.59 (6) 10-20 ......... 8.48 (39)All .....12.14(749) Pipe and cigar 21-39 ........, 9.83 (57)NS ....1.00 (78) >39 wo... 8.24 (19)
SM ....1.66 (20)

Hammond,440,558 Interviews 4 Males Current cigarettes Pipe Males ICD code
1966, males by ACS 1,159 only NS ....1.00 (49) NS ........ 1.00 (49) 162 only,
U.S.A. 562,671 volunteers. SM .1,116 Males SM ....2.24 (21) Slight ...... 8.42 (120)(118), females NS. 49 NS ..... 1.00 (49) Cigar Moderate ...11.45(311)35-84 Females 1-9 .... 4.60 (26) NS ....1.00 (49) Deep ....... 14.31(141)years of 183 10-19 ... 7.48 (82) SM ....1.85 (22) Femalesage in 25 SM. 81 20-39 ... 18.14(881) Pipe and cigar NS ........ 1.00 (102)States, NS . 102 >40 ....16.61 (82) NS ....1,00 (49) Slight ....,. 1.78 (25)

All ..... 9.20(719) SM ....0.90 (11) Moderate
Females Deep i + 3.70 (45)

NS ..... 1.00(102)
1-19 .... 1.06 (20)

>20 .... 4.76 (50)

AN ..... 2.20 (81)

 



TABLE 1.—Lung cancer mortality ratios (cont.)
(Actual number of deaths shown in parentheses)!

SM = Smokers. NS = Nonsmokers.
 

Prospective studies
 

e
r
e

 

 

 

Author, Number Follow-
year, and type Data up Number Regular cigarette

country, of collection years of smoking only Exsmokers Comments
reference population deaths (cigarettes/day)

Buell 69,868 Question- 3 304 NS .... 1.00

etal. American naire and <20 .... 2.80
1967, Legion- followup 20 ... 3.50

U,S.A. naires of death >20 .... 4.90
(49). 35-75 certificate.

years of

age and

older.

Hirayama, 265,118 Trained 1% 48 NS ..... 1.00 (3) Preliminary

1967, male and PHS SM. 40 1-24 .. 2.69 (29) report.
Japan female nurse >25 . 5.68 (5)

(125). adults interview

40 years andfol-

ofageand lowup of

older. death

certificate.

Weir and 68,153 Question- 5-8 368 NS -» 1.00 NSinclude

Dunn, males in naire and +10 .... 3,72 pipe and

1970, various followup #20 ». 9.05 cigar
U.S.A. occupa- of death >30 . 9.56 smokers

(806). tions in certificate. All ..... 7.61 SM include

California. ex-smokers.
 

1 Unless otherwise specified, disparities between the total number of deaths

and the sum of the individual smoking categories are due to the exclusion

of either occasional, miscellaneous, mixed, or examokers,



TABLE 2.—Lung cancer mortality ratios for males

by duration of cigarette smoking
(Actual number of deaths are shown in parentheses)

 

 

Age began cigarette smoking 35-54 55-69 70-84 35-84

25 or older .........--, 2.77 (5) 3.39 (12) 3.38 (3) 3.21 (20)

20-24 cece eee eee 5.83 (31) 11.11 (72) 12.11 (7) 9.72(110)

TB-19 eee eee 8.71 (112) 13.06 (176) 19.37 (27) 12.81(315)

IB eee cee ee eee 12.80 (35) 15.81 (57) 16.76 (9) 15.10(101)

 

Source: Hammond,E. C. (118).

These smoker-nonsmoker risk ratios range from 1.2 to 36.0 for

males and from 0.2 to 5.3 for females.

Although not presented in tabular form, the data concerning lung

cancer and pipe or cigar smoking are similar to those found by the

prospective studies mentioned above. However, a study by Abelin

and Gsell (1) conducted on a rural Swiss population noted that an

increased risk of lung cancer was present among heavycigar and

pipe smokers (as well as cigarette smokers) to a greater degree

than previously reported. The authors suggest that their findings

might be dueto differences in either the amount smokedor the car-

cinogenicity ofSwiss and Germancigars. The difference might also

be explained by the greater use and more frequent inhalation of

small cigars in Switzerland as compared to other countries where

large cigars are more commonly smoked but rarely inhaled.

Kreyberg (154), in a review of 887 cases of lung cancer in Norway,

noted that pipe smokers showed an increased risk of lung cancer,

although this risk was substantially lower than that for cigarette

smokers.

LUNG CANCER TRENDS IN OTHER COUNTRIES

Several studies of particular interest are those in which the

changing mortality from lung cancer has been investigated in

countries in which cigarette smoking has become popular and wide-

spread only in recent years. In those countries where accurate

statistics for lung cancer mortality are available for both the pre-

smoking and post-smoking periods, long-term trends can be studied

in somedetail.

Two such studies have dealt with lung cancer mortality trends

in Iceland. Dungal (83) noted in 1950 that lung cancer was a rare

disease in Iceland and felt that this rarity could be explained by

the relatively late onset of heavy tobacco smoking in the Icelandic

population when compared to that of Great Britain and Finland.

He observed that the annual per capita consumption of tobacco did

not reach one poundin Iceland until 1945, while Great Britain and

Finland passed that amount before 1920. In 1967, Thorarinsson, et

al. (276) noted a sharp rise in the incidence of lung cancer in Ice-
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Ficure 1.—Lung cancer, Finland and Norway.

Source: Kreyberg, L. (154).

land after 1950 and found a correlation between that increase and
the increasing sale of cigarettes in that country.
Kreyberg (154) analyzed the lung cancer death rates of both

Norway and Finland in relation to the use of tobacco in those two
Countries over the past 100 years. Figure 1 shows the substantial
difference in lung cancer mortality between the two countries.
Kreyberg observed that cigarettes came into use in Norwayin 1886
while the Finnish population (moreclosely allied to Russia socio-
economically) was consuming morethan 100 million cigarettes per
year during the decade of the 1880's, Cigarettes remained scarce in
Norwayuntil after World War I, and this 30-year lag in consump-
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TABLE 5.—Annual means of total lung cancer mortality and sex ratios
for selected periods in Finland and Norway
 

 

Finland Norway
Year ——______

Males Females Males Females

1936-38 6... eee 192 33 34 30
Sex ratio ................ §.8:1 11:1

1968-65 6eee 1,319 121 355 79
Sex ratio ................, 10.9:1 45:1
 

Source: Kreyberg, L. (154).

tion behind that of Finland is reflected in a similar lag in total lung
cancer mortality and sex ratios (table 5).

HISTOLOGY oF LUNG TUMoRS

A numberof investigators have focused their interest upon the
relationship of cigarette smoking to the varied histology of lung
tumors. The major histological types of lung cancer include squa-
mous cell (epidermoid) carcinoma, small and largecell anaplastic
carcinomas, adenocarcinoma (including bronchiolar and alveolar
types), and undifferentiated carcinoma (153). A review of these
studies (table 6) indicates a closer relationship between cigarette
smoking and epidermoid carcinoma than between cigarette smok-
ing and adenocarcinoma (42, 113).
The work of Kreyberg (153) in Norway, over the past 20 years,

provides evidence of a specific histologic relationship. This inves-
tigator noted that a clearer association is obtained if the various
types of pulmonary carcinomasare grouped. Table A7 presents his
groupings of the specific histologic types. Using this classification
as a basis for analysis of lung cancer sex-ratios in Norway,
Kreyberg has observed that Group I carcinomas are significantly
more frequent among males while Group II carcinomas show an
approximately equal] distribution among males and females. The
author considers the recent rise in lung cancer in Norway to be a
reflection of the increased prevalence of Group I carcinomas. Table
8 presents a summary of Kreyberg’s investigation concerning 793
male and female cases of lung cancer. Among both males and fe-
males, the risk ratio among smokers is substantially higher for
GroupI types than for those of GroupII. However, adenocarcinoma
among males showsa risk ratio of 2.9, signifying a relationship
with smoking. Kreyberg attributes the lower rates noted among
females to their significantly lower consumption of tobacco in all
forms.
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TaBLE 6.—Epidemiologic and pathologic investigations concerning smoking and the histology of lung cancer"
(Actual number of cases shown in parentheses)

 

 

 

Author, Numberof
year, persons and

country, case selection Results Comments
reference method

Wynder 644 autopsies on Percent cases by histologic type and smoking history The percentage of chain

and males with All lung cancers other than smokers in the general

Graham, confirmed adenocarcinoma (605) Adenocarcinoma (89) population (7.6) was

1950, lung cancer. Nonsmokers 6... eeeee eee 1.3 10.3 significantly less than

U.S.A. Light cigarette smokers ............0065 2.3 U4 amongthe patients with

(816). Moderate 0... eee ee eee eee 10.1 15.4 adenocarcinoma. The

Heavy oo eeee tee eter e eee 35.2 38.5 authors refrained from

Excessive (occ ce cece eee eens 30.9 10.3 making any definite

Chain 6ceceeee 20.3 18.7 conclusions due to the

insufficient number

of cases.

Doll 916 male and 79 Percent patients with lung cancer by average amount smoked daily over 10 years Nostatistically

and female cases Males significant difference

Hill, with histologically Oat-cell or was found between

1952, confirmed Epidermoid (475) anaplastic (80%) Adenocarcinoma ($3) the amounts smoked by

England lung cancer. Nonsmokers........ 0.2 (1) 0.7 (2) 6.1 (2) the patients in the

(78). Smokers: different histological

<5 cigarettes/day .. 2.9 (14) 3.9 (12) 6.1 (2) groups. Numberof

35.6 (169) 36.3(110) 21.2 (7) proven adenocarcinomas

W-25 cee eae 36.8 (175) 34.7(105) 48.5 (16) too small for

ZBeee ee 24.4(116) 24.4 (74) 18.2 (6) conclusions.

Females

Oat-cell or

Epidermoid (18) anaplastic (38) Adenocarcinoma (10) Males—105 unclassified

Nonsmokers ......... 61.1 (11) $1.6(12) 50.0 (5) tumors.

Smokers: Females-—13 unclassified

<5 cigarettes/day .. 5.6 (1) 15.8 (6) 20.0 (2) tumors.

5-14 2 eee eee 22.2 (4) 23.7 (9) 10.0 (1)

15-25 wee eee ee eee 5.6 (1) 18.4 (7) see

DOB eee ce eee eee 5.6 (1) 10.5 (4) 20.0 (2)
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TABLE 6, E'pidemiologic and pathologic investigations concerning smoking and the histology of lung cancer’ (cont.)
(Actual numberof cases shown in parentheses)

    

 

 

 

 

 

 

 

Author, Number of
year,

country, case seieelion Results Commentsreference method

Breslow 493 male and 25 Percent of patients with specific lung cancera by tobacco usage during the 20 years prior to study Nonsmokersinclude pipe
et al., female cases

and cigar smokersonly.1954, with histologically All lung cancers other than The authors conclude
U.S.A. proven lung adenocarcinoma Adenocarcinoma Controls that cigarette smoking
(42). cancer. (472) (518) appearsto affect the518 age and Nonsmokers oo... cece eee eas 5.9 24.4 development of

sex-matched Cigarette smokers .............. 000000, 94.1 75.6 epithelial carcinoma
controls.

more than that of

adenocarcinoma.

Schwartz 430 male and Percent of smokers by histologic type and smoking history
et al., female cases
1957, with histologically Epidermoid Anaplastic Unknown type Cylindrical + Difference
France confirmed lung Cases .............. 96.0 97.0 100.0 significant(247). cancer. 4 matched Controls oo... 6... 29.0T 83.0T 96.0 at p<<0.05 level.

control froups.

Haenszel 158 female Relative risk for specified tumors (smokers/nonsmokers) 134 cases with final
et.al., cases of

histological
1958, lung cancer. Group I (Kreyberg) Adenocarcinoma determination.U.S.A. Adjusted for age and occupation. ............. 3.0t 1.19 + Difference from
(118).

unity significant at

p=0.01.

Haenszel 2,191 male Standardized mortality ratios Cases obtained from aand cases of
10 percent sample ofShimkin, lung cancer Epidermoid and undifferentiated lung cancer deaths in1962, with adequate carcinomas Adenocarcinoma yga. during 1958,U.S.A. histologic data. White males total ........ 00. ccc ccc cee ene 100 100 The authors noted an

(112). Never smoked 6 18 absence of importantEx-smokers
34 46 differentials by<1 pack/day

123 116 histologic type.>1 pack/day ... 499 467

 

 
 



TABLE 6.pide miologic and pathologic investigations concerning smoking and the histology of lung cancer’ (cont.)

(Actual numberof cases shown in parentheses)

 

Author,
year,

country,
reference

Cohen

and

Hossain,

1966,
U.S.A.

(58).

Ashley

and

Davies,

1967,
England

(6).

Ormos

et al.

1969,
Hungary

(204).

Numberof
persons and
case selection

method

417 male and

female cases of

lung cancer with

histologic

diagnosis 1439-63

at one hospital.

Results Comments

 

Percent cases by histologic type wid smoking history

(number of smokers}

 

 

442 male and

female cases of

histologically

diagnosed

lung cancer,

113 male and

female cases of

histologically

proven Jung

vaAncer With

adequate smoking

information.

 

Squamous Undifferentiated Adenocarcinoma Alveolar

Nonsmokers ......... 1.0 (3) 10.0 (17) 23.0 (8) 20.0(1)

Smokers... ..0...005 89.0 (183) 90.0(145) 60.0(20)

Pereent eases by histologic type and smoking history

Undifferentiated Squamous Adenocarcinom

Nonsmokers ...........-- 2.8 (4) 2.5 (6) 3.4 (2)

Pipe cece eee 9.9 (14) 9.9 (24) 1.7 (i)

Cigarette 00.0... eee eee 87.3 (124) 87.6(211) 94.9(56)

S10 day 2... ee eee ee 14.1 (20) 22.4 (54) 22.0(13)

10-20 .. 33.8 (48) 41.5(109) 33.9 (20)

21 30 12.0 (17) 21.6 (52) 16.9(10)

31-40 14.1 (20) 12.9 (31) 6.5 (5)

0 7.1 (10) 6.2 (15) 5.1 (3)

The authors also

noted that:

1. Adenocarcinomas

were 215.8 times

more common in women

Only 1 percent of

Kreyberg Group I

eases were nonsmokers.

ws

The authors noted that

cigarette smoking

appears to be as

strongly related to

adcnocareinoma as to

the other 2 lypes.

Ashley’s data ontetal

number of cigarette

smokers are

inconsistent with

his breakdownof

smokers into groups

based on number of

cigarettes smoked

per day.

Percent cases by histologic type and smoking history

 

Croup landlarge ecll carcinomas

36.0 (9)
64.0(16)

Group I

21.0(18)

79.0(68)

Nonsmokers

Smokers

The author noted that

the small numberof

  

eases allows for no

definite conclusions.

 

6
r
7

 

Data obtained from patient. interview and other sources.
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TABLE 8.—Tumor prevalence among males and females 35-69 years of age, by type of tumor and smoking category
(Smokers constituted 85 percent of populations studied)

 

 

 

  

 

 

 

 

Smoking category Expected Risk
number ratioSex and type of tumor Smoking Non- among among

Total all methods smokers smokers } smokers

Males

Epidermoid carcinoma ........0. 0... cece eee e ence c ee aeeaens 434 431 3 17.0 25.4
Small cell anaplastic carcinoma ............. 00.0 ceec ence ccucceeus 117 116 1 5.7 20.4
Adenocarcinoma 0.1.0... ieee cee ene ee tence ence eenenenes 88 83 5 28.3 29
Bronchiolol-alveolar carcinoma ...... doe snes see an sees
Carcinoid .................005 46 39 q 39.7 1.0
Bronchial gland tumor

0685 669 16 90.7 TA

Females

Epidermoid carcinoma ............. 0.0 cc ccc ccc ccc cucceesetueeuge 12 9 3 15 12.0
Small cell anaplastic carcinoma ............. 0.0 cceceeees 8 5 3 15 6.6Adenocarcinoma . 16...ccc cence teen neces 56 14 42 10.5 1.3Bronchiololealveolar carcinoma 2.0.0.0... 0.0000 c ce cece cece cee ues — tae see an eeeCarcinoid «1.0... cece cee cee teen cere crv breetnvenaenas 32 q 25 6.3 LlBronchial gland tumor ........... 0.0 .c ccc cccccaccecescescucee .

6
108 35 73 18.3 1.9

1+ Number that would be expected if incidence rate among smokers were Source: Kreyberg, L. (154)
equal to that of nonsmokers.



LUNG CANCER RELATIONSHIPS IN WOMEN

Lung cancer death rates for women are presently much lower

than the corresponding rates for men. In addition, it has been ob-

served that among certain strains of mice exposed to carcinogenic

agents, the male animals show a greater tendency to develop lung

tumors than do the females (200, 307) although there are strains

for which this is apparently not so. The extent of the influence of

endocrine factors in the sex variation in the incidence of lung

tumors is unknown.

As of 1967 in the United States, women accounted for only about

one-sixth of the total deaths from lung cancer (289). However, the

lung cancer death rate in women hasrisen by over 400 percent in
the past 40 years. From 1950 to 1967 alone, the rate per 100,000

population doubled, increasing from 4.5 to 8.9 (289, 290).

A number of retrospective studies concerning lung cancer and

cigarette smoking among women have found thatthe difference in

the prevalence of lung cancer between males and females is ac-

counted for principally by those tumors classified as Kreyberg’s

Group I (154, 311). These, as was noted above, are the tumors, par-

ticularly in males, which show theclosest relationship with smok-
ing. Haenszel, et al. (113), in a study of 158 women with lung

cancer, observed that the sex differential for lung cancer death

rates diminishes, but does not fully disappear when only non-

smokers are considered.

Hammond (118) found that the death rate for lung cancer in

nonsmoking males was somewhat higher than for nonsmoking fe-

males. However, the difference in male-female rates was much

greater when smokers were compared. It appears that a substantial

part of the difference in death rates between male smokers and fe-

male smokers can be explained mainly by differences in their smok-

ing habits.

These differences in smoking habits between males and females

are of two types. First, overall consumption among femalesisstill
significantly lower than that among males. In 1966 (281), 30 per-
cent of males reported that they had never smoked while for fe-

males the corresponding figure was 59 percent. This study also
noted that nearly three times as many males as females reported

consuming more than 20 cigarettes per day. Second, it has been

shown that women smokedifferently than men (303) : They begin

smoking later than men (114) and do not smoke cigarettes as close

to the end, where proportionally more nicotine and “tar” are in-

haled. Women smoke morefilter-tip and “low tar and nicotine”

Cigarettes than men. Furthermore, cigarette smokingstill tends to

be heavily concentrated among women underthe age at which lung

cancer is most likely to occur.
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Finally, analysis of the ratio of male and female lung cancer
death rates (283, 284, 285, 286, 287, 288, 289, 290) reveals that
since 1960 this ratio has shown a steady decline, reflecting the
greater relative rise in mortality from lung cancer in the female
population.

LUNG CANCER, THE URBAN FACTOR, AND AIR POLLUTION

A numberof studies have been concerned with therelative influ-
ences of smoking, urban residence, and air pollution in the etiology
of lung cancer. Table 9 lists studies performed in the United States,
Great Britain, and Japan which have dealt with this question. Kotin
and Falk (749, 150) and morerecently the Royal College of Physi-
cians (228) have reviewed the literature concerning the influence
of atmospheric and environmental factors in the pathogenesis of
lung cancer.

The studies listed in table 9 show a number of important trends.
Lung cancer death rates are found to be higher among urban popu-
lations than among rural populations. It is not known to whatex-
tent this urban factor in the etiology of lung cancer is due to
differences in the levels of air pollution. Other factors associated
with urban residence which may influence the etiology of lung
cancer are: differences in smoking habits between the two popula-
tions, occupational differences, and possible differences in the re-
porting of lung cancer deaths (228).
The studies also uniformly show that within each urban/rural

grouping, lung cancer death rates increase with increased smoking.
Whetherair pollution acts with cigarette smoking to influence lung
cancer death rates in a combined manneris presently unclear (112,
126, 264, 265), and the evidence concerning a separate role of air
pollution in the etiology of lung canceris still inconclusive (228).
The recent reportof the Royal College of Physicians on air pollu-

tion and health (228) concluded that “the study of time trends in
the death rates of lung cancer in urban areas demonstrates the
overwhelmingeffect of cigarette smoking on the distribution of the
disease. Indeed,onlythe detailed surveys that have taken individual
smoking histories into account have sueceeded in separating the
relatively very smal] influence of the ‘urban factor’ on the over-
riding effect of cigarette smoking in the development of cancer of
the lung.”
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TABLE 9.—Epidemiologic investigations concerning the relationship of lung cancer to
smoking, air pollution, and urban or rural residence

(Actual number of deaths shown in parentheses)

 

 

 

 

 

 

 

Author, Population
year, studied and

Country, method of Results Comments
reference data collection

Doll, Estimated death rates Lung cancer mortality (1950) per 1,000 Authors noted that
1953, from lung cancer Males Females Nonemokers estimates are based on
England in English London Other urban Rural London Other urban Rural All areas very few deaths.
(70). population and Age:

among nonsmokers 25-44 10, 0.126 0.095 0.070 0.028 0.028 0.012 0.020

obtained from 45-64 ...... 1.572 1.264 0.851 0.194 0.152 0.120 0 090

general register. 65-74 oo, 3.124 2.006 1.164 0.440 0.326 0.288 1219

Stocks and Death rates in Male lung cancer death rates 1952-64 (per 100,000) ages 54-74 The authors noted the
Campbell, England and —— upward gradient among
1955, Northern Wales. Rural (68) Mixed (118) Urban (539) nonsmokers, pipe

England Review of patient Nonsmokers  ....... 0.00.0 ce cece eee neveuaue 14 . 131 smokers and light
(265). chart or interview Pipe .......... 0.00. cece eee n nee unneeues Al 25 143 cigarette smokers and the

with kin or Cigarettes: Light .....0.0.0 000.0000. c cece eee 87 153 297 lack of a similar
physicians. Moderate 183 132 287 gradient among

Heavy oocee eee teen eee eee cee 363 303 394 moderate and heavy

cigarette smokers.

Hammond 187,783 white males Age standardized death rates due to bronchogenic carcinoma (males) Data excluded
and Horn, in 9 states, - adenocarcinoma. when
1958, Questionnaire Suburb City of City of standardized for age and
U.S.A, and interview. Rural or town 10,900-50,000 >50,000 smoking, rural rate was
(120). Nonsmokers ............. tee 4.7 (2) 9.3 (3) 14.7 (4) still noted to be 25

Cigarette smokers 65.2 (52) 71.7 (67) 90.9 (59) 85.2 (83) percent less than urban.
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TABLE 9.—Epidemiologic investigations concerning the relationship of lung cancer to
smoking, air pollution, and urban or rural residence (cont.)

(Actual numberof deaths shown in parentheses)

 

 

 

    

Author, etaon

Country, snethedot Results Commentsreference data collection

Haenszel 10 percent ofall Age- and smoking-standardized lung cancer mortality ratios Standardized Mortalityet al., white male lung (epidermoid and undifferentiated carcinomas only) Ratio = 100 for U.S.1962, cancer deaths in
, White males age 35 and

U.S.A. U.S.A. for 1958 Metropolitan countica Nonmetropolitan counties over in 1958, The authors(112). for whom nextof 750,000 2...119 2,500-50,000 ...... 90 also noted “... joint
kin or physicians 10,000-50,000 ......... 151 Rural nonfarm ....74 effects of residence andsupplied smoking 2,600-10,000 ........... 99 Farm ............ 57 smokinghistories in thedata. 2,191 cases

schedule of lung-cancerwith adequate
rates far greater thaninformation.

those expected on the
assumption of additivity
of the separate

effects...”
Doll 41,000 male British

Standardized death rates for lung cancer The authors noted that
and Hill, physicians.

rural mortality data
1964, Questionnaire and Conurbation(49) Large Towns (84) Small Towns (32) Rural (18) were affected by a
England follow-up of death Nonsmokers ........,. 0.03 0.00 0.11 0.12 significant numberof
(74). certificate. Cigarette smokers:

city residentsSO 0.48 0.32 0.87 0.52 retiring to the country.15-24ll, 1.31 1.88 1.06 1.1525eee 1.90 4.43 2.20 1.17
Wicken, 1,908 male and Lung cancer death rate per 100,000—age- and smoking-standardized Total numberof deaths

1966, female lung cancer

noted under method of
Northern deaths over 35 Inner Outer Belfast Urban Small data collection include
Treland years of age from Belfast Belfast Environs Areas Towns Rural 954 controls.($08). register. Personal Males ....... 157 (241) 139 (157) 135 (45) 118 (185) 137 (26) 47(149)interviews with Females ..... 22 (38) 17 (24) 12 (6) 23 (35) 22 (5) 12 (43)kin or physicians,
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TABLE 9.--E'pidemiologic investigations concerning the relationship of lung cancer to

smoking, air pollution, and urban or rural residence (cont.)
(Actual number of deaths shown in parentheses)

 

 

 

 

 

 

Author, Population
year, studied and

Country, method of Results Comments

reference data collection

Buell 304 lung cancer Age-adjusted lung cancer death rates per 100,000 man years and mortality ratios The authors noted the lack

etal., deaths among of death-rate difference

1967, American San Francisco/ All other between Los Angeles and

U.S.A. Legionnaires Los Angeles San Diego California counties San Francisco regions

(49). aged 25 and over. Rate Ratio Rate Ratio Rate Ratio and concluded that

Questionnaires to Nonsmokers” ................ 28.1 2.5 43.9 3.9 11.2 1.0 photochemical smog is

next of kin. Smokers: not related to

<1 pack/day ...........--- 63.6 5.7 771 6.9 61.02 5.4 lung cancer.

+1 126.0 11.3 134.5 12.0 124.9 11.2

i 241.3 21.6 226.0 20.2 137.5 12.3

Hitosugi, 185 male and Lung cancer death rate per 100,000 The authors postulated a

1968, female lung cancer slight synergistic

Japan deaths and 4,191 Pollution region effect between smoking

(126). matched controls Males Low Intermediate High and air pollution.

aged 35-74. Data Nonsmokerg oo.ceeee ene ee eeee 11.5 3.8 4.9

from Smokers:
questionnaires 1-14 cigarettes/day ..............ecee cesses 10.6 14.2 23.5
andinterviews. DIB ccc cece cece nent et ennee eet enenenes 21.3 18.6 314

Females

Nonsmokers 0...eeeeee eree 4.6 6.9 3.8

Smokers:
1-14 cigarettes/day 1.0.0.0... cece ee eee eee eee 19.7 16.5 15.3

DIBcecee nce eee enn eee eeee 12.4 20.5 17.1

Age- and smoking-adjusted lung cancer

death rate per 100,000

Low Intermediate High

Males 20... 2. ccc cee ee teens seve eevee 16.1 22.4 28.4

Females .... ccc cece ec eee cere eee eet eennee 16 11.6 8.7

 



LUNG CANCER AND OCCUPATIONAL HAZARDS

Uranium Mining

The excess risk for the developmentof lung cancer among uran-
ium and fluorspar miners has been known for more than 30 years,
In a recent review, Bair (17) noted that radon and radon-decay
products are the only inhaled radionuclides to be epidemiologically
related to lung cancer. Lundin,et al. (178), in a continuation of
the work initiated by Wagoner, et al. (299, 800, 301), have re.
cently reported on a 17-year follow-up of 3,414 white underground
uranium miners. The authors estimated that smoking uranium
miners experienced an excess of lung cancer ten times greater than
did nonsmoking miners.

Saccomanno (231), in recent testimony, analyzed the data of the
United States Public Health Service (USPHS) Study Group as
presented by Lundin, et al. (178) above. He reported that cigar-
ette smoking uranium minersincurred lung cancerrates four times
greater than those of other cigarette smokers.

Of the 62 lung cancer deaths in this population, 60 occurred in
smokers. He also observed that among 100,000 uranium miners
700 lung cancer deaths per year would be expected to occur among
cigarette smokers compared with only 4 among nonsmokers.

Other Occupations

Nelson (199) has recently reviewed certain environmental and
occupational hazards as they relate to inhalation carcinogenesis.
He observed that cancer of the respiratory tract has been linked
epidemiologically and, in somecases, experimentally with occupa-
tional exposure to the following materials: chromium, nickel,
arsenic, and asbestos. Doll (72) and Goldblatt (100), in earlier
reviews, also noted an association with coal, natural gas, and
graphite exposures.

Nickel

Morgan (194) noted that much of the nasal and lung cancer at-
tributed to nickel exposure may have been due to arsenical impuri-
ties found in processed nickel prior to 1925. Doll (69) found that
the numberof excess deaths among nickel workers under 50 years
of age had declined following the change in nickel manufacturing
processes. The experiments of Hueper (134) and Sunderman,et al.
( 267, 268, 269) have shown that both guinea pigs and rats develop
lung cancer following chronic exposure to nickel carbony!or nickel
dust. Sunderman and Sunderman (270) also reported that ciga-
rette smoke contains nickel and that this concentration of nickel
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may be capable of inhibiting the induction of lung aryl hydroxylase,

an enzyme whichis able to detoxify aromatic hydrocarbons includ-

ing known carcinogens such as benzo[a]pyrene.

Asbestos

In 1955, Doll (71) found that lung cancer was a definite hazard

among asbestos workers. In a more recent study, Selikoff, et al.

(251, 252) examined therelationship of smoking and asbestos ex-

posure to lung cancer. These authors followed 370 people who had

been asbestos workers during the years 1942-1962. Over a 5-year

follow-up period, 94 deaths occurred in this group, of which 24 were

due to bronchogenic carcinoma, The authors noted that according

to data obtained from Hammond (118), only 3.16 deaths from lung

cancer would have been expected among smokers, and calculated a

7.6 to 1.00 mortality ratio due to asbestos exposure. None of the 87

nonsmokers or pipe and cigar smokers died of lung cancer. When

the expected numberof nonsmokerdeaths (0.26) is compared with

the actua] number (24) which occurred among the smoking asbes-

tos workers, an extremely high mortality ratio of 92 to 1 is obtained,

thus reflecting the possible interaction of asbestos exposure and

cigarette smoking.

Exposure of mice (179) and rats (106) to asbestos dust or the

intratrachea] injection of chrysotile asbestos dust has resulted in

the production of significant numbers of primary pulmonarycar-

cinomas. Miller, et al, (184) exposed hamsters to intractracheal

injections of benzo[a]pyrene. These authors observed that the addi-

tion of the chrysotile variety of asbestos to the injections appeared

to promote benzo[a]pyrene carcinogenesis in the respiratory tract,

as determined by the time of appearance andyields of papillomas

and carcinomas.

Arsenic

A recent epidemiologic study by Lee and Fraumeni (163) has

indicated an excess of lung cancer deaths among smelter workers

exposed to arsenic for more than one year. Cigarette smoking was

not taken into account in their computations. Experimental work

on the induction of cancer in animals using arsenic has yielded
either negative or inconclusive results (133, 135).

Chromium

Exposure to industrial bichromate compounds has been associ-

ated with an excess of lung cancer deaths (22,255). Laskin,et al.

(159) have recently reported that intrabronchial pellet implanta-
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tion of various chromium compoundsin rats is associated with the
development of squamous cell carcinomas and adenocarcinomas.
However, Nettesheim,et al. (200) exposed mice to chromium oxide
dust and observed that it had no discernible effect on lung tumor
incidence.

PATHOLOGICAL STUDIES

Investigators who have conducted detailed autopsy studies on
patients who died of lung cancer have reported the increased pres-
ence, when compared to noncancer patients, of bronchial epithelia]
changes which they considered to be precursors of bronchogenic
carcinoma (7, 8, 23, 51,.104, 208, 220, 279, 309). Such changes
include squamous metaplasia, atypical squamous metaplasia (with
acanthosis, dyskeratosis, and numerous mitotic figures), and car-
cinoma in situ. Carnes (51) noted that carcinoma in situ was pres-
ent in 119 cases of lung caneer but not in any of the 119 controls
who were matched for age, sex, and race.
Autopsy studies comparing the frequency of these cancer-

related changes in the lungs of smokers and nonsmokers are pre-
sented in table 10. Virtually all the studies noted an increased
prevalence of these epithelial alterations among smokers as com-
pared with nonsmokers. Definite dosage-dependent relationships
were evident in the results of many of the reports. Also, Auerbach,
et al. (14) observed that the numberofcells with atypical nuclei
decreases progressively in the bronchial mucosa of ex-cigarette
smokers, depending upon the numberof years between cessation of
smoking and death,althoughit usually remains above that found in
nonsmokers.

The cytologic studies included in this table (182, 198, 222) all
noted an increased percentage of sputum specimens showing meta-
plasia among smokers as compared with nonsmokers.

PULMONARY CARCINOGENESIS

General Aspects of Carcinogenesis

Agents found in cigarette smoke which have been identified as,
or are suspected of being carcinogenic, are listed in table 11. The
list includes certain compounds which most probably contribute to
the pathogenesis of the various cancers discussed in the other sec-
tions of this chapter. Many other agents have been identified in
tobacco and tobacco smoke. At the present time, they do not appear
to bear a direct relationship to carcinogenesis. Stedman (262) and
Wynder and Hoffmann (319) provide detailed listings and discus-
sions concerning these materials.
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TABLE 10.—Pathologic and cytologic findings in the tracheo-
(Actual number of cases shown in parentheses )

bronchial tree of smokers and nonsmokers

 

 

 

 

 

Author, Numberof
year, cases and

country, method of
Results

Comments
reference selection

Chang, 105 males and Percent of cases with bronchial basal cell hyperactivity Smokers included1957, females 40-86 Nonamokerg . 6.0.0.0... eee eee eee ce cece ence cece sees. 23.5 (34) pipe and cigarU.S.A. years of age. Smokers... eee eee cece e cece entre seein seee 43.7 (71) smokers.and Heavy smokers . 2.0.0.0... 00... ccceceueeee beeen ee teen eae ee ee 61.3 (81) t p0.01 in com.Korea

parison with(85).

nonsmokers.
Hamilton Selected

Percent of casea with: No lung canceretal, autopsy
Basalcell Squamous Transitional patients included.1957, material. Number Age range hyperplasia metaplasia metaplasiaUSA.

=ssSmokers

............,.., 15 39-77 86.6 20.6(117),

Nlonsmokers

............. 20 28-83 40.0 15.0
Sanderud, 100 males Percent of cases with bronchial squamous epithelial metaplasia Nonsmokersin-1958, autopsied at Nonsmokers . 0.1.0...eee ccc ceeceee sen eec cece ese n. 54.0 (39) clude thoseNorway Gade Institute aeeeee 80.5 (20) smoking less(240). on whom All cigarette 2.0...ceec cree eee ee eee. 79.0 (88) than or equal tosmoking data Cigarettes per day:

5 gramsperday.was available. a
70.0 (23)W025eeeence cence neti ee eee. 90.0 (10)25.1... peseevayee eee ee ane nes eee eee teenies beeneeee 100.0 (5)

Knudtson, 100 persons
Percent of cases with: Atypical Age, occupation,1960, 23-85 years No.of No Bagal cell Squamous proliferative andsite ofU.S.A, of age Pereons change hyperplasia metaplasia metaplasia residence were(147). autopsied at

Nonsmokers

............. (21) 47.6 28.6 14,3 found to have noSeattle

appreciableVeterans
17.8 11.1 11 effect.Hospital on
18.2 18.2 64.5whom
20.4 29.5 29.5smoking

=>21

ws...eee (9) Wi 33.3 44.4data was bee cece eee (6) oe 100.0available.
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TABLE 10.—Pathologic and cytologic findings in the tracheo-bronchial tree of smokers and nonsmokers (cont.)
(Actual number of cases shown in parentheses)

 

 

 

Author, Numberof
year, eases and

country, method of Results Commentsreference selection

Auerbach 339 persons Number of Percent sections Percent sections The authors noted a
et al., 22-88 years Number sections with cilia absent with some dose-responsere-
1961, of age of of bronchial and entirely atypical cells lation of smoking
U.S.A. autopsied at persons epithelium atypicalcells and cilia absent to:
(12). East Orange Nonsmokers:

a. loss of cilia,
Veterans <40 years of age ................. 8 883 0.3 b. increase in
Hospital 40-59 cece cece eens 11 560 oe numberof
(excludes 60-69eecece eee 28 1,463 0.1 atypical
lung Ea 18 918 0.5 cells,
cancer). Smokers <1 pack/day: ¢. carcinoma

<40 years of age ...............,. 14 727 0.1 4.7 in situ.
40-59cecee ee ene 24 1,240 1.0 16.9 Average number of
60-69 eccee cee eeeee 35 1,772 0.5 10.8 sections per case
PTOcence eee ee eee 22 1,101 0.6 9.4 equaled 62.3,

Smokers >1 pack/day:

<40 years of age ........-........ 17 880 1.5 12.5
CS 63 3,027 4.5 17.4
Sr 84 4,186 6.9 20.5
PTOcee eee ete tenes 15 156 9.8 23.7

Cross 140 persons Percent sections showing changes in bronchial epithelium (number of sections) ¢ The authors noted
etal, autopsied at Squamous Atypical Carcinoma that the differ-
1961, Towa City Normal Hyperplasia metaplasia metaplasia Carcinoma ence between
U.S.A. Veterans Nonsmokers (31) «ees. 61(562) 36 (137) 8 (33) #15 (58) smokers and non-
(64). Hospital Smokers (109) ............. 440570) 43 (562) 16 (197) 20 (263) smokers was

on whom
statistically

smoking
significant.

data was

available.
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TABLE 10.—Pathologic and cytologic findings in the tracheo-bronchial tree of smokers and nonsmokers (cont.)
(Actual number of cases shown in parentheses)
 

 

Author, Numberof
year, cases and

country, method of Results Comments
reference selection

Auerbach 72 autopsied Number of Percent sections Percent sections Percent sections Each ex-smoker

et al., formerciga- sections of with cilia absent with some atypi- with 50 percent matched with a

1962, rette smokers bronchial and entirely cal cells and atypicalcells current smoker

U.S.A. who had been Number epithelium atypicalcella cilia abaent andcilia present plus never-smoker

(14). smoking for Nonsmokers ..... 12 3,156 0.0 01 0.5 for age, occupa-~

2210 years BEx-smokers ...... 92 3,436 0.2 0.9 2.5 tion, and resi-

and had Current smokers 72 3,587 8.0 19.0 80.8 dence. There wags

ceased an average of

==5 years ago. 50.3 sections per

subject and none

had less than 18

sections.
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TABLE 10.-—Pathologic and cytologic findings in the tracheo-bronchial tree of smokers and nonsmokers (cont.)
(Actual number of cases shown in parentheses)
 

 

 

Author, Numberof
year, cases and

country, method of Results Comments
reference selection

Auerbach 456 male and Percent sec- Percent sec- Percent sec- Major findings

etal, 302 female Number of tions with tions with tions with 50 noted:
1962, smokers and nections of cilia absent some atypi- percent atypical Urban nonsmokers
U\S.A. nonsmokers bronchial and entirely eal cella and cells and showed more
(18). autopsied and Number epithelium atypical cells cilia absent cilia present lesion than rural.

matched for Males: Both lesions and

age, occu- Nonsmokers ........... 47 2,346 os 0.1 0.7 atypical nuclei
pation, and Cigarette smokers ...... 75 3,393 6.9 21.2 78.5 were muchless
residence. Females: frequent in non-

Nonsmokers ........... a7 2,879 . 0.1 0.5 smokers andless
Cigarette smokers ...... 16 3,507 2.5 13,3 62.6 frequent in pipe

Males: and cigar smokers

Nonsmokers ........... 35 1,706 . 0.2 0.5 than in cigarette

Cigar smokers ......... 35 1,733 0.3 10.0 10.7 smokers,

Cigarette smokers ...... 35 1,526 12.8 27.3 83.1 57.1% of cases had

50-55 sections

31.5% of cases had

40-49 sections

7.8% of cases had

30-39 sections

4.6% of cases had

16-29 sections

Robbins, 103 students Percent in each cytologic class Smokers defined as
1966, 17-24 years Slightly Moderately Strongly those having con-
U.S.A. of age who Normal atypical atypical atypical sumed 210 ciga-
(222). underwent Nonsmokers (45) ...... 00... .000 cee 86.7 4.4 8.9 oe rettes a day for

aerosol Smokers (58) oo... cece ees ee eee es 55.2 32.8 10.8 1.7 = 1 year.
sputum

induction.

 



6
9
%

TABLE 10.—-Pathologic and cytologic findings in the tracheo-bronchial tree of smokers and nonsmokers (cont.)
(Actual number of cases shown in parentheses)

 

 

  

 

 

 

Author, Numberof
year, cases and

country, method of Results Commentsreference selection

Maltoni 1,000 healthy Number Percent showing mctaplasia
et al., males who Nonsmokers 2.0.0.0... cece ccc cence cece ecee seen euneuseeenyenes 294 41,16
1968, underwent Smokers:
Italy sputum 1-10 cigarettes/day 189 47.09
(182). induction. 11-20 385 51.43

21-30 93 61.29
>30 39 69.23

Nasiell, 50 nonsmoking Sputum cytologic changes Percent with t Regarded by
1968, outpatients, Percent Percent with atypical authoras “real
Sweden 398 smokers Number Males Mean age metaplasia metaplasiat premalignant
(198). participating Nonsmokers ............. 50 42 57.1 18 4 change.”

in general Smokers ................ 398 713 45.6 62 27
health exam-

ination who

underwent

sputum

induction.

Spain 157 males and Number Percent with metaplasia The authors found
et al., 78 females Males: - no evidence of
1970, autopsied fol- Nonsmokers 36 50.0 carcinoma in situ
U.S.A. lowing sudden Ex-smokers 21 57.7 or preneoplastic
(258). or accidental <l pack ..... 82 62.5 atypical changes,

death for >1

=

pack 68 713.6
whom smok- Females:

ing data were Nonsmokers 34 84.1
available (ex- 1 pack ooocece cece eevee eee cane ene eteenes 18 33,3
smokers ex- D1 pack oo... cece ee ene bebe e nent veenees 26 46.1
cluded from

female data).



In order to facilitate understanding of the relationships of the

various compounds to one another, the third column presents the

presently understood relative importance of each of the various

groups of compounds. These compounds have been tested only in

animals or tissue cultures, and it should be stressed that the rela-

tive importance of one compound maynot be the same in man as

it is in animals.

Table 11 is divided into two major sections. The first section

details those compounds whichare considered to be or are suspected

of being cancer initiators. These are compounds which induce

irreversible changes in responsive cells. In the second section are

listed those compounds which are considered to be or are suspected

of being tumor promoters. These compounds promote the malig-

nant reproduction of cells in which neoplastic changes have been

initiated. A numberof these initiators may also act as complete

carcinogens in their own right. The evidence concerning the two

stage initiation-promotion mechanism is still rather limited for

respiratory tract carcinogenesis.

The polynuclear aromatic hydrocarbons (PAH) listed are pres-

ently considered to play a very significant role in pulmonary car-

cinogenesis due to tobacco smoking. These compoundsact as tumor

initiators or complete carcinogens. The particular role of these

agents in environmental and occupational carcinogenesis has been

reviewed by Falk, et al. (92). That such hydrocarbons are pro-

duced from tobacco during human smoking has been shown by

Kiryu and Kuratsune (146). These authors reported the presence

of benzfaJanthracene, chrysene, benzo[a]pyrene, and benzo-

[b]fluoranthene in the “tar” produced by norma] smoking and

measuredin either filters or stubs.

Two hydrocarbons which have frequently appearedin thelitera-

ture on experimental tobacco carcinogenesis may not actually be

present in tobacco smoke, They have been used as representatives

of carcinogenic PAH,a class which includes manyconstituents that

have been identified in cigarette smoke condensate. They are

7,12-dimethy!benzlajanthracene and 3-methylcholanthrene and

have been frequently used as tumorinitiators or complete carcino-

gens, particularly in skin painting and tracheal implantation

experiments.

The nitrosamine compounds listed are potent carcinogensaffect-

ing many organ systems, including the respiratory tract (188,

189). Magee and Barnes (181) have presented a detailed account

of experiments in this area. Nitrosamines have been identified in

trace amountsin tobacco ‘‘tar” and the conditions required for their

formation (the presence of secondary amines and nitric oxide) are
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TABLE 11.—-Identified or suspected tumorigenic agents in cigarette smoke*

Estimated

concentra-
tion in 100 Presently understood relative

Components cigarettes importance in experimental

(85 mm. tobacco carcinogenesis

non filter)

I. Complete carcinogens and tumorinitiators:

Polynuclear aromatie hydrocarbons ........- 10-30 ug Tumorinitiators.

1. Benzo(a)pyrene .. 6.00... . eee eee 3.9

2. Dibenz(a,hjanthracene ........-.---5 0.4

3. Benzo(b)fluoranthene ...........-... 0.3

4, Benzo(j)fluoranthene .........-.--65 0.6

6. Dibenzo(a,i) pyrene ......-..0- eee eee Trace

6. Benz(a)anthracene .......-.--.--+-5- 0.3

7. Chrysene 0.0.0... eee eect 2.0

8. Indeno(1,2,8-ced) pyrene .......-+--45- 0.5

9. Benzo(e)phenanthrene” ...........-+ Trace

10. Methylbenzo (a) pyrenes 0.1

11, Methylchrysenes ........6.. 0.2000 ee 2.0

N-heterocyclic hydrocarbons 1-2 Tumorinitiators.

1. Dibenz(a,h) acridine 0.01

2. Dibenz (a,j) acridine 1.0

3, 7H-dibenzo (c,g) carbazole 0.07

N-nitrosamines? ........0. 000 cee eee eee 1-10 Suspected carcinogens of possible

importance (presence in fresh

smoke possible}.

1. DimethyInitrosamine ...........-+5-5 0.4

2.Diethylnitrosamine ......... Trace

3. Methyl-n-butylnitrosamine Trace

4. Nitrosopyrrolidine ............ 0.4

5. Nitrosopiperidine ............-.-++5) Trace

Epoxides, peroxy compounds, and lactones:

1. Epoxides ........ 0062 e cee eee No data Certain of these compounds are

2. Peroxides 2.0... 6. e eee eee eens Present known carcinogens; presence in

8. Lactones 2.0.2.0 0 eee eee eee sees smoke condensate not established.

a. q-Levantenolide 20.0

b. p-Levantenolide naa 2.0

N-alkyl-heterocyclics:

1. I-methylindole ........ 6.00... e eee Present Possible initiator.

Pesticides and fungicides :3 No essential contribution suspected.

L. TDE oo. ceeentee 10-100

2 10-100

3. 10-190

4 10-106

Beta-naphthylamine .......62 0.6.2 serene 2-3 Suspected bladder carcinogen;

of doubtful significance at

reported levels.

Polonium 210 2.66...eeees 1-50 Of some importance only in the

pieocuries ease of relatively high concen-

tration, but not important at

reported levels.

Nickel compounds ........- +--+ eeeee rere Present Suspected carcinogens of some

importance.
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TABLE 11.—Identified or suspected tumorigenic agents in cigarette smoke?

 

(cont.)

Estimated

concentra-

tion in 100 Presently understood relative
Components cigarettes importance in experimental

(85 mm. tobacco carcinogenesis
nonfilter)

 

Il. Tumor promoting agents:
Neutral promoters (polymers) Nodata Ofpossible importance.

(unknown structures.)

Volatile phenols 2.0.0...eee eee 20-30 mg. Of possible importance.
1. Phenol

2. Cresol

Nonvolatile fatty acids .................... 20-100 mg. Of minor importance.
1. Stearic acid

2. Oleic acid

N-alkyl heterocyclics: Of possible importance.
1.9-methylearbazole ................... Present

 

1 Modified and expanded from ($19, 320) with reference to (52, 60, 89, 111, 129, 202, 262,
293, 294, 295).

* Has not been tested as an initiator, but is a known complete carcinogen.
3 See Neurath, (202).
4 See (111, 128).

found in tobacco smoke (38). However, nitrosamines maybearti-
facts dependent on the method of smoke collection (201).

Neurath (202) considers the nitrosamines listed in table 11 as
being present in fresh cigarette smoke (253, 254). However, con-
clusive confirmation of their presence in fresh smoke is not available
(38, 138, 155, 319).
Certain of the pesticides and fungicides presently in use on

tobacco have been found to be carcinogenic (91, 273, 280). A num-
ber of these, such as DDT, are now being phased out of regular
domestic use. The compoundslisted have been shown to be present
in trace amounts in mainstream tobacco smoke (111,128). A recent,
extensive review by Guthrie (111) provides more detailed informa-
tion concerning these agents,

Radioactive isotopes can be found in tobacco and tobacco smoke
(105). Potassium-40, while present in tobacco leaf, is not trans-
mitted in any substantial amount to mainstream smoke (230).
Polonium-210 (Po.,,), however,is transmitted into the mainstream
smoke (94, 123, 142, 145, 215, 217). A number of autopsy studies
(table A12) have shown that the bronchial epithelium of smokers
contains significantly more Po.,, than that of nonsmokers, Little,
et al. (172, 173, 174) have also noted that the concentration of
polonium was markedly higher at sites of bronchial bifurcation.
These authors stress the importance of this finding for pulmonary
carcinogenesis by noting that bronchogenic carcinomas are fre-
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quently located at bifurcations and that the polonium levels which

they found in those regions probably have biologic significance

(216). Other investigators (123, 217) have not observed this

excess at bifurcations, and in a recent discussion Wynderand Hoff-

mann (320) concluded that it appears unlikely that Po.,, in the

amounts present in cigarette smoke plavs a role in tobacco car-

cinogenesis.

Although not listed as a separate group, there are a number of

agents in cigarette smoke which are potent inhibitors of ciliary

movement. Their importance in carcinogenesis derives from the

Increased amount of time which theyafford the known carcinogens

to be present on the surface of the bronchial epithelium, These

inhibitors include volatile aldehydes, hydrogen cyanide, nitrogen

oxides, volatile phenols, and certain volatile acids such as formic

and acetic (729).

Experimental Studies

In some respects, the animal and tissue culture studies detailed

below apply to neoplastic transformations, not only in the lung but

in other tissues in which tobacco smoke, particularly cigarette

smoke, is believed to play a role, These general experiments will be

presented here, however, with the experiments which bear on lung

tissue directly.

Skin Painting and Subcutaneous Injection

Numerous animal studies on rats, mice, and rabbits, have been

performed utilizing known carcinogens, whole tobacco “tar,” and

various tobacco condensate subfractions, or compounds known to

be present in tobacco smoke. These experiments involve the single

or repeated painting of shaved or unshaved animal skin. A selected

numberof these studies is presented in table A13. Numerous other

studies, performed prior to and following 1953, are reviewed by

Wynder and Hoffmann (319).
The skin painting method is still considered to be a valid pro-

cedure for the identification of agents suspected of participating in

pulmonary carcinogenesis, as well as for the quantification of the

reduction in tumorgenicity of specific agents.

Tissue and Organ Culture

The exposure of tissue and organ cultures to cigarette smoke, its

condensates, or its constituent compounds has been shown to sig-

nificantly alter patterns of cell growth and reproduction. Table A1l4

presents an outline of these experiments. Once again, less severe

effects have been noted whenfiltered smoke was used (165).
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Tracheobronchial Implantation and Instillation

More complex experiments concerning the carcinogenicity of
cigarette and tobacco smokeare represented by those which involve
the direct implantation, instillation, or fixation of suspected ma-
terials into the tracheobronchial tree of animals. Certain of these
experiments are outlined in table A15, Recent reviews by Saffiotti
(233, 234) Laskin,et al. (159), and Montesano,et al. (189) as well
as that by Wynder and Hoffmann (319) provide more detailed and
extensive accounts of these experiments.
Of note amongthe results outlined in this table are the following:

The enhanced carcinogenicity found when benzo[a]pyrene (B[a]P)
is combined with a carrier such as hematite dust (235), and the
definite increase in bronchial epithelial preneoplastic and neo-
plastic changes among dogs treated with smoke condensate as com-
pared with those undergoing only physical bronchial stimulation
(224).

Inhalation

Various species, including mice, rats, hamsters, and dogs, have
been exposed to cigarette smoke or aerosols of its constituents.
These inhalation experiments are outlined in table A16. It must be
noted that the majority of the studies listed involve the passive
inhalation of the material presented usually in a chamber. Active
inhalation experiments, exemplified by the work of Rockey and
Speer (223) and Auerbach and his colleagues (11, 119) involved
animals which were trained to inhale voluntarily, thus more closely
simulating human smoking.

Results of note among these experiments include the following:
Mihlbock (195) observed that cigarette smoke inhalation en-
hances the already substantial rate of spontaneous alveolar cell
carcinoma formation in hybrid mice, and various investigators in-
duced adenomasin experimental animals (108, 168, 206). Harris
and Negroni (121) found that exposure to cigarette smoke achieved
some enhancement of adenocarcinoma formation in mice but did
not observe proven squamous cell carcinoma. Some of their mice
had also been exposed to Swine influenza virus aerosol. In a related
study, Boren (32) exposed hamstersto cigarette smoke at set inter-
vals over a 48-hour period. The author observed alterations in pul-
monary cell kinetics (the pattern of DNA synthesis) as demon-
strated by H*-thymidine autoradiography. The pattern of the label-
ing response to cigarette smoke was significantly different from
that of the responseto high oxygen concentrations.

Auerbach, et al. (11) have reported the development of early
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invasive squamous cell bronchogenic carcinoma in dogs following

a period of direct inhalation of cigarette smoke. These investiga-

tors trained beagle dogs to inhale cigarette smoke through a

tracheostoma (350) and divided the animals into groups according

to dosage as detailed in table 17. A numberof dogs died during the

course of the experiment which ran for 875 days, or approximately

29 months. The causes of death are listed in table 18. All of the

remaining dogs, with the exception of group “h” (high exposure,

heavy weight), were sacrificed shortly after day 875; the survivors

amongthe heavier dogs are continuing to smoke.

Examination of the respiratory tree of the animals revealed a

numberof tumors (table 19). Most of these were similar to the type

of tumor which in man is referred to as bronchiolo-alveolar, This

tumor arises in the bronchiolar and alveolar epithelium and tends

to be multicentric. Two striking characteristics of these bronchiolo-

alveolar tumors were the existence of a histologic spectrum (from
a tumor resembling the benign condition of adenosis to frankly

malignant tumors with invasion of the pleura and surrounding

parenchyma) and the marked tendency to squamous change, Inva-

sive bronchiolo-alveolar tumors were found in 12 dogs in the group

which had been exposed to the largest dosage of cigarette smoke.

Several had tumors of more than one category. Ten of these dogs

had invasive bronchiolo-alveolar tumors which did not extend into

the pleura, one dog had an invasive bronchiolo-alveolar tumor

which extended to the pleura, and four had invasive bronchiolo-

alveolar tumors extending into the pleura beyond the pleural-

pulmonary junctions. In addition, two bronchogenic squamouscell

carcinomas were found in this group (table 19). The dosage de-
pendence of tumor formation is shown in figures 2 and 3.

Major findings of the study were twofold. First, that smoking

filter-tip cigarettes was less harmful, both in terms of pulmonary

parenchymal damage and lung tumors, than smoking identical

cigarettes without filters. This supports the generally held view

that total particulate matter is a meaningful indicator of the car-

cinogenic potential of a cigarette. Second, lung cancer of two types

found in man was produced by the inhalation of cigarette smoke.

Two of the dogs were found to have early invasive squamouscell

carcinoma of the bronchus, and both belonged to the high-dosage

group. These carcinomas wereindistinguishable from early invasive

Squamouscell carcinomas found in the bronchial tubes of human
beings who smoke cigarettes. The majority of tumors found in the

dogs were of a bronchiolo-alveolar type, which although not as

common as squamous cell cancer in man, is not rare in humans.
This type is often included in the category of adenocarcinoma. A

number of studies have shown an excess of these tumors among
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TABLE 17.—Data on pedigrced male beagle dogs of groups F, L, H,h,andN(Someof the figures apply only to dogs surviving 875 days or longer)

   

  
  

 

Numberof dogs on day No. 57) 00...eee
Weight at start (day No. 1) mean weight (pounds) ...
Cigarettes per dog in 875 days 20... eee eee
Mean numberof cigarettes per day wo... ee eee
Equivalent numberof civarettes per day for 150 pound man

Type of cigarettes:2

Milligrams of tar per cigarette 2.00,
Milligrams of nicotine per cigarette ........0..........

Total dosage in 875 days:
Gramsof tar per Le

 

  

 

No No NoFilter filter filter filter Nonsmokersgroup group group group groupF L H h N
12 12 24 38 825.0 25.1 25.0 31.9 30.76,143 3,103 6,129 6,129 none7.02 3.54 7.0 7.042.1 21.2 42.0 32.9 —

17.8 34.8 34.8 34.8 —_—117 1.85 1.85 1.85 —

109.3 103.5 207.8 207.8 —7.19 5.56 11.12 11.12 —

4.37 4.12 8.31 6.51 ——0.29 0.22 0.44 0.35 —

  

 

Source: Adapted from Hammond,E. C. et al. (119).

1 The smoking dogs were divided into groups F, L, H, and h on day No. 57.? Dogs of groups L, H, and h smoked filter-tip cigarettes during a training period at the start of the experiment, but smoked nonfilter cigarettes thereafter.



TABLE 18.—Summary of principal cause of death (days No. 57 through No. 875) in dogs of groups F, L, H,h, and N
(Each death classified according to most severe condition—some dogs died of a combination of causes listed)

 

Z
Z

 

Filter No No No
tip filter filter filter Nonsmokers

Principal cause of death Group Group Group Group Total
F L H h

Pulmonary emphysema and fibrosig ............-....00-- — — 2 _- 2
Cor pulmonale (pulmonary emphysema andfibrosis with

right heart enlargement) — — 3 5 8
Pulmonary infarction ............... 1 1 2 5 9
Bronchopneumonia ...............05- ~ — 3 1 4
Aspiration of food .............- Sees etevesstesuesescres 1 1 —_ 2
Uncertain 2...cece eee n nee ene neeneee — — 2 1 3
Number of deaths ©. 0.0.0.0... cece cece eee eee eee 2 2 12 12 28
Number surviving 875 days ....... 2.0... c cece eee eens 10 10 12 26 66
Total number of dogs 0.0.2... cece cece tee teen nee 12 12 24 38 94

 

 

Source: Hammond,E.C.et al. (119).
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z TABLE 19.—Data on dogs with lung tumors indicating type of tumor and lobe in which the tumor was found
 

 

Number Age at Early squamous
Group Day of 0. death Lobes with bronchiolo-alveolar tumors cell bronchial

death cigarettes (years) Non-invasive Invasive carcinoma

Group N (nonsmokers) oN 904a — 5.1 LA _ —
N 904b — 4.9 RA — —

Group F (filter-tip) 0.0.0... 0.0.00. ee eee ee F 878a 6,161 5.1 LA — —
F 879a 6,170 4.7 LA — —_
F 885a 6,224 5.2 LA — ~
F 890a 6,269 5.4 LA — —

Group L (no filter) oo... eee eee L 347 1,055 3.8 LA, LC — _
L 812 2,847 5.1 RA _ a
L 876a 3,103 5.1 LA, RA — _
L 877a 8,107 6.2 LA, LC — _—
L 882a 3,127 5.2 LA, LD — —_
L 896a 3,183 5.3 LA, RD _ _
L 899a 3,195 5.4 LA —_ —

Group H (nofilter) . 20.00.0000... ce eee H 185 518 2.5 RC — —_
H 259 1,343 3.3 LA, RA, RD a =_
EH 563 3,404 47 LD, RA —_— _
H 716 4,689 5.0 . LA a
H 753 5,030 3.8 RI LA, RA, RD _
H 760 5,088 4.2 LA — —
H 858 5,970 5.3 LA — —
H 876a 6,129 49 LA, LD, RA _
H 877a 6,138 5,4 ae LA LABB
H 8788 6,147 5.3 RA LA _—
H 882a 6,183 5.4 LA —_— _
H 883a 6,192 AT RA, RD, RI LA _
H 885a 6,210 5.0 LA, RA LMB
H 889a 6,246 5.0 . LA _
H 890a 6,255 4.9 LA — _—
H 892a 6,273 5.7 LC, RA — —
H 892b 6,273 5.3 . LA, RA —_
H 897a 6,318 5.2 RA _ _
H 897b 6,318 4.5 LC LA _—
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TABLE 19.—Data on dogs with lung tumors indicating type of tumor and lobe in which the tumor was found (cont.)

 

 

Number Age at Early squamous
Group Dayof of death Lobes with bronchiolo-alveolar tumors cell bronchial

death cigarettes (years) Non-invasive Invasive carcinoma

Group h (nofilter) .h 606 3,769 46 LA —— —

h 626 3,928 4.4 os LA, RI _

h 649 4,143 5.0 RI LA, RA —

h 794 5,400 5.1 LA, RA — --

 
LA, left apical lobe; LC, left cardiac; LD left diaphragmatic; RA, right

apical; RC, right cardiac; RI, right intermediate; RD, right diaphragmatic;

LABB, left apical branch bronchus; LMB, left main bronchus.

For smoking dogs, the day of death indicates the number of days since

“start of smoking. The letter

sacrificed after day #875.

Source: Auerbach, O. et al. (11).

'a’’ or “b” follows the day of death of dogs
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FIGURE 2.—Percent of smoking dogs with tumors.
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cigarette smokers (6, 42, 112), but the magnitude of this relation-

ship is not as great as that with squamous cell cancer in man.

Reduction in Tumorigenicity

The importance of reducing total particulate matter in cigarette

smoke is reflected in the dose-dependent results of the Auerbach-

Hammond study. A major objective of experimental tobacco car-

cinogenesis must be the reduction in the tumorigenicityof cigarette

smoke and other tobacco products. In a recent article (320),

Wynder and Hoffmann have reviewed the various methods applied

to achieve this goal. Among these methods are the modification of

the tobacco itself, the modification of the conditions of tobacco

pyrolysis, the use of additives, and the use of filters. The use of

filters should produce a reduction of particulate matter as well as

of gas phase components.

Bross (44) studied 974 cases of lung cancer at Roswell Park

Memoria] Institute and concluded that smokers who switched to

filter cigarettes showed a decreased risk of developing lung cancer.

However, even after switching, heavy smokers were still found to

have a mortalityrisk five times that of nonsmokers.

More recently, Wynder, et al. (324) reported on an interview

study of 350 patients with histologically confirmed lung cancer and

552 age and sex-matched controls. They found that subjects who

had switched from nonfilter to filter cigarettes ten or more years
prior to the study incurred a lower relative risk of lung cancer at
all consumptionlevels than that incurred by those who continued to
smoke nonfilter cigarettes. The authors suggest that this difference
in relative risk may be due to the lower “tar” content in filter
cigarette smoke. Prospective studies concerning theeffects of filter
cigarette smoking are presently being conducted.

Apart from variations in “tar” exposure due to filtration, it

appears that different patterns of smoking result in the inhalation
of varied amounts of “tar.” Graham, et al. (103) simulated dif-
ferent inhalation patterns with the use of an analytic smoking ma-
chine. He found that smoking a given numberof puffs over a long

period of time results in greater “tar” retrieval than smoking them
over a short period. Also, he observed that taking most of the puffs
at the end of the cigarette results in the highest retrieval while
taking most at the beginning results in the smallest retrieval.
Complementing these observations is the same author’s case/con-
trol study (102) of 183 men with lung cancer and 161 men with
diseases not related to tobacco smoking. He found that the lung
cancer patients had significantly greater high “tar” yield cigarette
smoking patterns than the controls. The risk of lung cancer was

found to increase with the increase in mean numberof puffs per
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cigarette, the average length of time taken to smoke a cigarette
(except in the highest numberof puffs category), and the taking

of more puffs at the end of the cigarette.

These findings, and those of the study of Auerbach,etal. (11),
add further support to the dose-response relationship between lung
cancer and total cigarette smoke condensate exposure.

SUMMARY AND CONCLUSIONS

1. Epidemiological evidence derived from a number of prospec-
tive and retrospective studies coupled with experimental and path-
ological evidence confirm the conclusion that cigarette smoking is

the main cause of lung cancer in men. Thesestudies reveal that the
risk of developing lung cancer increases with the numberof cigar-
ettes smoked per day, the duration of smoking, and earlier initia-

tion, and diminishes with cessation of smoking.

2. Cigarette smoking is a cause of lung cancer in women but

accounts for a smaller proportion of cases than in men. The mor-

tality rates for women who smoke, although significantly higher

than for female nonsmokers, are lower than for men who smoke.

This difference maybe at least partially attributed to difference in

exposure; such as, the use of fewer cigarettes per day, the use of
filtered and low “tar” cigarettes, and lower levels of inhalation.

Nevertheless, even when women are compared with men who ap-

parently have similar levels of exposure to cigarette smoke, the

mortality ratios appear to be lower in women.

3. The risk of developing lung cancer among pipe and/or cigar

smokersis higher than for nonsmokersbut significantly lower than

for cigarette smokers.

4, The risk of developing lung cancer appearsto be higher among
smokers who smoke high “tar” cigarettes or smoke in such a man-
ner as to produce higher levels of “tar” in the inhaled smoke,

5. Ex-cigarette smokers havesignificantly lower death rates for

lung cancer than continuing smokers, There is evidence to support
the view that cessation of smoking by large numbers of cigarette

smokers would be followed by lower lung cancer death rates.

6. Increased death rates from lung cancer have been observed

among urban populations when compared with populations from

rural environments. The evidence concerning the role of air pollu-

tion in the etiology of lung canceris presently inconclusive. Factors

such as occupational and smokinghabit differences may also con-

tribute to the urban-rural difference observed. Detailed epidemio-

logic surveys have shown that the urban factor exerts a small

influence compared to the overriding effect of cigarette smoking in

the development of lung cancer.
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7. Certain occupational exposures have been found to be asso-

ciated with an increased risk of dying from lung cancer, Cigarette

smoking interacts with these exposures in the pathogenesis of lung

cancer so as to produce very much higher lung cancer death rates

in those cigarette smokers who are also exposed to such substances.

&. Experimental studies on animals utilizing skin painting,

tracheal instillation or implantation, and inhalation of cigarette

smoke or its component compounds, have confirmed the presence of

complete carcinogens as well as tumorinitiators and promoters in

tobacco smoke. Lung cancer has been found in dogs exposed to the

inhalation of cigarette smoke over a period of more than two years.

CANCER OF THE LARYNX

Cancer of the larynx is a disease which predominantlyaffects

males in the 55 to 70 year age group. In 1967, a total of 2,468 males

and 329 females died of laryngeal cancer in the United States. With

the development and application of more effective therapy during

the past 30 years, the death rate for cancer of the larynx appears

to be dropping slightly (282, 289); however, the incidence con-

tinues to rise. Figures from the Connecticut Cancer Registry (88)

show that the age-adjusted incidence per 100,000 population of

cancerof the larynx for males rose from 3.0 in 1950 to 5.6 in 1961.

EPIDEMIOLOGICAL STUDIES

A numberof epidemiological studies have investigated the rela-

tionship between smoking habits and the development of cancer

of the larynx. The major prospective studies, as outlined in table

20, show that smokers of cigarettes run an approximatelysix-to-

tenfold risk of dying from this form of cancer as compared to non-

smokers. Smokers of pipes and cigars incur a three-to-sevenfold

risk. The retrospective studies listed in table A21 uniformly show

fewer nonsmokers and more smokers among cases with cancer of

the larynx than among matched controls. Table A22 summarizes

the relative risk ratios derived from the retrospective studies. The

wide variation is due to a numberoffactors, including type of popu-

lation and interview technique. But, in general, the magnitude of

most of these ratios is of the same order as in the prospective
studies.

Wynder, et al. (372) have distinguished between cancer of the

intrinsic and extrinsic larynx. Tumors arising on the vocal cords

are classified as intrinsic and constitute approximately 70 percent

of the lesions. The extrinsic larynx is composed of those sections of

the larynx excluding the vocal cords and mayalso be referred to as
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TABLE 20.—Laryngeal cancer mortality ratios
(Actual number of deaths shown in parentheses)!

SM = Smokers. NS = Nonsmokers.
 

Prospective studies
 

 

 

 

 

 

Number
Author, of
year, Numberand Data Follow- laryngeal Cigarettes/day Pipes, cigars Comments

country, type of collection up cancer
reference population years deaths

Hammond 187,783 white Questionnaire 3% 24 Cigarette smokers 17/24. Cigar Data referring to mortality

and males 50-69 and follow- SM ..24 3/24 ratio included cancer of

Horn, years of age up of death NS .. 0 Mixed esophagus and mouth.

1958, in 9 states. certificate. 4/24
U.S.A.

(120).

Doll and Approximately Questionnaire 10 16 All smokers by amount Pipe and cigart + Includes data on ex-

Hill, 41,000 male and follow- SM ..16 in grama NS .... 1.00 smokers of pipes and cigars.

1964, British up of death NS ..0 NS ool ce eee eee ne SM .... 5.00 No NSdied of laryngeo-

Great physicians. certificate. 1-14) ww we ee ee. (1.00 tracheal cancer, therefore

Britain 15-24 - 1.00 1-14 gram SM set as 1.00

(74). 45) 7.50 standard.

Data combine laryngeal

and tracheal carcinoma.

Kahn U.S. male Questionnaire 8 54 NS ..... ee... ee 1.00 (3) Pipe Refers to current cigarette

(Dorn), veterans, and follow- SM ..51 1-9 wo... eee 3.27 (1) NS .... 1.00 (3) smokers only.

1966, 2,265,674 up of death NS .. 3 10-20 ............ 8.45(10) SM ....10.33 (6)

U.S.A. person years, certificate. 21-39) ....,.......18.62(11) Pipe and cigar

(189). >:18.85 (3) NS .... 1.00 (3)

Al voc. eee ee ee. 9.695 (25) SM .... 7.28(11)

Hammond, 440,558 males Interviews 4 57 NS) .............. 1.00 (8) Pipe and cigar Male data only.
1966, 562,671 fe- by ACS SM ..54 SM (age 45-64) .. 6.09(82) NS .... 1,00 (3) Pipe and cigar data refer to
U.S.A. males 35-84 volunteers. NS .. 3 SM (age 65-79) .. 8.99(18) SM .... 3.87 (4) males 55-84 years of age.
(118), years of age

in 25 states.
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TABLE 20.—Laryngeal cancer mortality ratios (cont.)
(Actual number of deaths shown in parentheses)!

 

 

 

SM — Smokers. NS = Nonsmokers.

Prospective studies

Number
Author, °
year, Numberand Data Follow- laryngeal Cigarettes/day Pipes, cigars Comments

country, type of collection up cancer
reference population years deaths

Weir and 68,153 males Questionnaire 5-8 11 NS wee e cece ee ee OO No nonsmokers died of

Dunn, in various and follow- SM ..11 EIQ Lee ee 1,00 laryngeal carcinoma,

1970, occupations up of death NS .. 0 *20 Lo. ee. 599 therefore +10 smokerset

U.S.A. in California. certificate. B80 Lee. 584 as 1.00 standard,

(806). NS includes pipe and cigar

smokers.

SM includes ex-smokers.

 1 Unless otherwise specified, disparities between the total numberof deaths

and the sum of the individual smoking categories are due to the exclusion

of either occasional, miscellaneous, mixed, or ex-smokers.



the hypopharynx. These authors noted that the percentage of heavy
smokers among the patients with cancer of both the extrinsic and
intrinsic larynx wassignificantly greater than that among controls,
However, it is of interest that the excess risk of laryngeal cancer
among cigar and pipe smokersin this study could be attributed to
the extrinsic laryngeal group.

Asin studies of oral cancer, it appears that alcohol consumption
should also be taken into account in studies of laryngeal cancer.
Wynder,et al. (372) reported a significantly increased risk of
extrinsic cancer among those with alcohol intake above 7 ounces of
whiskey per day. With less than this amount, no increased risk was
evident. Schwartz,et al. (248), noted noeffect in relation to aleohol
intake. Furtherresearch into the interaction of these two variables
is necessary.

PATHOLOGICAL STUDY

Auerbach,et al. (9) studied histological changes in the larynges
of 942 men, age 21 to 95, who were autopsied at a single hospital
between 1964 and 1967. Cases of primarycancerof the larynx were
excluded from the study. Smoking histories for all cases were
obtained from family members of the deceased bytrained inter-
viewers. The randomized histological sections were graded by one
observer. Tables A23 and A24 summarize the findings in the true
vocal cord, Of the men who never smoked, 75 percent had nocells
with atypical nuclei, only 4.5 percent had sections with areas con-
taining 60 to 69 percent of cells with atypical nuclei, and none had
a higher percentage. The 116 ex-smokers had laryngeal histology
similar to that of the nonsmokers, as far as atypical nuclei were
concerned. However, disintegrating nuclei were found in 40.5 per-
cent of the ex-cigarette smokers and in only 0.4 percent of the
remaining cases. Only one of the 9 cigar and or pipe smokers had
no atypical cells. Three had carcinoma in situ, and one case had a
section showing early invasive primarycarcinoma,

The highest percentage of atypical cells was found among the

cigarette smokers. The proportion of cases with a high degree of

cellular change increased with increased daily smoking. None of
the pack-or-more-a-day smokers was free of atypical nuclei in the
laryngeal epithelium. Of those who smoked two or more packs per

day, 85 percent hadlesions with 60 percent or more atypical cells

as compared to 1 percent of the nonsmokers. Between 10 and 18

percent of the cigarette smokers had areas of carcinoma insitu,

and 1 of the 641 cases showed early microscopic invasion. The

thickness of the basal level of the true vocal cord was also directly

related to the amount smoked.
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EXPERIMENTAL STUDY

Dontenwill (76) has recently reported the development of an

effective and practicable method hy which small rodents (ham-

sters, rats, mice) can be exposed to long-term passive inhalation of

cigarette smoke in a manner which circumvents the fatal effects of

acute toxicity which ruined earlier attempts but allows for a dosage

of smoke great enough to induce the developmentof chronic patho-

logical changes. The Svrian Golden hamster was found to be the

most suitable species for such inhalation experiments for several

reasons: its resistance to pulmonaryinfections, its resistance to the

effects of nicotine as comparedto that of rats or certain strains of

mice, and, especially, its susceptibility to develop tracheobronchial

cancers after treatment with carcinogens, in contrast to its almost

total freedom from the spontaneous development of these tumors.

Dontenwill demonstrated that the concentration of deposited

cigarette smoke was greatest in the hamster’s larvnx as compared

to the other portions of the exposed respiratory tract (table 25),

and that the larvngeal epithelium was the tissue which underwent

the greatest smoke-induced histological changes.

In studying the changes in the larynx, the author differentiated

five stages of epithelial change, using as his reference the Atlas of

Tumor Pathology of the Armed Forces Institute of Pathology (5).

Table 26, quoted by Dontenwill, describes the five types of change.

They range from benign, such as epithelial hyperplasia, to pre-

malignant, exemplified by pseudoepitheliomatous leukoplakia.

The results of the inhalation experiment are presented in figure

4 in which a dosage-related increase in the severity of the epithelial

changes is represented in graphic form. The authoralso reported,

and depicted with photomicrographs, the finding of an early inva-

sive squamouscell carcinoma. This form of cancer is the predomi-

nant type involving the human larynx.

SUMMARY AND CONCLUSIONS

1. Epidemiological, experimental, and pathological studies sup-

port the conclusion that cigarette smoking is a significant factor in

the causation of cancer of the larynx. The risk of developing

larvngeal cancer among cigarette smokers as well as pipe and/or

cigar smokersis significantly higher than among nonsmokers. The

magnitude of the risk for pipe and cigar smokers is about the same
order as that for cigarette smokers, or possibly slightly lower.

2. Experimental exposure to the passive inhalation of cigarette

smoke has been observed to produce premalignant and malignant
changes in the larynx of hamsters.
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TABLE 25.—Deposition of "C-labeled smoke particlesin particular regions of the respiratory tractmeT
T

Traced

 

Traced Estimated Deposition Proportional deposition
radio- radio- of area of the in relation

Organ activity Organ activity Particles respiratory to the
(nCi) (mCi) (%) tract Proportional

area
a Tt Tree
Head and palate . +. 6.11 Head, palate 5.5 BT .4
Tongue ........... 0.41 Oral cavity 1.6 10.0

in total.
Larynx ........... 039

0,1-0.3 X561~187
Trachea ........., 0.26 7.6 (traced) SLT 0.6 X62.3Lungs tees ee eee. 6.95

1000 X1Total ......, 14,12 "14.7 100.0
We aa| Cigarettes labeled with MC -1-n-hexadecan: data represent mean values from 10 animals,

calculated from surface distribution in the head.? The value of 14.7 contains 0.58 nanocuries as estimated from quantity of deposition in the
nontraced oral cavity regions fcaleulated as to Proportional area).Sounce: Dontenwill, W, (76).
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TABLE 26.—Classification of the five registered stages of epithelial cha

 

Acanthosis (thicken- Hy perkeratosis

Stage ing of stratum increased
spinosum multi- eornification

cellular layer) (stratum corneum)

1. Pachydermia (epithelial hyperplasia) ........--..++-- + +

2. Leucoplakia 26...cceteee + 4.

8. Verrucous Jeucoplakia 2.0.0... 0.00: ete eee eee eee + 4

4, Papillomatous Jeucuplakia 2.06.0... eeeee + t

5. Pseudoepitheliomatous leucoplakia 2.2.12... 2 000s + +

 

  Symbols: + = negative; {= minimal; + = weak; ++ = medium; +++ = strong.

2 From Atlas of Tumor Pathology of the Armed Forces Institute of Pathology.

Source: Adapted from Dontenwill, W. (76).

Parakeratosis (in-
complete cornifica-
tion of nuclei in

the stratum corneum)

t

nges at the laryna’,”

Dyskeratosis (pre-

 

mature atypical
cornification
changesin the Mitosis

nucleus prolifera-
tion of the basal



TOTAL 146
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FIGURE 4,—Effects of chronic cigarette smoke inhalation on the hamster larynx.

Review of the results of the inhalation experiments: number of smoke-ex-

posed animals with and without changes in the larynx, duration of smoke

exposure, and number of animalsstill alive.

Source: Dontenwill, W. (76).

ORAL CANCER

The cancers included in this category are those of the lips, tongue,

floor of the mouth, hard and soft palate, gingiva, alveolar mucosa,

buccal mucosa, and oropharyns.It is estimated that 15,000 of these

cancers will be diagnosed in the United States in 1970, accounting

for about 2.5 percent of the estimated 600,000 malignant neo-

plasms reported (289). A variety of histological types of malig-

nant neoplasms can affect these tissues, but squamous cell car-

cinoma is by far the predominant type, accounting for about 90

percent of the cancers.

The incidence of and mortality from coral cancers has remained

steady over the past 20 to 30 years. The Connecticut Cancer Reg-

istry (88), which is a fairly reliable index of incidence, noted that

the incidence among males remained between 15.8 and 16.3 per

100,000 population during the years from 1950-1961, Examination

of mortality rates over the past 20 to 30 years (282, 289) reveals

a similar constancy.

The apparent lack of change in mortality from oral cancer in
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contrast to the sharp increase that took place in lung cancerrates

in those years is probably due to several of the following factors.

First, pipe and cigar smoking are both significantly related to can-

cer of the oral cavity, and the increase in cigarette smoking among

men, noted between 1920 and 1955, has been, to a large degree,

accompanied by corresponding reductions in the use of pipes and

cigars. Second, aside from the various changes which the Interna-

tional Classification of Diseases (ICD) had undergone during that

period, the diseases discussed above are recorded in ICD Codes

140-148 which include some neoplasms not found to be related to

the use of tobacco. The various sites of cancer themselves do not

contribute equally to the overall rate and are subject to widely dif-

ferent cure rates, so that their contributions to the total incidence

rate is different from their contribution to the overall mortality

rate from oral cancer. Although more than 20,000 cancers of the

oral cavity were estimated as newly diagnosed in 1967, the total

number of individuals recorded as dving from oral cancer during

that year was only 6,718 (289).

Oral cancer occurs predominantly in people of the middle and

older age groups. More than 90 percent of all oral cancers occur in

persons over age 45, with the average age at time of diagnosis

approximating 60, Although the majority of oral cancers occur in

men, there is recent evidence that the ratio of males affected to

females affected is decreasing (257).

EPIDEMIOLOGICAL STUDIES

The use of tobacco in various forms has been associated with the

development of cancer of the ora! cavity and pharynx. The studies

in this area of concern are truly international, many having been

carried out in Asian re tions as well as in the West.

The major prospect: c epidemiological studies have found in-

creased rates of these sureers for cigarette smokers as well as for

pipe and cigar smokers (see table 27). Pipe smoking, per se, has

long been recognized as a cause of lip cancer (2917). The methodol-

ogy and results of the numerous retrospective studies are sum-

marized in tables AZS and A28a. These studies almost uniformly

showsignificant relationships between the various forms of tobacco

use and «veces of fe oral cavity and pharynx.

tudies str Asics oe’ ons have examined the prevalence or inci-

dence of premahignanh: cnange, such as oral leukoplakia, as well as

that of cancer of the oral cavity. In manyof these studies, forms of

tobacco use not prevalent in Western countries have been investi-

gated, including reverse smoking (in which the lighted end of the

Cigarette is kept in the mouth close to the palate) and the chewing

 

285



9
8
7 TABLE 27.—Oral cancer mortality ratios—prospective studies

(Actual number of deaths shown in parentheses)

 

 

 

 

   

 

 

SM= Smokers, NS = Nonsmokers.

Author
year, Number and Data Follow- Number

country, type of collection up years oO Cigarettes Pipes, cigars Comments
reference population deaths

Hammond 187,783 white Questionnaire Bu, 56 20/56 Pipe Mixed Data referring to mortality

and males in 9 and follow-up TSM ...51 5/56 21/56 ratio do not include cancer of

Horn, States 50-69 of death NS .3 Cigar larynx and esophagus,

1958, years of age. certificate. 5/56 + Excludes two occasional

ULS.A. only smokers.

(120).

Doll and Approximately Questionnaire 10 19 All amokers by amount Pipe and cigar No NSdied of oral cancer,

Hill, 41,000 male and follow-up SM ...19 in grams NS. ....... 1,00 therefore 1-14 gram

1964, British of death NS . 0 NS . -—_ oo SM... 1.00 smokerset as 1.00

Great physicians. certificate. 1-4 .» 1,00 standard.

Britain 15-24 ». 0.25

(74). 25 . 5.25

Kahn U.S. male Questionnaire 814 61 NS ...........2-- 1.00011) Pipe Data do not include pharynx.

(Dorn), veterans, and follow-up SM ..50 {Cigs/day 1-9 .. 0.86 (1) NS { Refers to current cigarette

1966, 2,265,674 of death NS. ..11 10-20 .. 2.93(18) SM smokers only.

U.S.A. person years. certificate. 21-39 « 1.34(20)

(139). >39 5.73 (3) NS 1.00(11)

All . 4.09(37) SM . . 4.11 (9)

Hammond, 44,554 males Interviews by 4 95 NS .............. 1.00 (7) t Pipe and/or tT Male data only. Pipe and

1966, 562,071 females ACS volunteers SM ..88 SM (age 45-64) ... 9.90(63) cigar. cigar data refer to males

U.S.A. 35-1 years of NS . 7 SM (age 65-79) . 2.93(25) NS ....... 1.00 (7) 55-84 years of age.

(118). age in 25 States. SM ....... 4.94(15)

Weir and 68,154 rales Questionnaire 5-8 19 NS .. 1.00 SM includes ex-smokers.

Dunn, in various and follow-up +10 . 8.69 NSincludes pipe and

1970, occupations of death H20 Le eee eee 1.17 cigar smokers.
U.S.A. in California. certificate. >30 «. 5.62

(306). All - 2.76

 



of ‘‘pan” or “Nass,” which are mixtures of tobacco with either betel

nut or lime ash, and other ingredients (241, 255, 256). Snuff

dipping, a habit in which snuff is placed in the gum and retained

there for prolonged periods, has also been associated with the

development of oral cancer (193, 210), as has the chewing of

tobacco (124, 193, 241, 298).

The risk of developing a second primary mouth orthroat eancer,

after the recognition of the first primary cancer, has been found

to be greater in continuing smokers than in those who quit smok-

ing. All of the patients studied by Moore (190) were asymptomatic

for at least three years following the treatmentof the first cancer.

Of the 117 patients with adequate smoking histories, only 4 of 43

(9 percent) who quit smoking developed a new primary cancer.

On the other hand, 27 of 74 (36 percent) who continued to smoke

developed a second primary cancer,

However, a study by Castigliano (53) of patients treated for

oral cancer did not showa greater risk of a second primary among

continuing smokers. In this study, 5 of 26 (19 percent) of those

patients who did not quit smoking developed a second primary

cancer as compared to 9 of 51 (18 percent) of those who did quit.

The rate of quitting smoking in the two studies is markedlydif-

ferent (36 percent in the Moore studyand 62 percentin the Casti-

gliano study). From the data presented in the two papers,it is not

possible to evaluate the other significant ways in which the pop-

ulations may have differed.

Keller (140) studied 408 males with histologically confirmed

squamouscell cancer of the mouth or pharynx. This author dealt

with the question of recurrent tumors in a somewhatdifferent

manner. The patients were observed for the development of a sec-

ond or third primary cancer at an anatomically discrete site of

the mouth and pharynx within a median period of three years after

the first cancer. He found that a second or third cancer (termed a

coexisting cancer) developed in 28 of the 408 cases. Among these

28 cases with 33 coexisting neoplasms, 21.7 percent were heavy

smokers, but among their matched controls, there were no heavy
smokers. Coexisting cancers were most commonlyfound on the soft

palate, an anatomical site that is in direct contact with the main-
stream of tobacco smoke,

More recently, Wynder, et al. ($175) studied 63 male and 23

female patients with multiple primary cancers of the mouth and

pharynx. They observed that heavy smoking prior to the develop-

ment of the oral cancer was associated with a greater likelihood

of developing a second primary. Also, continued smoking after the

first primary was found to have a significant association with the

occurrence of a second primary.
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With or without smoking, use of aleohol appears to contribute

to the development of oral cancer (124, 140, 188, 297, 322). In a

study of male veterans, Keller (740) found that heavy smoking

and heavy drinking were associated with cancer of the mouth and

pharynx. No studies are presently available which determine the
relative contributions and possible interactions of heavy smoking,
heavy drinking, and concurrent nutritional deficiencies in the etiol-
ogy of these cancers.

EXPERIMENTAL STUDIES

In 1964, the Advisory Committee to the Surgeon General on
Smoking and Health (291) reported that cigarette smoke andciga-

rette smoke condensates had failed to produce cancer when applied

to the oral cavity of mice and rabbits or to the palate of hamsters

and that the oral mucosa appearsto be resistant in general to can-

cer induction even when highlyactive carcinogens such as benzo-
[a]pyrene are applied. Someof the difficulties in experimental de-
sign were attributed to the fact that mechanical factors, such as

secretion of saliva, interfere with the retention of applied carcino-

genic agents on the tissues of the oral cavity and pharynx. Positive

results with certain carcinogens have, however, been obtained in

the hamster cheek pouch, but it has also been pointed out that the

cheek pouch lacks salivary glands and thatits structure and fune-

tion differ from those of the oral mucosa. The majority of these

studies are outlined in table A29,

Although cigarette smoke condensate acts as a complete carcino-

gen on mouseskin, the work of several authors (319) supports the

concept that cigarette smoke contains cancer promoters that may

be of special importance, particularly in oral carcinogenesis. Elzay

(90) has reported that whole cigarette smoke is a promoting agent

for the hamster cheek pouch. More importantly, regarding the

chewing of tobacco, Bock, et al. (27.30), Van Duuren,et al. (294),

and Wynder and Hoffmann (321) have shown that unburnedto-

bacco products contain tumor promoters that might contribute to

the promoting activity of the smoke.

Roth,et al. (226, 227) have shown that the dye-binding capacity

of the DNA of oral epithelial cells is significantly enhanced in

cigarette smokers in contrast to nonsmokers, probablyreflecting

an increase in the DNA content of oral epithelial cells in smokers.

Smokers had values of dye-binding capacity intermediate between

nonsmokers and 21 patients with proven oral cancer. Those smok-

ers who refrained from smoking for up to six months showed a

significant decrease toward more normal values.
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SUMMARY AND CONCLUSIONS

1. Epidemiological and experimental studies contribute to the

conclusion that smoking is a significant factor in the development

of cancer of the oral cavity and that pipe smoking, alone or in

conjunction with other forms of tobacco use, is causally related to

cancer of thelip.
2. Experimental studies suggest that tobacco extracts and

tobacco smoke contain initiators and promoters of cancerous

changes in the oral cavity.

CANCER OF THE ESOPHAGUS

Esophageal cancer accounted for 4,306 deaths among American

males in 1967 and 1,321 deaths among females. The death rate

from esophageal cancer has remained relatively constant since

1949,

EPIDEMIOLOGICAL STUDIES

The major prospective epidemiologica] studies (table 30) have

indicated a significant relationship between smoking and esopha-

geal cancer. Overall mortality ratios for male cigarette smokers

range from 1.74 to 6.17. There are insufficient data concerning

females for establishing firm conclusions.

A number of retrospective studies concerning the relationship

of smoking and esophageal cancer are outlined in table A351 and

A3la, Smokers incur risk ratios ranging from 1.3 to 6.6 when

compared with nonsmokers.

As in studies of oral cancer, the effect of alcohol consumption

must be taken into account in studies of esophageal cancer. Because

a relationship between alcohol consumption and tobacco use is

known to exist, Wynder and Bross (310) analyzed the association

between tobacco consumption and esophageal cancer after adjust-

ing for alcohol intake. They found that in the absence of alcohol

consumption, there was no association between the use of tobacco

and esophageal cancer but that in the presence of alcohol consump-

tion, an increasing relative risk with increasing numberof ciga-

rettes smoked was apparent, as well as an association between

cigar and pipe smoking and esophageal cancer.

More recently, Takano, et al. (272), in a retrospective study of

200 patients with esophageal carcinoma, found an increased risk

With smoking which was magnified by increased alcoho] consump-

tion. Martinez (783) analyzed the association of tobacco usage

and esophageal cancer after controlling for age, sex, and alcohol

consumption. Increasing relative risks with increasing tobacco use
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TABLE 30.—Esophageal cancer mortality ratios—prospective studies

SM = Smokers.

(Actual number of deaths shown in parentheses)!

NS = Nonsmokers.

 

 

 

 

 

 

Author, Numberof
year, Numberand Data Follow- esophageal

country, type of collection up years cancer Cigarettes/day Pipes, cigars Commentsreference population deaths

Hammond 187,783 white Questionnaire 3% 34 Cigarette smokers Pipe Mixed Data referring toand males in 9 and follow-up NS ... 1 15/33. 2/38 cigarette mortality ratiosHorn, States 50-69 of death SM . 38 Cigar smokers included cancer1958, years of age. certificate. 2/388 13/33 of mouthULS.A.
and larynx.(120).

Doll and Approximately Questionnaire 10 29 All smokers by amount {Pipe and cigar tIncludes ex-Hill, 41,000 male andfollow-up in grama NS .... 1.00 smokers of pipe1964, British of death NS. ...... 1.00 SM .... 2.00 and cigars.Great physicians. certificate. 1-14 .... 2.00
Britain

15-24 .... 3.50
(74).

25 ...... 5.00

All ...... 3,00

Kahn U.S. male Questionnaire 814 111 NS ...... 1.00(11) Pipe f Refers to(Dorn), veterans and follow-up NS... 11 t1-9 -. 1.76 (2) 1.99 (3) cigarette1966, 2,265,674 of death SM_...100 10-19 .... 4.71(18) Cigar smokingU.S.A. person years. certificate. 20-39... .11.50(24) 5.33 (12) only.(139).
D250 we. 7.65 (3)

All ...... 6.17(47)

Hammond, 440,558 males Interviews by 4 46 NS ...... 1.00 (6) Pipe and Cigar1966, 562,671 females ACS volunteers. NS... 6 SM (age NS .... 1.00U.S.A. 35-84 years of SM . 40 45-64) . 4.17(32) SM .... 3.97(14)(118). age in 25 States. SM (age

65-79) . 1.74 (8)

 



TABLE 30.—Esophageal cancer mortality ratios—prospective studies (cont.)
(Actual number of deaths shown in parentheses)

 

 

  

SM= Smokers, NS = Nonsmokers.

Author
year, Numberand Data Follow-

country, type of collection up years Comments
reference population

Hirayama, 265,118 male Trained PHS 14 SM . 21 NS. ...... 1,00 (p<0.01) Refers to all

1967, and female nurse inter- SM ...... 2.47(21) forms of

Japan adults 40 view and smoking.

(125). years of age follow-up

and older. of death

certificate.

Weir and 68,153 males Questionnaire 5-8 32 NS 1.00 NS includes pipe

Dunn, in various and follow-up +10 1.27 and cigar

1970, occupations of death +20 ...... 1.69 smokers.

U.S.A. in California. certificate. >30 1.82

(906). All v2.0... 1.82

L
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1 Unless otherwise specified, disparities between the total number of

deaths and the sum of the individual smoking categories are due to the

exclusion of either occasional, miscellaneous, mixed, or ex-smokers.



were noted. The consumption of very hot beverages was also found

to be related to the development of esophageal cancer.

PATHOLOGICAL STUDY

Autopsy studies of smokers as compared with nonsmokers, spe-

cifically observing the pathological changes in esophageal tissue,

have been performed by Auerbach,et al. (15). A microscopic study

was made of 12,598 sections of esophageal autopsy tissue from

1,268 men whodied from causes other than esophageal cancer. The

findings were strikingly similar to the abnormalities generally ac-

cepted as representing premalignant tissue changes in the respira-

tory tract epithelium. Esophageal epithelial cells with atypical

nuclei (having an irregular distribution of chromatin) were found

far more frequently in cigarette smokers than in nonsmokers. Basal

cell hyperplasia and hyperactive glands were also found morefre-

quently in cigarette smokers than in nonsmokers. An increase in

frequency with amountof cigarette smoking was noted for both

epithelial cells with atypical nuclei and basal cell hyperplasia.

Tables A32 and A33 summarize these findings.

EXPERIMENTAL STUDIES

Kuratsune, et al. (156) investigated the possibility that the car-

cinogens known to be present in tobacco smoke could penetrate the

esophageal epithelium morereadily if dissolved in aqueous ethanol.

Mice were exposed to several compounds by esophageal intubation.

Tissues were then removed and studied by fluorescence microscopy.

Deeper penetration and a different distribution were found when
B[a]P was dissolved in aqueous ethanol as compared to B[a]P in

olive oil. It was also found that benzo[a]anthracene and fluoran-

thene dissolved in ethanol solution or aqueous caffeine solution

could penetrate the epithelium of the esophagus.

Horie, et al. (132) reported on the development of 10 papillomas

and one squamous cell carcinoma of the esophagus in a group of

63 mice periodically forced to drink a solution of benzo|a]pyrene

dissolved in diluted ethanol. Twenty-six papillomas and one squam-

ous cell carcinoma also developed in a group of 63 mice to which

4-nitroquinoline 1-oxide was administered in the same way. None

of the 67 control animals given only diluted ethanol developed

neoplasms.

Several other authors have reported nitrosamine-induced esopha-

geal cancer in experimental animals (56, 79, 80, 81). As noted

above, the presence of nitrosamines in cigarette smokeis still a

subject of debate. :
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SUMMARY AND CONCLUSIONS

1. Epidemiological studies have demonstrated that cigarette
smokingis associated with the developmentof cancer of the esopha-
gus. The risk of developing esophageal cancer among pipe and/or
cigar smokersis greater than that for nonsmokers and of about
the same order of magnitude as for cigarette smokers, or perhaps
slightly lower.

2. Epidemiological studies have also indicated an association be-
tween esophageal cancer and alcohol consumption and tthat aleohol
consumption mayinteract with cigarette smoking. This combina-
tion of exposures is associated with especially high rates of cancer
of the esophagus.

CANCER OF THE URINARY BLADDER AND KIDNEY

EPIDEMIOLOGICAL STUDIES ( BLADDER )

Cancer of the urinary bladder accounted for 6,019 deaths among
American males and 2,743 deaths among American females in 1967
(289). Incidence rates have increased from 1949 to 1962 (88), but
the death rates from bladder cancer have remained relatively
stable during that period. Improvements in early diagnosis and
therapy may have masked the increasing incidence of this disease.
A numberof epidemiological studies have indicated that smokers

have an increased risk of contracting or of dying from bladder
cancer (see tables 34 and A35). Certain of these studies include
kidney cancer mortality in the results. The major prospective stud-
ies, with the exception of that of British physicians, have shown
bladder cancer mortality ratios amongcigarette smokers ranging
from 1.40 to 2.89.Smokers of more than 1 pack per day were shown
to incur ratios of 3.42 to 5.41. The study by Doll and Hill (74, 75)
of British physicians, on the other hand, reports death rates for
smokersto be lower than those of nonsmokers based on 38 bladder
cancer deaths. The mortality ratios for pipe or cigar smokers are
substantially lower than those among cigarette smokers. Pipe
smokers were shown by both Hammond and Horn (120) and Kahn
(139) to incur ratios approximating 1.20,
Retrospective studies (table A35a) have also shown an increased

proportion of smokers among bladder cancer patients when com-
pared with matched controls. Relative risk ratios for bladder can-
cer among smokers range from 1.0 to 7.3 among all smokers and
up to 10.8 among heavy smokersofal] types.
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TABLE 34.—Kidney and urinary bladder cancer—prospective studies—Mortality ratios
(Actual number of deaths shown in parentheses)1}

NS = Nonsmokers.SM = Smokers.

 

 

 

 

 

year, Numberand Data Follow- Number

country, type of collection up years o: Cigarette/day Pipe, cigar Kidney Bladder Comments
reference population deaths

Hammond 187,783 white Questionnaire 8% 287 NS .... 1.00(38) Pipe Data include patients

and males in 9 and <10 .. 2.00(14) NS ...1.00(38) dying of prostatic

Horn, States. interview. SM .249 10-20 .. 2.00(42) SM ...1.17(21) carcinoma.

1958, NS .. 38 >20 . 8.42(41) Cigar Data refer to

U.S.A. NS ...1.00(38) microscopically

(120). 5SM_ ...1.06(19) proven

carcinomas.

Doll and Approximately Questionnaire 10 38 NS ...1.00 AU SM by

Hill, 41,000 male and follow- SM ...0.41 amount in grams

1964, British up of death NS. ...1.00

Great physicians. certificate. 1-14 ..0.59

Britain 15-24 ..0.65

(74). >25 ...0.76

All ....0.71

Best, Approximately Questionnaire 10 114 NS. .... 1.00 Pipe Refers to

1966, 78,000 male and follow- <10 =... 1.88(29) NS ...1.00 genitourinary

Canada Canadian up of death 10-20 ., 1.44(57) SM ...0.56(10) cancers as a

(21). veterans. certificate. >20 .. 21.43 (15) Cigar group.

All » 1.40(10) NS ...1.00

SM ...1.16 (3)

Hammond, 440,558 males Interviews by 4 Bladder Cigarettes Cigarettes Male data only.

1966, 562,671 ACS 138 NS... eee 1.00 (22) 1.00(23) Bladder includes

U.S.A. females volunteers. SM. .115 SM (age 45-64) ., .1.42 (54) 2.00 (59) other urinary

(118). 35-84 years NS .. 23 SM (age 65-79) =... .1.57 (28) 2.96 (56) tract cancers.
of age in 25 Kidney

States. 104

SM. 82

NS .. 22



TABLE 84.—Kidney and urinary bladder cancer—prospective studies—Mortality ratios (cont.)
(Actual number of deaths shown in parentheses)!

SM = Smokers. NS = Nonsmokers.

 Author,

$
6

 

     

 

 

 

year, Number and Data Follow- Number
country, type of collection up years 0 Cigarette/day Pipe, cigar Kidney Bladder Comments
reference population deaths

Kahn U.S. male Questionnaire 814 Bladder NS . -1.00(39) 1.00(52) Bladder includes
(Dorn), veterans andfollow- 224 Pipe . 1.32 (6) 1.20 (8) other urinary
1966, 2,265,674 up of death SM .172 Cigar a -.0.77 (6) 0.94(10) tract cancers.

U.S.A, person certificate. NS .. 52 Cigarettes/day:
(139). years, Kidney 1-9 0.97 (4) 1.10 (6)

141 WO-19 eee1.84 (21) 1.93 (37)

SM ..102 20-39 .. 1,68 (16) 3.20 (34)

NS .. 39 >39 » 2.75 (5) 2.52 (5)

All 1.45 (46) 2.15 (82)

Hirayama, 265,118 male Trained PHS 1, SM 6 NS - 1.00 Bladder cancer only.
1967, and female nurse inter- SM_....10.00 (6) Refers to all
Japan adults 40 view and forms of smoking.
(125). years of age follow-up

and older. of death

certificate.

Weir and 68,153 males Questionnaire 5-8 Bladder NS ...1.00 NS ...1.00 SM include ex-
Dunn, in various end follow- 27 110 =. .0.86 +10 ...1.52 smokers.
1970, occupations up of death Kidney 20 =. .3.30 +20 ...2.81 NS include pipe
U.S.A, in California. certificate. 27 >>30 =. .2.57 30 ...5.41 and cigar
(306). All ...2.46 All ....2.89 smokers.

‘Unless otherwise specified, disparities between the total number of

deaths and the sum of the individual smoking categories are due to the

exclusion of either occasional, miscellaneous, mixed, or ex-smokers.



EPIDEMIOLOGICAL STUDIES (KIDNEY)

A total of 5,894 Americans died of cancer of the kidney during
1967. A relationship between smoking and this type of cancerhas
been suggested by several epidemiological studies, The three major
studies which separately examine the relationship of kidney cancer
to smoking (table 34), namely those of Hammond (118), Kahn
(139), and Weir and Dunn (306), have shown mortality ratios for
all cigarette smokers to range from 1.42 to 2.46. Retrospective
studies by Bennington,et al. (18, 19) have indicated a significant
association between all forms of smoking and renal adenoma and
adenocarcinoma.

EXPERIMENTAL STUDIES

Numerous experiments have been undertaken by manyinvesti-
gators to elucidate the relationship of tobacco smoking to bladder
carcinogenesis. The two areas of major concern have centered upon
the presence of a known bladder carcinogen, beta naphthylamine,
in cigarette smoke and the presence of abnormal tryptophan me-
tabolism in patients with bladder cancer.
By virtue of data gathered concerning industrial exposure of

workers, beta naphthylamine has long been known as a bladder
carcinogen. Complementing such data was the work of Hueper, et
al. (136) who subjected mongrel dogs to daily subcutaneous injec-
tions and oral administration of commercial beta naphthylamine.
Thirteen of the 16 animals developed bladder papillomas andcar-
cinomas of the bladder. Saffiotti, et al. (236) fed hamsters a diet
containing up to 1.0 percent beta naphthylamine and observed that
18 of 39 animals developed bladder tumors, almost all typical tran-
sitional cell carcinomas. More recently, Conzelman,et al. (59) ad-
ministered beta naphthylamine to 24 rhesus monkeys for more
than 30 months. Transitional cell carcinomas of the urinary blad-
der were induced in 9 of the animals, and a dose-responserelation-
ship was apparent.

Pailer, et al. (207) and Miller and Stedman (185) failed to find
this amine in cigarette smoke. However, more recently, Hoffmann,
et al. (127) identified it in cigarette smoke. The authors, noting
the minute quantity present in each cigarette (2.2 x 10-‘g), hesi-
tated to attach a biological significance to the finding.
Of more recent interest have been the metabolites of tryptophan

present in certain patients with bladder cancer. A numberof nor-
mal and abnormal metabolites of tryptophan have been found to
be carcinogenic when tested by implantation in the bladders of mice.
These include 3-hydroxykynurenine (OHKy), 3-hydroxyanthranilic
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acid (OHA), 3-hydroxy-2-amino-acetophenone (all orthoamino-

phenols), the 8-methy] ether of xanthurenic acid (CHXa), xanthu-

renic acid (Xa), L-kynurenine (Ky), quinaldic acid, and 3-meth-

oxyanthranilic acid (3CHOA) (2, 36, 37, 39, 47, 48). OHKyand

OHA are frequently present in human urine, as is kynurenic acid

(KyA).

Certain investigators have concentrated their attention on the

presence of abnormal tryptophan metabolites and increased

amounts of normal tryptophan metabolites in the urine of patients

with bladder cancer as compared with selected controls (1, 40, 46,

97, 148, 214, 243, 329). These authors have observed the increased

excretion of Ky, KyA, OHKy,anthranilic acid, OHA, and acetylky-
nurenine in such patients. Yoshida, et al. (329), in a recent study
concerning the relationship between tryptophan metabolism and

heterotopic recurrences of human urinarybladder tumors, reported

that those patients with recurrences showed abnormal metabolite

excretion more often than those without recurrences.

The relationship of smoking to these biochemical findings is

presently uncertain. Kerr, et al. (743), in 30 experiments on 3

smokers and 3 nonsmokers who were given large doses of trypto-

phan, found that smoking increased the urinary excretion of OHKy
and OHA and decreased that of N’methylnicotinamide (an end
product of tryptophan metabolism). Kerr concluded that smoking
interferes with the normal metabolism of tryptophan. Recently,
Brown,et al. (45) studied 15 adults under smoking and abstinence
conditions and found that except for the basal excretion of acetylky-
nurenine, tryptophan metabolite excretion did not change with
smoking or cessation. The authors also compared 13 nonsmokers
and 17 regular cigarette smokers under basal and tryptophan-

loaded conditions. No differences were observed in the excretion of
the measured tryptophan metabolites. However,dueto its instabil-
ity, OHA was not measured. The authors concluded that the rela-
tionship of smokingto urinary bladder cancer was probably not via
its effect on the kynurenine pathwayof tryptophan metabolism.
Another experimental approach to the relationship of smoking

and urinary bladdercancer is reflected in the work of Schlegel, et
al. (244, 245). The authors observed an elevated concentration of
certain ortho-aminophenols in the urine of bladder cancer patients
and cigarette smokers, when compared with nonsmokers (244).
Morerecently (245), the same group compared the chemilumines-
cence of the urines of smokers, nonsmokers, and bladder tumor
patients. They noted that nonsmokers showed the lowest level of
luminescence (which theyrelate to the presence of aromatic hydro-
carbons) and the bladder tumor patients the highest level. The
normal cigarette smokers’ level was found to be intermediate.
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2% TABLE 36.—Pancreatic cancer mortality ratios—prospective studies

(Actual number of deaths shown in parentheses)?

NS = Nonsmokers.SM = Smokers.

 

    

 

 

 

 

Author, Numberand Data Follow-up Number . Commentscountry, type of collection years of deaths Cigarettes Pipes, cigarsreference population

Best, Approximately Questionnaire 6 SM . 85 Current (cigarettes only) Pipes
1966, 78,000 male and follow-up NS ..... 1.00 NS ..1.00
Canada Canadian of death <10 . 1.40 (5) SM ..2.60 (6)(21). veterans. certificate. 10-20 . 1.96 (16) Cigars

>20 - 2.37 (7) NS ..1.00

SM ..2.63 (1)
Hammond440,558males Interviews by 4 262 NS... 1.00 (29) Maledata only.1966 562,671 females ACS SM +233 5M (age
ULS.A. 35-84 years volunteers, NS . 29 45-64) 2.69(158)
(118). of age in 25 SM (age

States. 65-79) 2.17 (75)
Kahn| US. male Questionnaire 8, 344. NS ..... 1.00 (88) Pipes tT Refers to current smokers(Dorn) veterans, andfollow-up SM .. 256 1-9 . O87 (8) NS ..1.00(88) of all types.1966 2,265,674 of death NS . 88 10-20 - 1.93 (65) SM ..0.74 (8)USA. person years. certificate. 21-39 - 2.18 (48) Cigars

(139).
>39 - 187 (7) NS ..1.00(88)
All ...., 1.84(125) SM_ . .1.52 (27)

Both

NS ..1.00(88)

SM_. .0.93(13)
Hirayama, 265,118 male Trained PHS 14 SM .14 =+NS ...., 1.00 lipco 01) ~~1967, and female nurse inter- SM 15.56 (1406 ‘
Japan adults 40 view and

(125). years of age follow-up of

andolder. deathcertificate.

Weir and 68,153 males Questionnaire 5-8 SM . 71 NS ..... 1.00 SM includes ex-smokers.Dunn, in various andfollow-up +10 .. 2,94 NS includes pipe and cigar1970, occupations of death +20 .. 2.45 smokers.U.S.A. in California. certificate. >30 . 1.44
(306).

All ..... 2.43
' Unless otherwise specified, disparities between the total number of

deaths and the sum of the individual smoking categories are due to the ex-phates nh tat



At present, no definite conclusions can be drawn concerning the
interrelationships of bladder cancer, abnormal tryptophan metab-
olism, and tobacco smoking. Further study is required in this and
the other areas of bladder cancer pathophysiology.

SUMMARYAND CONELUSIONS

1. Epidemiological studies have demonstrated an association of
cigarette smoking with cancer of the urinary bladder among men.
The association of tobacce usage and cancerof the kidneyis less
clear-cut.

2. Clinical and pathological studies have suggested that tobacco
smoking mayberelated to alterations in the metabolism of trypto-
phan and mayin this waycontribute to the development of urinary
tract cancer.

CANCER OF THE PANCREAS

Several prospective epidemiologic studies have suggested a rela-
tionship between cigarette smoking and cancer of the pancreas
(table 36), A retrospective study of 465 cases of pancreatic cancer
by Ishii, et al. (137) has shown a dose-related increased risk of
pancreatic cancer in association with smoking. Analysis of dietary
data revealed that the relative risk for pancreatic cancer from
smoking was considerably greater than from dietary factors.
No experimental studies relating to this question have been

reported.

SUMMARY AND CONCLUSIONS

Epidemiological studies have suggested an association between
cigarette smoking and cancer of the pancreas. The significance of
the relationship is not clear at this time.
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TABLE A3.—Outline of methods used in retrospective studies of smoking in relation to lung cancer
 Author,

year,
country,
reference

Sex of
cases

Number of persons and methodofselection
 

Cases Controls
Collection of data

 Miilier 1939,

Germany

(196).

M 86 lung cancer decedents 86 healthy men of the same age Cases: Questionnaire sent to relatives of de-
ceased.

Controls: Not stated.
 Schairer and

Schéniger,

1943,

Germany

(242),

M 93 cancer decedents autopsied

{average age 53.9).

270 men aged 53 and 54 Cases: Questionnaire sent to next of kin.

Controls: Questionnaire sent to 700.

 Potter and

Tully,

1945,

U.S.A.

(212).

43 male patients over 40 years of
age.

1,847 patients of same group with diagnoses

other than cancer.
Cases and controls interviewed in clinics.

 
Wassink,

1948,

Nether-

lands

(304).
 

M 134 male clinic patients with

lung cancer.

100 normal men of same age groups as cases. Cases: Interviewed in clinic.

Controls: Not stated.

 
Schrek et al.,

1950,

U.S.A.

(246).

82 male lung cancer cases among

5,003 patients recorded, 1941-

48,

522 miscellaneous tumors other than lung,

larynx, pharynx, or Hip.
Smoking habits recorded during routine hos-

pital interview.

 
Mills and

Porter,

1950,

U.S.A.

(186).

444 respiratory cancer decedents. 430 sample of residents matched by age in

Columbus, Ohio, from census tracts strati-

fied by degree of air pollution.

Cases: Relatives queried by mail question-

naire or personal visit.

Controls: House-to-house interviews.
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TABLE A3.—-Outline of methods used in retrospective studies of smoking in relation to lung cancer (cont.)

  

 

 

  

  

 

 

  

Author,
year, Sex of Number of persons and method of selection

country, cases
Collection of data

reference Cases Controls

Levin et al., M 236 cancer hospital patients with 481 patients in same hospital with nonma- Cases and Controls: Routine clinical history

1950, diagnosed lung cancer. lignant diagnoses. taken before diagnosis.

U.S.A.

(169).
-

_
i —

Wynder and M.-F 605 hospital and private lung 780 patients of several hospitals with diag- Nearly all data by personal interview; a few

Graham, cancer patients in many cities. noses other than lung cancer. cases by questionnaire; a few from inti-

1950,

mate acquaintances. Some interviews with

U.S.A.

knowledge or presumption of diagnosis,

(816).

some with none. 595 diagnosed by tissue

examination, nine by sputum, and one by

pleural fluid examination.

McConnell M-F 100 lung cancer patients, un- 200 inpatients of same hospitals, matched by Personal interviews by the authors of both

et al., 1952, selected, in 3 hospitals in Liv- age and sex, without cancer. cases and controls.

England, erpool area.

(180).

Doll and M-F 1,465 patients with lung cancer 1,465 patients in same hospitals, matched by Personal interviews of cases and controls by

Hill, in hospitals of several cities. sex and age group; some with cancer of almoners.

1952,
other sites, some without cancer.

Great

Britain

(78).

Sadowsky M 477 patients with lung cancer 615 patients in same hospitals with illnesses Personal questioning by trained interviewers.

et al., in hospitals in 4 states. other than cancer.

1953,

U.S.A.

(232).
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TABLE A3.—Outline of methods used in retrospective
 

   

 

studies of smoking in relation to lung cancer (cont.)
a

Collection of data

Mail questionnaire to estates of decedents.

 

  

 

  

Cases and controls questioned about smoking
habits when taking case histories. 351 di-
agnoses confirmed histologically; 494 diag-
noses confirmed by clinical, X-ray, and
operative data.

Personal interviews by staff members of co-
operating hospitals and clinics.

 

Cases and controls questioned by trained
interviewers, each matched pair by the
same person.

 

The 769 consecutive patients of case and
control groups were questioned by the
same trained interviewer. Control group
includes patients with oral and esophageal
cancer and bronchitis.
 

Author,
year, Sex of Number of persons and method of selectioncountry, cases

reference
Cases

Controls
Wynder and M 63 physicians reported in AMA 133 physicians of same group dying of can-Cornfield, Journal as dying of cancer of cer of certain other sites.1953, the lung.
U.S.A.

(314).

Koulumies, M--F 812 lung cancer patients diag- 300 male outpatients of same hospital over1953, nosed at one hospital. 40 years of age.Finland

(151),

Lickint, M-F 246 lung cancer patients in a 2,002 sample of persons without cancer liv-1953, numberof hospitals and clinics. ing in the same area and of the same sexGermany
and age range as cases.(170).

Breslow M-F 518 lung cancer patients in 11 518 patients admitted to same hospitals aboutet al., California hospitals. the same time, for conditions other than1954,
cancer or chest disease, matched for race,U.S.A.
sex, and age group.

(42).

Watson and M-F 801 patients at Memorial Hospi- 468 patients of same clinic during sameConte, tal with lung cancer. period with diagnoses other than lung1954,
cancer.

ULS.A.

(805).

Gsell, M 135 men with diagnosis of bron- 135 similar hospital patients with diagnoses1954, chial carcinoma. other than lung cancer, and of the sameSwitzerland
age.

(107).

 

Personal interviews, all by the same person.
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TaBlE A8.—Outline of methods used in retrospective studies of smoking in relation to lung cancer (eunt.)
 

  

 

 

 

 

 

 

Author,
year, Sex of Numberof persons and method of selection

country, cases - - Collection of data
reference Cases Controls

Randig, M-F 448 lung cancer patients in a 512 patients with other diagnoses, matched Controls were interviewed at about the same

1954, number of West Berlin hospi- for age. time as the cases, each case-control pair

Germany tals. by the same physician.
(218).

Wynderetal., F 105 patients with lung cancer in 1,304 patients at Memoria] Center with tu- Cases: Personal interview or questionnaire

1956, several New York City hospi- mors of sites other than respiratory or mailed to close relatives or friends.

U.S.A. tals. upper alimentary. Controls: Personal interview.

(311).

Segi et al., M-F 207 patients with lung cancer in 5,636 patients free of cancer in 420 local Cases and controls by personal interview
1957, 33 hospitals in all parts of health centers, selected to approximate using long questionnaire on occupational
Japan the country. the sex and age distributions of cases. and medical history and living habits.
(250),

Mills and M--F 578 residents of defined areas 3,310 population sample approximately pro- Cases: From death certificates, hospital rec-
Porter, dying of respiratory cancer. portional to cases as regards areas of resi- ords, and close relatives or friends.
1957, dence, and 10 years or more in the area, Controls: Personal home visits or telephone
U.S.A. calls, usually interviewing housewife.
(187).

Stocks, M-F 2,356 patients suffering from or 0,362 unselected patients of the same area Cases: Histories taken at the hospital from
1957, dying with lung cancer within admitted for conditions other than cancer. relatives by health visitors.
England certain areas. Controls: Personal interview in hospital.
(263).

Schwartz and M 602 patients with bronchopul- 1,204 patients (3 groups) in same hospitals Personal interviews in the hospital; cases
Denoix, monary cancer in hospitals. with other cancer, with nonmalignant ill- and controls at about the same time by
1957, ness, and accident cases, matched by age the same interviewer.
France group.

(247).
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TABLE A3.—Outline of methods used in retrospective studies of smoking in relationto lung cancer (cont.)
 Author,

year, Sex of
country, cases
reference

Numberof persons and method of selection
 

Cases Controls
Collection of data

 Haenszel and F

Shimkin,

1958,

U.S.A.

(113).

158 lung cancer patients avail-

able for interview in 29 hos-
pitals.

339 patients in same hospital and service at
same time, next older and next younger

than each case.

Personal interviews by resident, medical so-
cial worker, or clinic secretary.

 Lombard and M

Snegireff,

1959,

U.S.A.

(176).

500 men dying of lung cancer,

microscopically confirmed.
4,238 controls in 7 groups including volun-

teers, hospital and clinic patients, random

population sample, and house-to-house sur-

vey samples.

Personal interviews by trained workers.

 Pernu, M-F

1960,

Finland

(277).

1,606 respiratory cancer patients

in 4 hospitals and from cancer

registry.

1,773 cancer-free persons recruited by Parish

Sisters of 2 institutes in all parts of the
country.

Cases: From case histories or mailed ques-
tionnaires.

Controls: Questionnaires distributed by Par-
ish Sisters.

 

 
Haenszel M

etal.,

1962,

U.S.A.

(112).

2,191 sample of 10 percent of

white male lung cancer deaths

in the U.S.A. in 1958.

31,516 random sample from Current Popu-
lation Survey.

Cases: By mail from certifying physicians

and family informants.
Controls: Personal interview by census enu-

merators.

 Lancaster, M

1962,

Australia

(158).

238 hospital patients with lung
cancer.

476 in 2 groups, 1 with other cancer, 1 with

some other disease, matched by sex and
age.

Personal interviews of both cases and con-
trols in hospitals.

 Haenszel and F

Taeuber,

1964,

U.S.A.

(115).

749 sample of 10 percent of

white female lung cancer deaths

in the U.S.A. in 1958 and
1959.

34,339 random sample from Current Popula-

tion Survey used to estimate population
base.

Cases: Ry mail from certifying physicians
and family informants.

Controls: Personal interview by census enu-
merators.
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TABLE A3.—Outline of methods used in retrospective studies of smoking in relation to lung cancer (cont.)
 

 

 

Author,
year, Sex of Numberof persons and method of selection

country, cases Collection of data
reference Cases Controls

Wicken, M-F 954 patients with primary lung 954 age and sex-matched controls from same Interviews with relatives.

1966, cancer. locale and deceased from nonrespiratory

Northern diseases.

Treland

(308).

 

Gelfandetal., M

1968,
32 patients with bronchogenic

cancer.

32 age and sex-matched patients Hospitalization interviews.

 

 

Rhodesia

(98),

Hitosugi, M-F 185 patients with lung cancer 491 persons sex-matched from similar air- Cases: Hospital interviews.

1968, pollution regions. Controls: Interviews by trained public health

Japan nurses.
(126),

 

Bradshaw and M

Schonland,

1969,

South Africa
(Natal)

(41).

45 Zulu patients with lung can-

eer.

341 Zulu patients without lung cancer. Interviewed by trained African social worker.

 

Ormoset al., M-F

1969,

Hungary

(204).

118 patients with lung cancer. 3,089 control persons without data on health

history.
Cases: Data derived from case histories and

interviews with relatives.

Controls: Interviews with a random sample

of train passengers.

 

Wynder,et al., M-F

1970

U.S.A.

(324).

240 patients with Kreyberg Type

I lung cancer.

480 age and sex-matched patients Hospitalization interview.
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TABLE A4.—Group characteristics in retrospective studies on lung cancer and tobacco use

   

 

 

SM = Smokers. NS = Nonsmokers.—— _ _—_— _reeceMales
FemalesAuthor, Cases Controls

Cases Controls
year,a

Relative
_—— “————— Relative Comments

reference Percent Percent Percent Percent risk Percent Percent Percent Percent risk
non- heavy non- heavy ratio non- heavy non- heavy ratio

Number smokers smokers! Number smokers smokers! SM:NS?. Number smokers smokers! Number smokers smokers! SM:NS2

—
ee
Or

Miiller, 86 3.5 65.1 86 16.3 36.0 95.4 (4) (4) (4) (4) (4) (4) a
1939 (196).
— 7 eeoo

eee
Schairer and 93 3.2 31.2 270 15.9 9.3 55.7 (4) (4) (4) (4) (4) (4) ++. 16 female

Schéniger,

cases not
1943 (242).

analyzed.

Soeee

Se
Potter and 43 7.0 30.2 2,804 26.0 23.0 34,1 (4) () (4) (4) (4) (4) tae

Tully,

1945 (212).

 

—
a192A
G
B

Wassink, 134 4.8 54.8 100 19.2 19.2 4.7 {*) (4) (4) {4) (4) (4) -+. Percentages
1948 (204).

estimated

from chart.

STaBeEEE
Schrek et al., 82 14.6 18.3 522 23.9 9.2 1.8 (4) @) (4) (4) (4) (4) tee

1950 (246).
———_._ ~

—O
T

Mills and 444 7.2 ee 430 30.5 see 5.7 (4) (4) (4) a) (4) (*) see
Porter,

1950 (186),

Levin et al., 236 15.3 vee 481 21.7 wee 1.5 (*) (*) (4) (*) (*) (4) -+. Quantity

1950 (171).

smoked not

considered.

—
‘780.~«ABSSSC*Sdgtered

Wynder and 605 1.3 51.2 780 14.6 19.1 13.0 40 57.5 25.0 552 79.6 1.2 2.9
Graham,
1950 (816).
a
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SM = Smokers. NS = Nonsmokers.

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Males Females

Author, Cases Controls Cases Controls ;year, “ — Relative Relative Commentsreference Percent Pereent Percent Percent risk Percent Percent Percent Percent risknon- heavy non- heavy ratio non- heavy non- heavy ratioNumber smokers smokers! Number smokers smokers! SM:NS2 Number smokers smokers' Number smokers smokers! SM:NS?
McConnell 93 54 38.5 186 6.5 23.2 1.2 7 BT. 14 78.6 wee 2.8etal,

1952 (180).

Doll and Hill, 1,357 0.5 25.1 1,357 45 13.4 9.4 108 37.0 11.1 108 54.6 0.9 2.1 Percentage1952 (78).
“heavy”

smokers

understated.

Sadowsky 477 3k tee 615 13.2 3.9 (4) (4) (*) @) (*) (4) ... Gradientetal,
with amount1953 (232).
smoked.

Wynder and 63 41 67.6 133 20.6 29.3 36,1 (*) () (@) QO) (4) @)Cornfield,

1953 (814).

Koulumies R12 0.6 58.9 300 18.0 25.0 36.0 (4) (4) (4)1958 (152).

Lickint 224 1.8 35.8 1,000 16.0 4.8 310.4 22 64.0 4.5 1,002 90.4 0.1 5.3 _1953 (170).

Breslow et al., 493 3.7 TA. 518 10.8 42.7 3.2
1954 (42).

Watson and 265 1.9 71.7 287 9.7 51.6 35.6 36 58.3 2.8 181 82.0 11 3.3Conte,

1954 (305).

Gsell, 135 0.7 68.1 135 16.0 14.0 326.8 (*) @) (4) (@) Q) @)1954 (107).



TABLE A4,—Group characteristics in retrospective studies on lun
SM = Smokers. NS = Nonsmokers.

g cancer and tobacco use (cont.)

 

 

 

 

 

 

 

 

 

 

Males
Females

Author, Cases Controls Cases Controlsyear,
Relative

— Relative Comments
reference Percent Percent Percent Percent risk Percent Percent Percent Percent riskNum- non- heavy non- heavy ratio Num- non- heavy non- heavy ratiober smokers smokers! Number smokers smokers? SM: NS? ber smokers smokers! Number smokers smokers' SM:NS?

Randig, 415 1.2 34.2 381 6.8 17.9 35.1 33 51.5 3.0 131 70.3 0 2.21954 (218).

Wynder etal. (*) (4) (*) (4) (4) (4) 105 56.2 16.2 1,304 66.0 3.4 1.41956 (3112).

Segi et al., 166 2,124 oe
Quantities1957 (250).

smoked stated
as averages

only. Differences

are statistically
significant.

Mills and 484 8.4 26.0 1,588 27.6 5.3 42 94 83.0 4.3 1,722 73.3 0.5 0.6 Percent “heavy”Porter,

smokers under-1957

stated. Only(187),

506¢ survey

yesponse among
female cases.

Stocks, 2,101 1.9 28.2 5,960 8.7 22.3 49 255 57.6 17.2 3,402 68.6 10.7 1.61957 (262).

Schwartz and 602 1.0 58.2 1,204 9.5 36.2 10.4 (4) (4) () (4) (@) (4)Denoix,

1957 (247).

Haenszel and (*) @) (*) (‘) (4) (*) 158 51.9 14.6 339 69.6 8.2 2.5Shimkin,

1958 (113).
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TABLE A4.—Group characteristics in retrospective studies on lung cancer and tobacco use (cont.)

 

  

  

 

 

 

 

 

SM = Smokers. NS = Nonsmokers.

Males Females

Author, Cases Controls Cases Controls
year, oa Relative Relative Comments

reference Pereent Percent Percent Percent risk Percent Percent Percent Percent risk
Num- non- heavy non- heavy ratio non- heavy non- heavy ratio
ber smokers smokers' Number smokers smokers! SM:NS? Number smokers smokers! Number smokers smokers! SM:NS?

Lombard and 500 1.6 sae 4,238 11.0 tee U9 (4) (4) (@) {4) @) (4) ... Authors’

Snegireff, calculations for
1959 (176). heavy smoking

based onlifetime

numberof packs

of cigarettes.

Pernu, 1,477 6.6 34.5 713 37.2 20.8 8.4 129 $5.3 26.4 1,060 91.6 ; 0.7 1.9 Quantities

1960 (211). given only in

grams perday.

Haenszel 2,191 3.4 41.9 (*) 16.2 12.0 5.2 (4) (@) {*) (4) (4) (*4) .«» Population

et al., sample of

1962 (1122). 31,516 used as

base. Not a case-

control study.

Lancaster, 238 2.5 86.1 476 20.1 71.2 9.8 (4) @) () (*) «) )
1962 (158).

Haenszel and @) (4) (4) (*) (4) () see 749 60.9 11.5 (4) 67.3 2.5 1.3 Population

Taeuber, sample of

1964 (115). 34,339 used

as base. Not

a case-control!

study.
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TABLE A4.—Group characteristies in retrospective stuslies on lung cancer and tobacco use (cont.)

 

 

  

 

 

 

 

 

 

 

SM = Smokers. NS = Nonsmokers.

Males Females
Author, Cases Controls Cases Controlsyear,

Relative
Relative Commentsreference Percent Percent Percent Percent risk Percent Percent Percent Percent riskum- non- heavy non- heavy ratio non- heavy non- heavy ratiober smokers smokers! Number smokers smokerst SM:NS? Number smokers smokers! Number smokers smokerst SM:NS?

Wicken, 803 4.0 40.0 803 14.0 22.0 3.9 151 58.0 29.0 151 80.0 17.0 2.9 Heavy smokers—1966 (308).
greater than

23 a day.
Gelfand et al., 32 6.3 ves 32 63.0 ee 525.3 () (4) (4) () () (4)1968 (98).

Hitosugi, 124 5.6 67.8 1,889 13.2 55.0 2.6 61 54.1 6.6 2,352 80.5 2.9 2.3 Air pollution1968 (125).

found to have

no effect on

lung cancer

rates of non-

smokers. Heavy

smokers—great-

er than 15 a day.

Bradshaw and 45 0.0 wae 341 31.7 a tae (4) (4) @) (4) Q) (4)Schonland,

1969 (41).

Ormoset al., 94 15 58.5 1,811 42.9 38.9 9.3 24 95.8 0.0 1,278 81.7 9.7 0.2 Heavy smokers—1969 (204).

greater than

15 a day.

Wynderetal., 210 1.4 67.5 420 21.0 40.9 320.8 30 16.7 44.0 182 57.6 23.3 6.78 Heavy1970 (3384).
smokers~—

greater than

20a day.

1 For this table, heavy smokers are defined as those smoking 20 or more 3 Based upon fewer than 5 case nonsmokers.cigarettes per day, unless otherwise stated. * Does not apply.
= Computed according to method of Cornfield, J. (61).



TABLE A7.—Grouping of pulmonary carcinomas
 

Group I:

A. Epidermoid carcinoma.
B. Small cell anaplastic carcinoma (‘‘oat-cell”’ earcinoma).

Group H:

A. Adenocarcinoma.

B. Bronchiolo-alveolar cell carcinoma.

C. Carcinoid tumor.

D. Mucous gland tumor.

Extra (not included in I and II):

A. Large cell undifferentiated carcinoma.

B. Combined epidermoid und adenocarcinoma.

Unsuitable for diagnosis.

 

Source: Kreyberg, L. (1532).

334
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TABLE Al2.—Autopsy studies concerning the presence of radioactivity in the lungs of smokers

 

 

 

 

NS = Nonsmokers. SM = Smokers.

Author,
year, Number

country, of
Results

Commentsreference cases

Little et al.,
Po!” levels in various tisanes (pe/g tissue) Vertebral bodies, renal1964,

Peribronchia!
Bronchial cortex, spleen, andUNS.A. (178). lymph nodeg Lung (average) epithelium urinary bladder showedNS wool. 5 0.011 0.001-2 negligible no differences.SM oo... eae12 0.011 0.008 0.028-1.25

Hill, 1965,
Mean Po?levels in various tissues (pe/kg tissue) The authors found noULS.A. (128). Bronchial tree Alveolae Total lung Liver Kidney excessive concentrationsNS wo. eee e eee eee 6 3.1 3.4 3.2 14.8 15.0 at bronchial bifurca-SM ow. eee. 4 7.3 9.9 2.6 20.0 20.5 tions.

Little et al.,
Po’levels in various epithelial tissue regions of lung (ne/g)t The authors noted con-1965, Site:

siderable interpersonalUVS.A. (174). NS 2... eee eee 8 Mainstem bronchus ..........000 0.00 .. ccc eeeece cece cess <0.2- 1.7 variation but did find aSM...28 Lobar bronchus . 2.6.0... cece cee ee ss etee cece <0.2~ 1.0 trend relationship be-Basal segmental bronchus ...........0.000.. cece cece cues <0.2- 2.6 tween increased dailyUpper segmental bifurcation ............... see ee eee eces LOS 7.8 consumption and in-Lower segmental bifurcation .......... 0.00.0... ccc e eee <0.5-13.9 creased Po”? levels in
lung parenchyma. No

such relationship was

noted for age of indi-

vidual at death or for

total pack-years.

tSmokers only,
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TABLE Al2.—Autopsy studies concerning the presence of radioactivity in the lungs of smokers (cont.)
NS = Nonsmokers. SM = Smokers.

 

 

 
 

 

Author,
year, Number

country, of Results Comments
reference cases

Ferri and Mean Po” levels in various tissues (pe/g wet tissue)

Baratta, Lung Liver Kidney

1966, NS oe. eee 10 0.031 0.1038 0.080

U.S.A. (95). SM oo... cee ee aes 14 0.065 0.125 0.070

Rajewsky and Mean Po*levels in various tissues (pe/g) t Data not given. Smokers
Stahlhofen, Lung parenchyma Bronchial tree Bronchial bifurcation were considered those
1966, NS o.. eee eee t 0.0025 0.0020 0.0012 using more than 1 pack
Germany (217). SM . 12 0.0078 0.0077 0.0047 a day.

The authors noted that

their figures were con-

siderably smaller than

those of Little et al.

(178, 174) and also

disagreed with their

data on bifurcation.

Little and Mean Po*'? levels in various epithelial tissues (pc/g wet tissue)
Radford, SM . 25 Bronchial wall and submucosa
1967, Bronchial] epithelium:
U.S.A. (172). Pipe weve Z Trachea...6.cee cee ce eee tenet e ete te eeetnneens

Ex-cigarette ...... 1 Lobar bronchi ........0 00... cee ee ee eee

Never ..........05 8 Segmental bifurcation ...........02.. 0000008
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TABLE A13,—Experiments concerning the efects of the skin painting or
subcutaneous injection of cigarette smoke condensate or its constituents upon animals

 

 

 

 

 

Author, A. Method,
year, Animal B. Frequency and/

country, and or duration, Results Commentsreference strain C. Material

Wynder CAF, mice A. Painting shaved skin. Pereent animals with: t Numberin paren-et al., B. 3/week for 2 years. Treatment: Papillomast Cancert thesis represents1953, C. Whole cigarette smoke “Tar” alone wees 59.0(81) 44.0(81) total in thatU.S.A. condensate in acetone. “Tar’’ and croton oil 42.0(31) 9.7(31) experimental group.(317). Croton oil once/week. Acetone alone ............ 00000000. (30) (30) Skin-painting
Acetone and croton oil (14) (14) experiments prior

to 1953 are fully

detailed in tab-

ular form in this
article.

Passey 5 different A. Painting unshaven No malignant tumore noted in either group.
etal., mouse skin. Papilloma noted on one animal (in whole ‘tar’ group) which later regressed.
1955, strains B. 2/weekfor 9
England (101). months.

(209). C. Whole “tar” or

neutral fraction.

Orret al., Mice of 2 A. Painting skin.
Number animals with:1955, strains. B. 1 or 2/week for Treatment: Papillomas

England 18 months. Benzpyrene 1/week followed 4/30 at 18 months (separate group received only(205). C. 20 percent cigarette by ‘‘tar’’ 2/week. benzpyrene and showed no tumors).
“tar” in acetone, “Tar” alone ............00. 0/50 at 18 months.
0.3 percent

benzpyrene.

 



s
e
e

TaBLeE A18.—Experiments concerning the effects of the skin painting or

subcutaneous injection of cigarette smoke condensate or its constituents upon animals (cont.)

 

 

 

 

 

 

Author, Animal A. Method,
year, and B. Frequency and/

country, strain or duration, Results Comments
reference C. Material

Wynder Mice of 4 A. Painting shaved skin. Strain Papillomas Carcinomas No tumors noted with

etal., separate B. 3/week for 80 days. CBTIBL 2... eecee cee eee eens 10/89 2/89 acetone alone.

1955, strains. C. Whole condensate Swiss .... 00... ccc ce eee cee cee tetera 22/86 12/86 Stresses

U.S.A. in acetone. differences in

(318). susceptibility of

strain.

Hamer and Outbred A. Painting unshaved Treatment: Papillomaa

Woodhouse, albino skin. “Tar” 2/week ..... 0.0. ee ee 1/50

1956, strain B. Varied for 18 months. “Tar” and croton oil 1/week. ........ 2/30

U.S.A. mice. C. Whole “‘tar’’/acetone, B(a)P 3 times then “tar” 2/week ..... 4/30

(116). benzpyrene [B(a)P], Bla)P 3 times ........ 00. cee eee 0/30

croton oil.

Sugiura, Rockland A. Painting unshaved Papillomas Carcinomas

1956, Swiss skin. 16/44 12/44 (only 44/60

U.S.A. albino B. 3/week for 2 years. lived from

(266). mice (60). C. Whole “‘tar’’. 365-696 days).

Graham Albino New A. Painting shaved skin. Treatment: Papillomas Carcinomas The authors review

et al., Zealand B. 3/week for 6 years. Condensate ..........-.. 0.0002 ee eee 41/41 5/41 previous experiments

1957, rabbits. C. Whole condensate. Condensate and croton oil 1/week. 10/10 2/10 with rabbits in

U.S.A. Croton oi] and acetone 1/week. 0/3 0/3 tabular form.

(101). Acetone 1/week 2.0... ..... 000. e cee 0/7 0/7

Guerin and Mice A. Painting neck skin. Original number Survivors Papillomas Sarcomas ft Control group.

Cuzin, (Pasteur 3B. 2/week for >1 year. TCO.112 6eee eee eee 51 0/51 0/51 t+ Experimental group.

1957, strain.) C. Whole condensate. FE. 672 ooleee eee 220 10/220 5/220

U.S.A
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TABLE A13.—Experiments concerning the effects of the skin painting or

subcutaneous injection of cigarette smoke condensate or its constituents upon animals (cont.)
 

 

 

 

 

Author, Animal A. Method,
year, and B. Frequency and/

country, strain or duration, Results Comments

reference Cc. Material

Wynder Swiss mice A. Painting skin. Percent Percent

etal., B. Varied for 12 Treatment: Number papillomas carcinomas

1957, months. B/hweek oo... cece eee eee eee 50 12.0 8.0

U.S.A. C. Whole condensate B/week so. cee cece eee 50 38.0 16.0

(828). in acetone. Q/week oo. cc cece ete eee 40 10.0 3.0

U/week 26... eee eee 40 6.0

Wynder and CAF, or A. Painting shaved skin. Percent Percent Swiss mice noted

Wright, Swiss B. 8/weekfor lifespan. Treatment CAF: Number papillomas carcinomas to be more sus-

1957, mice. C. Whole ‘‘tar” or nicotine Whole ‘tar’ ........ 06... eee 30 53.0 27.0 ceptible.

U.S.A. free ‘‘tar”’ derived Nicotine free “tar” .......... 40 73.0 25.0 Majority of carcino-

($28). from pipe and Cigarette “tar” ...........00- 30 30.0 30.0 gens noted to be

cigarette tobacco. Pipe “tar? 0.0... cece eee 30 60.0 20.0 in neutral fraction
Treatment Swiss: of condensate.

Whole ‘tar’ .........-....00. 30 53.0 10.0

Nicotine free “tar” ........... 40 43.0 20.0

Cigarette “tar” .............. 30 63.0 33.0

Pipe “tar”? oo... cece eee eee 30 63.0 50.0

Gellhorn, Paris RII A. Painting shaved skin. Treatment: Papillomas Carcinomas

1958, mice B. Varied for 1-2 years. Benzpyrene (twice only) ............ 20/529 5/529

U.S.A. C. ‘Tar’ in acetone, Croton oi] (5/6 week) ..............4. 4/26 0/26

(99). pbenzpyrene, “Tar”? (5/6 week) .......... 0.20 cee 3/659 2/559

eroton oil. Acetone (5/6 week) ..............-. 0/30 0/30

“Tar” and croton oil (5/6 week) 10/175 0/175

Bock and Swiss A. Painting skin. Percent

Moore, female B. 5/week for lifespan. Group: Numberliving at 6 months Skin tumors at 64 weeks

1959, mice C. Whole condensate Painted wo... ccc cece cece eee 49 13.0

U.S.A. irradiation. Painted and irradiated ......... 65 44.0

(28). Irradiated ........ 00 ce cee eee 36
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subcutaneous injection of cigarette smoke condensate or its constituents upon animals (cont.)

TABLE A13.—-Hxperiments concerning the effects of the skin painting or

 

 

 

 

 

 

Author, Animal A. Method,
year, and B. Frequency and/

country, strain or duration, Results Comments
reference C. Material

Druckrey, Rats A. Subcutaneous Group: Sarcomas ¢ Control group.

1961, injection, tc. 1/75 t Experimental group.

Germany B. 1/week for 60 weeks. TE loeeeee ee 15/75
(78), €. Smoke condensatein

tricaprylin and

alcohol.

Bocketal., ICR Swiss A. Painting shavedskin. Surviving Pereent Percent Skin

1962, mice B. 10/week for 1 year. Treatment: at £8 weeks Skin cancer neoplasia

U.S.A, C. Cigarette “tar”. Standard cigarette 24/30 25.0 54.0

(31). Standard cigarette 21/30 5.0 57.0

Standardcigarette 18/30 33.0 44.0

Standard cigarette 13/30 23.0 62.0

Filter cigarette ..... 30/30 7.0 27.0

Filter cigarette 30/30 3.0 23.0

Acetone only 66/66

Control ...........202 0000200 65/65

Roe, Albino mice A. Painting shaved skin. Treatment: Survivors Percent skin tumors Author concluded
1962, B. 3/week for 84 weeks. “Tar” and 0.025 mg. B(a)P ..... 26 12.0 that cigarette
U.S.A. C. Whole smoke ‘‘tar” “Tar” and 0.06 mg. B(a)P ...... 15 27.0 smoke contains
(225). with added B(a)P “Tar” and 0.25 mg. B(a)P...... 15 13.0 cocarcinogens.

in acetone. “Tar” and 1.25mg.Bla)P ...... 14 64.0

B(a)P 1.25 mg. ........... 0.00.0. 14

Druckrey and Rats A. Subcutaneous Treatment (BP mg./weck): Sarcomas
Schildbach, injection. 30 .. 25/30
1963, BR. 1/week for 700 days. 10... 14/40
Germany C. Benzpyrene in 3... &/50
(82). tricaprylin. — (solv 2/75

   



TABLE A13.—Eaperiments concerning the effects of the skin painting orsubcutaneous injection of cigarette smoke condensate or its constituents upon animals (cont.)
 

 

 

   

   

 

Author, A. Method,
year, Animal B. Frequency and/country, and or duration,

Results
Comments

reference strain C. Material

Homburger CAF, mice A. Painting shaved skin. Com plei¢ Percent Percentetal. B. 2-3/week for 2 years. Condensate: autopsics Papillomas Carcinomas1963, C. Various tobaeco Pipe tobacco ................, 77 35.0 15.0U.S.A. condensates in Cigar tobacco ................ 84 27.5 15.0(181). acetone. Cigarette tobacco ............. 82 27.0 15.0
Benzpyrene .................. 54 10.0 20.0Acetone only ................. 62

Bock et al., Swiss ICR A. Painting clipped skin. Percent Percent1965, mice B. 10/week for 11 weeks. Percent concentration of tar surviving Percent cancer andU.S.A, C. Various smoke (type cigarette) : tl weeks cancer papilloma(29), condensates in 9.2 (standard) .............., 96.0 30.0 67.0acetone, 8.3 (standard) -. 93.0 27.0 67.0
7.9 (English standard) 90.0 24.0 58.0
8.7 (king) .........,.., tee 100.0 28.0 69.0
4.0 (filter) 22... 98.0 9.0 36.0
4.4 (filter) 22... 100.0 10.0 41.0
2.5 (filter) 22... el, 97.0 4.0 16.0
Acetone control .............. 94.0
Untreated control ..........., 100.0

  

 

Cumulative number of mice with + 7,12-dimethyl-

L
v
e

Van Duuren Swiss ICR/ A. Painting shaved skin.
etal, Ha mice B. Initiating agent once— Initiator Promoter Papillomaa Carcinomas benz (a) anthracene.1966, Promoter 3/week for DMBA ...Ether tobaccoleaf extract 4/20 0/20ULS.A. 12-14 months. (0Ether tobacco leaf extract . 0/20 0/20(296). C. DMBAT, tobacco DMBA .. Choloroform tubacco leaf extract ...... 1/20 0/20extracts ciga- OL...Choloroform tobaccoleaf extract 2.2... 0/20 0/20rette “tar”. DMBA ...Cigarette “tar” 11/20 4/20O ....... Cigarette “tar” 0/20 0/20O ....... Acetone 0/20 0/20
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TABLE A13.—Experiments concerning the effects of the skin painting or

subcutancous injection of cigarette smoke condensate or its constituents upon animals (cont.)

 

 

 

 

Author, A. Method
year, Animal B. Frequency and/

country, and or duration, Results Comments
reference strain C. Material

Munozetal., Swiss ICR/ A. Painting shaved skin. Dark tobacco “tar” At risk Tumors Carcinomas The authors noted

1968, 4a mice B. Varied. 4.0 percent ...........0.0 00005 81 50 17 a shortened latent

U.S.A. C. ‘'Tar” from dark 8.0 percent .........-......--- 71 46 16 period for dark

and (Colombian) and Light tobacco tar: tebacce.

Colombia light (U.S.A.) 4.0 percent ..............0-005 95 26 6

(197). tobaccos. 8.0 percent oe 938 54 20

Acetone . 0... ieee cece eens 91 0 0

Davies and Albino A. Painting shaved skin. Percent of carcinoma-bearing animals at 116 weeka The authors concluded

Day, mice B. Varied regimen. Treatment: (actual number of animals in parentheses) that the lack of

1969, C. Cigarette and 300 mg. 150 mg. 75mg. 37.5 mg. difference in re-

Great cigar condensate. Standard cigarette ........ 20.1(29) 13.2 (19) 0.7 (1) . sults from thefirst

Britain Cigar oo... cee eee oe 27.1(39) 11.1(16) 2.1(3) and third groups

(65). Cigar tobacco cigarette 18.9(10) . .. under treatment

suggests that the

increased tumori-

genicity of cigar

tobacco is due to

physical processing

factors.
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TABLE A14.—Experiments concerning the effect of cigarette smoke or its constituents on tissue and organ cultures

Author,
year,

country,
reference

Bouchard

and May,

1960,

France (85).

Awa etal.,

1961,

Japan (16).

Thayer and

Kensler,

1964,

U.S.A. (275).

Berwald and

Sachs,

1965,

Israel (20).

Tissue or
organ culture

Mouse lung.

Humanfetal lung.

KB mammalian

tumorcells.

SWR mice and

golden hamster

embryos.

ResultsMaterial/delivery

Increased number of mitotic abnormalities in the treated cultures; particularly inTobacco smoke condensate

perfusion for 24 hours the first 5-10 days after grafting.

and subsequent

grafting under renal

capsule of mice.

Paper smoke induced the most severe changes, consisting of cytoplasmic vacu-Direct exposure to

smoke from: olization and nuclear pyknosis. Also noted were a decrease in the mitotic index

a. Whole cigarettes. and an increase in abnormal divisions, more so with paper. smoke than with

b. Tobacco alone.

ec. Paper alone.

the other two.

Significant growth inhibition was shown in unfiltered smoke. Cytotoxic compo-Cigarette smoke

condensate applica- nents were noted in both the gas and particulate phases.

tion; filtered and

unfiltered

cigarettes.

Benzo(s) pyrene caused increased cell transformation as manifested by:Direct application of

benzo(a)pyrene a. Hereditary random growth pattern.

b. Progressive growth as tumors after subcutaneous injection into adults.(B(a)P].

ec. Ability to grow continuously in culture.

Application of Treated cultures revealed cellular metaplasia, basal cell hyperplasia, increased

mitotic rate, and increased H*-thymidine incorporation proportional to the con-

 
Crockeret al., Suckling rat

trachea in

organ culture.

B(a) P in acetone.

centration of material and duration of application.

Inhibition of cell growth.

 

1965,

ULS.A. (63).

Diamond,

1965,

U.S.A. (68).

Various con-

tinuous cell

strains

(mammalian).

Application of

B(a) Pin either

dimethylsulfoxide

(DMSO) or paraffin.
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TABLE Al4.—E'xperiments concerning the effect of cigarette smoke or its constituents on tissue and organ cultures (cont.)
 

Author,
year,

country,
reference

Tissue or
organ culture Material/delivery Results

 

Borenfreund et al,

1966,

U.S.A. (38).

Guimard,

1966,

France (110).

Lasnitzki,

1068,

England (160).

HamsterJung

tissue.

Chicken embryo

muscular

explants.

Mice neonatal

trachea.

Application of

B(a)Pin either

DMSOordimethyl-

formamide.

Application of

tobacco extract.

Application of a hy-

drocarbun-enriched

fraction of whole

smoke condensate.

a. Increased appearance of new small chromosomes and telocentric chromosomes.

b. Increased ability to grow in hamster cheek pouch and there become spindle-

cell sarcomas.

Increased mitotic activity and increased incidence of anomalous mitoses.

 

. Increased basal cell hyperplasia and pleomorphism of newly formed cells.

. Increased epithelial mitosis.o
n

 

 

 

Lasnitzki, Humanfetal lung Application of a hy- a. Cellular enlargement and promotion of growth of new bronchi.

1968, in organ culture. drocarbon-enriched b. Increased mitoses, bronchial epithelial hyperplasia, and squamous metaplasia.

England (161). fraction of whole c. Inhibition of stromal growth.

smuke condensate.

Chanet al., Mouse lung Application of a. Cellular disorganization.

1969, bud embryonic B(a)P in DMSO. b. Cellular pyknosis; nuclear shape and size irregularities.

U.S.A. (54). cultures. c. Increased epithelial mitotic rate and decreased mesenchymal mitotic rate in

those cultures exposed to B(a)P versus those exposed to pyrene or DMSO.

Leuchtenberger Mouse lung Exposure to fresh smoke:
and and kidney a. Unfiltered. a. Decreased RNA production, pyknosis, and death of cells.

Leuchtenberger, tissue and b. Activated b. Similar results, but changes were of minimal severity.

1969, organ cultures. charcoalfilter.

Switzerland (165), ec. Cigarette or

cigar tobacco,

c. Similar effects as group a., but less severe.
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TABLE Al4.—Experiments concerning the effect of cigarette smoke or its constituents on tissue and
  

  
  

Author,
year, Tissue or

country, organ culture Material/delivery
Resultsreference

Crocker, Various organ Application of Squamous metaplasia; frequent pleomorphic cells;1970, cultures: B(a)P in serum. (inhibited by Vitamin A).
U.S.A. (62). a. Whole suck-

ling hamster

tracheas.

b. Whole bron-

chia] tubes

from late

fetal dogs

and monkeys.

organ cultures (cont.)

dedifferentiation of epithelium
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cigarette smoke or its constituents into the tracheobronchial tree of animals

 

 

 

 

  

Author, A. Method
year, Animal B. Frequency and/

country, and or duration Results

reference strain ©. Material

Blacklock, CR white A. Injection into 3,4-benzpyrene: Number with tumors/number exposed

1957, rats. lung parenchyma a. 3 mg. in olive oil 5/6 sarcoma.

Great by thoracotomy. b. 3 mg. in olive oil with dead Tb bacilli 2/4 sarcoma, 4/8 squamouscell carcinoma.

Britain B. Once. c. 5.75 mg. in cholesterol pellet 1/8 squamouscell carcinoma.

124). C. 3,4-benzpyrene Cigarette “‘tar’’:

in olive oil, a. In olive oil 0/10.

with dead Tb b. In olive oil with dead Tb bacilli 1/8 sarcoma, 1/8 squamouscell carcinoma.

bacilli or in Controls:

cholesterol, a. 0.15 cc. olive oil 0/4.

cigarette “tar’’. b. 0.15 ce. olive oil with dead Tb bacilli 0/4

ec. Cholesterol pellets 0/4.

Della Porta Syrian golden A. Direct tracheal Number of

etal., hamsters. instilllation. hamsters with

1958, B. Weekly up to Survivors at 20 tracheobronchial

U.S.A. 45 weeks. weeks/original carcinomas

(67). C. 1 percent 7,12-dime- Material: Weeks number exposed at death

thylbenz(a)anthra- a. DMBA 50 pe-/week 45 10/20 2

cene (DMBA), b. “Tar” 200 pe-/week oe 32 11/21 —

cigarette “‘tar’’ c. DMBA 50 pe./week wena 12 9/20 —

concentrate. then “‘tar’’ 200.

pe-/ week ..........4- 30 — —

d. DMBA 100 ,2./week .... 17 7/20 4

e. DMBA 100 pe./week }

and “tar" 500 b 20 9/20 3

pe./week ves fesse sseee ef}

Rigdon, White Pekin A. Intratracheal No neoplastic changes noted in either the experimental or control groups.

1960, ducks. injection.

U.S.A. Controls: 99 B. Daily for 721 days.

(221). Experimental C. Tobaeco condensate

group: 52 in liquid petrolatum.
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TABLE Al5.—FExperiments concerning the effect of the instillation or implantation ofcigarette smoke or its constituents into the tracheobronchial tree of animals (cont.)

 

 

 

  

  

  

Author, A. Method
year, Animal B. Frequency and/

country, and or duration
Resultsreference strain C. Material

Blacklock, CB white rats. A. Inoculation at
Number Percent with1961, thoracotomy.
of rate malignant tumorsGreat B. Onceand sacrificed Controls oo... 0. eee eee ee cence ace ecuee 275 1.5 (1 carcinoma, 3 sarcomas).Britain at 1 week-2 years. Cigarette condensate . 72 11.1 (6 carcinomas, 2 sarcomas).(25). C. Cigarette tobacco Bucerin alone 0.2...eee ee cece 44 2.3 (1 sarcoma).smoke condensate

in eucerin.

Herroldand

=

Syrian golden A. Intratracheal Numberof Number with Numberof tracheo-Dunham, hamsters. inoculation. Material: hamsters tumors bronchial tumors1962, B. 0.5 cc./week for B(a) in Tween60 ... 6 3 5 (3 papillomas, 2 carcinomas).U.S.A. 5/6 months. B(a)P in Tween60! 6 3 9 (4 papillomas, 5 carcinomas).(122). C. Benzo(a) pyrene Tween60 6 0 _—
in Tween60 B(a)P in olive oil 6 0 —orolive oil, Olive oil ........... 6 0 —-

Rockey et al., Dogs. A. Bronchial inoculation
Squamous1962, or stimulation,

Pre- metaplasiaU.S.A. B. 3-5 times/week Number Invasive Carcinoma- cancerous with atypical inflam-(224). for up to 5 Procedure: of dogs carcinoma in sity changes changea mationyears. Controls ........ 27 — — 6 24C. Cigarette smoke Manipulation of
condensate. bronchus ..... 25 — — _ 9G 25Smoke condensate 130 1 3 25 98 128

Tipton and Mongrel dogs. A. Bronchial Rapid induction of squamous metaplasia in condensate-exposed animals. No tabularCrocker, Control group and inoculation. data is presented.
1964, experimental B. Daily for 8 days.
U.S.A. group—19. C. Cigarette smokc
(277). condensate.

   

 



TABLE A15.—Experiments concerning the effect of the instillation or implantation of

 

 

 

 

 

 

 

 

a

& cigarette smoke or its constituents into the tracheobronchial tree of animals (cont.)

Author, A. Method
year, Animal B. Frequency and/

country, and or duration Results
reference strain C. Material

Saffiotti et al, Syrian golden A. Intratracheal Percent tumor-

1966, hamsters. inoculation. Numberof bearing of Total Total number

U.S.A. B. Weekly for 15 weeks. Numberautopsied: tumor-bearing survivors at number of respiratory

(287). C. B(a)P (3 meg.) animals 15 weeks of tumors tract cancers

attached to fine Male ............... 15 100.0 24 18

hematite dust. Female 11 100.0 17 16

Kuschner, Hamsters. A. Wire meshpellet Numberof Number of

1968, implantation survivors/original animals with

ULS.A. into bronchus. Implant: number in group lung cancer

(157). B. Lifetime. Wire mesh only 34/35 —

C. Bla)P, MCA ............. 88/91 43

methyleholan- Bay P cece ec ce teen eee ee 89/91 57

threne (MCA).

Saffiotti et al., Syrian golden A. Intratracheal Number of

1968, hamsters. inoculation. hamsters with

U.S.A. B. Weekly for 15 Number autopsied respiratory

(235), weeks. Tnoculate: tract tumora

C. B(a)P attached Control Phebe este te a eres esse eeeuee 176 —_

to a fine B(a)Pin hematite 2.0.0.0... 0c cece eee eee ae 55 35

hematite dust. Hematite only 0.0... . ceeee 41 —_

Borisyuk, Wistarrats. A. Intratracheal Numberfinal/ Durationof

1969, intubation. initial inoculation
Russia B. Monthly up to Inoculate: (months)
(84). 10 months. Controls 2...eecect eee eens 11/20 12

C. Cigarette ‘tar’. Unfractionated ‘‘tar’’ 24/200 10

Denicotinized ‘‘tar’ ..... 9/45 8 (1/9 metaplasia)

Neutral ‘‘tar’’ fraction 14/100 8 (2/14 carcinomas,

This group also reccived one injection of urethane intraperitonealls

1/14 papillary adenoma).
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TABLE Al6.--E'xperiments concerning the effect of the inhalation of cigarette smoke
or its constituents upon the respiratory tract of animals

(Figures in parentheses represent total number survivors in specific group)

 

 

 

 

 

 

Author,
year, Animal A. Type of exposure

country, and B. Duration Results Commentsreference strain C. Material

Lorenz et al., Strain A mice: A. Chamber. E. No increase in tumor formation over that noted in controls. This strain of mice does
1943, TC. 97. B. Up to 693 hours. have a hereditary
U.S.A. (177). TE. OT. C. Cigarette smoke. tendency to tumor

formation.

tC. Control.

<E. Experimental.

Essenberg, Strain A mice: A. Chamber. Percent of lung tumors Noepidermoid cancer
1952, Cc. 32. B. 12 hours per day C. 59.4( 19) noted: papillary
U.S.A. (92). E. 36. for Ll year. E, 91.3(238) adenocarcinoma was

C. Cigarette smoke. most common.

Percentage difference

is significant at

p> 0.01 level,

Miihlbock, Hybrid (020 x A. Chamber. Percent with alveolar earcinomas Noother type of
1955, DBA) mice: B. 2 hours per day for C. 31.0 lung tumors were
Netherlands C. 32. up to 684 days. E. 79.0 found.
(195). E, 29. C. Cigarette smoke.

Leuchtenberger CF, albino mice: A. Chamber. 23 of the experimental mice showed:
et al., C. and E. 275. B. To & cigarettes 15 basal cell hyperplasia.
1958, per day from 14 atypical basal cell hyperplasia.
U.S.A. (166). 11-201 days. 7 dysplasia.

C. Cigarette smoke. 2 squamous cel] metaplasia.

Guerin, IC and Wistar A. Chamber. Percentage of rats with pulmonary tumors
1949, strain rats. B. 45 minutes C. 2.4 percent of 39 survivors.
France (108). Cc. 40. per day from E. 5.1 percent of 68 survivors.

E. 100. 2-6 months.

C. Cigarette smoke.
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TABLE Al6.--Experiments concerning the effect of the inhalation of cigarette smoke
or its constituents upon the respiratory tract of animals (cont.)
(Figures in parentheses represent total number survivors in specific group)

 

 

 

 

 

Author,
year, Animal A. Type of exposure

country, and B. Duration Results Comments
reference strain Cc. Material

Leuchtenberger Female CF, mice: A. Chamber. Number with

et. al., C. 243. B. 14-6 cigarettes severe bronchitis;

1960, E. 360. per day for 1 Exposure peribronchitis;

U.S.A. (167). monthto 2 years. Number Number of length atypical epithe-

C. Cigarette smoke. of mice cigarettes (months) lial proliferation

151 we. 25-1,526 1-23 30

150... 0 0 2

36 ...... 100- 200 1-3 7
36 wo... 250- 500 4-8 7
34 ......  600-1,600 9-23 8
51 100- 400 3-6 4
63 100- 400 3- 6 17

Leuchtenberger Female CF, mice: A. Chamber. Number Percent of mice Presence of tumors
et al., Cc. 166. B. 4-8 cigarettes of mice Exposure with pulmonary showed an age-
1960, E. 281. per day for examined (days) adenomatous tumors relationship
U.S.A. (168). 17-600 days. BL cece ee ee eee 0 56 independent of

C. Cigarette smoke. Ch 17- 99 41 smoking exposure.
85 eee ee ee eee 100-199 37

Bl wee eee ecco aes 200-600 66

Otto, 1963, Albino mice. A. Chamber. Number Exposure Number with
Germany Cc. 60. B. Approximately of mice None. lung tumore
(206). E. 189. 12 cigarettes per examined Varying 3 pulmonary adenomas.

day for varying Cc. 60 up to 24 21 pulmonary adenomas.
intervals. E. 189 months. 2 epithelial carcinomas.

C. Cigarette smoke.
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TABLE A1l6.—Experiments concerning the effect of the inhalation of cigarette smoke
or its constituents upon the respiratory tract of animals (cont.)
(Figures in parentheses represent total number survivors in specific group)

 

 

 

Author,
year, Animal A. Type of exposure

country, and B. Duration Results Commentsreference strain C. Material

Dontenwill and Golden hamsters, A. Chamber. Number of Daily METdes — desquama-Wiebecke, Cc. — B. Upto 4 cigarettes animale average Histologic tive metaplasia.
1966, E. 320 per day for up dead at exposure findings in MET bronch = bron-
Germany to 2 years. 540 days (cigarettea) dead animals chia! papillary
(77). C. Cigarette smoke. 40 tees 1 8/ 40 MET des metaplasia.

40) oe. aes eae 2 8/ 40 MET des PAPtrach = tracheal
80 1-2 44/ 80 MET des (3 MET papillomata or

bronch, 2 PAP trach) intense tracheal
148 1-4 67/143 MET des (13 MET metaplasia.

bronch, 8 PAP trach)

Leuchtenberger CF, mice. A. Chamber. Marked tEpithelial tissuesand B. Up to 1,000 hours. transgression of these animalsLeuchten- C. Cigarette smoke, Marked squamous Marked of lung showed an increasedberger 1966, exposure to in- cell metaplasia dysplasia parenchyma frequency of cellularSwitzerland fluenza virus (percent) (percent) (percent) atypism. The
(164). (PR8). Controls (100): authors concluded

Male — _ — that PR8 influenza
Female ..... — — — virus may act as a

Smoke exposed (59) : cofactor in malig-
Male —_ 6.0 3.0 nant transformation.
Female . —_ — _

Virus exposed (59):

Male 11.0 21.0 13.0

Female ..... _ — 5.0
Smoke and

virus exposed (68):

Male ....... 9.0 43.0 t18.0
Female ..... 29.0 54.0 $33.0
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or its constituents upon the respiratory tract of animals (cont.)

(Figures in parentheses represent total number survivors in specific group)

 

 

Author,
year, Animal A. Type of exposure

country, and B. Duration Results Comments

reference strain >. Material

Rockey and Mongrel dogs: ‘A. Tracheal fenestra- Squamous tCarcinoma in aitu

Speer, CG. 1. tion (10). Hyperplasia metapla- noted in 5 separate

1966, E. 19. Nostril inhala- with sia with Pre- Carci- sites in this

U.S.A. (228). tion (9). Inflam- atypical atypical cancerous noma animal.

BR. Tracheal fenestra- mation features features changes in situ

tion—284 treat- Controls (1!) . 9 1 1 0 0

ment days. Tracheal

Nostril inhalation— fenestra-

180 treatment tion (10)... 10 5 6 1 #1

days. Nostril in-

C. Cigarette smoke. halation (9) . 6 0 0 0 0

 
 

  

 

Auerbach Beagle dogs: A. Tracheostoma. Controls, experimental:

etal, C. 10 (2 with B. Up to 12 No histologic change in bronchial] epithelium:

1967, tracheostoma). cigarettes per @. 1 animal died at 24 days and no histologic change noted.

U.S.A, (10). E. 10. day for up b. 5 animals sacrificed at 421 days and nuclear atypism

to 421 days. noted in all.

C. Cigarette smoke. c. 2 animals died at 229 and 278 days and nuclear atypism

was noted but of lesser severity than in those sacrificed at

421 days.

Harris and C57BL mice: A. Chamber. Number of This strain of mice

Negroni, Cc. 200. RB. Smoke—12 ciga- Treatment Number lung carcinomas is noted forits

1967, E. 1,437. rettes per 20 Controls .. 00.0... . eee eee 200 0 lack of spontaneous

England mice for 12 Influenza aerosol alone ..... 682 15 lung tumorformation.

(i121). minutes every Benzpyrene aerosol Animals exposed to

other day for (4 exposures) .......040- 200 2 cigarette smoke

lifetime. Smoking 200 8 (all adeno- showed no hyper-

C. Cigarette smoke, carcinomas) plastic epithelial

influenza virus Influenza and benzpyrene 200 3 changes such as

aerosol, benz- Influenza and smoking ..... 155 3 those noted by

pyrene aerosol, Leuchtenberger.
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Author,
year,

country,
reference

Wynderet al.,

1968,
U.S.A. (327).

TABLE Al6.—Hxperiments concerning the effect of the inhalation of cigarette smoke
or its constituents upon the respiratory tract of animals (cont.)
(Figures in parentheses represent total number survivors in specific group)

Animal
and

strain

Male C57BL6

mice:

C. and K.—

more than 40.

A. Type of exposure
B. Duration
C. Material

A. Chamber.

B. Up to 315

cigarettes.

C. Cigarette smoke,

nitrogen dioxide,

volatile acids

and aldehydes

found in ciga-

rette smoke,

swine influenza

Conclusions: ¢

No squamouscell respiratory cancer noted. This is attributed

Results Comments

tResults not provided

in tabular form.
to the limitation of inhalation time (CO and nicotine acute
effects) and to the anatomically and physiologically intricate
nasal passage defense system.

Exposure to cigarette smoke, NO,, or volatile acide and alde-
hydes leads to reactive hyperplasia and metaplasia, both of
which were noted to be reversible.

Swine influenza virus exposure produced hyperplastic and
metaplastic effects which could not be enhanced by subse-
quent exposure to cigarette smoke.

 

 

 

virus.

Laskin et al., Rats: A. Chamber,
Squamouscell1970, C. 45. B. 1 hour per day Exposure Number carcinomagUAS.A. (159). E. 3. for up to Atmosphere controls 3 0/ 3

690 days. Atmosphere plus benzo(a) -
C. Benzo (a) pyrene pyrene exposure 21 2/21

aerosol, so, SO, controls 3 0/3
atmosphere so, plus benzo (a)-

(3.5 p.p.m.}. pyrene exposure ........ 21 5/21

Hammond Reagle dogs. See text See text.
et al.,

1970,

U.S.A. (119).
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TABLE A21.—Outline of retrospective studies of tobacco use and cancer of the larynx

 

Author,

 

 

year, Cases Controls

country, -
Collection of data

reference Sex Number Methodofselection Number Method of selection

Schreket al., M. 73 Referrals from V.A. hospitals in ‘‘entire 522 From same set of referrals, patients Random sample of 5,003

1950, midwest” to V.A. Cancer Center, Hines, with tumors other than lip, lung, lar- admissions; question-

U.S.A. (246). Illinois, during 1942-44; patients with

larynx-pharynx tumorsclinically or his-

tologically diagnosed:

  

ynx-pharynx:

 

naires from Hines re-

ferrals for 1942-44;

records invluded

 

 

 

Percent Percent smokinghistory.

Nonsmokers - 13.7 Nonsmokers ........-00 00005 23.9

Cigarettes . 79.5 Cigarettes 2... ... eset eee eeee 59.2

Cigars 3.7 Cigars

Pipes 6.8 Pipes

Valko, M-F 226 Clinic patients with cancer of the larynx: 108 Clinic patients of same age group with Medical history and ques-

1952, other diagnoses: tionnaire in clinic.

Czechoslovakia Percent Percent

(292). Nonsmokers .........-00+05- 1.5 Nonsmokers ........-.----+% 22.2

Cigarettes ........ sees 83.2

Cigars 2.2.2 ee ce eee -. 44

Pipes... cece eee eee 10.6

Sadowskyetal., M. 273 White male admissions to hospitals in 615 From same set of admissions, patients Sample of 2,605 out of

1953, New York City, Missouri, New Orleans, with illnesses other than cancer: 2,847 interviews (in-

U.S.A. (282). Chicago; patients with diagnosed laryn- cluding smokinghis-

geal tumors, 1938-43:

Percent

Nonsmokers .......-+-+-eeee+ 4.0

Cigarettes only ............-. 60.1

Cigarsonly ............2005. 2.2

Pipe only

 

Some combination

 

Percent

Nonsmokers ........-+ ... 13.2

Cigarettes only §3.3

Cigars only . . 3.4

Pipe only .......... seeee TH

Some combination .......... 28.1

tory) by trained lay

interviewers.
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TABLE A21.—QOutline of retrospective studies of tobacco use and cancer of the larynx (cont.)

 

 

 

   

 

 

   

 

 

  

Author,
year, Cases Controlscountry,

Collection of datareference Sex Number Methodof selection Number Methodofselection
Blimlein, M. 241 Clinic patients with cancer of larynx: 200 Patients with no laryngeal disease: Personal history taken in1955,

Percent Percent clinic. Patients andGermany Nonsmokers 0.8 Nonsmokers ...... . 18.0 controls over 40 years(26). Heavy smokers -- 19.3 Heavy smokers : .» 4.3 of age.Inhalers - 95.0 Inhalers .................... 17.0
Wynderet al., M. 209 White male inpatients Memorial Cancer 209 Patients with other than epidermoid Trained lay interviewers.1956, Research Center during 1952 to 1954, cancer, individually matched controlsULS.A. (912). with benign or malignant epidermoid in same institutions:

tumors of larynx:

Percent Percent
Nonsmokers ..............., 0.5 Nonsmokers ................ 10.5
Cigarettes

Cigarettes 73.7
Cigars Cigars ........ 10.1
Pipes ............ Pipes ......,.. 3.8
Cigars/pipes Cigars/pipes ........... 1.9

Wynderetal., M. 132 Laryngeal cancer patients at Tata Mem- 132 Controls individually matched ag for Interviews for smoking1956, orial Hospital, 1952-54: U.S.A. data above: and medicalhistories,India (S12).
Percent Percent

Nonsmokers ................ 13.6 Nonsmokers ................ 30.3
Bidis 22... 0. eee ee 78.8 Bidis ..0. 0... eee eee 62.1
Cigarettes ..0.........0...., 5.3 Cigarettes vee eee eee 4B
Hookah ................0.0.., 1.5 Hookah .................... 0.8
Chilum ..................4.. 0.8 Chilum oo... 2.3

Schwartz et al., M. 121 Patients hospitalized from 1954 through 242 Same time and sources; patients hospital- Cases and controls indi-1957, 1956 with laryngeal cancer, in Paris ized for non-cancerous conditions or vidually matched withinFrance (248). and other large cities: trauma: institutions; each mem-
Percent Percent ber of a set questionedSmokers ................00.. 96 Smokers (p<0.05) 6.00.00... 84 by the same trained layInhalers .................,.0, 58 Inhalers (p<0.05) 47 interviewer.

Roll their own cigarettes .... 44 Roll their own cigarettes .... 31]
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TABLE A21.—-Outline of retrospective studies of tobacce use and cancerof the larynx (cont.)
 

Author,

 

 

  

 

 

 

year, Cases Controls

eountry,
Collection of data

reference Sex Number Method ofselection Number Methodof selection

Wynderetal., M. 60 Patients at Radiumhemmet with squam- 271 Patients from same source and time, By trained lay inter-

1957, ous-cell cancer of larynx, from 1952 with cancer other than squamous-cell viewers in hospital.

Sweden (322). through 1955: of larynx:

Percent Percent

Nonsmokers ......: ++ ee reeee 5 Nonsmokers ........+.+ 0005 24

Cigarettes... 0. eee eee eee AT Cigarettes eee 36

Cigars 2.0.2... 2 cece ee eee eee FT Cigars... 6. cece eee eee 9

Pipes ....... 15 Pipes oo. cece ee eee eee eee 16

Mixed 17 Mixed 13

Wynderet al., M. 142 Clinic patients in Havana during 1956-57, 220 Same source and time; apparently pa- Interview of patients

1958, F. 32 with histologically diagnosed epider- 214 tients with cancers other than larynx, in clinic.

Cuba (825). moid cancer of larynx. lung, or oral cavity, matched for age:

Percent Percent

Male Female Male Female

Nonsmokers ......... 1 13 Nonsmokers .......- 16 66

Cigarettes ........... 62 72 Cigarettes 45 27

Cigars ............006 20 6 Cigars 22 6

Pipes .......-.....0.- 1 ae Pipes ....... 1

Mixed .......-.-...+. 16 9 Mixed ............0. 16

Dutta-Choudhuri M-F 582 Patients in Calcutta cancer hospital dur- 288 Not specified Tobacco histories ob-

et al., ing 1950-54, with laryngeal tumor diag- tained during 1951-54,

1959, nosed and confirmed by biopsy or smear: apparently by inter-

India (86). Percent Percent viewer.

Nonusers ........2. 0-0-0005 14.1 Nonusers .... 22. ccc ecco 41.7

Cigarettes or bidi ........... 77.8 Cigarettes or bidi ........... 52.1

Chew 0... eee e eee eee 3.1 Chew 3.8

Both oo. cc eee eee cee eee 5.0 Both 2.4

 

 



L
G
E

TABLE A21.—Outline of retrospective studies of tobacco use and cancer of the larynx (cont.)
 

 

 

  

 

 

 

 

Author,
year, Cases Controlscountry,

Collection of datareference Sex Number Method ofselection Number Method of selection
Staszewski, M. 207 Patients admitted to chronic disease hos- 912 Patients admitted during 1957 and 1958 Author interviewed pa-1960, F 13 pital during 1957 and 1958 with histo- 1,813 to ehronic disease center for cancer- tients suspected of lungPoland (259). logically confirmed squamous-cell car- ous and noncancerous conditions pre- cancerfor smoking

cinoma of the larynx: sumably not related to tobacco con- history and background.
sumption:

Percent Percent
Nonsmokers ................ 0.5 Nonsmokers ................ 17.3
Cigarettes only . 87.9 Cigarettes only ............, 60.5
Pipes and/or cigars .......... 1.9 Pipes and/or cigars . 11.1
“Heavy smokers” . 88.4 “Heavy smokers” ........... 49.0
Inhalers ..0... 2... eee, 96.1 Inhalers ..... 0.0... cee es 66.8
Female smokers ............. 30.8 Female smokers ............ 8.4

Rozenbilds, M. 191 Patients admitted to 3 major hospitals Nocontrols. Patientinterviews.1967, F, 21 with cancer of larynx and hypopharynx:
Australia Percent
(229). Nonsmokers ................. 8

Smokers .............02.00.08 92

Heavy smokers .............. 30

Terraco]et al., M. 961 Private service and clinic patients of ENT Nocontrols. Patient interviews.
1967, hospital:

France Percent
(274). Nonsmokers 12.1

Smokers .....0.......000000, 87.9

Svoboda, M. 205 Patients admitted to a regional hospital 320 Male controls Cases: patient interviews.1968, F. 10 over a period of 6 years all confirmed
Controls: not stated.Czechoslovakia histologically:

Percent
(271). Percent Nonsmokers ..............0. 22.0

Nonsmokers ................ 2.93 Cigarettes (approximately) . 71.0
Cigarettes ....... 0.00. cae 94.63 Pipes (approximately) ...... 7.0
Pipes ...... cee eee e ee eee 2.44

 



TABLE A22.—Summary of results of retrospective studies of

tobacco use and cancer of the larynx
(Figures in parentheses represent ratios based on less than 5 case nonsmokers.}

 

Relative risk ratio} ali

 

  

Investigator reference smokers to nonsmokers

Schrek et al., U.S.A. (246) 00eeet eee tet nees 2.0

Valko, Czechoslavakia (292) ........, Veen eee eee ene erences 3.5

Sadowsky etal., U.S.A. (282) oooteeee eens 3.7

Blimlein, Germany (26) ........... 27.5

Wynderet al., U.S.A. (372) 23.6

Wynderet al., India (312) bees beeen ee tees 3.1

Schwartz et al., France (248) 00.eeett eee eae 4.6

Wynderet al., Sweden ($22) 0.ceee e eee 6.0

Wynder et al., Cuba (325) 0...ccee ee ee eee eee nee (18.9) (males only)

Dutta-Choudhuri et al., India (86) 00...eeree 4.3

Stazewski, Poland (259) 0.00... cccetree eens (40.0) (males only}

Svoboda, Czechoslavakia (271) 2.00... ceece ee ee eee 8.3

 

1 Computed according to method of Cornfield, J. (67).

358
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TABLE A23.—Number and percent distribution by relative frequency of atypical nuclei
among true vocal cord cells, of men classified by smoking category

(100 percent atypical cells defined as carcinoma)

Current cigarette smokers

 

 

 

 

 

Percent Never smoked Ex-cigarette Cigar/pipe Less than 1 1-2 packs 2 or moreatypical nuclei regularly smokers smokers pack a day a day packs a day

Num-

—

Per- Num- Per- Num-_ Per- Num- Per- Num-  Per- Num-  Per-
ber cent ber cent "ber cent ber cent ber cent ber cent

Total oo.eee eee 88 100.0 116 100.0 94 100.0 125 100.0 329 100.0 190 100.0

None oo... 0. ccc ccc eee eee eens 66 75.0 86 TA 1 1.1 1 8 0 _ 0 _
Less than 50 8 9.1 14 12.1 4 43 25 20.0 4 1.2 0 _
50-59 10 11.4 13 11.2 50. 53.0 54 43.2 87 26.4 29 15.360-69 4 4.5 1 9 23 24.5 21 16.8 116 35.3 16 39.470-79 0 _ 2 1.7 9 9.6 9 7.2 44 13.4 38 20.080-89 0 _ 0 —_ 2 2.1 2 1.6 19 5.8 11 5.890-99 0 _ 0 _ 1 11 0 — 5 1.5 0 _100:

Carcinoma in situ ..........000. 0 — 0 — 3 3.2 13 16.4 52 15.8 35 18.4Invasive carcinoma ............ 0 - 0 ~ 1 1.1 0 — 2 6 2 11

 Source: Auerbach, O. et al. (9).
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TABLE A24.—-Number and percent distribution, by highest number of cell rows in the

basal layer of the true vocal cord, of men classified by smoking category
 

Current cigarette smokers
 

 

 

 

Number of Never smoked Ex-cigarette Cigar/pipe Less than 1 1-2 packs 2 or more

cell rows regularly smokers smokers pack a day a day packs a day

Num- Per- Num- Per- Num- Per- Num-  Per- Num-_ Per- Num- Per-

ber cent ber cent ber cent ber cent ber cent ber cent

i0)0 88 100.0 116 100.0 94 100.0 125 100.0 329 100.0 190 100.0

Less than 5 cell rows ......0----0-5 30 34.1 7 6.0 4 4.3 3 2.4 1 0.3 0 a

BecellrowS 0.2... cee eee ee eee eee 29 33.0 27 23.3 20 21.8 27 21.6 38 11.6 20 10.5

6 cell OWS . 2.0... ee cee ee eee 8 9.1 15 12.9 15 6.0 25 20.0 51 15.4 24 12.6

Teel] rows 00... .e cece eee eee ry 6 6.8 12 10.3 18 19.1 12 9.6 38 11.6 19 10.0

Beell rows .... 6. eee eee eee 8 9.1 14 12.3 9 9.6 13 10.4 30 9.1 23 12.1

9 cell rOWS 2... ce eee ee eee eee 1 11 7 6.0 q 7.4 6 4.8 26 1.9 14 TA

10 or more cell rows .....-.-..2-0 0505 6 6.8 34 29.4 2t 22.3 39 31.2 145 44.1 90 AT.4

 

Source: Auerbach, O. et al. (9).
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TABLE A28.—Outline of retrospective studies

Author,

of tobacco use and cancer of the oral cavity
(Data obtained from patient interview and other sources)

  

  

  

 

 

year, Cases Controlscountry, ~
Commentsreference Sex Number Method ofselection Number Methodof selection

Borders, M. 526 Series of clinic patients with epithelioma 500 Series of clinic patients without epithe-1920, F. W of the lip: lioma of the lip:ULS.A. (43).
Percent PercentTobacco users 80.5 Tobacco users .............. 78.6Smokers Smokers

Cigarettes Cigarettes
Chewers Chewers ....
Pipes ..........., Pipes
Cigars... 2... ee eevee Cigars .......... :

Ebenius, M. 439 Clinic patients with cancer of the lip: 300 Not defined. t Estimate of prevalence1943, F. 33
of use,Sweden (87).

Percent
Percent

Male Female Male Female
Tobacco users - 19.7 —_— Tobacco users . 68.7 —_—
Tobacco users Tobacco users ........ — 1-2

(all pipes) oo 57.6 Pipes .......00..0.... 22.9
Pipes tee eeeeee 61.8 — Chew or use snuff ..... 60.7 —
Chew or use snuff .... 47.4 — Cigars and cigarettes .. 32.5 —_—
Cigars and cigarettes .. 12.9 —_

Levin et al., M. 143 Cancer Institute patients with cancer of 51 Cancer Institute patients with non-can-1950, the lip: cer diseases of same site:U.S.A. (169). Percent Percent
Smokers 2.0.0.0 ....00.0.000, 84.5 Smokers ...........0.0...., 74.0
Cigarettes 2.0.00... 0... ca 45.3 Cigarettes .........00.0...0.. 43.0
Pipes ....... 0.00 cece eee eee 48.1 Pipes ....... 0.0.0... ce eae 30.7
Cigars 2.0.0.0... eee 26.5 Cigars oo... eee eee 34.9
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TABLE A28.—Outline of retrospective studies of tobacco use and cancer of the oral cavity (cont.)
(Data obtained from patient interview and other sources)
 

 

 

 

 

 

 

Author,
year, Cases Controls

country, Comments
reference Sex Number Methodof selection Number Methodof selection

Mills and Porter, M. 124 Deaths from cancer of oral cavity in Cin- 145 Sample of population of Columbus, Ohio,

1950, cinnati and Detroit, 1940-45 and 1942- in same proportion of color, sex, and

U.S.A. (186). 46 respectively: age as in cases:

Percent Percent

Cigarettes only ...........-.. 35.5 Cigarettes only ............. 32.4

Pipes, cigars, or Pipes, cigars, or

combinations - 54.8 combinations - 29.7

Mooreet al., M. 112 Patients over 50 years old since 1951 with 38 Patients of same age groups with be-

1953, cancer of oral cavity: nign oral lesions or benign surgical

U.S.A. (198). conditions:

Percent Percent

Chewers oo... ccc cece ee eee 58.0 Chewers ...... eee eee cece 31.6

Pipes... cece ee eee 42.0 Pipes .. 0... eee cee eee eee 47.4

Cigars and cigarettes seeeee 88.4 Cigars and cigarettes . 52.6

Sadowskyet al., M. 1,136 Hospital patients with lip, oral, and phar- 615 Patients with illness other than cancer:

1953, yngeal cancer, 1938-43: Percent

U.S.A. (282). Percent Cigarettes only . 63.3

Cigarettes only 42.3 Cigars only ..............05. 3.4

Cigarsonly  .... 02... cee eee 4.0 Pipes only .............0.002 7.0

Pipesonly .........-.0 ee eee 17.8 Mixed ....... 0.00 ccc ce eee ee 23.1

Mixed 2... . cece cece ee eee eee 28.2

Sanghviet al., M. 657 Hospital patients with cancer of oral cavi- 288 Hospital patients with diseases other Smokingis of bidis among

1955, F. 81 ty and pharynx: 112 than cancer: both cases and controls.

India (2417). Percent Pereent

Male Female Male Female

Smoke andchew..... 38.8 3.7 Smoke and chew . 24.0 —_

Smoke only .......... 46.7 6.2 Smoke only .......... 50.0 6.3

Chew only ........... 11.7 64.2 Chew only ............ 8.7 23.2

Neither .............. 2.7 25.9 Neither 17.3 70.5
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TABLE A28.—Outline of retrospective studies of tobacco use and cancer of the oral cavity (cont.)
(Data obtained from patient interview and other sources)

 

 

 

 

 

   

 

  

Author,
year, Cases Controlscountry, -

-— Commentsreference Sex Number Method of selection Number Methodofselection

Ledermann, M. 240 Patients with cancer of oral cavity and 62 Patients with cancer of skin, bone, and Differences between cases1955, pharynx: muscle: and controls for bothFrance (162). Percent Percent high and low alcohol in-
Nonsmokers ............ 4.6 Nonsmokers ................ 17.2 take are insignificant
>>20 cigarettes per day ....... 23.4 >20 cigarettes per day . 18.6 when smoking is con-

trolled.

Wynderet al., M. 543 Patients with cancer of ora) cavity: 207 Patients with cancer of other sites and
1957, F. 116 232 benign diseases:
U.S.A. (818). Percent Percent

Male Female Male Female
Nonsmokers 3 47 Nonsmokers 10 70
Cigars ............... 20 — Cigars 13 _
Pipes .............6.. 1t — Pipes 6 —
Mixed ............... 8 — Mixed 8 _
Chew ................ 17 — Chew ...... 8 _
Cigarettes 57 53 Cigarettes 63 30

>35 cigarettes >35 cigarettes

per day : 29 _— per day : 17 —

>16 cigarettes >16 cigarettes
perday ............ —_ 34 per day 11

Schwartz et al., M. 3382 Hospital patients with cancer of oral cav- 608 Hospital patients with non-cancer  ill-
1957, ity and pharynx: ness and accident cases, matched by
France (248).

age:

Percent Percent
Nonsmokers 16.4 Nonsmokers .............4.. 23.4
Cigarettes only . 62.7 Cigarettes only . 58.2

weet eee eres esssuae 3.3 Pipes only .................. 3.0Pipes only
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(Data obtained from patient interview and other sources)

 

Author,

 

 

 

 

 

 

year, Cases Controls

country, - - Comments

reference Sex Number Methodofselection Number Method of selection

Wynderet al., M. 178 Hospital clinic patients with cancer of 220 Patients in same clinics with non-malig-

1957, : F. 34 oral cavity and pharynx: . 214 nant conditions, matched by sex and

Cuba (825). age:

Percent Percent

Male Female Male Female

Nonsmokers ........- 4 24 Nonsmokers ......-..- 16 66

Cigarettes Cigarettes

predominantly ..... 45 62 predominantly ...... 45 27

Cigars predominantly . 33 12 Cigars predominantly . 22 6

Wynderetal., M. 115 Male patients with cancer of oral cavity 115 Male patients in same hospital with can- Alcohol data significant

1957, and pharynx: cer of sites other than oral, pharynx, only for hypopharynx.

Sweden (822). larynx, lung, esophagus, breast:

Percent Pércent

Cigarettes Cigarettes 2.0.0... ce eee eee 36

Cigars Cigars 2... ee ec ee eee 9

Pipes Pipes 2... cece e eee ences 16

Mixed Mixed 0.0... ccc cece eee cee ee 13

Peacock et al., M. 25 Hospital patients with oral cancer: 74 Patients in same hospital without oral

1960, F. 20 72 cancer and 117 male and 100 female

U.S.A. (210). out-patients, randomly selected.

Percent $2.6 percent of first group, and 43.3 per-

Chewedor used snuff over 20 eent of second group chewed or used

years (all patients) ........ 55.6 snuff over 20 years.

Staszewski, M. 383 Male patients with oral cancer: 912 Male patients with other cancerous and

1960, Percent non-cancerous conditions:

Poland (259). Nonsmokers ........-.00006- 5.7 Percent

“Heavy” smoking index 72.8 Nonsmokers ........+.000005 17.3

Cigarettes only 92.3 “Heavy” smoking index ..... 49.0

Pipes and/or cigars .......... 12.8 Cigarettes only ......0..065. 60.5

Pipes and/orcigars ........- 11.1
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TABLE A28.—Outline of retrospective studies of tobacco use and cancerof the oral cavity (cont.)
(Data cbtained from patient interview and other sources)

 

 

 

 

Author,
year, Cases Controlscountry,

a Commentsreference Sex Number Methodofselection Number Methodofselection
Vogler et al., M. 188 Clinic patients with cancer of lip and oral 521 Patients of same clinic with other can- t Due to varying tabular1962, F. 92 eavity: 1,064 cer or non-malignant conditions: treatment of data, per-ULS.A. (298). Percent centages of tobacco

Male Female users are not all based
Chewers ............. $32.9 — Percent on the same numberof
Excessive chewers .... 22.9 — Male Female cases.
Snuff dippers ........0 — 72.0 Snuff dippers ......... tee t6.1
Excessive snuff

dippers ............ _— 41.3
Tobacco users ........ 90.0 90.0 Tobacco users ........ 56.0 56.0

Vincent and M. 66 Successive patients with lesions of buccal 100 Successive patients attending gastroin- Male patients used con-Marchetta, F. 16 eavity and oropharynx: 50 testinal clinic, age-matched: siderably more alcohol1963, Percent than male controls.ULS.A. (297). Oral Oro- Data refers to all forms
Males: Cavity pharynx Percent of smoking expressed

Nonsmokers ......... 3.0 — 27.0 as cigarette equivalents.
<20 cigarettes

Cigarette equivalents:
perday ............ 18.8 15.1 24.0 l cigar = 5 cigarettes

>20 cigarettes
lpipe = 2 cigarettes

perday ............ 78.7 84.9 49.0 t BN=Betel nut.
Females:

Nonsmokers ......... 55.5 28.6 82.0
<20 cigarettes

perday ............0— -— 8.0
>20 cigarettes

perday ............ 44.5 W104 10.0
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TaBLE A28.—Outline of retrospective studies of tobacco use and cancer of the oral cavity (cont.)

(Data obtained from patient interview and other sources)

 

 

 

 

 

Author,
year, Cases

Controls

country,

Comments

reference Sex Number Methodof selection Number Method of selection

Shanta and M. 552 Patients with oral and pharyngeal cancer 300 Controls residing in

Krishnamurthi, =F. 206 (unsure of confirmation) : 100 game area matched

1964,
Percent for age, sex, and

India (256).
Buccal Anterior Posterior class:

Males: Lip mucosa tongue tongue Pharynz Males

No tobacco habit ....- _— 2.0 1.2 2.0 5.3 39.1

Smokers ......--+-- 50.0 45.7 66.6 75.0 12.8 52.7

Numberof cases (12) (293) (69) (48) (180) (300)

Females:
Femalea

No tobacco habit .... 14.3 11.0 33.3 —_ 40.0 88.8

Smokers ......----- _ 4.7 5.5 _ 8.8 _

Number of cases .... (7) (152) (18) (4) (25) (100)

Wahietal., M. 589 Patients with oral and pharyngeal car- 589 Patients matched for age, sex, religion,

1965, F. 232 cinoma:
232 and social class.

India (802).
Percent Percent

Nonsmokers ....+ +--+ -- ee 0e+ 9.62 66.5

Smokers ....---. cess eer renee 17.05 21.2

Chewers (Betel nut) ....----+ 35.44 5.9

Both ....... 0 cc eee cee eee eens 37.88 6.4

Hirayama, M. 369 Patients with oral and pharyngeal carci- 277 Patients with other (unspecified) dis- Found only a suggestive

1966, F. 176 noma:
163 eases: association between

Central and
Percent Percent alcohol-drinking and

South East
Male Female Male Female ora) cancer in non-

Asia (124). Nonusers ....--2-0005 1.6 2.5 17.0 33.0 chewers only.

Smokers .....-..---+5 17.1 2.6 23.8 1.2 + BN-Betel nut.

Smokers, TBN and

tobacco chewers . 46.7 6.6 24.9 1.8
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TABLE A28.—Outline of retrospective studies of tobacco use and cancer of the oral cavity (cont.)(Data obtained from patient interview and other sources)

 

 

 

 

 

Author,
year, Cazes

Controlscountry,

Comments
reference Sex Number Methodofselection Number Method of selection

Keller, M. 408 Patients with squamous cell carcinoma of 408 Next male patient admitted to same hos- Excessive alcohol con-1967, oral cavity and oropharynx confirmed pital within 5 year age range. sumption noted forU.S.A. (140). histologically. Three New York City VA
cases involving floor,Hospitals 1953-68:
mesopharynx, andPercent Percent tongue.Nonuserg ................... 6.1 14.2 Findings indicate theCigarettes .........000.0...., 68.6 56.4(p<0.0001) association of heavyPipeonly ......... Se ceeeees 4.0 2.9 drinking with cancerCigaronly ..............00,. 6.9 6.1 independentof the

amount of tobacco used.
Martinez, M. Patients with epidermoid carcinoma of 345 115 male and 38 female hospita] or clinic Cases found to consume1969, F, 38 oral cavity and pharynx: 14 patients without cancer; 330 male and morealcoholic bever-Puerto Rico

76 female residents of same region, ages than controls.(188).
age and sex matched.

Percent Percent
Nonsmokers .....,.......... 13.7 19.2
Heavy tobacco users ......... 24.8 12.2 (p<0.0001)

Keller, M. 304 Patients with primary basal or squamous 304 Patients from same hospital matched for1970, cell carcinoma of Jip: age and race.U.S.A. (141).
Percent Percent

Nonamokers ...... bee eevee 7.8 16.6 (p<0.001)
Cigarettes only ........... «+. 60.2 52.8
Pipeonly . 6.0 3.4
Pipe, other . 6.8 0.4 (p<0.01)
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TABLE A28a.—Summary of results of retrospective studies of smoking by type andoral cancerof detailedsites
 

Author
reference

 

Tobacco
chewing

Betel nut
chewing Miscellaneous
 

Broders (48).......Li
 

Ebenius (87). 2.0.0.0... ce eee eee
  

 

Mills and

Porter (186)

ce bcd kk ube ben ene nee eee EEE eRe bee Edn een EEE ee eR AEE EOE REE EEE Ee Ee Fee ee eee nee wee eveueeeeesss.-Pipes and cigars

combined—oral

(+).
 

Mooreet al. (193) Lip,
mouth (+)

bese see ae sees Snuff—iip,

mouth (+).

 

Sadowsky

etal. (232)

pharynx (—).....

Cigarettes Pipes
and cigars Bidis only

cece e ee wee eet eee ete ee teensLip (4). 2.2... 65 cece eee eee

Lip (—). ce. cc ee eee eee Lip (4). 0.000006 wee eee cee eee

Se ee een et ee eee ee Lip (4A) cee cee ene

Lip, see eee Lip,

mouth (—). mouth (—)

cen ee ee eter eee ene Lip, tongue,

other oral (-+)

 

Sanghviet al.

(241)

cece nee eens If smokers and

chewers—base

of tongue,

hypopharynx

(+).

 

Lederman (162)...
 

Wynderet al.

(313)

Female (+)....

. Gingiva,

lip (*).....

 

Schwartz et al.

(248)

we ee Oral (PB) occ cece ee ce eet ee ete tence teenies

ce eet e et ae eee ene ttee Eachsite

except

tongue (+)....

Pharynx (+). ......6-.. Oral (—) 2. ce ccc ee ee tees
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TABLE A28a.—Summary of results of retrospective studies of smoking by type and oral cancer of detailed sites (cont.)

 

  

   

— - -— _
- peAuthor Cigarettes Pipes Pipes and Cigars Tobacco Betel nut .

reference Cigarettes and cigars Bidis only other forms only chewing chewing MiscellaneousWynderet al.a
Oraland eccce cece ee eee(825) pharynx,
pharynx,Male (—)
Male (+),Female (-++)
Female (+)

Wynderet al. Pharymx (+),eeecece cee ccevinetrsrreeveeerepee, Tongue,eee eee cece eee Pipes and cigars(322) other sites (—).
gingiva, combined—
pharynx (+), tongue (+).

 

Peacock et al.

(210)

Staszewski (259)..

 

Vogleret al.

(298)

 

Vincent and

Marchetta
(297)

Shanta and

Krishnamurthi
(256

 

STADOPAL eettt trrren vtttetrnn tien ninrnTTcavity (-+).....

 

   Oral (TY eee... Snuff—oral (-4)1

 
Pipes and cigars

combined—lip,

oral cavity (*).

 -eAll forms com-

bined (+),

Female (+)

Snuff—lip and

buceal cavity in

hoth cases.
TOelectet er tvntene ley All forms

combined—

oral (+),
pharynx (+).

 

 

 Beeeeecence ree Cesc ve eee eeeee, Lip, All smoking types
buccal —pharynx (+),
mucosa (+).. post tongue

(+).
All forms com-

bined—lip, oral

cavity, pharynx

(+).
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ze TABLE A28a.—Summary of results of retrospective studies of smoking by type and oral cancerof detailed sites (cont.)

Author Cigarettes Pipes Pipes and Cigars Tobacco Betel nut
reference Cigarettes and cigars Bidis only other forms only chewing chewing Miscellaneous

Wahiet al. Anterior ecceeen enn e beet ae Cb be ebb c ccc an ene nent atnbnnnee Anterior All forms com-
(802) tongue and tongue and bined—all

buccal buceal sites (+).
mucosa, mucosa,
Males (+) Males (+)

Hirayama (124)... occ cece ace Allsites (—)... Allsites (—)................. All forms com-

bined—base of

tongue (+),
oropharynx (++).

Smoking only

combined

—buccal

mucosa (+).

Keller (140)....... Allsites (4) 0.000 (0c cee cee cee eee Allsites (—). 0... ccc ce eee eee Allsites (—-) 0...eee ee cee eeeAll types smoking

combined, heavy

—floor of

mouth and

tongue (+).

Martinez (183).....Oral cavity, Peee Ee ee Cente ee EEE EE CCE E ERD EEE Ue eee bee nnn s ues ee ete eeeeeereeeeaaetecenee All types of

pharynx (-+-) smoking, heavy,

eombined—oral

cavity (+),
pharynx (+).

Keller (447) ....... Lip (—)occec enn cee eee ee eee teen necenes Trip (4+)... Lip (—). 00.cece ce cece eee enee All types of

smoking com-

bined—lip (+).

' Only in individuals of low economic status and over 60 years old.

Symbols: (+) = significant association.

(—) = association absent or not significant.

(*) 2 association of doubtful significance.
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TABLE A29.—Experimental studies concerning oral carcinogenesis
 

 

 

 

 

 

 

 

Author, A. Method.
year, Animal B. Frequency and/

country, and or duration. Results
reference strain C. Material.

Kreshover, 78 Swiss and A. Painting of lower No macroscopic or microscopic changes in controls or experimental animals.

1952, C57 mice. lip mucocutaneous

U.S.A. region.

(152). B. 10 times in 76 days.

C. Cigarette smoke

‘concentrate’.

Salley, 36 Syrian A. Painting of cheek Number of Number with ‘Number with

1954, hamsters. pouch. Treatment: survivors benign tumors carcinoma

U.S.A. B. 3 per week for 16 Acetone solvent 5 1 2

(238). weeks. Benzenesolvent 4 — —-
C. Benz(a) pyrene in

acetone or benzene.

Holsti and 60 Albino mice A. Painting of lips No oral or labial changes seen in controls or experimental animals.

Ermala, (40 controls). and oral cavity.

1955, B. 140 times in 12

Finland months.

(190). C. Tobacco “‘tar”’.

Moore and 80 Syrian A. Material soaked onto Inflammation
Miller, Golden hamsters. wad and secured Original Surviving Number and basal cell

1958, in cheek pouch. Treatment: number over 1 year tumors hyperplasia

U.S.A. B. Wads replaced 8 Controls oo... ee eee ee 30 23 we 4

(192). times in 2 years. Smoke condensate 80 55 we 32

C. Smoke condensate Benz (a) pyrene 20 16 .s 9

Benz (a) pyrene.

Guerin, Strain IC and A. Chamberinhalation Original Buccal

1959, strain W rat. of tobacco smoke. number Survivora tumors

France B. Daily (2). Controls .........5-- 40 39 0/39

(108). C. Up to 5% months. Experimental ....... 100 68 5/68 (3/6 definite
epithelioma)
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Author, A. Method.
year, Animal B. Frequency and/

country, and or duration. Results
reference strain C. Material.

Peacocket al., 124 Syrian A. Packing of cheek No tumors noted in any of the 42 animals surviving over 1 year.
1960, Golden hamsters. pouch,

U-S.A. B. 1 year.

(210). Cc. Snuff, Tobacco,

Bland material.

Dunhamand Syrian Golden A. Packing of cheek Hyperplasia Malignant

Herrold, hamsters. pouch. Original and/or in- pouch
1962, B. Normal lifespan or Treatment: number Survivors flammation tumore
U.S.A. 5-30 months. Betel quid Pies vee eres waa 375 90% over Ll year 19 —
(84). C. Betel quid ingredients DMBAand MCA ............. 71 56/71 over 5-30 months — 23/56

7-12 dimethylbenz(a)-

anthracene (DMBA),

 

 

  

  

Methylcholanthrene

(MCA) in beeswax

pellets.

Moore and Albino hamster A. Painting oral mucosa. Animals with
Christo- exteriorized B. 3 per week for 683 Treatment: lesions (time)
pherson, oral pouch, days. Controls...ec ce teen cece ee neeee Q-18 (at 392 days).
1962, C. Cigarette smoke Smoke condensate .....0..0... 000 ce cece cee eves 0/20 (at 387 days) (10 showed hyper-
U.S.A. condensate. keratosis).
(191), DMBAin 0.50% DMBA 200.cc cen ee cee cee teese pens 14/21 microscopic cancers (at 90 days)

petrolatum. (invasive squamouscanceroriginating

in the skin at the edge of the pouch).

Salley, CAF, strain A. Ultraviolet light Treatment: Number Duration Tumors
1963, mice. exposure to and Ultraviolet light and weeks
U.S.A. painting of lips. cigarette smoke .................... 40 94 —
(289). B. 3 per week for 98 B(a)P and UV light ......0.0.0....... 40 48 —

weeks, UV light ...... oe 40 94 —_
C. B(a)P in acetone Bla)P woolceeee 40 45 —_

Cigarette smoke

UV light.
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TABLE A29.—Experimental studies concerning oral carcinogenesis (cont.)
 

   

 

Author, A. Method.
year, Animal B. Frequency and/country, and or duration.

Resultsreference strain C. Material.

Hamsters A. Application to Original
cheek pouch. Treatment: Number Survivors Duration LesionsB. See results. Cigarettes 5 per week vee 70 5B 64 —C. See results. DMBAonce .................. 13 6 128 2 hyperplasiaCroton oi! 8 per week . 10 10 30 _

DMBAonceandcigarettes
5 per week ........0........ 30 28 81 12 hyperplasia

4 dyskeratosis
1 carcinoma

DMBAoncethen croton oil

5 per week ..............,.. 29 27 81 7 hyperplasia
6 dyskeratosis
3 carcinoma

Bocket al., ICR Swiss A. Painting mouse
Number tumors/1964, mice. skin.
number miceU.S.A. B. See results 36 weeks.

Tobacco equivalent with tumors(30). C. Various extracts of Treatment: (cigarettes/daily) (amall papillomas)

 

unburned tobacco

DMBA.
DMBAoncethen:

Acetone benzene extract ....

Concentrated Ba(OH), extract .......
Diluted Ba(OH), extract....eee eee
DMBA only ........,.......
Acetone benzene extract ..................
Concentracted Ba(OH) 2 extract
Diluted Ba(OH) 2 extract ...0....00...00..0 0000000.
None ......0.....0.00.0.0..0¢Ce eee eee
 

 

2.5

0.5

0.5

2.5

0.5

0.5

16/7

18/8

6/2
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TABLE A29.—Experimental studies concerning oral carcinogenesis (cont.)

 

 

 

 

 

Author, A. Method.
year, Animal B. Frequency and/

country, and or duration. Resultsreference strain C. Material.

Protzel et al., Swiss Webster mice A. Swabbingof labial Original Percent at 18 months with1964, with some having mucosa. number Papillomas CancerULS.A. liver damage in- B. Up to 13 months. Alcohol and ccl, treated .............. 40 74 46(213). duced either by C. B(a)P in acetone. Alcohol treated ............0.000000005 40 84 50
CC14 or ethyl cc, treated 2.0... .. cece eee 40 90 40alcohol. No toxin ......... cece ee ee cee 40 42 15

Reddy and Swiss female A. Intravaginal Original
Anguli, mice. instillation. number Survivors Lesions1967, B. Daily for 324~380 60 40 3/40 raised papillomatousIndia days.

malignant growths(219), C. “Pan” mixture of 4/40 possible carcinoma-
areca nuts, lime,

in situ,
and chewing

tobacco.

Elzay, Syrian Golden A. Application to
Percent Percent1969, hamsters. cheek pouch. Original Mortality Number with withU.S.A. B. Daily for 200 days. Treatment: number rate animals tumors cancer(90). C. See results. DMBA Alcohol Smoke 29 41.0 17 100.0 50.0

DMBA Aleohol ........ 29 66.0 10 60.0 40.0
DMBA sees Smoke 29 42.0 14 100.0 70.0
DMBA

oo

........ eee ee 29 48.0 16 100.0 38.0
Alcohol Smoke 29 42.0 14 — _

Smoke 29 42.0 14 — —

 



S
L
E

TABLE A31.—Summary of methods used in retrospectvie studies of tobacco use and cancer of the esophagus
 

 

 

 

 

 

Author,
year, Cases Controls

country,
reference Sex Number Method of selection Number Method of selection Collection of data

Sadowskyetal., M, 104 White patients admitted during 1938-43 to 615 White patients with illnesses other than Obtained by 4 specially
1953, selected hospitals in New York City, cancer admitted to same group of hos- trained lay interviewers.
U.S.A. (282). Missouri, New Orleans, and Chicago. pitals during same period. 242 records out of a total

of 2,847 excluded be-

cause of incomplete or

questionable smoking

histories.

Sanghviet al., M. 93 Consecutive clinic admissions to Tata me- 288 Consecutive clinic admissions of patients By means of‘‘detailed
1955, morial Hospital, Bombay. without cancer. questionary.”” No other
India (241). 107 Consecutive admissions of patients with details given.

eancers other than intraoral or eso-

phagus.

Wynderet al., M. 39 Patients admitted to Radiumhemmet, 115 Patients admitted to same hospital with

1957, F. 35 Stockholm, during 1952-55. 156 cancer of skin, head and neck region

Sweden ($22). other than squamous cell cancer, leu-

kemia, colon, and other sites. No

matching.

Staszewski, M. 24 Patients admitted to Oncological Institute 912 Other patients sent to Institute with No details given on
1960, during 1957-59. symptoms probably not etiologically method of data collec-
Poland (260). connected either with smoking or with

diseases of esophagus, stomach or du-

odenum.

tion. No age adjust-

ment or matching. Av-

erage age of cancer

patients, 60.5; controls,

53.
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TABLE A31.--Summaryof methods used in retrospective studies of tobacco use and cancer of the esophagus (cont.)
 

 

 

 

 

 

Auer Cases Controls
country, +
reference Sex Number Methodof selection Number Method of selection Collection of data

Schwartz et al., M.- 362 Admissions to hospitals in Paris and a 362 Healthy individuals admitted to same hos- Interviewed by team of

1961, few large provincial cities since 1954. pital because of work or traffie acci- specially trained inter-

France (249). dents—matched by 5 year age group viewers who interviewed

and time of admission. the largest proportion

possible of all cancer

patients. Cases and

matched controls inter-

viewed by same person

Wynder and M. 150 Cancer patients seen in Memorial Hospi- 150 Patients seen in same hospitals during Data collected by trained
Bross, tal, New York City, and Kingsbridge same time period with other tumors. interviewers.

1961, and Brooklyn VA Hospitals during 64%-malignant tumor; 36%-benign con-

U.S.A. (810). 1950-59 (86% white). ditions. Matched by age with cancer

patients.

FR, 37 Same hospitals and same time period as 37 Same as with regard to male controls.

male patients (86% white). 43% had malignant and 57% benign

tumors.

Wynder and M. 67 Admitted to Tata Memorial Hospital Bom- 134 Patients with other forms of cancer ex- Interviewed by one per-
Bross, F. 27 bay. cept for oral cavity and lungs; as well son.
1961, as various benign diseases. 10% of male and 4% of
India (810). female cancer cases

histologically confirmed.

Takanoet al., M. 167 Patients with esophageal cancer. 167 Patients with cancerous and non-can- Interviews at various
1968, F. 33 33 cerous diseases of non-digestive organs, hospitals. Cases and
Japan (272). controls age-matched.
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TABLE A31.—Summary of methods used in retrospective studies of tobacco use and cancer of the esophagus (econt.) 
  

 
 

 

Author,
year, Cases Controls

country, al -
reference Sex Number Method of selection Number Method of selection Collection of data

Bradshaw and M. 98 Patients with esophageal cancer. 341 Patients with non-malignant disease. Hospital interviews bySchonland,
trained African social

1969,
workers.

South Africa

(41).

Martinez, M. 120 Patients with confirmed epidermoid eso- 360 120 male, 59 female patients in same hos- Interviews by trained
1969, F, 59 phageal cancer diagnosed in 1966. VW pital with non-cancerous diagnoses.
Puerto Rico

personnel,

240 male, 118 female members from same
(188).

community.
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Relative risk ratio.

 

 

   

 

 

 

 

 

 

Author, Percent inhalers All smokers to
year, Percent nonsmokers Percent heavy smokers among smokers nonsmokers

country, Cases Controls All Heavy
reference Cases Controls Cases Controls smokers smokers

Sadowskyet al., 1953, 3.8 13.2 — _ — _ ~ 4.0 —

U.S.A. (282).

Sangvhiet al, 5.5 17.3 Average number of —- — 3.6 —

1955, bidis smoked

India (241). 15.3 14.1

Wynderet al., M 13.0 24.0

1957, F (about) 85.0 (about) 92.0 — _ _ _ 2.1 —

Sweden (322). —_ _ _ _— 2.0 _

Staszewski, _ 18.0 95.8 59.0 87.5 80.0 —_ _

i960,

Poland (260).

Schwartz et al., 3.0 17.0 Total amount amoked 39.0 38.0 6.6 —_

1961, daily (cigarettes)

France (249). 16.8 16.0

Wynderand Bross, American males 5.0 15.0 48.0 33.0 — _— 3.4 44

1961, U.S.A. and American females 41.0 78.0 27.0 16.0 — —_ 5.1 3.2

India (310). Indian males 13.0 28.0 — _ —_ —_ 2.6 _

Indian females 78.0 94.0 oo — _ _ 4.5 _

Takanoet al., 17.0 23.0 — — — — 1.3 —_—

1963,

Japan (272).

Bradshaw and Schonland, 15.3 31.7 31.6 5.9 _— —_— 2.6 11.1

1969,

South Africa (41).

Martinez, 1969, 14.0 23.5 17.9 8.6 —_— — 1.8 3.5

Puerto Rico (183).
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TABLE A32,.—Atypical nuclei in basal cells of epithelium of esophagus of males, by smoking habits and age
 

 

 

   

   

Never smoked Current
regularly Cigarettes Ex-cigarettes Pipe, cigar OtherAtypical nuclei

Num- Per- Num- Per- Num- Per- Num- Per- Num- Per-ber cent ber cent ber cent ber cent ber cent
. Allmen:

Number men ...................... 91 _ 779 _ 181 ~ 89 _— 62 _Total sections! 2.0... eee eee, 787 100.0 6,752 100.0 1,586 100.0 766 100.0 522 100.0No atypical nuclei ................, 733 93.1 167 2.5 770 48.5 53 6.9 195 37.4Some but <60 percent atypical ..... 52 6.6 5,389 79.8 165 48.3 688 89.8 37 60.760 percent or more atypical ........ 2 0.3 1,196 17.7 51 3.2 25 3.3 10 19
. Men under age 50:

Numbermen ..............0.....0. 26 _— 236 _ 28 —_ 9 _ 7 —_Total sections ...................., 223 100.0 2,059 100.0 258 100.6 V7 100.0 53 100.0No atypical nuclei ................. 190 85.2 V1 3.4 56 21.7 1 1.3 4 5Somebut <60 percent atypical ...., 33 14.8 1,853 90.0 195 75.6 V4 96.1 46 86.860 percent or more atypical ......... —_— —_— 135 6.6 7 2.7 2 2.6 3 5.7
. Men aged 50-69:

Numbermen ................. 0.005 44 —_ 445 cod 109 7 38 — 31 aTotal sections os 379 100.0 3,853 100.0 953 100.0 310 100.0 256 100.0No atypical nuclei 373 98.4 83 2.2 461 48.4 37 11.9 74 28.9Somebut <60 percent atypical 4 li 2,915 75.6 452 ATA 261 84.2 178 69.560 percent or moreatypical 2 0.5 855 22.2 40 4.2 12 3.9 4 1.6
- Men aged 70 or older:

Number men....... 21 —_— 98 _— 44 —_— 42 —_— 24 _Total sections ..... : 185 100.0 840 100.0 375 100.0 379 100.0 213 100.0Noatypical nuclei 170 91.9 13 1.5 253 67.4 15 4.0 117 54.9Somebut <60 percent atypical 15 8.1 621 74.0 118 31.5 353 93.1 93 43.760 percent or moreatypical _ _— 206 24.5 4 Ll MW 2.9 3 1.4
 ‘Sections with some epithelium present.
Source: Auerbach, O. et al. (15).
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TABLE A33.—Atypical nuclei in basal cells of cpithelium of esophagus of males, by anoint of smoking and age
   

Current cigarette smokers
  

 
 

   

Never smokedregularly <1 pack 1-2 packs >2 packs

Cells with atypical nuelet eeR
RTTT ee

Number Percent Number Percent Number Pervent Number Percent

. Allages . 91 see 179 413 _— 187 _

Total sections! 20... eee ee ete T87 100.0 1,544 100.0 3,629 100.0 1,579 100.0

Noatypical nuclei... --. eee ee 733 93.1 89 5.8 39 1.1 139 2.5

Some but <60 percent atypical ....- 52 6.6 1,341 86.8 2,957 81.5 1,091 69.1

60 percent or more atypical .......- 2 0.3 114 TA 633 17.4 449 28.4

. Men underage 50:

Number men 2.0... 0. eee eee 26 a 9 —_— 132 _— 55 -

Total sections! 0.2... -. 6 ee eee eee 223 100.0 433 100.0 1,169 100.0 AST 100.0

Noatypical nuclei ....---. eee ee ee 190 85.2 48 111 21 1.8 2 0.4

Some but <{60 percent atypical... 33 14.8 382 88.2 1,089 93.2 382 83.6

60 percent or more atypical .....--- tae wae 3 0.7 59 5.0 73 16.0

. Men aged 50-69:

Number men... ee eee eee 44 ee 92 _ 240 a 113 —_

Total sections! pee eee ee eee 379 100.0 789 100.0 2,116 100.0 948 100.0

Noatypieal nuclei... 6.0. eee eee 3738 98.4 30 38 18 30.9 35 387

Somebut <60 pereent atypical 4 lat 694 87.9 1,607 15.9 614 64.8

60 percent or more atypical 2 0.5 65 8.3 491 23.2 299 31.5

. Meu aged 70 or older:

Number men... - eee eee eee 21 a 3s 41 _ 19 —_

Total sections! 0... ee ee eee eee 185 100.0 322 100.0 344 100.0 174 100.0

Noatypical nuclei... 6. eee eee 170 91.9 11 3.4 —_ ~~ 2 12

Some but <60 percent atypical ....- 15 &.1 265 82.5 261 75.9 95 54.7

60 percent or more atypical .....--- a tae 46 14.3 Ks 24.1 q7 44.2

 

1 Sections with some epithelium present.

Souree: Auerbach, O. et al. (15)
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TABLE A35.—Summary of methods used in retrospective studies of smoking and cancer of the bladder
  

  
 

  

    

 
 
  

 

 

Author,
year, Cases

Controlscountry,
— Te =

reference Sex Number Methodofselection Number Methodof selection
Lilienfeld et al., M. 321 Admissions to Roswell Park Memorial Institute. 337, No disease patients.1956, 1945-55 over 45 years of age.
U.S.A. (171). F. 116 Same as males ........00..000.00..000000000., 109 Benign bladder conditions.

317 No disease patients.
Schwartzetal., M. 214 Admissions to hospitals in Paris and a few 214 Healthy individuals admitted to same hospital1961, large provincial cities since 1954, because of work ortraffic accident, matchedFrance (249).

by 5 year age group.
Lockwood, M. 282 All bladder tumors reported to Danish Cancer 282 A. From election rolls matched with cases ac-1961, F. 87 Register during 1942-56 and living at time RT cording to sex, age, marital status, occupa-Denmark (175). of interview in Copenhagen and Fredericks- tion, and residence.

burg. (Includes bladder papillomas). B. Another control group obtained from sam-
ple of Danish Morbidity Survey (1952, 1953,
and 1954) compared with respect to smok-
ing histories.

Wynder, M. 200 First phase:
2001963, F. 50 Admission to several hospitals in New 50 Admission to same hospitals (excluded cancerU.S.A. (826). York City during January 1957-Decem- of respiratory system, upper alimentary tract,ber 1960.

myocardial infarction) matched by sex andSecond phase:
age.M. 100 Admission to same hospitals during 1961. 100 Same as above.F, 20

20

Cobb and Ansell, M. 136 Patients admitted to VA Hospital in Seattle 342 120 patients with eancer of sigmoid colon, 2221965,

U.S.A. (57).
1951-61.

 

patients with non-neoplastic pulmonary dis-
ease.
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TABLE A36.—Summary of methods used in retrospective studies of smoking and cancerof the bladder(cont.)

 

 

 

 

 

 

 

 

Author,
year, Cases Controls

country, - ~

reference Sex Number Methodof selection Number Methodof selection

Staszewski, M. 159 Patients with histologically confirmed bladder 750 Undefined source age-matched.

1966, carcinoma.

Poland (261).

Deeley and Cohen, M. 127 Patients with histologically confirmed bladder 127 Patients in same hospital with non-cancerous

1966, carcinoma. or pulmonary disease matched for age.

England (66).

Yoshida et al., M. 163 Patients with bladder cancer, 163 “Comparison cases.”

1968, F. 29 59

Japan ($30).

Kida et a)., M. 88 Admissions to 15 hospitals in North Fukuoka 88 Selected from patients hospitalized in same re-

1968, F. 26 prefecture. 26 region for non-urinary ailments and age-

Japan (144).
matched

Dunhametal., M. 334 Admissions to New Orleans hospitals with his- 350 Admissions to same hospitals with non-neoplas-

1968, F. 159 tologic diagnosis of bladder carcinoma. 177 tic diseases and diseases unrelated to geni-

U.S.A. (85).
tourinary tract.

Anthony and Thomas, M. 381 Patients with papilloma and cancer of bladder 275 Surgical patients without cancer previously in-

1970,

England (3).

at Leeds betweeen 1958-67. terviewed for lung cancer study.
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TABLE A35a.—Summary of results of retrospective studies of

Percent cigarettes

smoking and cancer of the bladder

Relative risk ratio:

 

 
   

 

 

 

 

  

 

 

 

Author, Percent nonsmokers Percent heavy smokers smoked All smokers to nonsmokersyear,
— -country,

All Heavy Cigarette Commentsreference Sex Cases Controls Cases Controls Cases Contrels smokers smokers smokers
Lilienfeld et al., M. 15.0 29.0 61.0 44.0 2.3 wee 2.9 Cigarette and other.1956, F 87.0 83.0

1.4U.S.A. (172).

Schwartz et al., M 11.0 20.0 83.0 70.0 2 2.2 Cigarette only.1961,

France (249).

Lockwood, M. 9:0 13.4 30.0 15.0 30.0 15.0 1.6 3.0 3.0 Cigarettes main mode of1961, F. 56.0 66.0 4.0 4.0 1.5 1.2 smoking.Denmark (175).

Wonderet al., M. 7.0 18.0 47.0 23.0 85.0 63.0 29 5.2 3.8 Phases A and B com-1963, F, 61.0 86.0 6.0 3.9 tee wee bined.U.S.A. (826).

Cobb and Ansell, M. 4.6 25.8 79.4 43.3 7.3 10.31965,

ULS.A. (87).

Staszewski, M. 6.7 16.0 85.7 65.7 87.1 72.2 24 3.1 2.9 Cigarettes only.1966,

Poland (261).

Decley and Cohen, M. 2.4 TA 3.1
1966,

England (66).
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TABLE A35a.—Summary of results of retrospective studies of smoking and cancer of the bladder (cont.)

 

 

 

  

 

 

Percent cigarettes Relative risk ratio:

Author, Percent nonsmokers Percent heavy smokers smoked All smokers to nonsmokers
year, : -

country, All Heavy Cigarette Comments

reference Sex Cases Contrlos Cases Controls Cases Controls smokers smokers smokers

Yoshida et al., M &.0 22.7 43.4 33.0 mo _ 3.4 3.7 _

1968, F. 62.1 86.4 _ _ _ _ _ —_ _

Japan (330).

Kida et al., M. 11.0 11.0 32.0 29.0 _ — 1.0 —_ _

1968, F. 16.0 21.0 —_ _— _ —_ 1.4 _ —_

Japan (144).

Dunhamet al., M. 8.6 14.5 _ _ 49.4 45.4 1.8 _ 1.8 Cigarettes only.

1968, F. 62.2 61.5 _ _— 32.0 28.2 1.0 _ 11

U.S.A, (85).

Anthony and F. 6.3 6.3 —_ —_ 36.5 29.1 1.0 _ 1.3 Cigarettes only.

Thomas,
More than 15 a day.

1970,

England (3).
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INTRODUCTION

In recent years, there has been increased research on environ-
mental factors which may adversely affect the unborn child. The
potential effect of maternal smoking on the fetus has been of par-
ticular interest because of the large numberof pregnant women
who smoke and because smoking is an environmental influence
which could be controlled. Based on 1970 surveys of smoking
habits in representative samples of the U.S. population, it is
estimated that one-third of American women in the child-bearing
age group of 15 to 44 years are cigarette smokers. What propor-
tion of these give up smoking or cut down substantially on their
smoking during pregnancyis not known.

EFFECT ON BIRTHWEIGHT

Epidemiological and experimental studies have supported the
view that maternal smoking during pregnancy exerts a retarding
influence on fetal growth (tables 2, 6). Analvsis of over 100,000
births showsthat the infants of mothers who smoke during preg-
nancy have a meanbirthweight of 6.1 ounces less than the infants
born to nonsmoking mothers (table 2). Several studies have docu-
mented that this effect is independent of other factors known to
exert a negative influence on infant birthweight, such as elevated
maternal] blood pressure and small maternal size (1, 36, 39). The
reduction in infant birthweight is greater among heavy smoking
mothers than light smoking mothers (12, 21, 23,80, 41,50, 58), and
has been found in pregnancies terminating in each trimester (22,
16, 28, 40, 51,54). In a study of more than 48,000 women, Under-
wood, et al. (51) demonstrated that infants born to women who
smoked during part of their pregnancy were significantly smaller
than infants born to nonsmokers, and that infants born to women
who smoked throughout their pregnancy were significantly smaller
than the infants born to women who smoked during part of their
pregnancy. Russell, et al. (39) have presented evidence that al-
though infants born to smoking mothers weighed less than those
of nonsmoking mothers, they grew more rapidly during the first
six months of life. At one year of age, children born to smoking
mothers weighed nearly the same as those born to nonsmoking
mothers. They concluded that smoking exerts a retarding influence

389



on fetal growth and that after deliverythis is largely compensated

for by a period of more rapid growth.

As documented in more than 15 prospective and retrospective

studies, smoking mothers have significantly more infants who are

premature, as defined by weight alone (<2,500) grams, than do non-

smoking mothers (table 3). Buncher (4) studied the mean dura-

tion of pregnancy in smokers and nonsmokers in a survey which

included 49,897 live births. He found that women smoking 20

cigarettes a day had a meanlength of gestation which was approxi-

mately one day shorter than that of nonsmoking women.He calcu-

lated that this shortening cf gestation is enough to accountfor only

10 percent of the known reduction in birthweight that is associated

with maternal smoking.

EFFECT ON OUTCOME OF PREGNANCY

Some controversy has surrounded the question of whether ma-

ternal smoking during pregnancy is associated with an increased

risk of spontaneous abortion, stillbirth, and neonatal death. Table

4 summarizes the studies which have dealt with this question, Some

of the studies did not demonstrate such an increased risk (7, 34,
50, 51), while others did (12, 23, 33, 58). Many of these reports

(7, 23, 83, 34, 41, 49, 58) were based on retrospective studies and

included women delivering their infants in hospitals and infants

whose names appeared on listings of newborn children (table 1).

As Russell, et al. (39) have pointed out, such studies may be sub-

ject to selective bias since they tend to underrepresent women who

have aborted. These retrospective studies also did not systemat-

ically control for maternal social class, parity, and maternal age,

all of which are related to the outcome of pregnancy and also are

related to smoking in some populations. In a prospective study of
more than 2,000 pregnant women, Russell, et al. (39) have demon-

strated a significantly higher percentage of unsuccessful pregnan-

cies (that is, abortion, stillbirth, or neonatal death) among women

who smoked during their pregnancy than among those who did

not. He interpreted his findings to mean that 20 percent of “. .. un-

successful pregnancies in women who smokeregularly would have

been successful if the mother had not been a regular smoker” (38).

The Second Report of the 1958 British Perinatal Mortality Sur-

vey published in 1969 is one of the largest prospective studies to

deal with this question (5). It included 98 percent of the total births

registered during one week in March 1958 throughout England,

Seotland, and Wales. In this study, a large amount of obstetric and

sociobiologic information was obtained on 17,000 singleton births.

This study reported that “the mortality in babies of smokers was

significantly higher than in those of nonsmokers.” The increase in

390
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TABLE 1.—Summary of methods used in study of smoking and human pregnancy
 

 

 

 
 

  

 

Author,
year, Retrospective Number

country, or ° Data collection Case selection Comments
reference prospective persons

Simpson, R. 7,499 Questionnaire was filled out 48 hours Multiple births excluded. The county hospital population

1957, after delivery for all patients at was different, with 50.6 per-

U.S.A. (44). San Bernardino County Hospital cent of the births being

for 3 years. Same form used for “Mexican’’.

2 years at St. Bernardines Hos-

pital and Loma Linda Hospital.

Lowe, R. 2,042 Questionnaire was filled out for every Non-Europeans and women with Social workers performed

1959, woman delivering at one of six twin births were excluded. interviews.

England (28). Birmingham hospitals over a 5-

month period.

Frazieret al., P. 2,736 (a) Interview. All Negro women seen at Baltimore Nonsmokers include occasional

1961, (b) Prenatal clinic history. Maternity Interviewing Service in smokers.

U.S.A, (12). (¢c) Birth and stillbirth certificates. 1959 who were scheduled for de-

livery at Baltimore City Hospital

and whoreceived prenatal care in

elinic of Baltimore City Health

Department.

Herriot et al., R. 2,745 Questionnaire filled out for Aber-

1962, deen city residents who were de-

Scotland (16). livered in Aberdeen City Hospital

over a l-year period.

Savel and R, 1,415 1,500 consecutive patients admitted Included were private and ward pa- Women were considered

Roth, to Newark Beth Israel Hospital tients, Negro and white patients, smokers even if they smoked

1962, were interviewed. primigravidas, and  multiparas; only 1 cigarette per day.

U.S.A. (41). Cesarean sections, elective indue-

tions, and multiple pregnancies

were excluded.
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Author,

TABLE 1.—Summary of methods used in study of smoking and human pregnancy (cont.)
 

 

 

 

 

 

 

year, Retrospective Number
country, or of Data collection Case selection Comments
reference prospective persons

Yerushalmy, P. 982 Form questionnaire. Pregnancies terminating in abortion

1962, were excluded.
U.S.A. (53).

Murdoch, R. 500 Personal interview by author. All mothers delivering at Nebraska

1963, Methodist Hospital from Septem-
U.S.A. (80). ber 1962 to January 1963.

O’Lane, R. 1,031 Standard U.S. Naval Obstetrical Code 1,031 Caucasian women who had “Smokers” defined as those
iyo, Sheet was used with supplemental single pregnancies delivered va- smoking regularly each day.
U.S.A. (93). questions. Additional information ginally over a 6-month period.

was obtained from prenatal his-

tory.

Zabriskie, R. 2,000 History was obtained during the Twin deliveries were omitted.
1963, postpartum period from 2,000 con-

U.S.A. (58), secutive births over a 6-month

period.

Yerushalmy, BP, 6,800 Personal interview. All women were members of Kaiser 5,381 whites 1,419 Negroes.
1964, Foundation Health Plan. Only
U.S.A. (54). pregnancies terminating in single,

live births included. All races ex-

cept whites and Negroes were ex-

cluded.

MacMahonetal., R. 12,192 Mail questionnaire. Mothers of single, white, legitimate Birthweight based on birth
1965,

U.S.A. (24).
live births. Mothers were residents

of Massachusetts and delivered in

May or June of 1963.

certificate.
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TABLE 1.—Summary of methods used in study of smoking and human pregnancy (cont.)
 

 

 

 

 

 

Author,
year, Retrospective Wumber

country, or of Data collection Caseselection Commentsreference prospective persons

McDonald and P, 177 Interview. White, unmarried primigravidas re-
Lanford,

ceiving obstetric care over a 2-
1965,

year period.
U.S.A. (26).

Peterson et al., R. 7,740 Cooperative study involving 17 hos- Includes only those multiparas whose
1965, pitals in 18 states, using U.S. Air prior infants weighed ‘>2,500
U.S.A. (34). Force obstetrical code. grams (Caucasians). All preg-

nancies with any complication

were excluded. Cesarean sections

and induced delivery were ex-

cluded.

Robinson, P. 1,614 Interview. Regular attendees at prenatal clinic. 46.8 percent of women smoked
1965,

cheroots.
Burma ($7).

Underwood etal., R. 4,440 Interview by obstetrical resident. Puerperal women from Roper Hos- Women from Roper Hospital
1965, Data was obtained on 16,158 preg- pital and Medical College Hospi- were of above average eco-
U.S.A. (50). nancies from the 4,440 women. tal. Only infants weighing >1,000 nomic status. Women from

grams were included. Medical College Hospital in-

cluded Negro and white

patients.

Downing and R. 5,659 Review of clinic records from 1952 Six-year total of obstetrical patients
Chapman, to 1958. at clinic.
1966,

ULS.A. (7).
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TABLE 1.—Summary of methods used in study of smoking and human pregnancy (cont.)
  

 

 

 

 

 

 

Author,
year, Retrospective Number

eountry, or of Data collection Case selection Comments
reference prospective persons

Ravenholt et al., kh. 2,028 Epidemiologic questionnaire. Much Study population was identified by 95.4 percent of mothers were

1966, data collected over telephone. Ad- the listing of newborn infants in white.

U.S.A. (35). ditional data obtained from birth a Seattle newspaper during May,

certificates. June, and July of 1964. Twins

were excluded.

Reinke and R. 3,156 Registration data of prenatal clinic. Negro women who delivered single,

Henderson live infants from 1962-64.

1966,

U.S.A. (96).

Kizer, 2,095 Interview. Patients receiving care at ‘‘concep-

1967, cion palacias’’ in Caracas.

Venezuela (19).

Underwood et al., Pr. 48,505 Code sheets submitted from 44 world- Women with single pregnancies de-

1967, wide naval installations. Code livered of infants weighing more

U.S.A. (51). sheets were completed by the at- than 500 grams between July 1,

tending physician upon the mo- 1963, and June 30, 1965.

ther’s admission to the labor room.

Duffus and R. 2,648 Antenatalclinic records. All ‘‘booked’” married city primi- The number of cigarettes

MacGillivray, gravidae attending the antenatal smoked was not considered.

1968, clinics during 1960, 1964, and

Seotland, (8). 1965.

Mulcahy and R. 3,681 Hospital record review. Mothers admitted to the Coombe

Knaggs,

1968,

Ireland (28).

Hospital from April 1963 to Oc-

tober 1964.
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TABLE 1.—Summary of methods used in study of smoking and human pregnancy (cont.)
 Author,

year, Retrospective
country,
reference

Russellet al.,

1968,

England (89).

or
prospective

P.

Number
of

persons

2,110

Data collection

Data collected by Senior research

midwives over a 4- to 5-year
period.

Caseselection

Women attending the two main ma-

ternity units in Sheffield, who

“comprised a reasonably repre-

sentative sample.” Multiple preg-

nancies were omitted.

Comments

Included some threatened abor-

tions and some with “bad”

obstetrical histories.

 Tokuhata,

1968,

U.S.A. (49).

2,016 Personal interview or mail question-

naire of surviving family members.
Women selected from Memphis and

Shelby County death registry who

died of cancer of genitalia or

breast since 1950 and who had
been married.

Control group taken from same

registry. They died of causes

other than cancer and were

matched for race, age at

death, and year of death.
  Buncher,

1969,

ULS.A. (4).

49,897 Data obtained from U.S. Navy ob-

stetrical study from 1963 to 1965.

Smoking data obtained by physician

at the time of mother's admission

to labor room.

Women with single pregnancies de-

livered of infants weighing more

than 500 grams between July 1,

1963, and June 30, 1965.

Includes cases reported by

Underwood et al. (47) in
1967.

 Butler and

Alberman,

1969,

Great Britain (5).

17,000 The British Perinatal Mortality Sur-

vey of 1958 when a large amount

of obstetric and sociobiclogic in-

formation was obtained from birth

attendants, records, and at inter-

view with the mothers.

98 percent of the total births reg-

istered during 1 week in March

1958 throughout England, Scot-

land, and Wales.

Another 7,000 perinatal deaths

were surveyed by identical

methods over a 8-month
period.

 Terris and

Gold,

197 Public Health Nurse interviewed each

mother on first or second post-
partum day.

Premature Negro ward births

(<2,500 grams) with no known

cause of prematurity. Controls

were matched by sex, birth order

of infant, age, and marital status
of the mother.
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TABLE 1.—Summary of methods used in study of smoking and human pregnancy (cont.)

 

 

Author,
year, Retrospective Number

country, or of Data collection Case selection Comments
reference prospective persons

Mulcahyetal., P. 100 Interview by physician. 100 mothers of term infants who
1970, were free from all significant medi-
Treland (29), ical and obstetrical complications.

All were between 20 and 30 years

of age and were Para III or less.

All had norma! deliveries. Half

were smokers of 10 or more ciga-

rettes per day.
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TABLE 2.—Maternal smoking and infant weight
(Numbers in parentheses indicate absolute number of infants in respective groups)

Infant weight

 

Difference in mean weight
of infant of smoker Comments

 

 

 

 

 

 

 

Author,
reference Nonsmoker Smoker versus nonsmoker

Lowe (239) <10 cigarettes >10 cigarettes Effect on infant weight was independent
per day per day of maternal age, parity, or complica-Male .. 7,43 Ibs. (607) 7.18 (187) 7.05 (165) tions of pregnancy.Female ...... 7.23 Ibs. (539) 6.74 (163) 6.67 (147)

Total - 7.33 Ibs. (1,146) 6.98 (350) 6.87 (312) 170 g. (6 oz.)

Frazier 3,080 g. (1,717) 2,924 ge. (1,019) 156g. (5.5 02.) Nonsmokers include occasional smokers.etal.,

(12).

Herriot No data ............... (1,478) No data (1,272) 160g. (5.6 0z.) Effect on infant weight was independ-etal,
ent of maternal age, parity, height,(16).
or social class.

Savel and White ........ 3,874 g¢. (383) 3,141 g. (428) 2332. (8.2 02.) CigarettesRoth Negro 3,173 g (364) 3,031 g. (240) 142g. (5.0 02.) per day Infant weight(41).
White smokers:

1-10) ............. 8,210. (161)

11-20 ............. 3,198 g. (184)

20 2... eee... 8,010 2. (83)

Negro smokers:

1-10 ............. 8,042 g. (169)

11-20 -. 8,012 g. (57)

>26 . 2,968 g. (14)

Murdoch 7 Ibs. 7.5 oz. (242) 6 Ibs. 15 oz. (258) 8.5 oz. Cigarettes(30).
per day Infant weight

1-10) ............ 7 Ibs. 202.

11-20) ............ 6 Ibs. 11 oz.

2000. ........... 6 Ibs. 10 02.

240 oo... ....... 6 Ibs. 8 oz.
O’Lane 2,978 g. (566) 2,938 g. (465) 40g. (1.4 02.)(33),

 



8
6
E TABLE 2.—Maternal smoking and infant weight (cont.)

(Numbers in parentheses indicate absolute number of infants in respective groups)

 

 

 

 

 

 

 

Infant weight Difference in mean weight.
Author, of infant of smoker Comments
reference Nonsmoker Smoker versus nonsmoker

Zabriskie 3,820 ¢. (1,048) 3,091 g. (957) 229g. (8.1 02.) Cigarettes

(58). per day Infant weight

Ee| 3,205 g. (260)

10-20 ............. 8,090 g. (395)

20-30 1.00.22... 2,970 g¢. (264)

>30 «1.2.2... 83,1908. (38)

MacMahon Male ........ 124.0 0z. (8,053) 116.38 oz. (3,178) 7.7 oz. Cigarettes Infant weight

et al., Female ...... 119.9 0z. (2,906) 111.9 oz. (3,011) 8.0 oz. per day (ounces)

(24). Male Female

<ic . 121.2 (658) POLets!

10-20 . 115.2(1,262) 112.2 (1,259)

20-40 . 114.6(1,165)  108.9(1,088)

>40 . 118.2 (66) 111.7 (49)

McDonald Light smoker Heavy amoker Nosignificant difference be-

and 111.68 oz. (87) 110.83 oz. (42) 109.38 oz. (48) tween mean birthweights.

Lanford

(26).

Underwood Cigarettes

et al., Group: per day For >20 cigarettes per day Patients were divided into 8 groups:

(50). ) 8,522 g. (2,406) <10  ........... 8,849 ge. 353 g. (12.5 0z.) (p<0.001) I....Private patients of above av-

10-20 ........... 3,236 g. ¢ (1,720) erage economic status.

200 ee eee ee 3,169 gr.

Tl ....... 3,304 g. (557) <0 ........... 8,171 g. 212g. (7.50z.) (p<0.001) Il....White patients of average

10-20 ........... 8,146 g¢. (660) economic ,status.

20... 8,092 g.

Ill ....... 3,126 g. (7,775) <10 «02.0.2... 2,988 g. 115g. (4.102.) (p<0.001) III,...Negro patients of low eco-

10-20 ........08. 2,965 g. £ (3,040) nomic status.

200 ........... 8,011 g. + Total for all smokers in each group.

Ravenholt Male ......... 7.80 Ibs. (171) 7.21 Ibs. $(167) .59 Ibs. (9.4 02.) t+ Smoked >4,000 cigarettes during preg-

et al., Female ...... 7.50 Ibs. (150) 7.05 Ibs. (171)  .45 lbs. (7.2 02.) nancy.
(35).
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TABLE 2.—Maternal smoking and infant weight (cont.)
(Numbers in parentheses indicate absolute numberof infants in respective groups)
 

Infant weight Difference in mean weight
 

 

 

 

 

 

 

 

 

Author,
of infant of smoker Commentsreference Nonsmoker Smoker versus nonsmoker

Reinke and 8,135 g. (1,542) 2,987 g. (1,614) 148g. (5.2 02.) (p<0.001) a
Henderson
(86).

Kizer (19). Data not available Data not available 97g. (3.4 02.) Total number of patients—2,095.
Underwood Cigarettes

etal., per day
(51). 3,395 g. (24,865) 1-10 -. 3,286 g. (7,609) 109g. (3.8 oz.)

11-30 -. 8,196 g, (14,450) 199g. (7.002.)

>30 . 8,182 g. (1,570) 213 ¢. (7.5 02.)

Mulcahy 113.3 oz. Cigarettes
and per day

Knagegs 1- 4 seeees 111.4 02. 1.9 oz.
(28). 5-9 Loe... 102.3 oz. 11.0 oz.

10-14 2... 102.0 oz. 11.3 oz.
15-19 wo... 102.9 oz. 10.4 oz.
>20 - 102.4 oz, 10.9 oz.

Russell BP
The effect of maternal smoking on fetalet al., <140/ 90 117.2 J oz. (984) 107.2 + 1.0 oz. (496) 10.0 oz. weight was independent of maternal(89). 140/ 90 114.2 + 1.2 oz. (340) 108.9 + 2.4 oz. (117) 5.3 oz. parity, age, height, educational level,>150/100 99.8 + 2.6 oz. (188) 90.8 + 5.8 oz. (35) 8.5 oz. attitude to pregnancy or work during

pregnancy, father's social class, con-

sort’s social class, and sex of the child

or premature delivery.

Butler and 3,375 g@. (11,145) 3,205 g. (4,660) 170g. (6 072.) Reduction of mean birthweight of babiesAlberman
born to smokers was independent of(5).
unduly high proportion of babies born
preterm, and maternal! factors includ-

ing social class and maternal height.
Mulcahy 3.83 kg. (50) 3.43 kg. (50) 396 g. (14 oz.)

et al.,

(29).
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TABLE 3.—Maternal smoking and prematurity (cont.)
(Figures in parentheses are the absolute number of premature births)

 

Premature by

 

 

 

 

 

 

 

 

Author, — Percent of premature infants Mean duration of pregnancy

reference Duration of — Comments
Weight gestation Nonsmokers Smokers Nonsmokers Smokers

Simpson <2,500 g. Nameof hospital: Numberand percent of

(44). County .......... 7.77 (144) 11.48 (96) premature infants:

Loma Linda ..... 6.16 (86) 12.13 (49) Nonsmokers .... 6.39 (328)

St. Bernardines .. 5.21 (98) 10.50 (119) Cigarettes per day:

1-5 ....... 7.06 (47)

6-10 .....-11.18 (89)

W1-15 0... 10.86 (31)

16-20 ......18.6 (77)

21-30 ......25.0 (11)

>380 ....... 33.3 (9)

Lowe <(260 days 6.4 (57) 10.6 (58) 279.9 days 278.5, days At each week of gestation, the

(23). mean birthweight was lower

in babies of smokers.

Frazier <2,500 g. 11.2 (175) 18.6 (179) 88.7 weeks 38.4 weeks Infants of smokers weighed less

et al., than infants of nonsmokers

(12). for a wide range of preg-
nancy duration.

Herriot No data No data Social class: 2,745 patients in the study.

etal., landIE ......... 4.0 4.8 At each week of gestation, the

(16). TH oo... eee eee OB 6.8 mean birthweight was lower

IVandV ........ 6.3 12.6 in babies of smokers.

Savel and 36 weeks White .............8. 2.6 (10) 4.9 (21) White .39.8 39.4

Roth Negro ...........2-. 18.7 (50) 11.3 (27) Negro .38.8 38.8

4t). -
aad #<(2,500 g. White . 18 (T) 3.7 (16) t+ Premature by weight but ma-

 

Negro ..........-0005 3.6 (13) 8.3 (20) ture by date (>87 weeks).
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Premature by

TABLE 3.—Maternal smoking and prematurity
(Figures in parentheses are the absolute number of premature births)

 

 

 

 

 

 

 

 

 

 

 

Author, —————— Percent of premature infants Mean duration of pregnancy
reference Duration of a CommentsWeight gestation Nonsmokers Smokers Nonsmokers Smokers

Yerushalmy <514 lbs. 5.9 (36) 8.1 (30)
(54).

Murdoch <2,500 g. 3.3 (8) 13.6 (35)
(30).

O’Lane <2,500 g. 5.1 (29) 11.8 (55)
(33).

Zabriskie <2,500 ge. 3.83 (40) 9.93 (95) Cigarettes
(58). per day: Prematurity

<10 ........ 6.54 (260)

10-20 - 9.11 (395)
20-30 ......14.39 (264)

>30 ........10.53 (38)

Yerushalmy <5 Ibs. $ oz. White .. 3a (112) 6.4 (188) (p<0.01) Infants of smoking mothers
(54). Negro . 49 (46) 18.4 (64) weighed less than infants of

nonsmoking mothers in each

gestational age.

<(37 weeks White pee cease  T5.9 (188) 6.5 (140) + Difference between smokers and
Negro .. 13.4 (125) 16.7 (80) nonsmokers not significant.

McDonald <2,500 g. Cigarettes per day

and 4.6 (4) <10 48 (2)

Lanford >10 8.3 (A)
(26).

Peterson <2,500 g. Cigarettes per day Overall incidence of prematurity
etal, 2.5 (111) 1-10 3.0 (35) in smokers vs. nonsmokers
(34). 11-20 4.8 (80) significant at p<0.001.

(16)>20 3.4
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TABLE 3.—Maternal smoking and prematurity (cont.)
(Figures in parentheses are the absolute number of premature births)
 

Premature by

 

 

 

 

 

 

Author, Percent of premature infants Mean duration of pregnancy
reference Duration of Comments

Weight gestation Nonsmokers Smokers Nonsmokers Smokers

Peterson <87 weeks Cigarettes per day

et al., 1.3 (58) 1-10 1.4 (16)
(contd.) 11-20 2.3 (38)

(34). >20 2.4 (11)

Robinson <2,500 g. 16.5 (152) 31.0 (181)

(37).

Underwood <2,500 g. Cigarettes per day Percentages and absolute num-

etal., Group: ber of premature births are

(50). I 4.5 (108) <10 4.2 based on 16,158 pregnancies

10-20 5.9 recorded in 4,440 women.

<20 7.2 Group I. Smokers vs. non-

u 71.5 (42) <10 12.6 smokers p<0.025.

10-20 12.8 Group II., III. Smokers vs.

>20 15.9 nonsmokers p<0.001.

TIT 9.9 (770) <10 14.1

10-20 14.8

>20 10.2

Downing No data No data 2.2 (66) 3.3 (88)

and

Chapman

(7).

Reinke and <2,500¢. 10.6 (163) 16.7 (270) 37.7 weeks 37.67 weeks p<0.001

Henderson <35 weeks 20.8 (313) 22.8 (368) p>0.05

(86).
 



TABLE 3.—Maternal smoking and prematurity (cont.)
(Figures in parentheses are the absolute number of premature births)

Premature by

£
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Author, a Percent of premature infants Mean duration of pregnancyreference Duration of
CommentsWeight gestation Nonsmokers Smokers

Underwood

=

<2,500 g. Cigarettes per day Prematurity by birth weight roseet al., 5.7 (1,417) 1-10 7.6 (671) directly to a significant degree(51). 11-30 9.4 (1,358) (p<0.01) with each smoking
>30 11.2 (176) category.

<86 weeks 5.8 (1,442) 1-10 6.9 (525) Data suggested that smokingin
11-30 7.5 (1,084) any trimester decreased birth
>30 7.5 (118) weight.

Buncher
1 Smokes 20 cigarettes per day.(4).

Female 39.69 weeks

Butler and <2,500 g. 5.4 (602) 9.8 (433)
Alberman

(5).

Terris
A significant (p<0.01) differenceand
was found between percent ofGold
mothers who smoked and

(47).
those who had premature

deliveries and the control
group.



mortality rate was found for both stillbirths and neonatal deaths,
and was somewhat greater for stillbirths but not significantly so
(see Butler, tabie 4). The authors state that “...the differences
between mortality rates in babies of smokers and nonsmokers prac-
tically disappear when they are compared within groupsof similar
birthweights ... It therefore seems reasonable to conclude that the
increased mortality found in babies of mothers who smokeis ac-
counted for by the overall excess of low birthweight babies in this
group...” with their attendant high risks.

In 1964, Yerushalmy (54) reported on a group of 6,800 women
whose pregnancies terminatedin single,live births, excludingstill-
births and abortions. The study was prospective and was controlled
for maternal age and parity. He noted that neonatal mortality in
infants born to smoking mothers and weighing less than 2,500
grams was significantly less than that of small infants born to
nonsmoking mothers. He referred to these small infants of smoking
mothers as being “apparently healthier” than those infants weigh-
ing less than 2,500 grams who were born to nonsmoking mothers.

Asthis report showed, when compared to infants weighing more
than 2,500 grams, a small (<2,500 grams) infant faces a greatly
increased risk of neonatal mortality, whether it is born to a smok-
ing mother or to a nonsmoking mother (54). The neonatal death
rate for the small infants of smoking mothers wasless than that for
small infants of nonsmoking mothers, but neither group can be
considered “healthy,” having sharply elevated death rates. The
overall neonatal mortality for babies born to white smoking
mothers was 12 percent higher than that for babies born to non-
smoking mothers. This is not significantly greater than the neo-
natal mortality of infants born to nonsmoking mothers. On the
other handit is also not significantly different from the 31 percent
excess mortality reported by Butler, et al. (5), whichis statistically
significant.

Interpretation of the neonatal mortality among the infants
weighing less than 2,500 grams in the Yerushalmy study is dif-
ficult. By considering only live births, the series may have included
a higher proportion of infants whose smaller birthweight waspri-

marily due to a modest growth retarding influence of maternal

smoking and not to other more serious congenital defects and intra-

uterine influences. Butler, et al. (5) have shown that smoking

mothers have significantly more stillbirths than nonsmoking
mothers, and Russell, et al. (29) have found this to be true for both
stillbirths and abortions.

For reasons which aren’t clear, smoking mothers have been
found to have a reduced incidence of preeclamptic toxemia as com-
pared to nonsmoking mothers (51). However, given the presence of

404



TABLE 4.—Comparison of abortion, stillbirth, and neonatal death in smoking and nonsmoking mothers
NS = Nonsmokers SM = Smokers
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Numbers Kates/1,Uuu total births

Neonatal Neonatal CommentsAuthor, Total births Abortions Stillbirths deaths deathsreference NS SM NS SM NS SM NS NS SM
Lowe 1,155 668 t47

t Includesfirst-day(23).

deaths.

Frazier 1,717 1,019 fll F16 40 23.3 27.5 t “Fetal death”.et al.,

(12).

Savel White
and 383 428 2 3 4

10.4 47Roth Negro
(41). 364 240 8 4 5

13.7 12.5

O’Lane 1,027 887 91 112
(93).

Zabriskie 2,850 2,769 250 348
(58).

Yerushalmy White
{54). 3,218 2,163 40 12.4 13.9Negro

939 480 22 23,4 22.9

Peterson 4,455 3,285
4.0 0.9etal.

(34).
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TABLE 4.—-Comparison of abortion, stillbirth, and neonatal death in smoking and nonsmoking mothers (cont.)
NS = Nonsmokers SM = Smokers
 

 

 

 

 

 

 

Numbers Rates/1,000 total births

Neonatal Neonatal Comments
Author, Total births Abortions Stillbirths deaths Abortions Stillbirths deaths
reference NS SM NS SM NS SM NS SM NS SM NS SM NS SM

Downing 3,029 2,630 126 107 $3820 t29 41.6 40.7 $10.6 t11.0 ¢ Stillbirth plus

and neonatal death.
Chapman

(7).

Tnderwond 24 ROR 23,620 8.4 8.7 T1230 F121 } Excludes perinatal
et al., deaths in premature
(51). infants (p>0.05).

Russell TBP: t Includes abortion,

etal., <140/90 984 496 727) $32 127 65 stillbirth, and
($9). ==140/90 340 117 $14 t8 41 68 neonatal death.

>140/90 188 35 t20) «tit 145 314 { Blood pressure.

Tokutata White Data based on use of
(49). 2,555 743 $246) «$112 +96 151 cigarettes only.

Nonwhite t Includes stillbirths
1,285 350 174 tée4 fl4i 183 and miscarriages.

Butler 11,145 4,660 215 129 146 80 19.3 27.6 13.1 17.2
and

Alberman

(5).

 

Source: Modified and expanded from Butler and Alberman (5).



preeclampsia, smoking appearsto increase the risk to the fetus be-
cause of low birthweight and increased perinatal mortality (8).

In a case-control study of sudden, unexpected death in infancy,
Steele, et al. (46) observed that the percentage of smokers among
mothers of cases of sudden, unexpected death, 61.2 percent, was
significantly greater than the percentage among mothers of con-
trols, 39.5 percent.
The possible teratogenic effect of maternal smoking has not been

adequately evaluated. Although it does not appear to be a major
factor, there have been too few studies to determine whether ma-
ternal smoking is a significant teratogenic risk (5, 23, 28, 50).

Concern has been expressed about the possible long-term effects
on the children of women who smoke during pregnancy. Butler (6)
recently reported the results of a follow-up at age seven of the
babies studied in the British Perinata] study of 1958. He found that
the children of the mothers who were “heavy” smokers during
pregnancy showed significantly decreased height, retardation of
reading ability, and lower ratings on “social adjustment” than the
children of nonsmoking mothers. The differences were independent
of such factorsassocial class, age of mother, and parity.

EXPERIMENTAL STUDIES

In the past decade, research on the effect of smoking on pregnancy
has increased. Summaries of human and animal experimental data
in this area of study are found in tables 5 and6. Elevated carbon
monoxide levels have been found in maternal and fetal blood in
women who smoke. Carbon monoxide is an inhibitor of carbonic
anhydrase and as might be expected the activity of this enzyme is
decreased in the cord blood of infants whose mothers smoke. The
significance of elevated fetal carbon monoxide is not clear; how-
ever, in an extensive monographon this subject, Longo, (22) has
concluded that “...the decreased availability of oxygen resulting
from elevated (fetal) carboxyhemoglobin levels is probably in-
jurious to fetal tissues.” Other changes noted in the infants of
smoking mothers have included a mild metabolic acidosis and a
higher mean hematocrit (56). Two studies (9, 52) have shown that
placentas of women who smoke have a significantly greater ability
to hydroxylate benzo[a]pyrene than the placentas from nonsmok-
ers. Such findings suggest the possibility of fetal exposure to car-
cinogens; however, the significance of these findings is presently
speculative.
Early animal studies (10, 42) showed that rats and rabbits ex-

posed to nicotine or cigarette smoke have smaller offspring and
more unsuccessful pregnancies than control animals. Recent radio-

407
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TABLE 5.—Human experimental data on smoking and pregnancy
 

 

 

Author,
year,

country, Design of study Results Comments
reference

Sontag and Fetal heart rate before and after smoking was Average fetal heart rate before smoking was 144.0.
Wallace, studied 81 times in 5 patients. The average fetal heart rate for the eighth to the
1935, twelfth minute after starting to smoke was 149.0.
ULS.A. (45).

Haddenet al., Carbon monoxide levels were measured in 50 (a) Carbon monoxide levels were significantly
1961, smokers and nonsmokers in a prenatal clinic. (p<0.01) higher in smokers than in nonsmokers.
U.S.A. (14). Twenty-six paired maternal and umbilical vein (8) Carbon monoxide concentrations in paired cord

blood specimens were obtained at parturition

and tested for CO levels.
and maternal blood specimens were approximately

equal,

e) Oo; carrying capacity jin enrd and maternal

blood was reduced in smokers compared to non-

smokers.

 

Heron, 1962,

New Zealand

(15).

58 pregnant smoking women were studied during

labor to determine the effect which smoking

might have on the ‘grading’ of the infant at

birth. CO levels were measured in both mother
and fetus.

(a) CO levels in maternal and fetal blood were

higher in patients who smoked.

(b) Respirations in infants of mothers who smoked

took longer to be established and peripheral cy-

anosis was more common.

A control group who

had never smoked

was compared with

the survey group.

 

Kumarand

Zourlas,

1963,

U.S.A. (20).

The in vivo effects of cigarette smoking on uterine

activity were studied in 17 pregnant gravidas

near term and not in Jabor. The in vitro effect

of nicotine on human pregnant and nonpreg-

nant myometria] strips was studied.

(a) In more than half (10/17), a definite increment

in uterine activity was noticed during cigarette
smoking.

(b) Ne oxytocie effect of nicotine on myometrial

strips was noted.

 
Young and

Pugh

1963,

England (55).

Blood CO levels were studied in 19 full-term par-

turient women, 16 of whom had normal deliv-

eries, Six of these smoked 10 to 20 cigarettes a

day. Maternal blood was analyzed 15 to 30

minutes prior to delivery. Fetal blood was taken

from the placental end of the umbilical vein.

CO content of umbilical vein blood at normal deliv-

eries was .52 and .36 volumes percent in infants

of mothers who smoked and motherg who did not

smoke, as compared with .33 and .28 volumes

percent, respectively, in the maternal venous
blood.

Blood CO levels were

also studied in non-

smoking male labo-

ratory workerg in

London and in

males in Antarctica.
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Author,
year,

country,
reference

Mantell,

1964,

New Zealand

(25).

Scoppetta,

1968,

Italy (43).

Younoszaiet al.,

1968,

Canada (56).

Engelet al.,

1969,

ULS.A. (9).

TABLE 5.—Human experimental data on smoking and pregnancy (cont.)

Design of study

Cord bloods from 50 smokers and 50 nonsmokers
were analyzed for carbonic anhydrase activity.

CO concentrations were measured in the venous
blocd of 46 pregnant women, including smokers
and nonsmokers. Funicular venous blood was
analyzed at the time of delivery.

32 women with normal pregnancies were studied
of whom 16 smoked >20 cigarettes a day. Both
groups of women had normal deliveries and
healthy infants. Biochemical changes in the first
48 hours of life were studied in the infants.

37 experiments were performed on Placental blood
samples obtained from 15 pregnancies to deter-
mine relative affinity of human fetal Hb for CO
and O,-

Results

A decrease in carbonic anhydrase activity in the
cord bloods of infants whose mothers smoked was
noted,

CO levels were higher in smokers than in non-
smokers. CO concentrations were approximately
the same in maternal and funicular venous blood.

(a) Mean CO saturation of Hb in the venous blood
of the cigarette smoking mothers at the time of
delivery was 8.3 percent and in the nonsmoking
mothers 1.2 percent. The corresponding mean um-
bilical vein blood levels were 7.3 percent and .7
percent,

(6) The blood Ph, pCo,, and bicarbonate and lac-
tate values in both groups of infants were within
normal limits.

(ce) The infants of smoking mothers showed a
higher mean hematvcrit and mild metabolic acid-
Osis.

Human placental blood has a lower relative affinity
for CO than adult bloed. It was calculated that the
affinity constant of fetal Hb was approximately

20 percent less than that of Hb A.

Comments

Carbon monoxide is

an inhibitor of

carbonic anhydrase.
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TABLE 5.—Human experimental data on smoking and pregnancy (cont.)
 

Author,
year,

country,
reference

Design of study Results Comments

 

Nebert et al..

1969,

U.S.A. (81),

Aryl hydrocarbon hydroxylase activity was de-

termined in the placentas obtained from 97

women at the time of childbirth; 46 of the

women smoked between 20 and 40 cigarettes per

day during pregnancy and 51 women were non-

smokers.

Significantly higher (p<0.001) levels of aryl hydro-

carbon hydroxylase were found in women with

a history of cigarette smoking.

 

Welchet al.,

1969,
U.S.A. (52).

Benzpyrene hydroxylase and aminoazo dye:

N-demethylase activity was measured in 17 hu-

man placentas obtained after childbirth from

smokers and in 17 human placentas obtained

from nonsmokers.

Enzymes were found in the placentas from all 17

smokers. No detectable activity was observed in

the placentas of nonsmokers.
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TABLE 6.—Animal experimental data on the effect of smoking and nicotine on pregnancy
 

Author,
year,

country,
reference

Animal Design of study Results Comments

 

Essenberg etal.,

1940,

U.S.A. (10).

Albinorat. 393 ‘‘young”’ from pregnant rats exposed to

tobacco smoke and 113 young from preg-

nant rats which received parenteral nico-

tine were studied.

The young of treated mothers were under-

weight; the young from nicotine injected

mothers were more underweight than those

from smoked mothers. Increased fetal wast-

age and neonata)] deaths were observed in

treated animals as compared to controls.

113 “young” served as

controls.

 
Schoeneck,

1941,

U.S.A. (42).

Rabbit. Smoke from one cigarette was blown into

the nostril of healthy does by means of a

catheter each day. The does were ‘‘smoked”

daily throughout pregnancy and lactation.

170 young from 28 litters of 7 “smoked”

dees were studied. The offspring were not

subjected to smoking at any time.

(a) Offspring from “‘smoked’’ female rabbits

were smaller at birth than controls (17

percent).

(6) The stillbirth rate was 10 times as great

in the “smoked” group.

(c) The mortality rate was greater in the

offspring of the ‘‘smoked’’ does.

Litters from the pre-

vious generation

served as controls.

 
Nishimura and

Nakai,

1958,

Japan (82).

Mouse. 230 pregnant mice were injected, parenter-

ally, with nicotine. Animals were sacrificed

at term and mid-pregnancy to investigate

the state of the pregnancy and the develop-

ment of the offspring.

Nicotine had a lethal effect upon mice em-

bryos and also had a teratogenic effect on

their skeletal systems.

225 full-term fetuses

removed from 29

untreated mice were

used as controls.

 
Gatling,

1964,

U.S.A. (18).

Chick embryo. Chicken embryos were treated with doses of

nicotine varying from 12 pe. to 1,000 pe.

The effects of phenothiazines, corticoste-

roids, and catecholamines were also studied.

Nicotine induced cephalic hematoma forma-

tion and central nervous system depression.
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Author,
year,

country,
reference

Becker and

King,

1966,

U.S.A. (2).

Animal Design of study

100 primipara pregnant rats received a sin-

gle heavy subcutaneous injection of nico-

tine on the 21st day of pregnancy, one

day prior to expected term delivery. Fetal

wastage, weight of newborns, neonatal

deaths, and pregnant animals’ responses

were noted.

Results

{a) Mortality was greater among pregnant

rats than amongcontrols.

{b) Pregnant rats showed more marked hy-

perventilation and less body temperature

depression than controls.

(c) Delivery was delayed 2 to 4 days.

(d) The young weighed less than normal and

survived ‘‘poorly’’ during the first 48 hours

of life

TABLE 6.—Animal experimental data on the effect of smoking and nicotine on pregnancy (cont.)

Comments

100 nonpregnant rats

served as controls.

 

King and

Becker,

1966,

US.A. (127).

Pregnant and nonpregnant rats were in-

jected subcutaneously with heavy doses of

a 2 percent solution of pure nicotine for

the purpose of determining the LD 0 for

females of this strain (Osborne-Mendel).

The LD,, for neonates of this strain was

also determined within 6 to 24 hours of

norma] birth.

Osborne-Mendel rats LD,9: mg./kg.

Pregnant adults ................ 27.4

Nonpregnant females .......... 33.5

Neonates 2.0.0... -.. 0.0 c eee eee ee 14.55

Pregnant rats tended to die significantly later

than nonpregnant rats, but their tolerance

for nicotine was less.
 

Mosier and

Armstrong,

1967,

U.S.A. (27).

Alternate pregnant rats received oral nico

tine in the dosage of either .05 mg./g. or
10 mg./g. of food. On the 20th day, the

rats were killed and the fetuses were re-

moved.

(a) On higher nicotine intake, there was

lowering of food intake.

(6) There was no change in fetal weight or

length on either concentration.

(c) There appeared to be no effect on the

number of live and “absorbing’’ fetuses.
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TABLE 6.—Animal experimental data on the effect of smoking and nicotine on pregnancy (cont.)
 Author,

year,
country,
reference

Animal Design of study Results Comments

 Beckeret al., Rat.

1968,

U.S.A. (8).

Controlled populations of pregnant rats were

injected twice daily with doses of nicotine

varying from .5 mg./kg. to 5 mg./kg. Ef-

fects on pregnant rats and newborn were
studied.

(a) With the lower dosage of nicotine, the

birthweights, survival, and developmental

status did not differ from controls.

(6) With thhe higher dosage, pregnant rats

consumed less food and gained less weight

than control mothers. Delivery dates were

prolonged 2 to 4 days or more. Young

were underweight and fetal in appearance.

There were no abortions and no premature

young.

Contro] rats were in-

jected with saline.

 Tialve et al., Mouse.
1968,

Sweden (48).

The passage of 'C-nicotine and its metabo-

lites from the mother into the fetuses was
studied.

(a) Nicotine and its metabolites accumulated

in the placenta and passed into the fetus.

(6) The metabolites present in the fetus

originated from the mother.
(c) The passage of nicotine into the fetus

was the same during the last four days of
pregnancy.

 Fabro and Rabbit.

Sieber,

1969,

U.S.A. (11).

(1-methyl-C)-caffeine and G-(°H)-nicotine

were given to 6-day pregnant rabbits. The

dose for nicotine was 50 ps-/ke., intra-

venous, producing plasma levels similar to

those attained in man by cigarette smok-

ing (.06-.09 pe-/mi.).

(a) One hourafter (°H)-nicotine treatment,

a high level of radioactivity compared with

that in maternal plasma was found in

uterine secretion (ratio = 10.8).

(6) Unchangedradioactive nicotine and some

of its metabolites were present in the pre-
implantation blastocyst (blastocyst/plasma
ratio = 3).

Radioactivity in

uterine secretion

was not found in

nonpregnant con-

trols.
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Author,
year,

country,
reference

Welchet al.,

1969,

U.S.A. (52).

Younoszai

etal,

1969,

Canada

(57).

Design of study

Rats which were pregnant for 18 days were

given 40 mg./kg. of 3,4-benzpyrene; 1,2-

benzanthracene; 1,2,5,6-dibenzanthracene;

chrysene; 3,4-benzofluorene; anthracene;

pyrene; fluoranthene; perylene; or phen-

anthrene orally, and BP-hydroxylase ac-

tivity in the placenta was measured 24

hours later.

Pregnant rats were exposed to smoke from

regular tobacco cigarettes, non-nicotine cig-

arettes made with lettuce leaves, and non-

nicotine cigarettes (lettuce leaves) to which

15 mg. of nicotine was added. The rats

were forced to inhale cigarette smoke by

placing their cages in a smoking chamber.

CO levels were maintained between 2 and

& percent by exposing the animals to smoke

5 times a day at 2-hour intervals. Other

groups of rats were fed restricted diets,

receiving from 55 to 80 percent of the

food consumed by control rats.

Results

All compounds tested stimulated:

BP-hydroxylase activity in the placenta.

1,2-benzanthracene was the most active in-

ducer of BP-hydroxylase.

(a) Fetuses of all smoked rats were growth

retarded compared to control animals, those

exposed to tobacco smoke (cigarette) being

most severely affected.

(b) The amount of food consumed by rats

exposed tu cigarette smoke was reduced.

(c) There was a significant direct relation

between fetal body weight and the average

amount of food eaten during pregnancy.

(d) Fetal weight was reduced in prpportion

to the decrease in maternal food intake in

the two groups of rats exposed to the let-

tuce leaf cigarette smoke. In rats exposed

to tobacco cigarettes, fetal weight was re-

duced more than expected from the de-

crease in maternal food intake.

TABLE 6.—Animal experimental data on the effect of smoking and nicotine on pregnancy (cont.)

Comments

Placenta from control

rats possessed very

low BP-hydroxylase

activity.

Control rats were

handled in the same

way except that

they were not ex-

posed to cigarette

smoke.

 

Canada (51).

Kirschbaum

et al.,

1970,

U.S.A. (18).

Intravenous injection of fresh solutions of

nicotine, and simulated smoking of ciga-

rettes, were carried out upon pregnant

ewes. Cardiovascular functions, including

gaseous exchange and blood flow of both

the ewes and their fetuses were studied

for acute effects.

No significant changes were observed as a

result of either nicotine administration or

smoke inhalation.

Eath experiment in-

eluded a control

period during which

attainment of a

steady state was

the aim.



isotope studies in mice (48) have indicated that nicotine and its
metabolites accumulate in the placenta and are passed into the
fetus.

Manyof the experimental studies were designed to determine the
pathophysiology of the effect of maternal smoking on the fetus.
The experimental conditions in the several studies varied greatly as
did the results. No unified concept of the effect of maternal smoking
on fetal growth or on the outcome of pregnancy can be derived from
the presently available research.

SUMMARY

Maternal smoking during pregnancyexerts a retarding influence
on fetal growth as manifested by decreased infant birthweight and
an increased incidence of prematurity, defined by weight alone.
There is strong evidence to support the view that smoking mothers
have a significantly greater number of unsuccessful pregnancies
due to stillbirth and neonatal death as compared to nonsmoking
mothers. There is insufficient evidence to support a comparable
statement for abortions. The recently published Second Report of
the 1958 British Perinatal Mortality Survey, a carefully designed
and controlled prospective study involving large numbers of pa-
tients, adds further support to these conclusions.
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PEPTIC ULCER

It has been estimated that 10 to 12 percent of all people will suf-
fer from peptic ulcer disease at some time in their lives (17). In
the U.S.A. in 1967, there were 5,323 deaths from gastric ulcer and
4,502 deaths from duodenalulcer (22). Several studies have docu-
mented an association between smoking and peptic ulcer disease,
whichis stronger for gastric ulcer than for duodenalulcer.

Prospective studies indicate that male cigarette smokers have
increased peptic ulcer mortality ratios (see table 1). Although a
trend toward increased mortality from gastric ulcer is seen in cigar
and/or pipe smokers, the data do not allow significant conclusions
to be drawn. Similarly, no firm conclusions can be drawn about
female smokers,

Retrospective studies have consistently shown smaller numbers
of nonsmokersin the peptic ulcer groups than in matched control
populations (tables 2 and 3),

Cigarette smoking has been shown to reduce the efficacy of
antacid therapy in documented peptic disease (3) and to slow peptic
uleer healing (7). One study indicated that smokers who had
undergone surgical treatment for their peptic disease had more
major complications, including recurrence of peptic disease, than
nonsmokers (14).
Numerousstudies in both animals and man have been performed

to investigate the effect of smoking or the administration of nico-
tine on the gastrointestinal tract. Studies of gastric secretion and
motility in normal controls and in patients with peptic ulcer dis-
ease as well as in experimental animals have produced conflicting
results (4, 16, 18, 19, 20).

SUMMARY

Cigarette smoking males have an increased prevalence of peptic
ulcer disease and a greater peptic ulcer mortality ratio. These rela-
tionships are stronger for gastric ulcer than for duodenal ulcer.
Smoking appears to reduce the effectiveness of standard peptic
ulcer treatment and to slow the rate of ulcer healing.

423
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TABLE 1.—Smoking and peptic ulcer disease mortality
(Numbers in parentheses represent actual number of deaths)

 

 

 

 

 

  

 

SM = Smokers NS = Nonsmokers G = Gastric D = Duodenal

Author, Mortality ratios
year, Number and Data Actual

country, type of collection deaths Cigarettes/day Pipe Cigar Comments
reference population SM NS Gastric Duodenal Gastric Duodenal Gastric Duodenal

Doll and 41,000 male Questionnaire 54 tPeptic Pipe/cigar t+ Total number of

Hill, British and follow-up NS 1.00 4.00 deaths were too

1964, physicians. of death All cigarette 7.00 small to allow

Great certificate. 1-14 gs. per day 2.33 separate examin-

Britain 15-24 10.33 ations.

(5, 6). >25 7.33

Hammond; 440,658 Interviews by G-83 ..11 NS .......... 1.00 (11) 1.00 (22)

1988, males 35- ACSvolunteers D-93 ..22 SM (awe 45-64) 2.95) ... 2.86)...

U.S.A. 84 years of SM (age 65-79) 4.06( ‘°°’ 1.50¢°"°?
(11). age in 25

States.

Kahn, U.S. male Questionnaire G-78 ...... 12 NS ...........0. 1.00(12) 1.00(25) 1.00(12) 1.00(25) 1.00(12) 1.00(25)

1966, veterans and follow-up D-119 -25 SM 2.84 (4) 1.59 (5) 2.90 (7) 1.58 (8)

U.S.A. 2,265,674 of death All cigarette . 4.18(389) 2.98 (57)

(12). person years. certificate. 5:rr 3.95 (5) 2.30 (6)

10-20 .......... 2.77(18) 2.74(26)

21-39 .- 5.45(15) 3.98 (22)

>39 ». 11.57 (6) 2.89 (3)

Weir and 68,153 males Questionnaire 44 NS oo. 1.00 No deaths from

Dunn, in various and follow-up All cigarette a 0.53 gastric ulcer oc-

1970, occupations of death 10 woe ee eee 1.00 0.40 curred in non-

U.S.A. in California. certificate. #20 1.67 0.59 smokers and risk

(28). 230 2.38 0.32 of those smoking
£10/day was set

at 1.00. NS in-

cluded pipe,

cigar, and

ex-smokers.
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TABLE 2.—Methods used in retrospective and cross sectional studies of peptie uleer and smoking
 

 

 

  

 

 

Author,
year,

Controls
country, Cases

Commentsreference Sex Number Method of selection Number Methodofselection

Barnett, M 66 Gastric. Patients admitted between 1913 and 500 Selected at random from the gen- 1. Retrospective review1927, 178 Duodenal 1926. Only cases with complete eral admissions-males, 20-60 years records at Peter BentU.S.A. (2). smoking history selected. of age. Brigham Hospital.

2. Uleer diagnosis prob-

ably well established.

Trowell, M 50 Duodenal Not stated 400 Selected at random from wards of 1. Interviewed by inves-1934,
a general hospital. tigator.England

2. Uleer diagnosis con-(21).
firmed by X-ray and/or
surgery.

Allibone and MandF 107 Consecutive admissions to hospital 107 Matched by age, sex, and time of Patients and controls in-Flint, of patients with gastric and du- admission from acute general sur- terviewed by same1958, odenal hemorrhageor perforation. gical emergency admissions. observer.England

(2).

Doll et al., MandF 327 Gastric. Ulcer patients in Doll and Hill Lung 1,143 Patients with non-ulcer diseases. 1. Same interviewers and1958, 338 Duodenal. Cancer Study plus additional pa- Each case matched with 2 con- questionnaire in casesEngland tients in Central Middlesex Hospi- trol patients of same sex, 5-year and controls.(7). tal. age group, and same type of 2. Ulcer diagnosis prob-

Place of residence. Male patients

matched by social class.
ably well established,

 Edwardsetal.,

1959,

England

(8).

M 1,737 Men aged 60 and over on 11 General

Practioners’ lists were examined

and interviewed by these practi-

tioners. Represents about 84 per-

cent of all such men on_ these
lists.

(9 percent non-response due to death

and/or untraced.)

Of 143 considered to have

a peptic ulcer, 53 were

confirmed by X-ray.
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TABLE 2. Methods used in retrospective and cross sectional studies of peptic ulcer and smoking (cont.)

 

 

 

 

 

 

Author,
year,

Controls

country, Sex Number Methodof selection Comments

reference Number Methodofselection

Kasanen and M 43 Gastric. Successive male admissions with pep- 100 Successive men treated at medical A special questionnaire

Forsstrém, 57 Duodenal. tic ulcer treated at medical clinic clinic who had no gastrointestinal was used for the

1966, or outpatient department of Uni- symptoms or signs of CHD. interview.

Finland versity Hospital. Only patients

(13). under 65 years of age or those

who had been working were in-

cluded.

Gillies and Mand F 100 Gastric. Patients with peptic uleer were se- 150 Matched by age and sex from the Diagnosis well established

Skyring, 60 Duodenal. lected from hospital admissions in same ward at the same time and with X-ray, gastros-

1968, 1967. with absence of signs or symp- copy, or surgery.

1968, toms or past history of upper

Australia gastrointestinal disease.

(9).

Gillies and MandF 10 Gastric. 1,405 workers from a broadcasting 100 Two contro] groups: All information obtained

Skyring, 48 Duodenal. company, a manufacturing com- 1. 100 peptic ulcer patients pre- by question card. All

1969, 18 Uncertain pany, and a bus company were viously reported by authors. ulcers were proved by

Australia location. interviewed for a history of pep- 1,829 2. 1,829 workers without ulcer. X-ray or surgery.

(10). tic ulcer.

Monson, MandF 52 Gastric. 643 physicians from Massachusetts 625 Controls were physicians without Diagnosis established by

1970, 452 Duodenal. who responded affirmatively to a ulcer disease who were matched X-ray or surgery except

ULS.A, (15). 139 Not questionnaire sent to them in 1967 to ulcer patients by year of birth. for 46 “clinica]” cases.

specified. asking how many had had a pep-

tic ucer.
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TABLE 3.—Summary of results of retrospective and cross sectional studies of peptic ulcer and smoking
 

 

 

 

 

 

 

Author,
year, Percent nonsmoker Amountof tobacco used

country,
reference Cases Controls Cases Controls

Barnett, Total .......... 18.0 25.0

1927, Gastric ........ 15.0

U.S.A. Duodenal ...... 20.0

(2).

Trowell, Duodenal ...... 8.0 17.0 Average number:

1934, Cigarettes .. 12.0 perday..........11.1 per day

England Pipe ....... 1.6 ounces per week.. 2.15 ounces per week

(21).

Allibone and 38.0 54.0

Flint,

1958,

England

(1).

Doll et al., Gastric: Gastric: Percent amoking >>25 cigarettes per day

1958, Males ..... 1.3 47 Males ...... 10.6 11.3

England Females ... 51.1 66.8 Females .... 1.1 11

(7). Duodenal: Duodenal:

Males ..... 2.1 5.8 Males ...... 10.2 12.7

Females ... 53.7 62.0 Females .... 1.9 1.9

Edwards Percent of peptic ulcer by

etal, smoking category

1959, Never smoked ...........-¢2005- 6.0

England Formerly smoked .......--+025. 6.9

(8). Cigarettes:

1-9 perday .............. 9.4

10-19 perday .............. 9.8

>>20 per day ............4.- 12.0

Pipe oo. c cee cece eee e reece 6.5

Pipe and cigarettes 8.5
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TABLE 3.—Summary of results of retrospective and cross sectional studies of peptic ulcer and smoking (cont.)
 

 

 

 

 

 

Author,
year, Percent nonsmoker Amount of tobacco used

country, —
reference Cases Controls Cases Controls

Kasanen “Peptic” . 10.0 40.0 Cigarettes per day:
and

<10 ......., 10.0 7.0
Forsstr5m,

10-20 ...... 19.0 17.0
1966, 20 we... eee 42.0 26.0
Finland

20 2... 19.0 10.0
{78).

Gillies and Gastric -». 18.0 44.0 Mean numbercigarettes per day:
Skyring, Duodenal - 62.0 71.0 Gastric .... 23.3 17.1
1968,

Duodenal .. 23.2 23.0
Australia

Duration of smoking (years) :
(9). Gastric .... 30.2 28.0

Duodenal .. 24.2 28.2

Gillies and Gastric +. 179 55.6
Skyring, Duodenal - 36.6
1969,

Australia

(20).

Monson, Duodenal - 82.1 46.7 Percent smoking >20
1970, Gastric ........ 19.2 cigarettes per day
U.S.A. Not Specified . 43.2 Age: Gastric Duodenal
(15).

P| 38.8 27.3 30.1

30 oo... eee 45.7 43.0 47.1

45 Lo... 60.2 49.5 46.9

60 ......... B41 40.4 44.0
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ToBacco AMBLYOPIA

Tobacco amblyopia (tobacco-alcohol amblyopia) is that syn-

drome of visual failure occurring in association with the use of

tobacco, with or without the concurrent use of alcohol, and with or

without concurrent nutritional deficits. The disease has a subacute

onset, leading to a loss of visual acuity and color perception (72).

It is characterized by centrocecal scotomas which are bilateral but

not necessarily symmetrical and which have sloping diffuse edges

and by the presence of nuclei of denser visual loss within the large

scotomas (22, 23). Such visual impairment is not unique to tobacco

amblyopia, as it is also seen in neurodegenerative disorders, such

as Leber’s hereditary optic atrophy (7, 25).

Clinical information on tobacco amblyopia has appeared in nu-

merous articles throughout the past century. This information has

been reviewed by Silvette, et al. (17) and, more recently, by

Dunphy (5). Pure tobacco amblyopia (TA), that is amblyopia

unassociated with excessive alcohol intake or the exposure to other

toxins, is rarely seen in the United States today (12). Walsh,et al.

(23) have observed that when TA is found it is usually present in

association with nutritional or idiopathic vitamin deficiencies.

Victor (22) recently observed that the type of visual defect seen in

tobacco amblyopia may be foundin clinical circumstances in which

tobacco is clearly not a causative factor. He questions whether TA

is distinguishable from other forms of amblyopia.

The prevalence of this disorder has been variously estimated in

the past at from 0.5 to 1.5 percentof all eye clinic patients (20, 23).

However, currently in the United States, it appears to be a rare

condition. Silvette, et al. (17) have observed that the incidence of

tobacco amblyopia appears to have decreased substantially during

the past decades. Other authors (3, 15) have also commented on

this trend. Although reference has been made to the increased fre-

quency of certain types of tobacco usage in patients with this dis-

order, adequate population studies with proper controls have yet to

be performed. The association of this disorder with the use of

tobacco is strengthened by the frequent clinical observations of

improvementfollowing the cessation of smoking although improve-

ment has been noted by someto occur without cessation.

Research into the pathogenesis of tobacco amblyopia has cen-
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tered upon the interrelationships of cyanide metabolism, vitamin
B,., and other vitamin deficiencies. Three reviews of this material

have recently appeared (1, 12, 22). Numerous studies reviewed in

these articles suggest that tobacco amblyopia may result from the

incomplete detoxification of the cyanide present in tobacco smoke.

This failure of detoxification may stem from or be intensified by

inadequate dietary intake of necessary nutritional factors. This

may be the reason for the association of this disorder with exces-

sive alcohol intake and with its related nutritional deficits (2, 4, 6,

8,9, 10,11, 18, 14,16, 18, 19, 21, 24, 26, 27,28).

SUMMARY AND CONCLUSIONS

Tobacco amblyopia is presently a rare disorder in the United

States. The evidence suggests that this disorder is related to nutri-
tional or idiopathic deficiencies in certain detoxification mechan-

isms, particularly in handling the cyanide component of tobacco

smoke.
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telease in animals by nicotine, 57, 119

Cats
cardiovascular function in, smoking and
nicotine effects on, 110, 111

ciliary function in, effect of cigarette
smoke on, 222-224

lungs of, cigarette smoke effect on sur-
factant activity, 225

Cattle
ciliary function in, effect of cigarette
smoke on, 221

CBF
see Blood circulation coronary

Central nervous system
effects of carbon monoxide in smoke on,

Cerebrovascular disease
definition of, 66
mortality from, effects of cigarette
smoking on, 9

mortality rates from, smokers vs. non-
smokers, 66-70

Cessation of smoking
effect on COPD development in British
physicians, 142

effect on COPD morbidity in smokersvs.
nonsmokers, 146

effect on development of COPD,140
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effect on mortality from COPD from,
175

improvements in respiratory system,
148, 149

relation to incidence and mortality from
CHD, 32, 46-48, 106

CHD
see Coronary disease

Chemiluminescence
see Luminescence

Chewing
see Betel nut and tobacco

Chickens
ciliary function in, effect of cigarette
smoke on, 223

embryos of, effect of cigarette smoke
on, 344

embryo of, nicotine effects on CNS, 411
Chile
atherosclerosis autopsy studies in, 55
atherosclerosis in, no smoking effect
found, 56

Cholesterol
rabbits fed, carbon monoxide effects on,
65-66

serum, cigarette smoking relationship
with, 8

serum, control in coronary disease,
21-22

serum, relationship of cigarette smoking
to levels of, 41, 43

serum, relationship of elevated with ciga-
rette smoking in peripheral vascular
disease, 72

serum, in smokers vs. nonsmokers, 41,
98-102

serum, in smokers with CHD, 23-24, 43
synergistic relationship of carbon mon-
oxide in coronary atheromatosis, 63

Chromium
respiratory tract carcinoma in workers
exposed to, 256

Chromium compounds
lung neoplasm mortality from, 257-258

Chronic obstructive pulmonary disease
see Bronchopulmonary disease, chronic
obstructive

Chrysene
carcinogenic properties in cigarette
smoke from, 265

Chrysene, 1-methyl-
carcinogenic properties in cigarette
smoke from, 265

Cigarette filters
advantages in reduction of particulates,
269, 275

reduction of lung neoplasms from, 13
Cigarette smoke

alteration of coronary biood flow, 58
bronchogenic carcinoma induction in
dogs inhaling, 269, 270

cadmium levels in, 154
carbon monoxidelevels in, 59
carcinogenicity of components to ani-
mals, 12,277

a of death in dogs from inhalation,
71

ciliary movementinhibition, 267
effect on tissue and organ cultures, 267,
343-345



effect of nickel on induction of lung aryl
hydroxylase, 256-257

high tar, risks in, 11
inhalation by dogs, lung neoplasm devel-
opment, 268-269, 272-274

inhalation effects on animal respiratory
tract, 268-269, 349-353

inhalation effects on hamster larynx,
281, 284

listing of identified or suspected tumori-
genic agents, 264-267

2-naphthylamineidentified in, 265
neoplastic changes in animals inhaling,
238-239

tobacco amblyopia relationship to cyan-
ide metabolism in, 435-436

Cigarette smoke condensates
carcinogenic effect on animal oral cav-

ities, 288
carcinogenic properties on animal skin,
337-342

effects of instillation or implantation in
animal tracheobronchial tree, 346-348

effects on tissue and organ cultures,
343-344

painting skin of animals with, 337-342
Cigarette smokers
arterial occlusions in, 73
atherosclerosis in aortic and coronary ar

teries, 52-56
atypical nuclei in male esophageal epi-
thelium, 379-380

bladder neoplasms in, 293-295
cell rows and atypical cells in vocal cords

of, 280, 359-360
cessation effects on COPD morbidity,
146, 197, 199, 203-204

cessation lowers lung neoplasm rate in,
11

changes in ventilatory function and pul-
monary histology, 175

CHD in AHApooling project, 28, 30, 39
CHDrisk by, 23-25
comparative risk for lung neoplasms, 237
decline in British physicians, 48
development of altered ventilatory func-
tion in young, 10

development of esophageal neoplasms,
12, 293

development of laryngeal neoplasms, 12
developmentof oral neoplasms, 12
developmentof second primary oral neo-
plasms in continuing, 287

effect of filters on emphysema develop-
ment, 162

effects of inhalation on bronchial reacti-

vity, 164
effect on cardiovascular system, 56-58,

107-118
effects on uterine activity in gravidic

women, 408
esophageal neoplasm mortality ratios in,
290-291

etiological cause of lung neoplasms, 239
histology and smoking relationship of
lung neoplasms in 246-249

infant birth weight, 397-399
inhalation effects on human pulmonary
function, 163, 166-169

kidney neoplasms in, 294-296

laryngeal neoplasm
354-357

lung neoplasm mortality in, 240,
243-244

mortality from cerebrovascular disease,
67-70

mortality rates affected by sex, 3
mortality ratios from COPD, 142-144
mortality ratios from pancreatic neo-
plasmsin, 298

mortality ratios from peptic ulcers in,
424

peptic ulcer in, smoke effects on antacid
therapy, 423

percentage of women of child-bearing
age, 389

possible processes for increased mortal-
ity in, 4-5

postoperative pulmonary complications
in, 174, 230

pulmonary surfactant activity in, 172,
225

relationship of asbestos in lung neoplasm
mortality, 257

relationship in coronary and lower limb
arteriosclerosis, 72

relationship of former to lung neoplasm
development, 276

relationship to infectious respiratory dis-
ease, 172, 226-229

relationship to laryngeal neoplasm devel-
opmentin, 281

relationship to lip or oral cavity neo-
plasms, 361-370

relationship to lung neoplasms, 275
relationship with bladder neoplasms in
men, 299

relationship with dust on COPD develop-
ment, 153

with peptic ulcer, 427
tisk in CHD, 8
tisk of COPDin, 140
survey by age and sex, 6
survey of U.S., 6

Cigarettes
development of esophageal neoplasms
by, 12, 293

tar levels of, relationship to lung neo-
plasm development, 276

Cigar smokers
atypical nuclei in male esophageal epi-
thelium, 379

bladders neoplasmsin, 293-294
cell rows and atypical cells in vocal cords

of, 280, 359-360
COPD morbidity in, 146, 197-198,
201-202, 204-205

effects of smoke on bronchial reactivity,

164
esophageal neoplasm mortality ratios in,

290
kidney neoplasmsin, 294-295
lack of risk in CVD, 67
laryngeal neoplasm induction in, 12,
354-357

lung neoplasm incidence in rural Switzer-
land, 244

lung neoplasm mortality in, 11, 240-243
mortality ratios from COPD in, 142-143,
145

induction in,
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myocardial infarction in, 32, 38-39
relationship to infectious respiratory dis-
ease, 227

relationship of laryngeal neoplasms de-
velopmentin, 281

relationship of neoplasms of oral cavity
with, 12, 361-365, 367-371

mortality ratios from pancreatic neo-
plasmsin, 298

mortality ratios from peptic ulcer in,
424

risk of CHD, 8
risk of COPD, 10
risk of lung neoplasm development, 276

Ciliary activity
see Respiratory system

Circulation
see Blood circulation

Cirrhoses
see Liver

Civil servants
see Government employees under Occu-
pations

Coal miners
see Occupations

Congressionallegislation
see Laws

Connecticut Cancer Registry
figures on age-adjusted larynx neoplasm
incidence, 277

figures on incidence of oral neoplasms,
284

Constitutional hypothesis
relationship to CHD and smoking, 48-49,
105-106

COPD
see Bronchopulmonary disease, chronic
obstructive

Cornsilk
smoking, lack of arterial epinephrine
level increase, 57

Coronary blood flow
seé Blood circulation, coronary

Coronary disease
see also Angina pectoris
age- adjusted rates in smokers, 23
arteriosclerotic, mortality rates in US.,

atherosclerosis in, effects of smoking on,
4,63

blood pressure of smokers vs. nonsmok-
ers, 43,47

carbon dioxide effects on oxygen uptake
in, 62

cigarette smoking relationship, 5
death ratios of paired combinations of
high risk, 25

first, mortality rates in smokers vs. non-
smokers, 24, 26-29

incidence and mortality rates in former
smokers, 46, 47-48

infarction in NYC pipe and cigar smok-
ers, 32, 38-39

infarction relationship to physical activ-
ity, smokers vs. nonsmokers, 44

in smokers with predisposing factors, 24
morbidity relationship of smoking to,
32-35, 37, 39, 93-97

mortality and morbidity retrospective
studies, 40, 93-97
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mortality from, relationship to electro-
cardiographic findings, 42

mortality in obese vs. non-obese, 45
mortality rates in, hypertensives vs. non-
hypertensives, 42

mortality rates in, smokers vs. non-
smokers, 21-22

mortality rates in, with increased carbon
monoxide, 62

mortality rates of paired combinations
of high risk, 25

mortality rates of cigarette smokers
from, AHA pooling project, 28, 30, 39

mortality rates of U.S. veterans, 26, 38
myocardial infarction in Danish twins,
31

nicotine effect on coronary blood flow
in, 58

relation of triglycerides to, 65
telationship of blood presure and smok-
ing, 45, 47

relationship of heart rate and smoking,
45,47

relationship of physical activity and
smoking 41, 43, 44

relationship to constitutional makeup
and smoking, 48-49, 105-106

relationship to ECG abnormalities and
smoking, 45, 47

relationship to obesity and smoking,
4345

tisk factors, 23-24, 40-41
smokers age effects on development, 27,
39

smoking risk factor, 8
sudden mortality in, smoking effects on,

2
Coronary heart disease
See Coronary disease

Cows
see Cattle

Cresol
suspected carcinogenic agentof cigarette
smoke, 266

Cuba
laryngeal neoplasms in, relationship to
tobacco use, 356

relationship of tobacco use and neo-
plasmsof oral cavity, 364
D

see Cerebrovascular disease
Cyanides
metabolism of, pathogenesis of tobacco
amblyopia relationship to, 435-436

in tobacco amblyopia etiology, 14
Czechoslovakia
jaryngeal neoplasms in, relationship to
tobacco use, 354, 357

serum lipid difference in smokers vs.
nonsmokersin, 101

Death rates
see Mortality rates

Denmark
atherogenic effect of carbon monoxide
and hypoxia, 64

bladder neoplasms in, methods and re-
sults in retrospective studies of smok-
ing and, 381, 383

carbon monoxide effects on human
biood lipids in, 129



carbon monoxideeffects on rabbit blood
lipids in, 129

serum lipid differences in smokers vs.
nonsmokers in, 102

twins in, angina pectoris in smokersvs.
nonsmokers, 51

Deoxyribonucleic acid
content increase in smokers oral epi-

thelial cells, 288
levels in mice lung exposed to cigarette
smoke, 161

Diabetes
effect on CHD in smokers, 24
tisk in mortality from CVD, 67

Diabetes mellitus
relationship with cigarette smoking in
peripheral vascular disease, 72

Dibenz(¢,h acridine
carcinogenic properties in cigarette
smoke from, 265

Dibenz(a,j)acridine
carcinogenic properties in cigarette
smoke from, 265

7H-Dibenzo(c,g)carbazole
carcinogenic properties in cigarette
smoke from, 265

Dibenzo(a,i)pyrene
see Benzo(rst)pentaphene

Diethylnitrosamine
suspected carcinogenic properties in ciga-
rette smoke from, 265

7,12-Dimethy]-benz(a)anthracene
see Benz(a)anthracene, 7,12-dimethy!-

Dimethylnitrosamine
suspected carcinogenic properties in ciga-
rette smoke from, 265

2,3-Diphosphoglycerate
effects of carbon monoxide on, 60-61
DNA
see Deoxyribonucleic acid

Dogs
atherogenic effects of nicotine in, 120
bladder neoplasms in, fed 2-naphthyl-
amine, 296

bradycardia and tachycardia in, follow-
ing nicotine injection, 57-58

bronchogenic carcinoma induction in,
te cigarette smoke inhalation, 269,
70

cigarette smoke instillation or implanta-
tion effects on tracheobronchial tree
of, 268, 347

death in, causes from cigarette smokein-
halation, 271

effect of cigarette smoke on pulmonary
clearance in, 164, 170

fetal bronchial tubes of, effect of ciga-
rette smoke on, 345

lungs of, cigarette smoke effects on sur-
factant activity, 172, 225

lung neoplasms following cigarette
smoke inhalation, 239, 277

lung neoplasmsin, types and lobes where
found, 269, 272-273

myocardium of, nicotine effects on, 58
neoplasm development in smoking, per-
centages of, 274

pulmonary histological changes in ciga-
rette smoke inhaling, 158, 159-160

respiratory tract of, cigarette smokein-
halation effects on, 268, 352, 353

smoke induced bronchoconstriction in,
atropine effects, 163

smoking and nicotine effects on blood
lipids in, 127-128

smoking and nicotine effects on cardio-
vascular function in, 107-112

smoking and nicotine effects on cate-
cholaminelevels in, 119

Donkeys
effect of cigarette smoke on pulmonary
clearance in, 164, 171

Ducks
cigarette smoke instillation or implanta-
tion effects on tracheobronchial tree
of, 346

Duodenal ulcer
see Peptic ulcer

Dusts
COPD developmentfrom, 153, 218

Egypt
relation of human pulmonary histology
and smoking, 163

Electrocardiograph
findings on, CHD mortality relationship

to, 42
reading abnormalities, relationship to
smoking and CHD, 45, 47

Electrophoresis
use in determining serum levelof alpha,-
antitrypsin, 151

Emphysema
alpha,-antitrypsin absence type genetic
factors, 150

cigarette smoking effects on, 9
development in dogs following cigarette
smoke inhalation, 271

developmentof, relation of cadmium in
smoke to, 154

grade II or III, smokers vs. nonsmokers,
162

mechanism inalphayantitrypsin absence
type of, 151

mortality from, effect of cigarette smok-
ing on, 175

mortality rates from, in 1967, 139
pulmonary, definition, 139

Employment
see Occupations

England
see United Kingdom

Enzymes
see also Papain
activity of, effect of smoking, 165
ary! hydrocarbon hydroxylase activity in

placentas at childbirth, 410
aryl hydroxylase, effect of nickel in ciga-
rette smoke on induction of , 257

benzo(a)pyrene hydroxylase, activity in
placentas of smoking mothers, 410

carbonic anhydrase, carbon monoxide
inhibition in fetal cord blood of smok-
ing mothers, 407

carbonic anhydrase, decrease in activity
in fetal cord blood in smoking
mothers, 409

Epidermoid carcinoma
see Carcinoma, epidermoid
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Epinephrine
levels in arteries, cigarette smoking ef-
fects on, 57

Epitheliomas
lip, relationship of tobacco use with, 361

Epoxides :
suspected carcinogenic agents in ciga-
rette smoke, 265

Esophageal neoplasms
frequency in smokers vs. nonsmokers,
12, 238

induction in animals by nitrosamine, 292
methods and results of retrospective
studies of tobacco use, 289, 375-378

mortality rates in U.S. for 1967, 289
relationship to smoking, 293

Esophagus
basal cells of epithelium of, atypical
nuclei in male smokers 292, 379-380

Ethanol
see Alcohol

Ex-smokers
see Smokers (former)

Factory workers
see plant workers under Occupations

Fatty acids
blood, effect of smoking onlevels of, 65
Jevels in smokers vs. nonsmokers, 102
rise in blood serum after smoking, 36
suspected carcinogenic agents of ciga-
rette smoke, 266

Fetus
heart beats in, increase in smoking
mothers, 408

tissues of, effects of elevated carboxy-
hemoglobin on, 407

Fibrosis
in lung, smokers vs. nonsmokers, 161

Fibrillation
ventricular, death from, 36

Filters
see Cigarette filters

Finland
blood pressure differences in smokersvs.
nonsmokersin, 103

COPD morbidity in smokers of, 200
lung neoplasms in, restrospective smok-
ing study of methods in, 325, 327

lung neoplasm mortality in, relationship
to tobacco use, 245-246

peptic ulcer in, methods and results for
retrospective and cross section studies
of smoking and, 426, 428

serum lipid differences in smokers vs.
nonsmokersof, 98, 99

smoking and nicotine effects on human
bloodlipids in, 124

Fluoranthene
alcoholic solution of, penetrability of
esophageal epithelium, 292

Flax mill workers
see Occupations

Former smokers
see Smokers (former)

Formosa
acute effect of cigarette smoke on
human pulmonary function in, 169

France
bladder neoplasms in, methods and re-

446

sults in retrospective studies of smok-
ing and, 381-383

CHD mortality and morbidity in, 94, 97
COPD mortality of smokersin, 201
cigarette smoke effects on animal lung
tissue in, 343

cigarette smoke effects on chicken em-
bryosin, 344

cigarette smoke inhalation effects on rat
respiratory tract, 349

esophageal neoplasms in, retrospective
studies of tobacco use with, 378

laryngeal neoplasmsin, relationship to
tobacco use, 355, 357

lung neoplasmsin,retrospective smoking
study of methodsin, 326

relationship of tobacco use and neo-
plasmsof oral cavity, 363

Framingham Heart Study
morbidity ratios in CHD, 24

Fungicides
concentration in cigarette smoke, 265,
266

Gastric ulcer
see Peptic ulcer

Genetics
factors of, cigarette smoking relation-
ship, 5

factors of, in COPD pathogenesis, 148,
150-152, 205

twin-studies, effects of smoking, 49-52,
99

Germany
a morbidity and mortality in, 95-96,

cigarette smoke inhalation effects on ani-
mal respiratory tract in, 350

laryngeal neoplasms in, relationship to
tobacco use, 355

lung neoplasmsin, retrospective smoking
study of methods in, 323, 325, 326

polonium-210 levels in lungs of smokers
in, 336

smoking and nicotine effects on human
blood lipids, 125

Glossary
of terms used in smoking and ventilatory
function, 215

Glucose
metabolism and insulin response, altera-
tion effects on myocardial response, 66

Glycogen
levels in mice lung exposed to cigarette
smoke, 161

Government employees
see Occupations

Graphite
respiratory tract carcinoma in workers
exposed to, 256

Great Britain
see United Kingdom

Guanethidine
blockage of nicotine cardiac stimulation
by, 57

Guineapigs
lung neoplasm development following
chronic nickel carbonyl! or dust inhala-
tion, 256



lungs of, cigarette smoke effects on sur-

factant activity, 225
respiratory changes in, exposed to ciga-
rette smoke, 162

Hamsters
benzo(a)pyrene inhalation by, effect of
asbestos dust on carcinoma induction,
257

bladder neoplasms in, fed 2-naphthyl-
amine, 296

cigarette smoke instillation or implanta-
tion effects on tracheobronchial tree
of, 268, 346-348

laryngeal malignancies in, following
smoke inhalation, 12

laryngeal neoplasms following cigarette
smokeinhalation, 239

larynx of, effect of cigarette smoke in-
halation on, 281, 284

lung and embryos, effects of cigarette
smoketars on, 343-344

pulmonary changes from chronic nitro-
gen dioxide inhalation, 220

respiratory tract of, C-14 labeled particu-
lates deposition in, 281-282

respiratory tract of, cigarette smoke in-
halation effects on, 268, 351

Health Insurance Plan (NYC)
myocardial infarction in pire and cigar
smokers under, 32, 38-3

Heart
see also Arrhythmia, brachycardia, myo-
cardium and tachycardia

cardiac thythm of, effect of nicotine on,
6

fetal, increased rate by maternal smok-
ing, 408

myocardium of, nicotine effects on oxy-
gen demand, 38

myocardium of, cigarette smoking effect
on, 5,8

rate, relationship to smoking and CHD,

Heart disease
see Cardiovascular diseases and coronary
disease

Heights
decreased, in children of smoking
mothers, 407

Hematite dust
respiratory tract neoplasms in hamsters
exposed to, 348

Hematocrit
ni smoking mother effects on, 407,
40

variations in, effect on coronary blood
flow, 66

Hemoglobin
see also Carboxyhemoglobin
affinity for oxygen, CO effects on 2 ,3-di-
phosphoglycerate control of, 60-61

variations in, effect on coronary blood
flow, 66

Hens
see Chickens

Heterocyclic compounds
carcinogenic properties in cigarette
smoke, 264, 265

Hexamethonium
blockage of nicotine cardiac stimulation

by, 57
HIP of NYC
see Health Insurance Plan (NYC)

Hookahs
smokers of, laryngeal neoplasm induc-
tion in, 355

Hungary
retrospective smoking study of methods

for lung neoplasmsin, 328
Hydrocarbons
see Aromatic compounds heterocyclic
compounds

Hydrogen cyanide
in cigarette smoke, effects on body oxi-
dative metabolism, 62

3-Hydroxyanthranilic acid
see Anthranilic acid, 3-hydroxy-

3-Hydroxykynurenine
excretion of, smoking effects on, 296

Hydroxyproline
level in mice lung exposed to cigarette
smoke, 161

Hypertension
see Blood pressure

Hypoxemia :
arterial, carbon dioxide effects on, 61,
18

Hypoxia
aortic atheromatosis development in
rabbits exposed to, 64

postoperative, development in smokers,
174, 230

postural, mechanism in asymptomatic
smokers vs. nonsmokers, 147

Iceland
lung neoplasmsin, relationship to tobac-
co smoking, 244

Indeno(1 ,2 ,3,-cd)pyrene
carcinogenic properties in cigarette
smoke from, 265

India
esophageal neoplasms in, retrospective
studies of tobacco use with, 378

laryngeal neoplasms in, relationship to
tobacco use, 355, 356

relationship of smoking to tuberculosis
in, 227

relationship of tobacco use and neo-
plasmsof oral cavity in, 362, 366

smoking and nicotine effects on human
cardiovascular system, 117

smoking relationship to thrombosis in,
131

Indole, 1-methyl-
possible initiator in tobacco carcinogene-

sis, 265
Industrial workers
see plant workers under Occupations

Industrial hazards
effect of dust on COPD development,
175

effects on COPD development in smok-
ers, 153-154, 218-219

Infant
see also Neonate
sudden death in, relation of smoking and
nonsmoking mothers, 407

Influenzavirus
effect on dogs inhaling cigarette smoke,
351
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resistance of mice following cigarette
smokeinhalation, 173

Inhalation studies
see under Cigarette smoke

Ireland
acute effect of cigarette smoke on
human pulmonaryfunction, 168

CHD mortality and morbidity in smok-
ers and nonsmokersin, 94

CHD mortality and morbidity in, 96
lung neoplasms in, retrospective smoking
study of methodsin, 328

maternal smoking and infant weight, 399
methods used in smoking study and
humanpregnancy , 394, 396

northern, mortality rates from COPD,
144

occupational exposure and smokingrela-
tionships to COPD in, 218

relationship of lung neoplasms to smok-
ing, air pollution and residence in, 254

serum lipid differences in smokers vs.
nonsmokersin, 99

smoking and nicotine effects on human
peripheral vascular system, 133

smoking relationship to thrombosis in,
130

Israel
cigarette smoke effects on animal em-
bryos in, 343

mortality rates from COPDin, increase,
140

Italy
human experimental data on smoking
and pregnancy, 409

serum lipid differences in smokers vs.
nonsmokersin, 100

tracheobronchial tree changes in smokers
and nonsmokersin, 263

Japan
bladder neoplasms in, methods and re-

sults in retrospective studies of smok-
ing and, 382, 384

CHD mortality and morbidity in, 96
cigarette smoke effects on human fetal
lung tissue in, 343

esophageal neoplasms in retrospective
studies of tobacco use in, 378

kidney and bladder neoplasms of smok-
ers in, 295

lung neoplasmsin, retrospective smoking
study of methods in, 326, 328

lung neoplasm mortality of smokers and
nonsmokersin, 243

mortality ratios from esophageal neo-
plasmsin, 291

mortality ratios from pancreatic neo-
plasmsin cigarette smokers in, 298

relationships of lung neoplasms to smok-
ing, air pollution, and residence in, 255

Kidney neoplasms
mortality rates in U.S. for 1967, 296
relationship of tobacco use, 13, 299
in smokers and nonsmokers, 238,
294-295

Korea

relation of human pulmonary histology
and smoking in, 255

448

tracheobronchial tree changes in smokers
and nonsmokersof, 259

Lactones
suspected carcinogenic agents in ciga-
rette smoke, 265

Laparotomy

postoperative pulmonary complications
following, in smokers vs. nonsmokers,
174

Laryngeal neoplasms
development in hamsters following ciga-
rette smoke inhalation, 239

developmentin smokers, 12, 281
mortality in smokers vs. nonsmokers,
237-238

mortality ratios from, 277-279
relationship to tobacco use and develop-
mentof, 354-357

telative risk ratios from tobacco use,
277, 358

US. mortality in 1967, 277
Larynx
epithelial changes in, classification of,
281, 283

hamster, C-14 labeled particulate deposi-
tion in, 281-282

Laws
PL 89-92, requirements for smoking haz-
ards literature review, 7

PL 91-222, requirements for smoking
hazards review, 7

Lip neoplasms
relationship of tobacco use, 361, 362,
365, 367

relationship to pipe smoking, 289
Lipids

blood effect of smoking on levels of,
65-66, 123-128

serum, differences in smokers vs. non-
smokers, 41, 98-102

Lipoproteins
infiltration in arterial walls, carbon mon-
oxide effects on, 63

in smokers vs. nonsmokers, 99-102
Liver
cirrhosis
smokers, 5

Longshoremen
see Occupations

Luminescence
techniques of, use in determining aro-
matic hydrocarbon in urine, 297

Lung diseases
see Bronchopulmonary diseases, adeno-
carcinoma, carcinoma,tuberculosis

Lungs
fibroses in, smokers vs. nonsmokers, 161
hamster, C-14 labeled particulates depo-
sition in, 281-282

human,effects of cigarette smoke on tis-
sue from, 343-345

Lung neoplasms,
air pollution role in etiology of, 11
cause and effect relationship of smoking,
276

cigarette smokingrisks, 11
development in dogs following cigarette
smoke inhalation, 239

effect of sex on development, 11

of, rates among cigarette



environmental and atmospheric factors
of, 252-255

groupings, 246-334
group characteristics of tobacco use in
smokers and nonsmokers, 240, 244,
329-333

histology and smoking relationships,
246-249

mortality expected in U.S. in 1970, 237,
3

mortality from chromium compounds,
257-258

mortality in cigarette smokers by dura-
tion, 240, 244

mortality in smelter workers exposed to
arsenic, 257

mortality in smokers and nonsmokers,
240-243

mortality, in smokers in Norway and
Finland, 245-246

occupational exposure effects on patho-
genesis of, 12

prevalence in males and females by
tumortype, 246, 250

reduction in number using filter-type
cigarettes, 275

relationship of asbestos and smoking to,
57

relationship of female smoking, 246, 251
relationship of smoking to, 237

retrospective study methods for smoking
relationships, 240, 323-328

smoking cause and effect relationship, 3
smoking habit study of patients with, 3
types implicated in smoking, 237
US.mortality rates for 1939 vs. 1967,

Macrophages
effect of cigarette smoke of action on
staphylococcus, 165

Mammals
see also specific mammals
cells of, effect of cigarette smoke tars
on, 343

Medical students
see Occupations

Methylbenzo(a)pyrene
see Benzo(a)pyrene, 1-methyl-

9-Methyl carbazole
see Carbazole, 9-methyl-

Methylchrysenes
see Chrysene, 1-methyl-

Methyl-indole
see Indole, 1-methyl-

Methyl-n-butyinitrosamine
e Butylamine, n-methyl-nitroso-

N -Methylnicotinamide
see Pyridinium compounds, 3-carba-
moy)l-1-methy]-

Mice
bladder neoplasms in, induction by
tryptophan metabolites, 296
rte lethal effects of nicotine on,

1
esophageal epithelium of, alcoholic
benzo(a)pyrene penetrability of, 292

esophageal epithelium of, oil desolved
benzo(a)pyrene penetrability of, 292

lungs of, effects of cigarette smoke on,
343, 344

lung neoplasm incidencein, from chrom-
ium oxide dust exposure, 258

pulmonary carcinoma induction in,
following asbestos dust inhalation, 257

pulmonary changes from chronic nitro-
gen oxide inhalation, 161, 220

pulmonary changes in cigarette smoke
inhaling, 159

pulmonary clearance in, cigarette smoke
effects on, 170

resistance to pneumonia bacteria follow-
ing cigarette inhalation, 173

respiratory tract of, cigarette smoke in-
halation effect on, 268-269, 349-353

skin painting of, smoke condensates ef-
fects on, 267, 337-342

Miscarriages
see Abortion, spontaneous

Mollusks
ciliary function in, effect of cigarette
smoke on, 223

Monkeys
atherogenic effects of carbon monoxide
and hypoxia, 64

ciliary function in, effect of cigarette
smoke on, 222

fetal bronchial tubes of, effects of ciga-
rette smoke on, 345

Rhesus, development of bladder neo-
plasms from 2-naphthylamine, 296

squirrel, nitrogen oxide effects on resis-
tance to pneumococcus, 173

Morbidity ratio
CHD in smokers with predisposing fac-

tors, 24
CHD in smokers vs. nonsmokers, 21-22,
24, 30-35

CHD,relation to smoking, 32-35, 37, 39
CHD, retrospective studies, 40, 93-97
in Danish twins, smoking effects on,
49-51

development of COPD in smokers vs.
nonsmokers, 145, 195-205

Mortality rates
from bladder neoplasms in U.S. for
1967, 293

from bronchopulmonary disease,
141-145

cerebrovascular disease, smokers vs. non-
smokers, 66-67, 68-70

CHD, paired combinations of high risk
characteristics in, 25

CHD, retrospective studies, 40, 93-97
CHD in smokers vs. nonsmokers, 24,
26-29

CHD in USS., 21
in Danish twins, smoking effects on, 51
from esophageal neoplasms in U.S. in
1967, 289

from kidney neoplasmsin U.S, for 1967,
296

from lung neoplasms for 1939 vs. 1967
inUS.,

from lung neoplasms expected in 1970,
237, 239

from lung neoplasms in smelter workers
exposedto arsenic, 257

from oral neoplasms in 1967, 285
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from peptic ulcer in U.S. in 1967, 423
in former smokers, relation to CHD, 46,
47-48

in Swedish twins, smokers vs. non-
smokers, 51

smokers vs. nonsmokers,3
USS. male veterans from CHD,26, 38

Mortality ratios
CHD with high risk characteristics, esti-
mated, 25

from esophageal neoplasms, prospective
and retrospective studies, 289-291

from laryngeal neoplasm, 277-279
from lung neoplasms in smokers in Nor-
way and Finland, 246

from lung neoplasms, in males by ciga-
rette smoking duration, 240, 244

from pancreatic neoplasms in smokers
and nonsmokers, 298-299

from peptic ulcer in smokers and non-
smokers, 424

smokers vs. nonsmokers, from lung neo-
plasms, 240-243

Mouth neoplasms
frequency in smokers and nonsmokers,

8°

smoking induced, 12
Mucopolysaccharides
— as surfactants in lung tissue,
17

Mussels
ciliary function in, effects of cigarette
smoke on, 221, 222

Myocardium
effects of hydrogen cyanide in smoke
on, 62

oxygen consumption in nicotine stimu-
lated, 59

oxygen requirements for, nicotine ef-
fects, 58

2-Naphthylamine
development of bladder carcinomas and
papillomas in dogs, hamsters and mon-
keys given, 296

suspected bladder carcinogen in tobacco
smoke, 265

National Center for Health Statistics
survey of U.S. smoking habits by, 54
survey on relationship of smoking and
incidence of respiratory disease, 173 .

National Clearinghouse for Smoking and
Health
responsibilities, 7
1970 survey of smoking, 6

National Cooperative Pooling Project
mortality statistics from coronary dis-
ease, 21-22

National Library of Medicine
assistance in literature review on smok-
ing, 7

Nawarai gas
respifatory tract carcinoma in workers
exposed to, 256

Negroes
see Bracks

Neonate
see also Fetus, pregnancy, prematurity
birth weight, effect of maternal smoking
on, 389, 397-399

450

death, comparison ofstillbirth and abor-
tions in smoking and nonsmoking
mothers, 395, 405-406

death, differences of birth weight and, in
smoking and nonsmoking mothers, 404

death, smoking mothers effects on 415
tats, LDsg nicotine determination, 412

Neoplasms
see also specific neoplasms, adenocarci-
noma, carcinoma, lung neoplasms,etc.

adenomatous, induction in mice by ciga-
rette smoke inhalation, 350

bladder, in smokers and nonsmokers,
293-295, 381-384

bladder, methods of retrospective studies
of smoking and, 293, 381-384

bladder, relationship of tobacco usage
to, 299

bladder, relationship to cigarette smok-
ing, 13, 299

bladder, U.S. mortality in 1967, 293
development in smoking dogs, percent-
ages of, 274

esophageal, frequency in smokers and
nonsmokers, 12, 238

esophageal, methods and results of retro-
spective studies of tobacco use in, 289,
375-378

esophageal, mortality ratios, 289-291
esophageal, mortality rates for U.S. in
1967, 289

esophageal, relationship to smoking, 293
kidney, mortality rates in U.S. for 1967,
296

kidney, relationship to tobacco use, 13,
299

kidney, in smokers and nonsmokers,
238, 294-295

laryngeal, 12, 237-239, 281
laryngeal, relationship of tobacco use
and development of, 354-357

laryngeal, relative risk ratios from tobac-
co use, 277, 358

laryngeal, U.S. mortality in 1967, 277
lip, relationship to smoking, 289
lip, relationship to tobacco use, 361,
362, 365, 367

mammalian, cigarette smoke effect on,
343

oral cavity, relationship of tobacco use,
285, 361-367

oral cavity, relationship to smoking, 289
pancreas, relationship to smoking,
298-299

Netherlands
cigarette smoke inhalation effects on
mice respiratory tract in, 349

jung neoplasmsin, retrospective smoking
study of methods for, 323

serum lipid difference, in smokers vs.
nonsmokersof, 101

New York City
myocardial infarctions in cigar and pipe
smokers in, 32, 38-39

New Zealand
human experimental data on smoking

and pregnancy, 408-409
Nickel compounds
suspected carcinogenic agents in ciga-
tette smoke, 265



Nickel workers
see Occupations

Nicotine
atherogenic effects of 120-122
effect on bloodlipids, 123-128
effect on blood pressure, 36
effects on cardiac rhythm of heart, 36
effects on cardiovascular system, 56-58,
107-118

effects on catecholamine release from
adrenals, 36,119

effects on heart rate, 36
effects on myocardium oxygen demand,
38

effects on myometrial strips in gravidic
women, 408

effects on peripheral vascular system, 72,
75, 133-134

effects on pregnancy, 411-414
induction of necrosis in arterial walls, 63
neurogenic effects of, 57

Nitrogen dioxide
pulmonary changes in rodents chron-
ically inhaling, 161, 220

Nitrogen oxide
effects on resistance of squirrel monkeys
to pneumococcus, 173

4-Nitroquinoline 1-oxide
alcoholic solution of, development of
papillomasin mice drinking, 292

N-Nitrosamines
carcinogenicity in cigarettes smoke,
264-266

esophageal neoplasms induced in animals
by, 292

Nitrosopiperidine
see Piperidine, nitroso-

Nitrosopyrrolidine
gee Pyrrolidine, nitroso-

N methylnicotinamide
urinary excretion of, smoking effects on,
2

Nonsmokers
see also Smokers vs. nonsmokers
carboxyhemoglobin effects on oxygen
uptake, 61

Norway
lung neoplasms in, for pipe smokers, 244
lung neoplasm mortality in, relationship
to tobacco use, 245-246

tracheobronchial tree changes in smokers
and nonsmokers of, 259

Oat cell carcinoma
see Carcinoma,oatcell

Obesity
relationship to CHD mortality, 43
relationship to smoking and CHD, 43-45
relationship with smoking in peripheral
arteriosclerosis, 72

Occupations
see also Industrial hazards
asbestos workers, respiratory tract carci-
noma, 256

asbestos workers, lung neoplasm mortal-
ity in smoking, 257

bank employees, smoking and COPD,
198

coal miners, impaired pulmonary func-
tion in smoking, 163

coal miners, respiratory tract carcinoma,
256

coal miners, smoking and COPD, 153,
197, 218-219

coal miners, smoking and ventilatory
function, 207

flax mill workers, smoking and COPD,
199

government employees, blood pressure
differences in smokers vs. nonsmokers,
99

longshoremen, mortality from smoking-
related cerebrovascular disease, 70

longshoremen, mortality rates from CHD
in, 28

longshoremen, smoking and COPD, 200
longshoremen, smoking and ventilatory
function, 208

medical students, serum lipid differences
in smokers vs. nonsmokers, 98

medical students, smoking and nicotine
effects on blood lipid levels, 124

medical students, smoking and thrombo-
sis relationships, 130

medical students, smoking and ventila-
tory function, 209-210

nickel workers, lung neoplasms in, 256
physicians, bladder and kidney neo-
plasms in smoking, 293, 294

physicians, cessation of smoking effect
on COPD, 142

physicians, COPD mortality rates, 149
physicians, decline in cigarette smoking
rates, 48

physicians, mortality from smoking-
related cerebrovascular disease, 68

physicians, mortality rates from CHD,
6

physicians, mortality ratios from esopha-
geal neoplasms, 290

physicians, mortality ratios from peptic
ulcer in smoking and nonsmoking, 424

physicians, pulmonary function follow-
ing cessation of smoking, 149

physicians, smoking and ventilatory
function, 209-210, 213

plant workers, occupational exposure
and smoking relationships to COPD,
153, 218, 219

plant workers, smoking and COPD, 198
plant workers, smoking and ventilatory
function, 206-208

post office workers, blood pressure dif-
ferences in smokers vs. nonsmokers,
104

post office workers, smokers and ventila-
tory function, 209

post office workers, smoking and COPD,
200, 202

prisoners, serum lipid differences in
smokers vs. nonsmokers, 100

prisoners, smoking and nicotine effects
on peripheral vascular system, 133

railroad employees, coronary heart dis-
ease, morbidity in smoking, 34

railroad employees, mortality and mor-
bidity from CHD, 97

railroad employees, mortality rates from
CHD,28

smelter workers, lung neoplasm mortal-
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ity from arsenic exposure, 257
soldiers, smoking and COPD, 197
steel workers, COPD development from
dust exposure, 153

students, carbon monoxide effects on
blood lipids, 129

students, infectious respiratory disease in
smokers vs. nonsmokers, 228-229

students, mortality from smoking-related
cerebrovascular disease, 68

students, mortality rates from CHD, 28
students, smoking and COPD, 201
students, smoking and nicotine effects
on bloodlipid level, 125

students, smoking and thrombosis rela-
tionships, 130

students, smoking and ventilatory func-
tion, 211

telephone company employees smoking
and COPD,200

textile workers, occupational exposure
and smoking relationship to COPD,
218-219

transportation employees, smoking and
COPD,198, 202

transportation workers, air pollution re-
lationship to COPD,216

transportation workers, smoking and
ventilatory function, 207, 212

utility company employees, CHD mor-
bidity in smoking, 30

uranium miners, lung neoplasms in
smokers and nonsmokers, 256

veterans, bladder and kidney neoplasms
in smoking, 294-295

veterans, COPD mortality rates, 143
veterans, CHD morbidity in smoking, 32
veterans, effects of smoking on twin, 50
veterans, lung neoplasm mortality in
smoker and nonsmoker, 241-243

veterans, mortality rates from CHD, 26,
38

veterans, mortality from smoking-related
cerebrovascular disease, 69

veterans, mortality ratios from esopha-
geal neoplasms, 290

veterans, mortality ratios from peptic
ulcer in smokers vs. nonsmokers, 424

Oleic acid
suspected carcinogenic agent in cigarette
smoke, 266

Olive oil
penetrability of benzo(a)pyrene in mice
esophageal epithelium, 292

Oral cavity neoplasms
estimated incidence in US. for 1970,
284

mortality from in 1967, 285
relationship of tobacco use, 285, 289,
361-367

Organs
cultures of, cigarette smoke effects on

cell growth and reproduction, 267,
343-345

Oropharynx neoplasms
frequency in smokers and nonsmokers,
238

Oxygen
see also Hypoxemia
myocardial consumption of, following
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nicotine stimulation, 58, 75
transport in body, carbon monoxide
effects, 60, 75

uptake in nonsmokers with specific car-
boxyhemoglobin levels, 61, 75

Palate
hamster, C-14 labeled smoke particulates
deposition in, 281-282

Pancreatic neoplasms
relationship to smoking, 13, 238
relationship of smoking to mortality
from, 298-299

Papain
pulmonary effects on rats exposed to
cigarette smoke with, 163

Papillomas
development in mice drinking alcoholic
benzopyrene, 292

formation following skin painting with
smoketars, 337-339, 341

induction in hamsters exposed to ben-
zo(a)pyrene, 346-347

Pentolinium
blockage of nicotine cardiac stimulation
by, 57

Peoples Gas Light and Coke Co.
study of CHD, serum cholesterol and
smoking relationships, 43

Peptic ulcer
antacid efficacy and healing of, effects
of cigarette smoking on, 423

development in smokers, 13
mortality from, in U.S. in 1967, 423
mortality ratios from, in smokers and
nonsmokers, 424

retrospective and cross section study
methods for smoking relationship to,
425-427

Peroxides
suspected carcinogenic agent in cigarette
smoke, 265

Personality characteristics
relationship to CHD and smoking, 48-49,
105-106

Pesticides
content in cigarette smoke, 265, 266

Phagocytosis
puimonary alveolar, in smokers vs. non-
smokers, 165

Pharyngeal neoplasms
Trequency in smokers vs. nonsmokers,

8
relationship to tobacco use, 362-364,

66
Phenol
suspected carcinogenic agent of cigarette
smoke, 266

Phospholipids
function as surfactants in lung tissuc,
172

smokers vs. nonsmokers, 99-100, 102
Physical activity
relationship to CHD and smoking, 41,
43,44

relationship to myocardial infarction,
smokers vs. nonsmokers, 44

Physicians
see Occupations

Piperidine, nitroso-



suspected carcinogenic properties in ciga-
rette smoke from, 265

Pipe smokers
atypical nuclei in male esophageal epi-
thelium, 379

bladder neoplasmsin, 293-294
cell rows and atypical cells in vocal cords
of, 280, 359-360
COPD morbidity in, 146, 197-198,
201-205

development of chronic bronchopulmo-
nary disease, 10

development of esophageal neoplasms,
13, 293

developmentof lung cancer, 11
developmentof oral neoplasms, 12
esophageal neoplasm mortality ratios,

0
kidney neoplasms in, 294-295
lack of risk in CVD, 67
laryngeal neoplasms induction, 12,
354-357

lung neoplasm incidence in Norway, 244
lung neoplasm incidencein rural Switzer-
land, 244

lung neoplasm mortality in, 324-327
mortality rates from COPD, 142-143,
145

mortality ratios from pancreatic neo-
plasms, 298

mortality ratios from peptic ulcer, 424
myocardial infarction in, 32, 38-39
peptic ulcer in, 427
relationship to infectious respiratory dis-
ease, 227

relationship to laryngeal neoplasm devel-
opment, 281

relationship to lip neoplasms, 289
relationship to oral cavity neoplasms,
361-364, 367

tisk of CHD, 8
a on lung neoplasm development,

6
Placenta
ability to hydroxylate benzo(a)pyrene in
smoking mothers, 407

Platelets
adhesiveness of increased, from cigarette
smoking, 9

aggregation of, cigarette smoking effects
on, 36

blood, effect of smoking, 66, 75
Poland
bladder neoplasms in, methods and re-

sults in retrospective studies of smok-
ing and, 382, 383

CHD mortality and morbidity in, 96
esophageal neoplasms in, retrospective
studies of tobacco use with, 378

laryngeal neoplasms in, relationship to
tobacco use, 357

relationship of tobacco use and neo-
plasmsof oral cavity in, 364

serum lipid differences in smokers vs.
nonsmokersin, 100, 102

smoking and nicotine effects on human
blood levels in, 124

smoking relationships to thrombosis in,
1

Pollution
see Air pollution

Polonium-210
suspected carcinogenic agent in cigarette
smoke, 265-267, 335-336

Post office workers
see Occupations

Postoperative pulmonary complications
see Respiratory system

Potassium-40
present in tobacco leaf, 266

Pregnancy
see also Abortion (spontaneous), pla-

centa, stillbirth, neonate
human, methods used in smoking study
of , 391-396

maternal smoking during, effect on fetal
growth and weight, 389, 397-399

maternal smoking during, effects on fetal
growth, 13,415

nicotine effects on myometrial strips in,
408

unsuccessful, smoking effects on, 13
Prematurity
maternal smoking and, 390, 400-403

Prisoners
see Occupations

Proteins
see Lipoproteins

Protozoae
ciliary function in, effect of cigarette
smokeon, 165, 224

Public Health Service
review of medical literature on smoking
hazards, 7

1967 study of, starting point for new
studies, 4

Public laws
see Laws

Puerto Rico
esophageal neoplasms in, retrospective
studies of tobacco use with, 378

relationship of tobacco use and neo-
plasmsoforal cavity in, 367

Pulmonary system
see Respiratory system

Pyrrolidine, nitroso-
suspected carcinogenic properties in ciga-
rette smoke from, 265

Rabbits
atherogenic effects of carbon monoxide
and hypoxia, 64

atherogenic effects of nicotine, 120-122
blood lipids in, smoking and nicotine
effects on 127

cardiovascular function in, smoking and
nicotine effects, 108, 109

ciliary function in, cigarette smoke ef-
fect on, 221-222

cholesterol fed, carbon monoxide effects
on, 65-66

offspring of, nicotine and smoke effects
on birth weight, 407

offspring, smoking effects on stillbirth
and mortality, 411

pregnant, tritium-labeled nicotine effects
in, 413

pulmonary changes in cigarette smoking,
159

pulmonary clearance in, cigarette smoke
effect on, 164, 170, 171
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skin painting, smoke condensate effects
on, 267, 338

Railroad employees
see Occupations

Rats
atherogenic effects of nicotine in, 120,
121

blood lipids in, nicotine and smoke ef-
fects, 128

ciliary function in, cigarette smoke on,
221, 222

LDs9 nicotine determination in female,
412

lung neoplasms, from intrabronchial im-
planting of chromium compounds, 258

lung neoplasms, from nickel carbonyl
and dust inhalation, 256

lungs, cigarette smoke effects on surfac-
tant activity, 172, 225

offspring, nicotine and smoke effects on
birth weight, 407

pregnant, aromatic compound stimula-
tion of placental BP-hydroxylase activ-
ity, 414

pregnant, fetal wastage and neonate
death in nicotine and smoking, 411

pulmonary carcinoma induction follow-
ing asbestos dust inhalation, 257

pulmonary changes from chronic nitro-
gen dioxide inhalation, 161, 220

respiratory tract of, cigarette smoke in-
halation effects, 268, 349, 353

skin painting, smoke condensateseffects,
267, 340

trachea of, cigarette smoke effects, 343
trachealligation of, cigarette smoke and
papain effects on, 163

tracheobronchial tree of, cigarette smoke
effects on, 268, 346-349

Readingability
in children of smoking mothers, 407

Reserpine
nicotine cardiac stimulation blockage by,
57

Respiratory system
see also Bronchopulmonary disease,
larynx, lungs, trachea

acute effect of cigarette smoke on
human pulmonary function, 163,
166-169

animal, cigarette smoke instillation or
implantation effects on, 268, 346-348

animal, effect of cigarette smoke inhala-
tion on, 268-269, 349-353

effect of cigarette and cigar smoke on
bronchial reactivity, 164

effect of cigarette smoke on humancili-
ary function, 165, 221-224

effect of cigarette smoke on humanpul-
monary clearance, 164, 170

glossary of terms used in testing, 215
histological changes in smokers, 154-157
improvements in function following
smoking cessation, 148, 149

pathological changes in cigarette
smokers, 175

postoperative complication in, of smok-
ers vs. nonsmokers, 174-176, 230

pulmonary alveolar phagocytosis in
smokers vs. nonsmokers, 165
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pulmonary infarction in dogs inhaling
cigarette smoke, 271

surface tension of, effect of cigarette
smoke on, 172, 225

surfactant activity of, in smokers vs.
nonsmokers, 172, 225

surfactantsin, definition, 172
tests of function of, in smokers,
146-147, 206-214

Respiratory tract diseases
see also Asthma, bronchitis, broncho-
pulmonary disease, emphysema, pneu-
monia, tuberculosis

infectious, smoking effects on, 172
226-229

infections, prevalency among smokers,
10, 176

pathological and cytological changesin,
of smokers vs. nonsmokers, 258-263

ventilatory function in, smokers vs. non-
smokers, 175

Rhodesia
retrospective smoking study of methods
for lung neoplasmsin, 328

Rubidium-84
tracing capillary flow in coronary blood
flow, 59

Rural populations,
lung neoplasmsin, suspected etiology of
increased, 276

Rural residences
lung neoplasm incidence in, in Switzer-
land, 244

relationships of lung neoplasm to smok-
ing, air pollution, and, 252-255

Russia
atherogenic effects of nicotine on rabbits
in, 120

atherosclerosis autopsy studies in, 54
cigarette tar effects on rat tracheobron-
chial tree in, 348

Saccharides
see Mucopolysaccharides

Saliva

interference in action of carcinogens on
oral cavity, 288

Sarcoma
formation following animal skin painting
with smoke condensates, 338, 340

induction in rats by cigarette smoke in-
jection, 346-347

Scotland
see United Kingdom

Sex
ages of cigarette smokers by, 6
effect of, in alpha-antitrypsin deficiency
emphysema, 151

effect of, on laryngeal neoplasm inci-
dence development, 277

effect of, in mortality in cigarette
smokers, 276

effect of, in lung neoplasms and tobacco
use, 244, 329-333

lung cancer mortality by, 252
lung neoplasm developmentby, 11
mortality rates of cigarette smokers by,

ratios of, in lung neoplasm mortality in
Norwayand Finland, 245-246



Sheep .
pregnant, nicotine injection and smoke
inhalation effects on, 414

Smelter workers
see Occupations

Smokers (former) .
see also Cessation of smoking
atypical nuclei in male esophageal epi-
thelium in, 379-380

CHD mortality probability in, 46
incidence of CHD and mortality in,
46-48

lung neoplasm mortality ratios in,
241-242

lung neoplasmsin, lowered rates, 11
mortality rates from COPD, 175
ie rates from ling neoplasms,

Smokers vs. nonsmokers
see also Nonsmokers
bladder neoplasms in, 293-295, 381-384
cell rows and atypicalcells in vocal cord
of, 280, 359-360

CHD mortality in, 21-22
comparison of abortions, stillbirth and
neonatal death in, 390. 405-406

development of COPD in, 141, 145,
195-205

differences in emphysema types in, 154,
156

effect of cigarette smoke on post-opera-
tive pulmonary complications, 175
ad of sex on mortality from CHD,
28-31

esophageal epithelial cells with atypical
nucleiin, 252

esophageal neoplasm mortality ratios in,
290-291
—— of tryptophan metabolitesin,

7 :

frequency of esophageal neoplasms in,
238

frequency of kidney neoplasms in, 238
frequency of mouth and pharyngeal neo-
plasms in, 238

frequency of urinary bladder neoplasms
in, 238

group characteristics in lung neoplasms
and smoking in, 240, 244, 329-333

laryngeal neoplasms in, relationship to
tobacco use, 354-357

lung fibrosis developmentin, 161
lung neoplasm mortality ratios in,
240-243

lung neoplasm mortality in uranium
miners, 256

morbidity ratios from CHD, 24
mortality from cerebrovascular disease,
67-70

mortality from CHD,24, 26-29
mortality from CHD in Swedish twins,

1
mortality from laryngeal neoplasmsin,
237-238

mortality rates, 3
mortality ratios of COPD in, 142-144
mortality ratio from laryngeal neo-
plasms, 278-279

mortality ratios from pancreatic neo-
plasmsin, 298

myocardial infarction relationships to
physical activity, 44

pathological and cytological changes in
respiratory tract of, 258-263

peptic ulcer in, correlated amounts of
tobacco use, 427-428

postoperative hypoxemia in, 174, 230
postural hypoxemia mechanism in
asymptomatic, 147

postoperative pulmonary complications
in, 174-175, 230 .

pulmonary alveolar phagocytosis in, 165
relation between CHDand serum choles-

terol level, 43
relationship to infectious respiratory dis-
ease, 172, 226-229

serum lipids in, 41, 98-102
surfactant activity in lungs of, 172, 225
type of lung neoplasms in male and fe-
male, 250 -

Snuff
dippers of, relationship to neoplasms of
oral cavity, 287, 361, 364-365

Social adjustments
in children of smoking mothers, 407

Socioeconomic relationships
in COPD, 152-153, 216-217

Soldiers
see Occupations

South Africa .
esophageal neoplasms in, retrospective
studies of tobacco use, 378

occupational exposure and ‘smoking rela-
tionship to COPD in, 219

retrospective study of methods for lung
neoplasmsin, 328

serum lipid differences in smokers vs.
nonsmokers in, 99

Spontaneousabortions
see Abortions, spontaneous

Squamouscell carcinoma
see Carcinoma, epidermoid

Steel workers
see Occupations

Stearic acid
suspected carcinogenic agent of cigarette
smoke, 266

Stillbirths
abortions and neonatal death and, in
smoking and nonsmoking mothers,
390, 405-406

effects of maternal smoking, 415
Students
see Occupations

Sugars

see Glucose, mucopolysaccharides
Surface tension
see Respiratory system

Surfactants
see Respiratory system

Sweden
acute effects of cigarette smoke on
human pulmonary. function, 168

blood pressure differences in smokersvs.
nonsmokersin, 104

CHD mortality and morbidity in, 97
COPD morbidity in smokers in, 203, 205
effect of cigarette smoke on animalscili-
ary function in, 221-224

esophageal neoplasms in, retrospective
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studies of tobacco use with, 378
genetic studies of twins in, smoking ef-

fects on, 50,99
laryngeal neoplasms in,relationship to
tobacco use, 356

relationship of tobacco use and lip neo-
plasmsin, 361

relationship of tobacco use and neo-
plasms oforal cavity, 364

serum lipid differences in smokers vs.
nonsmokersof, 99

smoking and nicotine effects on human
cardiovascular system, 115

smoking and nicotine effects on human
peripheral vascular system, 133

tracheobronchial tree changes in smokers
and nonsmokersin, 263

Switzerland
CHD morbidity and mortality in,
smokers vs. nonsmokers, 95

cigarette smoke effects on mice lung and
kidney tissue in, 344

cigarette smoke inhalation effects on
mice respiratory tract, 351

lung neoplasm incidence in cigar and
pipe smokers of rural, 244

retrospective smoking study of methods
for lung neoplasmsin, 325

serum lipid differences in smokers vs.
nonsmokers of, 100

Tachycardia
development in dogs induced by nico-

tine, 57
TAO
see Thromboangiitis obliterans

Tars, tobacco

carcinogenicity on animal skin, 238
carcinogenic properties from cigarette
smoke, 11, 264, 265

content in cigarettes, relationship to lung
neoplasm development, 275, 276

sarcoma induction in rats following in-
stillation, 346

skin painting with, carcinoma induction
from, 337-342

Telephone company employees
see Occupations

Teratogenesis
maternal smoking implications in, 407
in mice embryos, nicotine effects on,
4il

Tetraethylammonium chloride
blockage of nicotine cardiac stimulation
by, 57

Textile workers
see Occupations

Thromboangiitis obliterans
definition, 73
remission of, cessation of smoking ef-
fects, 74

Thrombosis
smoking effects on, 66, 130-132

Tissues
cultures of, cigarette smoke effects on

cell growth and reproduction, 267,
343-345

hypoxia of, carbon monoxide effects on,
61

Tobacco
see also ali forms, e.g. Cigarettes, etc.
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chewing of, relationship to lip and osaj
cavity neoplasms, 36 1-363, 365-366

leaves, presence of potassium40in 266
Tobacco amblyopia ,
see Amblyopia

Tobaccotars
see Tars, tobacco

Tongue
hamster, C-14 labeled particulate depo-

sition in, 281-282
Toxemia
preeclamptic, incidence in smoking and
nonsmoking mothers, 404, 407

Trachea
hamster, C-14 labeled particulate depo.

sition in, 281-282
Transportation employees
see Occupations

Triglycerides
CHDincidencerelationship to, 65
smokers vs. nonsmokers, 99-100, 102

Trypsin
see Anti-trypsin, alpha,

Tryptophan metabolism
alterations by smoking, 297
alteration in urinary tract neoplasms by

smoking, 13
carcinogenicity in mice bladders, 296
relation of excretion in smokers and
nonsmokers, 297

Tuberculosis
relationship of smokers vs. nonsmokers

to, 172, 226-228
Tumorigenic agents
see Carcinogens

Twins
angina pectoris developmentin, smoking
effects on, 50-51

genetic studies of smoking effects on,
49-52

smoking effects on mortality and mor-
bidity in, 51

Ulcers
see Peptic ulcers

United Kingdom
bladder neoplasms in, methods in retro-
spective studies of smoking and.
382-384

blood pressure differences in smokersvs.
nonsmokersin, 103, 104

British Perinatal Mortality Survey of,
390, 395, 404, 415

cigarette smoke effects on human fetal
lung and mice trachea, 344

cigarette smoke effects on human pul-
monary function, 168, 169

cigarette smoke effects on mice respira-
tory tract, 352

cigarette smoke implantation effects on
rat tracheobronchial tree in, 346-347

comparison of abortions, stillbirths and
neonatal deaths in smoking and non-
smoking mothers, 406

COPD morbidity in smokers in, 195-197,
203, 204

effect of cigarette smoke on animalcili-
ary function in, 221

human experimental data on smoking
and pregnancy, 408

kidney and bladder neoplasms in



smokers in, 294
lung cancer mortality in males in Eng-
land and Wales, 240

maternal smoking and infant weightin,
397, 399

methods used in smoking study and
human pregnancy, 391, 394-395

mortality from cerebrovascular disease
telated to smoking in, 68

mortality rates from COPD in, lack of
increase, 140

mortality ratios from esophageal neo-
plasms in, 290

mortality ratios from laryngeal neo-
plasms in, 278

mortality ratios from peptic ulcer in
smokers and nonsmokersin, 424

occupational exposure and smoking rela-
tionships to COPD in 218-219
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