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October 1977

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

Dear Mr. Speaker:

As required by Section 8(a) of the Public Health Cigarette Smoking Act of
1969 (Public Law 91-222), enclosed is the 1976 Report to Congress on the
Health Consequences of Smoking.

This year's report includes the "Bibliography on Smoking and Health -~
1975,” the offictlal abstract bulletin of the National Clearinghouse for
Smoking and Health, Bureau of Health Educatlon, Center for Disease Control,
Public Health Service. It presents the scientific information published
since last year's report to Congress. Also part of thils year's report is
"The Health Consequences of Smoking, a Reference Edition,” a compilation
of selected chapters from previous reports to Congress. This reference
edition was prepared to emphasize the fact that the major health risks
from smoking are known and that recent scientific information refines

the understanding of these relationships. Without doubt, cigarette smoking
1s a cause of cardiovascular disease, various types of cancer, and respira-
tory disease. TIts toll in illoness and premature death is needless and
preventable. -

Because of ny strong commitment in reducing the morbidity and mortality
which result from smoking, the Department is coanducting a major review of
its programs in this field in order to introduce administrative and
legislative proposals to combat this problem.

Sincerely,

Joseph A, Califano, Jr.

Enclosure



PREFACE

1¢ health consequences of cigarette smoking are well established’
yd have been clearly understood for several years. The causal re-

ionships between cigarette smoking and an excess risk of devel-
ning cardiovascular disease, respiratory tract cancers, and chronic
bstructive lung disease, as well as the risk to the fetus, are well
Fc_umented and accepted by the scientific and health communities.

r the past several years, new additions to the literature have
bstantiated these risks and further explained the mechanisms
which smoking produces disease, disability, and death; however,
search has identified no new major health risks. Therefore, it
ems appropriate at this time to prepare a reference document
viewing the full range of health hazards due to smoking.

is reference report consists of selected chapters from previous
ports to the U.S. Congress which present summations of the
own health hazards from smoking. Because the 1971 report was
review of all information on smoking and healith at that time,
© chapters were included from reports prior to that time. This
‘ference, coupled from the annual Bibliography on Smoking and
!ealth represents a complete description of major smoking and
alth information.

e scientific evidence is clear and unavoidable, and the important
k now is to convert this knowledge into programs for reducing
d eliminating the preventable death and disability related to the
oking habit.

Theodore Cooper, M.D.
Assistant Secretary for Health
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Previous Public Health Service Reports
on Smoking and Heaith

Reviews of the scentific evidence linking smoking to health effects began
in 1964 with Smoking and Health, Report of the Advisory Committee to the
Surgeon General of the Public Health Service or as subsequently referred to
“the Surgeon General’s Report.” After this report, Public Law 89-92 was
passed requiring supplemental reports to Congress on this subject. In
compliance, three reports were submitted:

1. The Health Consequences of Smoking, A Public Health Service 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.

In April 1970, Public Law 91-222 amended the previous law and called for
an updated report on the health effects of smoking no later than January 1,
1971, with annual reports thereafter. The Health Consequences of Smoking,
A Report of the Surgeon General: 1971, a comprehensive review of all the
scientific literature available to the National Clearinghouse for Smoking and
Health and with emphasis on the most recent additions to the literature was
that updated report. Since then, the following annual reports on the health
consequences of smoking have been submitted:

1. The Health Consequences of Smoking, A Report of the Surgeon-
General, 1972.

2. The Health Consequences of Smoking, 1973.
3. The Health Consequences of Smoking, 1974.
4. The Health Consequences of Smoking, 1975.

Each report since the original “Surgeon General’s Report™ has reviewed
the scientific literature relevant to the association between smoking and
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cardiovascular diseases, non-neoplastic bronchopulmonary diseases, and
cancer. Smoking as related to the following diseases and conditions has been
reviewed periodically in the reports:

Pregnancy (1967, 1969, 1971, 1972, 1973)

Peptic Ulcer Disease (1967, 1971, 1972, 1973)

Public Exposure to Air Pollution from Tobacco Smoke (1972, 1975)
Noncancerous Oral Disease {1969)

Tobacco Amblyopia (1971)

Allergy (1972)

Harmful Constituents of Cigarette Smoke (1972)

Exercise Performance (1973)

Pipe and Cigar Smoking (1973)

Overview: The Health Consequences of Smoking (1975)
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Chapter }

Overview — The Health Consequences of Smoking

Source:

1975 Report, Overview — The Health Consequences of Smoking,
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OVERVIEW — HEALTH CONSEQUENCES OF SMOKING

The statement, “Warning: The Surgeon General Has Determined
That Cigarette Smoking [s Dangerous to Your Health,” has been
required by law on cigarette packaging since 1970 as a part of the
Public Health Cigarette Smoking Act of 1969. This Act was a
response by the U.S. Congress to the scientific information on the
health consequences of cigarette smoking summarized in reports then
available (the Surgeon General’s Report of 1964 and the subsequent
1967, 1968, and 1969 PHS Health Consequences of Smoking). This
Act was passed because a series of impaortant questions concerning
cigarette smoking and health had been answered.

The following discussion sumimarizes the basic questions, the
methodology used to determine the answers, and the answers

themselves.

The initial question to be answered concerning the health
consequences of smoking was “Are there any harmful health effects
of smoking cigarettes?” The answer to this question was provided in
two ways. First, it was demonstrated that some diseases occurred
more frequently in smokers than in nonsmokers. Second, a causal
relationship was established between smoking and these diseases.

Concern about the possible health effects of smoking started
when scientists began looking for an explanation to account for the
rapidly increasing death rate from lung cancer. The early retrospec-
tive studies showed a link between lung cancer and smoking. The
first prospective studies, however, found that only one-eighth of the
excess overall mortality found among smokers could be accounted
for by lung cancer; the rest was largely due to coronary heart disease,
chronic respiratory disease, and other forms of cancer. They also
found that the effect on overall mortality was largely confined to
cigarette smokers rather than the users of other forms of tobacco.

However, demonstrating an association by statistical probability
is not enough to establish the causal nature of a relationship.
Determining that the association between smoking and excess death
rates is cause and effect was a judgment made after a number of
criteria had been met, no one of which by itself is sufficient to make
this judgment. These criteria as listed in the Surgconr General's
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Advisory Committee Report (1964) were the consistency, strength,
specificity, temporal relationship, and coherence of the association.

In addition, convincing theories about thg mechanisms whereby
smoking contributes to the various diseases responsible for the excess
mortality among cigarette smokers were developed from the evidence
on the biochemical, cytologic, pathologic, and pathophysiologic
effects of cigarette smoking, thereby providing the necessary support
for the decision that the relationship was causal.

The most important specific health consequence of cigarette
smoking in terms of the number of people affected is the
development of premature coronary heart disease (CHD). Both
prospective and retrospective studies clearly established that cigarette
smokers have a greater risk of death due to CHD and have a higher
prevalence of CHD than nonsmokers. Long-term followup of healthy
populations has confirmed that a cigarette smoker is more likely to
have a myocardial infarction and to die from CHD than a
nonsmoker. Cigarette smoking has been shown to be one of the
" major independent CHD risk factors and to act in combination with
other major alterable CHD risk factors (high blood pressure and
elevated serum cholesterol). Autopsy studies have shown that
persons who smoked cigarettes have more severe coronary athero-
sclerosis than persons who did not smoke. Physiologic studies and
animal experiments have indicated several mechanisms whereby these
effects can take place.

A second major health consequence of smoking is the develop-
ment of cancer in smokers. Cigarette smoking was firmly established
as the major risk factor in lung cancer. The risk of developing lung
cancer was found to be 10 times greater for cigarette smokers than
for nonsmokers. The risk of developing lung cancer increases with
the number of cigarettes smoked per day and is greater in cigarette
smokers who report inhaling, who started smoking at an early age, or
who have smoked for a greater number of years. Smokers of filter
cigarettes have been shown to have a lower risk of developing lung
cancer than smokers of nonfilter cigarettes, but the risk remains well
above that for nonsmokers. The risk of developing cancer of the
larynx, pharynx, oral cavity, esophagus, pancreas, and urinary
bladder. was also found to be significantly higher in cigarette smokers
than in nonsmokers. Pipe and cigar smokers were found to have
elevated risks for the development of cancer of the oral cavity,
pharynx, larynx, and esophagus when compared to nonsmokers.
Fewer pipe and cigar smokers than cigarette smokers report that they
inhale. As a result lungs of pipe and cigar smokers receive much less
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exposure to smoke than the lungs of cigarette smokers. This is
probably the primary reason for the lower incidence of cancer of the
lung for pipe and cigar smokers compared to cigarette smokers.

Women have had far lower rates of lung cancer than men. This
has been attributed to the fact that fewer women than men smoke
and the fact that women smokers generally select filter and low tar
and nicotine cigarettes. However, the percentage of women smokers
in the United States has increased steadily in the last 30 years, and
sin¢ce 1955 the death rates from lung cancer in women have increased
proportionately more rapidly than the rates for men, reflecting this
increased proportion of women smokers.

The tar from cigarette smoke has been found to induce
malignant changes in the skin and respiratory tract of experimental
animals, and a number of specific chemical compounds contained in
cigarette smoke were established as potent carcinogens or co-carcino-
gens. Malignant changes including carcinoma in situ were found in
the larynx and in the sputum exfoliative cytology. of experimental
animals exposed to cigarette smoke.

Nonmalignant respiratory disease is a third area of smoking-
induced morbidity and mortality. Cigarette smokers have been
shown to have more frequent minor respiratory infections, miss more
days from work due to respiratory illness, and report symptoms of
cough and sputum production more frequently than nonsmokers.
Retrospective and prospective studies with long-term followup have
found that cigarette smoking is the primary factor in the develop-
ment of chronic bronchitis and emphysema in the United States.
Cigarette smokers have also been found to be more likely to have
abnormalities of pulmonary function and have higher death rates
from respiratory diseases than nonsmokers. Data from autopsy
studies have shown that cigarette smokers were more likely to have
the macroscopic changes of emphysema, and that these changes are
closely related to the number of cigarettes smoked per day. Mucous
cell hyperplasia has been found more often in cigarette smokers.
Cigarette smoke also inhibits the ciliary motion responsible for

cleansing the respiratory tract.

An additional area of health concern has been the effect of
cigarette smoking during pregnancy. Mothers who smoke cigarettes
during the last two trimesters of their pregnancy have been found to
have babies with a lower average birth weight than nonsmoking
mothers. In addition cigarette smoking mothers had a higher risk of
having a stillborn child, and their infants had higher late fetal and
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neonatal death rates. There are some data to show that these risks
due to cigarctte smoking are even greater in women who have a high
risk pregnancy for other reasons. These effects may occur because

carbon monoxide passes freely across the placenta and is readily
bound by fetal hemoglobin, thereby decreasmg the oxygen carrying
capacity of fetal blood.

Having established that cigarette smoking is a significant causal
factor in a number of serious disease processes, two additional
questions became important. They are “Can the health consequences
to the individual be averted by stopping smoking or by changing the
cigarette,” and “"What are the overall public health consequences of
cessation and of the changes made in cigarettes?”

The first question is the simpler of the two to answer. In the
individual, cessation of cigarette smoking results in a rapid decline of
the carbon monoxide level in the blood over the first 12 hours.
Symptoms of cough, sputum production, and shortness of breath
usually improve over the next few weeks. A woman who stops
smoking by the fourth month of her pregnancy has no increased risk
of stillbirth or perinatal death in her infant related to smoking. The
deterioration in pulmonary function tests that occurs in some
smokers becomes less rapid than that of continuing smokers. The
death rates from ischemic heart disease, chronic bronchitis, and
emphysema also become less than those of the continuing smoker.
The risk of developing cancer of the lung, larynx, and oral cavity
declines relative to the continuing smoker in the first few years after
cessation and 10 to 15 years after stopping smoking approximates
that of nonsmokers. A smoker who switches to filter cigarettes and
has smoked them for 10 years or longer has a lower risk of
developing lung cancer than a smoker who continues to smoke
nonfilter cigarettes. The risk to a filter cigarette smoker, however,
still remains well above that of a nonsmoker.

The public health benefits of cessation are more difficult to
determine than the effects of cessation on the individual. Just as
cause-specific death rates have reflected the effect of cigarette
smoking on certain diseases, they should also reflect any substantial
benefits to be gained by cessation or reduction in cigarette smoking.
Several factors combined to produce a reduction in per capitd dosage
of tobacco exposure in the United States for the years 1966-1970.
First, per capita consumption of cigarettes declined from 4,287
cigarettes per person in 1966 to 3,985 in 1970. Second, during this
period there was a slow but significant decrease in the average tar and
nicotine content of cigarettes as well as a decrease in the amount of
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tobacco contained in the average cigarette. The decline in per capita
consumption during those years occurred in the face of a substantial
increase in the proportion of young women becoming smokers as
compared to women of previous generations and so reflected
predominantly a decrease in cigarette consumption by men.

Since 1970, although the per capita consumption of cigarettes
has increased, the average levels of tar and nicotine have continued to
decline, making it more difficult to predict what has happened to per

capita dosage.

Examination of cause-specific death rates for the period of this
declining per capita consumption reveals that there was a downturn
in the male death rate from ischemic heart disease beginning in 1966
which reversed the upward trend that had occurred over the previous
two decades. This decline in the death rate from ischemic heart

disease has not occurred in women.

The male death rate from chronic bronchitis has also been
declining since 1967, and the male death rate for emphysema has
declined since 1968 when it was first recorded as a separate category.
Female death rates for these two diseases have not shown these

trends.

Despite the impressive coincidences of the decline in death rates
among males occurring at the same time that there was a decline in
per capita cigarette consumption, it is impossible to be certain of the
exact cause of the decline in the death rates. These diseases are
influenced by a variety of factors in addition to cigarette smoking
such as blood pressure and air pollution. Some of these factors have
also been subject to major control efforts which may have
contributed to the decline in the death rates. In addition, there have
been therapeutic advances in the treatment of these problems which

may also have helped lower the death rates.

A decline in male death rates from lung cancer should also
follow the decline in per capita consumption. This rate would not be
influenced as much by changes in other etiologic factors or changes in
therapy because cigarette smoking causes from 85 to 90 percent of
all lung cancer and there have been no major improvments in survival
due to changes in therapy. With lung cancer, however, two
additional considerations must be kept in mind. A decline in death
rates from lung cancer would be expected to lag several years behind
a decline in per capita consumption. In addition, the decline in
consumption and switch to low tar and nicotine cigarettes occurred
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predominantly in the younger age groups where death rates from
lung cancer are low. For these reasons, it is necessary to look at lung
cancer death rates by age group rather than total lung cancer death
rates. The lung cancer rates by age groups for 1971 suggest a decline
in the lung cancer rates for the younger males (under 45), but the
confidence limits on these trends at present remain wide enough
that it is impossible to say whether this is a real decline or merely
a leveling off. The national health statistics broken down by 5-year
age groups are currently available only through 1971. The data by
age group from a few more years will be necessary to determine
whether the changes in smoking behavior which have taken place
have reversed the trend of the preceding 40 years of continually
increasing lung cancer rates in men. In 1971, the last year for
which detailed mortality statistics are available, the accumulated
exposure to cigarettes reached ifs peak among men bom between
1915 and 1919, a group then in their early 50’s. Cumulative
exposure has continued to decline with each successive 5S-year birth
cohort born since then. The trends of the last few years offer some
hope that the peak of the “lung cancer epidemic,” as some have
termed this phenomenon, may have been reached with this group
and that future years will show a slow but consistent decline.
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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
Americar}s (_ﬁe from heart disease than from any other disease..In
1967, in this country, a total of 345,154 men and 227,999 women
were C]aSSlﬁed 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 ASHD increased 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 coronary arteries, leads to stiffening of the wall and narrow-
ing of the lumen which, when severe, result in a diminution in the:
blood supply to the cardiac musecle. Angina pectoris, 2 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 thrombus at 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)
188). 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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Numerous epidemiological studies have indicated that cigarette
smokers have increased mortality ratios for CHD ; that is, cigarette
smokers show significantly 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 7
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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TABLE 2.—Coronary heart disease mortality ratios
(Actusl number of deatha
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related to smoking—prospective studies {cont.)
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TABLE 3.—Sudden death from coronary
{Mortality ratios—actusl number

Autbor
Year, Number and Data Follow-up Number
country, type of collection years of
reference population deaths
Pooling 7,427 white Medical 10 KE
Project, males 30-59 examination
American Heart years of age and
Association, at entry. follow-up.
1970, U.S.A.
(38).
TABLE 4.—Coronary heart disease
{Risk ratios—actual number of CHD
[{SM = Smokers NS = Nonsmokers
PROSPECTIVE STUDIES
Author,
year, Number and Data Follow- Number of
country, type of collection ap incidents Cligarettes/day
reference population years

Doyle 2,282 males Detailed 10 243 myo- NS ............ 1.00 (52)
etal, Framingham, medical cardial All emokers ....2.36(191)
1964, 3062 years examina- infarc- <20 ...........1.98 (44)

"USA. 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 ..., 100 (2)
etal, free male snd examin- <10 cix-rtttn_} 292 (8)
1968, employees of ation with < B cigars....{"

U.S.A. Peoples Gas clinic < 6 pipes.....

(177). Company follow-up. 10-19 cigarettes. 367 (8)
40-59 years >20 ci_g;rettu.}a.ss (29)
of age. > B cigurs....

> 5 pipes

Epatein, 6,666 male Initial 4 26 male, Males
1967, and female medical 92 female . 40-59
USB.A. residents examina- CHD in- NS ievrvnnnn- 100 (1)
(81), of Tecumseh, tfon and cluding EX ............653 (16)

Mich. repeat deaths, Cigarettes .....5.20 (38)
follow-up angina, and Females

examina- myocardial NS ............100 (21}

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

Cigarettes .....1.02 (14)

3 Unleas otherwise specified, disparities between the total number of mani-
festations and the sum of the Individus) smoking categories are due to the
exclusion of cither ocessional, miscellaneous, mixed, or ex-smokers.
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heart disease related to smoking

of desths shown fn parentheses)

Cigarettes/day Cigurs, pipes Comment
Never smoked  ...........1.00 (18) 1.00 (15) See table 1 for description of
.1.90 (23) 1.36 (13) Pooling Project.
o .1.96 (50)
.................... 336 (44)

morbidity as related to smoking
mapifestations shown in parentheses)!?

EX = Ex-smokers}

PROSPECTIVE STUDIES—Continued

Pipes, cigars Age varistion Comments

Data include
CHD deaths,
only on males
4049 years of
age and free of
CHD on entry.
NS includes
pipes, cigars,
and ex-smokers.

NS includes
ex-smokers.
Includes all
CHD.
Males—Continued Males Reexamination
80 and over $0-59 of patients
1.00 {7) SM ....1.80(2) way spread
1.27(11) 80 and over over 1Y,—6-year
1.96(23) SM ....0.86(6) period, but
Females—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 CHD inci-
dents derived
from data on
jncidence and
total in smok-
ing class,
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TABLE 4.—Coronary heart disease

(Rlsk ratios—sctusl number of CHD
{SM = Smokers NS = Nonamokers

PROSPECTIVE STUDIES

_4:3:’:, Number and Data Follow-  Number of
country, ~  typeof collection op incidenta Cigarettes/day
reference popuiation years

Jenkins, 3,182 males Initial 414 104 myo- NS ... ... ......1.00 (21)
etal, 39-59 years medical cardial EX ...... ...2.47 (15)
1968, of age at examina~ infarctions. Current ._......2.78 (63)
U.S.A. entry. tion and 0-15/day 1139 (45)
(90). follow-up >16 ... .....0.08 (89)

by repeat
examina-
tionsx.

Kannvel, 5,127 males Medical 12 228 myo- Myocerdial Infarction
etal, snd females examinstion cxrdial Males
1968, 80-53 yesrs snd follow- fnfarc- NS ....c0e.....1.00 (21)
U.S.A. of age. up. tions. All SM ........1.51(153)
(24). 2380 CHD. Hesvy SM ....1.85 (53)

Risk of CHD {overall)
Males

NS ... o.....1.00 (61)

1-10 .. ... 134 (23)

11-20 . -.1.80 (80)

D20 e 2.41 (76)

Shapiro 110,000 male Baseline med- 3 Totsl Males
etal, and femaje ical inter- unspecl- NS ... ..., 1.00
1869, enrollees view and fled. All current ....2.14
U.8.A. of Health examination cigarettes (p<0.01)
172), Insurance and regular <20 .......o... 1.50

Plan of follow-up. >20 ... }
Greater >S40 ...........8.36
New York

(HIP)

3564 years

of age.

Keys %,186 males Interviews 5 65 deatha. NS, EX
1970 fn § coun- and regu- B0 myocar- (SM <20) ...1.00(306)
Yugo- tries 40-59 lar follow- dial in- All current
alavia years of up examins- farctions. (>20) .......1.381(10%)
Finland age at entry. tion by 128 angina
Italy Jocal pectoris.

Nether- physiciana 155 other
lands _
Greece 1428 total.
(111).

#Unless otherwise specified, disparities between the total number of mani-
festations and the sum of the individual amoking categories sre due to the
exclusion of efther occasional, miacellaneous, 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 varistion Comments
tincludes non-
(p<0.001) . 39-4p 50-59 smokers and
N8......1.00 (4) 1.00 (6) ex-smokers.
(p<0.001) Current 4.23(35) 2.26(23) NS fncludes
{comparing former pipe
0-15 and 164) 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 ..1.00 35-44 45-54 55-64 3544 455-54 5564 cardialin-
2.00 SM ......182 1.00 100 1.00 1.00 1.00 1.00 farction ine

{(p>0.01) {p<0.01) 2.47 3.06 1.68 225 2.87 1,80 cludesthose
0.52 2.16 1.32 dead within
177 3.04 329 1.81} 128 281 1.8 48 hours,
5.92 10.09 7.63 b5.80 20.26 11.79 4.07
NS {nclude
ex-smokers.
Includes all
CHD incidence
{ncluding EKQ
diagnoses.
Covern all
countries in-
vestigated
except U.S.A.
t Difference
between total
CHD and the

sum of smoking
groups is dae
to difference

in figures
presented by
‘suthors.
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TaABLE 4.—Coronary heart disease

{Risk ratios—actual number of CHD
[SM = Smokers NS = Nonsmokern

PROSPECTIVE STUDIES

Author,
year, Number and Data Follow- Number of
eountry, type of collection up incidents Cigarettes/day
reference population Years

Taylor, 2,571 male Interviews [ 46 deatha. NS and EX ....1.00 (62)
et al. railroad Qnd regu- 33 myocar- All current ....1.77(150)
1970 employees lar follow- dial-in-

U.S.A. 40-59 up examinsa- farctions.
(183). years of tionm. 78 angina
age at pectoris.
entry. 66 other
CHD,
212 total.

Dayton €22 male U.S. Interviews up to8 27 sudden <10 ....i.-oo... 1.00 (26)
et al, veterans par- and routine deaths. 10-20 . vo...1.04 (22)
1970, ticipatiog as follow-up 44 definite >20 ........... 017 (13)
U.S.A. controls in a examina- myocardial
(42, 49). clinical trialof tions_ infarctions.

& diet high in
unsatu-
rated fat.

Dunn 13,148 male Data only up to 14 Totalun-
et s}, patients in on new specified.
1970 periodic health incidents
U.SA. examination extracted
(55). clinies. from

clinic
records.

Pooling 7,427 white Medical 10 538

Project, males 30-53 examination Includes Never rmoked ..1.00 {63)

American years of and follow- fatal and Pt i I 1.65 (72)

Heart age at entry. up. nonfatal 20 . ..2.08(208)

Association myocardial 20 ........ .3.28(154)

1970, infarction

US.A. and sudden

(22). death.

Paul et al, 1,989 Western Screening
1968, _Electrie Co. examination Coronary
US.A. male workers and cases (87)
(148). participating history. 28"

in & prospec- 2
tive stody ?
for 4% years. &
47

3

9

3Unless 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, miscellancous, mixed, or ex-smokers.
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morbidity as related to smoking (cont.)

manifestations shown in parentheses)? .
EX = Ex-smokers] >

" PROSPECTIVE STUDIES—Continued

. 2

" Comments '

,("'Aze variation

AilCHD s s
including EKG
dizgnoses.

; - et . 20-33 . 4039 §0-59 1 Includes L
T T fLew . B NS, EX, and
e © SM  1.00(25) 1.00(125) 1.00(157) <20 cigarettes
JtHIgh oL L. day. L
SM 2.17(10) 0.90 (31) 1.41 (53) $>>20ciga-
T I o rettes/day.

e e o PRI Includes all ‘s
R o CHD but
3023200 ezeludea

death, . - --
. No data avail-

able compering
'+ . smokers and
nonsmokers.

(1.00(53) i
1.28(54)

= ey -
S FINE Do
Nonco-ronuy L Al 88 developed
c(o,n;::lc ) RN " clinical
i ) - coronary
N 3 . LT ' disease,
; 1: t s 47 angine
) ) Dectoris,
s - 12 i y 28 myocardial
; . l: - infarction, 7
o : .13 deaths CHD.
' (p<0.005) :

- PR,

. 3
LS S SR XL 0




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 CHD is illustrated 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 the in-
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 may be associated with increased platelet aggregation in
vitro and thus might play a role in the development of sueh 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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Jun v o TaBLe 8.—Coronary heart disease morbidity as related to amoking-—anpina pectoris—prospective studies o
xf o1 ' (Risk ratios—actusl number of CHD man{festations shown in parentbeses)? . . R :._'..
! [SM = Smokers NS = Nonsmokern) : o
Author, . .
year, Number and Data -, Follow-up Number Cigars C
;. eountry, typeof collection ©  years of Cigarettes/day and pipes wor Coraments
_ Teference population - “incidents : 2
Doyle 2,282 males, Detaliled 10 Bl NS ...iiiiiea... 100€80) NS include ex-

... »ad female -
\ enrollees of . .
"New York City - and examina.
HIP 3564 . . tlonand

medical

interview > .

v et al, Framingham, - medical /1N | RS 8 14 29 I N - wmokers and
Ty M4 T w0-s2years L examination’ Sl R0 e LTRSS XUZ pipeand
Y USAY of age. . and S VL 1 RPRURPR X T 751 S L S elgar
TN (B, 1918 males, L followsup. T A D20 W LAB(IB) L T w7 smokers. ©
3 Albany, oo e : N e
LT < 89-BB years | il o - N R
Y ot age, P N S S gt = Al . :
':Jmklm 3,182 males Initial medieal - 414 29 0 NS ivieieen 100 (8) EEERE - ©. - NSinclude
, etal, .. aged 38-59 examination - ) .. All eurrent . i { PRI former pipe
stentry. and follow. . 5- L clgarettes L. 144(18) - s Vs s o andclgar
: up by repeat S16 coreiiineen o LBI(IY B L . .0 % O wmokers,
3 " examina. S ) - T
h W a0 '_’ tion. E . k L
. Kannel - 5,127 males . Mediesl 12 .17 Molea "
cetal, . gndfemales . examloatfon . . L NS L.l 100(16) ‘ .
. yearsofage " and follow- oD e i Heavy SM,>20 ¢ e L :
o 80-B9 T clgarettes ..., 2.00(37) 7 oy, Vv
o o Females e .
RN BRI S can o cTNS e n00(E8) L e T S
see BSEE T et 4 mer 0 Clgarette SM L ..., 0.66(18) T . O e
. - Bhapire 110,000 ma Baseline FE Total Malea Females Males .., Males t{p<0.01)

Unepeee NS o000 100 100 NS.LL00 - o -0 ot 80-44 4884 8544 3(D<0.08)
' tZ ified  Current o S SMLLEITL . NS LU 00 1000 - 10
cigarettes $191 | 120 Current cigarettes [.3,40 [ 1.57 204

. 4O ........1.51} w0 P IO RAN X JLI WY R W TR

N8 inelude

ex-amokers.

manifestations and the sum of the {ndividual smoking categories are due

. regular R 1 IR .1 4 : >40 . 1015 2.88 €15 .
m tolloweup,” o Lo ) . Ty v © Femalar’ \ . .
D R - : N NS v, 501000 1000 10007 o
Lonh Ny - S oo "o Current clgarettes\.1.58 - 187 097 %
R i , s RIS TP : QAD eruveernne. S 18T LES T R04 M U
. A . S0 iiivaveiee s = 412 -—
I Unless otherwise specified, disparities between the. total number of

to the excluslon of either occasional, miscellaneous, mixed, or ex-amokers.
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smokers caused by the increased carboxyhemoglobin level,

With respect to the acute event of myocardial infarction, atten-
tion has been focused on the role 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 the rela-
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 same trends. -

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
Poolmg 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 show a 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 among the elderly. 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 smokers decreases 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. (188) 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 ’da)"
increases. Similarly, the HIP data of Shapiro, et al. (172) show
that the elevated morbidity ratios declmed with increasing age as
has been shown for mortality ratios.

"A recent monograph edited by Keys (111) 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). None of the differences
in ratjo between smokers and nonsmokers was statistically signifi-
cant for the 13 other population samples which varied in size from
505 to 982 individuals, from the five other countries. (Smoking was
not considered in the two Japanese populations.) When more cases
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become available to provide greater statistical 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 number of cases, the difficulties associated with the definitive
diagnosis of the syndrome, and differences in the methods of clas-
sifying those cases of angina pectoris which are followed by mvo-
cardial infarction.

RETROSPECTIVE STUDIES

Table A6 presents data from the various retrospective studies
of CHD prevalence. Most of 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 RiISK FACTORS

‘The preceding section has ’revie.we’d 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 among those 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 CHD is statxstxcally 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 cholestervl, 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 show significant variation. This lack
of comparability makes interpretation of the findings difficult.

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, nght and Coke Com-
pany study which show that smoking greatly i increases the risk of
CHD in each of the cholesterol groups.

Smoking and Hypertension

Some epidemiological studies have indicated that smokers tend
to bave 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 nohsmokers, the risk of dying from CHD increases with
inereasing diastolic or systolic pressure, and that the risk of mor-
tality from CHD is 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. (172) of more than 110,000
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TABLE 8.—Death rates from coronary heart disecase, by systolic blood pressure:
ILWU mortality study 1951-61

~

- S
) (Corvnlry heart disease as classified under ISC Code (26)

A . Smokers Nonsmokers

T St S R

st “ U : Bystolicblood  Person-years Death - Personyears  Dexth
~ - * Age gronp - .; pressure in 1951 of observation rate? of observation =te?
A5Bd oooiiigeeeanee <130 L. 1811 ,; L 248 s

o T osenee et 130 ggpe  Tanite
D.0160-189 i3 . g

.5 >170
T <180
. 130-149
.160-169
>170

1 Rate per 10, 000 penon«yun of observation.
3 p0.026, ¢ e : i
T3 pge.n : .
B0URCE: Borhnnl N O dn.l. (27).
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~ETFY PaBiE 10. —-Death rates from coronary heart disease, by dw.stolu:

i1 .+ blood pressure: ILWU mortality study, 195161 .+
{Coronary heart disease as classified under ISC Code £20)

IR

- W Smokers . Nonxmokers

. . Diastolic blood Person-years Death Person-years Dexth

‘ pressure in 1861 of obeervation rate! of observation ratel

- L8O ib v 1,627 il 26 700 0 . 6

80- 89 (o 2115 47 o241 L. 1T

80-99 " 861 - 2 1ser 7 33

S >100 I st ge T 1,020 20
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. Source: Borhani, N. O., ‘et al. (27). § aiit Fet PO—
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TABLE 11.—Death rates from coronary heart dlsease among hyperten:wex ud
nonhypertensives: ILWU mortality study, 1951-61 - .
" (Coronary heart disease as classified under 1SC Code 420)

’ Ly el . Smokers - " . Nonsmaokers
I3 e MINEERSAC A S 15
Blood pressure =~ . Person-yesrs " Desth Person-yeurs Dexth
Age group status? _ .. of observation ‘rate? - of observation rate?

4584 ... +... Hypertensives
Nonhypertensives
Hypertensives ...
> Nonhypertensives

1 According to the WHO recommendation, the following cut-off points are nxommded for the

definition of hypertension:

(1) Normotension—below 140/80 rom. Hy.
" {2) Hypertension—aystolic blood pressure 160 mm. Hg. or over, or disstolic 35 pama. Hy o

over, or both. .
(8) Borderline—the residual category. In this anabnis, Normotensives and Borderimes were

combined and the popuhuon was mupcd into ‘Nonhypertensives® (l and 3) and Kypcrtnxn-’

2).
2 Rate per 10,000 perlon-ynn of ob-emllon.
3p<0.01. .
Bouncx: Borbanl, N. O, et al (27). | . .

B W STV I LIRS \X_),\_LQ .‘5\'.'1‘1; ;u/ .J l,ti’n_a sl 'y
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INCIDENCE
PER 1,000 MEN

80—
70 —

ALL NON NON NON SMOKERS  SMOKERS  SMOKERS
SMOKERS SMOKERS SMOKERS
<225 225-274 2754 ‘£225 225-274 2754
CHD 45* 1 5 2 9 16 12
N 1329° 187 235 n 136 37 151
AGE 49 49 50 51 50 49 50
SYSTOLIC 134 133 136 139 131 133 135
PRESSURE )
WEIGHT  1.16 1.18 1.21 118 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 1n
combination with physical inactivity. Of note, also, is the observa-
tion that within each activity grouping, smoking greatly increases
gflfe risk of myocardial infarction, thus exerting an independent

ect.

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 shown in table 12.
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Mote: Both for cigarstts smokars and noncigerette smokers differences betwaen rates amaong tha lesat
mors sctive men are statistically significant for totsl MI and ugldly fate!l Mis at the 0.99 conlldence
. For other Ml the differenca is statistically signiticant only for the nonsmokars (conlidence level 0.95),

Figure b—Average annual incidence of first myocardial Infarction among men
in relation to overall physical activity class and smoking habits (age-ad-
Justed rates per 1,000)

(Actus! number of deaths or myocardial infarctions are represented by
.figures in parsntheses)
Source: SBhapiro, 8., et al. (17¢).

This table shows that cigarette smokers in the 56 to 84 year age
group were observed to have higher CHD death rates than non-
smokers In all welght categories. Similar findings, although not in
all weight groups, were observed for the 45 to 54 year age group.
Cigarette smoking {s 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
abrormalities related to cardiopulmonary diseases by weight classification
in 1951: ILWU mortalitly study, 1951-61
{Coronary heart diseasc as classified under ISC Code 420)

Smokers Nonsmokers

Weight Person-years . Death Person-years Death

Age group classification ! of observation rate * of observation rate?
45-54 ... ...... Not overweight . 388 21 273 1
Slightly overweight 962 28 1,096 [\]

Moderately overweight 1,383 28 1,674 28

Markedly overweight 1,055 22 1,797 [

55-64 ......... Not overweight 222 43 247 4]
Slightly overweight 536 76 ‘606 36

Moderately overweight 855 109 1,320 311

Markedly overweight 735 88 1,653 12

 The four classes are defined in the text.
* Rate per 10,000 person-years of observation.

3 p<C0.01.
Source: Borhani, N. O, et 2. (27).

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

Sookers Nopameokers
Electrocardiographie Person-years Death Person-years Desth
Age group findings in 1951 of observation rate ! of observation rate?
4564 ...._.... Abnormal .. 586 102 1,020 39
Normal .. 4,454 38 6,134 15
55-64 . ... wee. Abnormal ......_...... 583 223 1,149 :13
Normal ... ...._..... 3.031 86 5,479 331

* Rate per 10,000 person-years of observation,
250005,
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, 195868

‘Fen-yesar mortality, 19568-68

1958 risk factor status

Heart Cigarette Diastolic Number All causes . CHD
ate smoking pressure of men Number Rate Number Rate
NH NH NH 378 20 148.3 1 1120
H NH NH - 46 ] 114.9 3 703
NH NH H 107 u 118.3 8 '51.8
H NH H a0 b3 221.6 3 82.0
NH H NH 491 57 116.8 18 38.9
H H NH 127 22 171.1- 8 62.3
NH H H 103 22 180.4 6 5.0
H H H 44 18 265.4 ‘5 949
All 1,325 162 118.2 55 394

t Rate per thousand. All rates are age-sdjusted by S-yesr age groups to U.S. male population,
1960.- High (H): Heart rate =80; =10 cigarettes per day; disstolic bkod pressure 290 mm. Hg.
NH is pot bigh, i.e., below specified cutting points.

3 No smoking data available on 4 of the 1,329 men,

Sounce: Berkson, D. M., et al. (23).
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TABLE 15.—The effect of the cessation of cigarette smoking

on the inctdence of CHD

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

Aauthor,
year,
country, Results Comments
reference
Al myocardial
AU CHD events infarction
Jenking Never smoked ..............1.00(30) 1.00(21)
et al, Current
1868 cigarette smokers ........2.36(84) 2.78(68)
US.A Former
(90). cigarette smokers ........2.15{19) 2.47(15)
Desth from CHD
Smoked >20
Smoked 1-19 cigarettea/day cigarettes/day
Hammond Never
and Garfinke, smoked regularly ...... £.00(1,841) 1.00(1,841) Male data only
1969, Current
US.A. cigarette smokers .......1.90(1,068) 2.65(2,822)
(78). Stopped <1 year .........1.62 (29) 181 (62)
(57) 1.51 (154)
{55) 1.16 (135)
(52) 1.25 (133)
D20 e, 1.08 (70) 1.06 (80)
All ex-cigarette smokers ..1.16 (263) 1.28 (564)
Total definite myacardial infarction
Shapiro Never smoked ........c.oevvveiiineecvinncncasa.... .00
etal, Current cigareite smokers .......... hebeatiaeaiaraa 1.87
1969, Stopped 6 YOAIN .. .o vinai it e e 0.78
US.A.
{172).
First major
All CHD deaths coronary event
Pooling Project, Never smoked .. .1.00(27) 1.00 (53} Seetabled
American Heart >34 pack/day .. .1.66(34) 1.65 (72) for description
Association I pack/day ..............L70(86) 2.08(205) of Pooling
1970, >1pack/day ..............3.00(68) 3.28 (154) Project.
US.A. Ex-smokers ............... 0.80(19) 1.25 (61)
(82).

TABLE 16.—Annual probability of death from coronary heart digsease,
in current and discontinued emokers, by age, mazimum amount smoked,

and age started smoking

Age started smoking
15-19 20-24
Diseontinued Discontinued
Maximum daily Current for ive or Current for five or
Age pumber of cigs- smokers more years smokers more yedrs
rettes smoked (Probability X10%)

6564 . ............ [} 501 R 501 _
10-20 798 239 811 551
21-39 969 766 B72 638
&-T4 ... ...... eean [ 1,015 —_— 1,018 —_—
10-20 1,501 1,189 1,478 1,212
21-39 1,710 L334 1,578 1,098

L For age group 6674, probabilities for discontinued smokers are for 10 or more years of dis-"
continusnce since data for the 59 yesr discontinuance group are not given.

Bouxcx: Cornfield, J., Mitchell, 8. (45).
Based on data derfved {from Kahn, H. A. (#1).
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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. (28) 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 coronary risk 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 shows that 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,
however, that the group of ex-smokers is 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-
erally at high risk and can bias the group results in one direction;
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those healthy persons who stop as part of a general concern about
their health and may adopt a number of self-protective health prac-
tices are generally at low risk and can bias the group results 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 (69) 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 1953-567 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.
When such risk factors as high serum cholesterol (177), increased
blood pressure (27), elevated resting heart rate (28), 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 (89, 170) that the relationship
between cigarette smoking and CHD has a constitutional basis.
That is people with certain constitutional make-ups are more likely
to develop CHD, and the same people are more likely to smoke
cigarettes. This hypothesis maintains that the relationship between
cigarette smoking and CHD is 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 hia becoming a cigarette smoker. Two sets 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. (259) 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 A 17, 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,
et al. (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 members of the same twin pai:

Analyzing the data obtained from 9,319 Swedish twin pairs
(72.3 percent of the possible respondents), Cederlof, et al. (89)
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
defired 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. Males in the first group exhibited a “hypermorbidity-ratio”
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of 1.6, while those in the gsecond group were found to have one of
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 were classified 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 ketween
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 numbers in this
study are also small so that the differences in rates do not approach
statistical significance.

. Tibblin (188) has questioned the value of 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 who had replied.
Of the eight males who weére 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 major difficulties 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 numbers of 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 more difficult 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 numbers of 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. (81) 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-
fment in those cotwins with a higher consumption of tobacco than
In thoge with a lower or no consumption. A similar tendency was
observed for myocardial infarctions but was not of statistical
significance.

Sgltzer, who has been a proponent of the constitutional hypothe-
8i8, in a recent review of some of the experimental, clinical, and

'pafzhological data relating smoking and CHD, concluded that the
evidencé 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-
gearcherg 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 whether findings 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.

AUTQPSY STUDIES RELATING SMOKING,
ATHEROSCLEROSIS, AND SUDDEN CHD DEATH

A number of researchers have investigated the cigarette smoking
habits and the cardiovascular pathology of those individuals dying
suddenly from CHD and of 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 cbserved 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, €t al. (13), 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. (165) found that the
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TABLE 18.—~Autopsy studies of atherosclerosis
(Figures in parentheses are number of {ndividuals In that smoking category)!
{SM = smokers NS = nonsmokers]

Author,
Year, Autopey Data
eountry, population collection Clgarettes per day Conclusions Comments
reference
Wilens 989 consecutive Routine elinical Severity of aortic scleroris The authors conclude that Smoking dats unavailable
snd Plair, male autopsies records of Above average Average DBelow average in 80 percent of cases, the for 120 canes,
1962, at New York previous and N8 o 9.9(161) 60.2 29.8 degree of sclerosls at Each sorta specimen glven
U.B.A, City VA present K20 siaeeness 19.2(152) 63.2 17.8 autopsy was commens an ‘‘atherosclerotic age’
(514). hospitals. admisslons. 20-30 .,..0000, 26.4(288) 82,8 11.1 surate with age of patient, by comparison witha
D30 ceeeanenn 125.1(199) €1.3 t13.8 regardless of smoking standard, If “'athero-
habite, In the remaining sclerotic age’ was found
40 percent there {s evi- 1o be 10 years more than
dence that clgarette real age, the sorta was
smoking may be asso. said to show aboves
clated with an abaves sversge aclercals,
average degree of sortle tp<0.001 comparing 9.9
sclerosis, with 25,1 and 29.8 with
18.8.
Avuerbach, 1,372 sutopsies Interview with  Degres of coronary ortery atherceclerasis (overall agss The authors conclude that
®tal, of male next of kin. adjusted results) the percentage of men
10885, . patlentain’ No athero- o with an sdvanced degree of
UB.A, Orange, New _wclerosia’ " Slight  Moderate. Advanced . coronary atherosclerosls
(12), Jersey, VA NS “vveran 6.6 (88) -~ §7.3 21.8 15.3 was higher among elga- ~
hospital for Current rette smokers than among
whom smoking . clgarette ‘ nonsmokers and that the
habit data were <20 .00 2.8(139) 30.9 87.3 20.2° percentage [ncreased
_ available and 20-89 ,,..0.8(299) 19.7 421 374 with amount of cigarette
who dld not S40 L2008 (144) 18.1 354 459 smoking. This relation-
bave overt CHD ship persisted even
at death,

when cases were matched
for age and cause of
death.

3 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 occasiomal, mhee}hneo\u, mixed, or ex-smokers,
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TABLE 19.—Autopsy studies of atherosclerosis (comt.)
(Figures fn parentheses are number of individuals in that smoking category)?

[SM = smoker

NB = nonsmokers]

denthe 1958-1964

exclusive of 81
male pipe and
clgar smokery
and 83 incom=
plete files,

compared with the group
using nejther clgareites
nor alcohol ., . there

was only & samall and
statistically insignificant
difference between the
group using cigarettes
atone and the group using

both cigarettes and aleohol,.

+os" The severity of
sortic atheroscleroels
{ncreased with increasing
use of cigarettes, when
measured both by (ne
tenaity and by duration
of smoking.

Author,
year, Autopsy Data -~
] r:'i:::nr:; population’ oollection Clgarettes per day Conclusions Comments
Avtandilov, 259 male and Not specified, Comparative #ise of mean area of athercaclerotic legiona The author concludes that Causes of death §6-atheros
1965, 141 female but there weret  in inner ooat of coronary artemes. the worst changes were sclerotie, 102-accidental,
Russis autopsies. 180 SM and Right coronary artery Left coronary artery  found In the Jeft and 202-various dlseases,
(1), 220 NS. SM NS SM NS right coronary arteries $T-teat for significance
30-39 ,..115.5(80) 1.3(82) 16.3 2.2 with less severs changes of difference between
40-49 .. 128.8(84)° 11.5(27) t15.8 44 in circumflex artery means {s significant
50-59 ., $36.3(39) 14.8(39) t21.9 9.9 and aorts. at p<0.06 level,
6069 ., 181.9(32) 23.8(886) t28.5 22,5
70-79 ,, 41.9(18) 81.7(388) 28.1 35.8
8ackett, 893 total, Patient The results concerning sortic atheroaclerosis are given in The authors conclude that
et al, including 433 {nterview on form of figure presentation of ridit-analysis. among males, ‘.., &
1968, male and 450 admission. large increase in the
U.8.A. female (white) severity of aortic atheroe
-(148), patients autop- sclerosis oceurred in the
ped at Roawall groups using either cigne
Park Memorial rettes only or both clga.
Hospltal rettes and alcohol aa
Rapresents all

* Unleas otberwise specified, disparities between the total number of Ine
dividuals and the sum of the Individual smoking categories are due to the
excluslon of either oceasional, muscellaneous, mixed, or ex-amokers.
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TABLE 19.—Autopsy studies of atherosclerogis {(cont.)

(Figures In parentheses are number of indlviduals in that smoking eategory)?

[SM = smokers NS = nonsmokers]

Ay"e'ff." Autopsy Date
country, population collection Cigarettes per day Conclusions Comments
reference
Viel 1,160 males Interview with The results concerning internal fibrous streaks and fatty The authors conclude that:
et al, and 290 relatives, plagues in the left anterior descending coronary artery ‘‘No relationship be-
1868 females who are reported in graphie form only, An examination of tween stherosclerotic
Chile died violently this data indicates that the moderate and heavy ymokers lesions and the use of
(200) in 19611964, appeared to show congistently higher percentages of tobacco was discernible,”
Smoking infor- diseased areas than the nonsmokers. But the statement
mation avail. of the authors implies that these differences were not
sble only on statistically significant when subjected to an analysis
566 males, of variance.
Btrong 747 males 20~ Interview with Basal Group (ezcluding diseases related to emoking or The authors conclude that: This report coneerns only
et al, 64 years of next of kin CHD), Mean percentage of coronary artery internal . “Atheroselerotic ln. ages 25-64.
1969 age autopsied within 8 weeks surface involved with raised lesiong (number of cazes). . valvement of sorta and No data on etatistical
U.8.A. betwen 1963~ of death, Whits coronary arteries ls significance provided.
(18¢) 1866 st Charity 25-%3 35=44 4534 5564 greatest in heavy
Hospital in NS Moivioveiaviinanse 2 (6) 19(14) 20 (8) 30{11) smokersandleastin
New Orleans, 1-24 cigarettes/day .,.. 8(14) 17(10) 26(16) 89 (7) nonsmokers.”
D26 cigarettes/day ....12 (9) B81(14) 26(26) 389(20)
Negro
NS i d(10) 8 (8 18(A1) 1T(14)
1-24 cigarettes/day ..., 3(39) 11(81) 14(80) 28(22)
>26 cigarettes/day ....17(10) 14(17) 29(12) 16(11)

! 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, miscellsneous, 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 was discernible.” Examination of the data (provided in
graph form only) indicates that heavy smokers showed cousistently
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
sigmificant 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, 193, 198) have described in detail and commented on
the resuits of experiments by many teams of 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 many researchers to be asso-
ciated with a number of specific acute cardiovascular respornses.
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 ballistocardiographic changes (tables
A 20 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 number of 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 (112).

The mechanism by which cigarette smoke and hence nicotine in-
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 Westfal], 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 myacardial 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. More recently, 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 smoke inhalation. Greenspan, et
al. (74), using isolated dog right ventricular myecardium, 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 to the 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 were able to block the response to 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 requirement is 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 eapillary 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 vasocdilatation and increased CBF.

This homeostatic response to increased work appears to 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 hag 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 pQO; 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. The con-
centration of CO in smoke has been found to increase significantly
toward the last puffs of the cigarette.

According to Chevalier, et al. (41), a concentration of approxi-
mately 4 percent CO in cigarette smoke will produce alveolar levels
6f 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 COHb levels 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 showed levels 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 uniusual finding in comparison with
other studies. Kjeldsen (113) interviewed and obtained blood
samples from 934 CHD-free smokers and nonsmokers. The mean
COHD level for 196 nonsmokers was 0.4 percent while all inhaling
smokers had a mean leve] of 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
fn 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 (184). Apart from its effects
on respiratory and circulatory function, CO has been found to
affect certain central nervous system functions adversely. These
effecta 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 whieh 2, 3-diphosphogly-
cerate (2, 3-DPG) controls the affinity of hemoglobin for oxygen.
Bunn and Jandl ($4) 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. (14, 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 p0; was noted,
but this was considered secondary to increased tissue extraction.
In a recent article, Brody and Coburn (80) 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 small 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 COHDb 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 COHD 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 COHb levels 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 myoecardium 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 under the 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 COHb levels 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 MI case fatality 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 per puff. It is known that
8 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 ard 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 A 23). When administered alone, nicotine induces certain
necrotic changes in the arterial wall. However, in combination
with the administration of increased amounts of 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 have related
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 (1), 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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TasLE 24.~—Experimenta concerning the atherogenic effect of carbom monoxide exposure and hypoxia

Author,
Year,
eountry,
reference

Number and
type of animal

Procedure

Resulta

Astrup
etal,
1987
Denmark

{10).

24 female
albino rabbita,

Regular diet plus 2 percent
¢holesterol:
1. (12) eontrol
IL (12) eontlnual exposure to
earboo monoxide:
0.017 perecent for § weeks,
0,085 percent for & weeks,

The experimental groub exposed ta earbon monoxide showed Increased macro- and
microscopie aortic stheromatosis over that shown by eontrol animals, Micro-
scopic examinmtion revealed intiwal lipold deposition limited in penetration by
the internal elastio membrane. Coronary veesels were found to show »imlilar
changes, Carboxyhemoglobin (COHb) levels averaged 15~19 percent during the
first 8 weeks and 33 parcent during the final 3 weeka,

Kieldsen
etal,
1968,
Denmark
(117y.

24 castrated male
albino rabbita,

Regular diet plus 2 percent
cholesterol;
1. (12) coutrol.
II, (12) continUam, vapusure.
to hypoxin:
10 pem:ent-o2 for § weeks,
9 percent 0, for 2 weeks,

The experimental group exposed to hypoxia showed (peressed macroscopls aortie
atheroraatosis over that shown by eontral animals, Microscople examination re-
vesled more intimal and subintimal Hpid deposition in the sortas of the expossd
rabbits than In those of the nonexposed. The total amount of cholesteral de-
posited In the aortas of the experimental group was three times higher than in
those of the control group.

Kjeldsen
etal,
1068,
Denmark
(114).

24 castrated male
albino rabbits,

Regular diet plus 2 percent
cholesterol:
1. (12) control.
II, (12) exposure to 28 percent
0, for 10 weeke,

Macroscopically, the experimental group showed aignificantly fewer atheromatowms
changes, Microscopieally, the experimental group showed aignificantly Jers aoriie
intima} lipid deposition.

Webster
et al.,
1570,
U.S.A.
(204).

22 female squirrel
monkeys,

Diet containing 0.5 percent
cholesterol and 25 percent fat:
L. (10) control.
II. (12) experimentally exposed to
200-300 p.p.m. carbon monoxide
tor 20 houra per week for 7
months,

The experimental group exposed to carbon monoxide showed a greater mean pers
centage of coronary arteries with atherosclerotic leslons and more Jumen occlu.
sfon among the sflected arteriea. There were slgmificantly more CO-treated
monkeys than control monkeys having 35 percant or more Apparent athero-
sclerotic stenosis among the affected arteries. Aortic atherosclerosis was appare
ently not sggravated by exposure to CO, COHD levels at the end of each exposure
period averaged 16-28 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 eyto-
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 may also adversely affect arterial wall fat

metabolism.

THE EFFECT OF SMOKING ON SERUM Lirip 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 upcon blood lipid
levels,

The studies concerning this immediate effect are presented in
tables A25 and A 25a. 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 fn 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 hsted 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 those
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 myocardial infarction and
sudden coronary death frequently result from thrombotic events.
A thrombus may be of either gross or microgcopic dimensions, and
a minute thrombus at 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 secondary role in the consolidation of an
arterial thrombus and little 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 may also be im-
portant, has received scanty treatment. The relevant studies are
listed in table A27. Many of these are discussed in the 1968 sup-
plement (192) and by Murphy (140). Corroborative data are still
inconclusive as to whether smoking shortens platelet survival.

OTHER AREAS OF INVESTIGATION

Certain other aspects of cardiovascular pathophysiology may be
of importance in 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 (191, 192), and the reader is referred to those discussions.

CEREBROVASCULAR DISEASE

The term cerebrovascular disease (CVD) refers to a number of
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 CVD is listed as the underlying or as 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 ag risk factors for mor-
tality from CVD has recently 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 pathophysiological considerations discussed in the
sections concerning CHD may also pertain to the relationship of
smoking and CVD, particularly cerebral infarction.

In a study reported by Kuhn (128), 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-
€83 ‘which underlies this type of aneurysm. As illustrated in table
29, the mortality ratios for cigarette smokers are high relative to
other cardiovascular diseases in which smoking increases the risk,
and the risk increases in proportion to the amount smoked.
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TaBLE 28.—Deaths from ceredrovascular disease related to amoking

{Mortality ratios—actual number of deaths shown in parentheses)?
[SM == smokers

NS = nonsmokers)

PROSPECTIVE STUDIES

Number of
Authog, ) Follow. deaths due Pipes
year, Number and Data ‘up toQVDas Clgarettes per day and Age variation Comments
ocountry, type of eollection years underlylng cigars
reference population cause
Hammond 187,783 white Questionnaire 334 1,060 NS ...,....1.00 (184) t(p<0.01).
and Horn, malesin@ and follow- Clgarettes
1958, states 5049 up of death SM ....,.t1.80 (656)
VU.8.A. . Years of age, certificate, Other SM ,,1.26 (880)
(77, 70). Cigarettes only
<10 .......L24  (41)
10-20 L..a 144 (140
D20 ... 1468 0 (83)
Doll and Approximately Questionnaire 10 606 NS ,..,.....1.00
Hil, 41,000 male and follow- AllSM ......1.06
1964, British up of death All
Great physiciane, certificate, cigarette - 1.12
Britain 1-14 ...000100
(80). 16-24 ..,...1.00
>26 ... 1.26
Kanne! 5,127 males Medical 12 18" NS ...... .0 4,00 (5) Dats apply only
et al, and females examination Heavy SM to males 30-88
1988 30-59 years and follow. (>20) ....3.28 (8) years of age
U.S.A, of sge. up. at entry.
198),

Data apply only
to cerebral
{nfarction.

3Unless otherwise apecified, dlsparities between the total number of deaths

and the sum of the individual smoking ca

either occasional, miscellaneous, mixed, or'ex-smokers,

fewrles are due to the exclualon of



TABLE 28.-—Deaths from cerebrovascular disease related to smoking (cont.)
(Mortality ratice—actusl pumber of desths shown In parentheses)?
{SM = smokers N8 = nonsmokers)

PROSPECTIVE STUDIES

Number of
Author, deaths due Pipes
year, Number and Data Follow. underlying Cigarettes per day and Age variation Comments

eountry, type of collection up years to CVD ax cigars
- reference  population cause
Xahn, U.8. male Questionnalre 8% 2,008 NS ........1.00 (814) Pipes

1968, veterans and follow- Al M ..1.08 (B2)

U.8.A, 2,286,674 up of death current ....1.30(1,894) NS ..1.00(814)

(22). person certificate, Current Cigare

years. clgarettes ., 1.62 (692) NS ..1.00(614)

1-9 .......1LB1 (B8) 8SM ,.1.08(185)
10-20 ..... 142 (325)
21-89 ,....070 (21B)

>89 Lo 1.59  (87)

Hammond 858,58{ males Questionnaire [ 4,099 Current {Based on only
and 445,878 and follow- regular Malsa 5-9 deaths.
Garflnkel, females {0-79 up of death cigarettea 40-49 S0-59 40~89 YO-1P
1989, years of age certificate. Never
UB.A.- at entry. smoked 1,00 1.00 1.00 1.00
(78). 1-9 ... 279 1,05 1,80 0.96

10-19 .....1.14 148 1144 0.92
20-39 .....2.21 2.08 1.62° 1.22
40 ... 164 2.40 172 10.68
Females

Never
smoked 1,00 1.00 1.00 1.00
1-9 ......1.80 1.26 1,26 0.88
1019 ..,..2.60 2.70 2.18  10.67
20-89 .....2.90 2.87 188 1.28

>40 ., 1570 1882 -—

1 Unless otherwise specified, disparities between the tota] number of deaths
and the sum of the individunl smoking categories are due to the exclusion of
either occaslonnl, miscellaneous, mixed, or ex-smokers.



TABLE 28.—~Deaths from cerebrovascular disease related to smoking (cont.)
{Mortality ratios—actual number of deaths shown In parentheses)?

SM = Smokers. NS = Nonamokers,
PROSPECTIVE STUDIES
Paflane 3,263 male Initial multie 18 87 NSand

barger, longshoremen phasle <20 Laiaei 100 (42)

ot al. 35-84 years acreening >20 . .veeaea 116 (26)

1870 of age In and follow-

U.B.A. 1951, up of death

(144). certificate,

RETROSPECTIVE STUDY

Paffen. >50,000 male  Initial college

Death Rates

barger University entrance Cases (158)  Controls (6185)
and atudents medical ex- 1) . P 1111 81.3{p<0.01)
Willlams followed up aminations Cigarette SM >10 perday . 208 11.2(p<0.01)
1967 to 50 years. with followe
UB.A, up of death
(148), certificate.

Controls—

surviving

tlassmates

age-matched.’

The 63 deaths {rom
occlusive stroke
contributed to the
statistical sige
nificance.

The 95 deaths from
hemorrhagie
stroke showed
no statistical
significance as
asingle group.

3 Unless otherwise npecified, disparities between the total number of deaths

and the sum of the {ndividual smoking categories are due to the exclusion of
dither oceasionsl, miscellaneous, mixed, or ex-smokers,
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TABLE 29.—Deaths from nonsyphilitic aortic aneurysmrelated to smoking—prospective studies
(Mortality ratioa—actual number of deaths shown in parentheses)!

{SM = Smokers NS == Nonsmokers}
Author,
year, Number and Dsta Follow-up Number
country, type ot collection years of Clgarettes per day Pipes Cigars Comments
reference population deaths

Hammond 187,783 white Questionnaire 314 68 NS .........1.00(25) (expected)

and Horn, malesing and follow-up SM ...0.....2.72(68) (p<0.006)
1988, states 50-69 of death
U.S.A. years of age. certificate.
(77, 78).

Kshn, U.S. male Questionnalire 8% 491 NS ,...iiiesiaene. 100 (58) NS ..1.00(68) NS ..1.00(58)
1968, veterans and followsup Current cigarettes ,...5.24{234) SM ..1.13 (8) SM ..2.08(2¢)
U.S.A. 2,265,674 of death 1-9 cigarettes/day ...2.12 (13)

. pPerson years. certificate. 1020 suvviraanesan e B.B3(124)
21-39 iiiiiieieieas. o596 (76)
239 Liiieseesnneenes 126 (17)

Hammond 858,534 males Questionnaire [ 837 NS ... ...i.e.0.1000 Data apply ovly
and 445,875 females  and follow-up to males 50-69
Gerfinkel, €079 years of of death years of age.
1869, sge at entry. certificate.

U.8.A,
(7¢8).

Weir And 88,153 California Questionnaire 5-8 Bl NS .iivvvveeee 100 8M include
Dunn, male workers and follow-up All L iviiiiinena 2,84 ex-smokers,
1870, 8664 yearsof  of death E= 1/ I A 1 N8 include pipe
U.S.A, ageat entry. certificate, F20 iieiieeee 2,88 and cigar
(208), 30 iiniiene e 2.54 smokers.

3 Unless otherwise specified, disparities between the total number of
deaths and the sum of the {ndividual categories are due to the excluslon
of either occaslonal, miscellsnecus, mixed, or ex-smokers.



PERIPHERAL ARTERIOSCLEROSIS

Peripheral arteriosclerosis represents the effects on the vascu-
lature of the extremities of the pathophysiologic processes which
produce coronary and a2ortic atherosclerosis. A number of studies
have been concerned with smoking as a risk facter in the develop-
ment of this disease. Kannel, et al. (95) observed, in the Framing-
ham study, that diabetes mellitus and elevated serum cholesterol,
as well as cigarette smoking, were also 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 upon certain 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 authors also
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 uf
peripheral arterial disease, is a significant cofactor in its develop-
ment in almost all cases. The author also 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 number of
control individuals who had been hospitalized for injuries. The in-
vestigators reported that certain risk factors, including hyper-
cholesterolemia, hypertension, and cigarett'e smoking, were signifi-
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cant in both coronary and lower limb 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. (218) compared 277 male patients with arterial
occlusion of the limbs as demonstrated by aortography or oscillog-
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 among the 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 A 30, have measured effects
in terms of 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 shown significant 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
Stromblad (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 whether this 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 inflammatory
phase 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) found
very few nonsmokers in groups of patients diagnosed as having
typical 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 smoke less per day than
the patients, this difference was not found to be statistically sig-
nificant. However, 100 percent of the smoking patients and only
72 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 acceferate tne
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 humang 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 catech_ol-
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 oxvgen 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 oxvgenation.

¢. Carboxyvhemoglobin, formed from the inhaled carbon mon-
oxide, diminishes the availability of oxygen to the myocardium
and may also contribute to the development of atherosclerosis.

d. The impairment of pulmonary function 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.

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 i3 at present insufficient to allow
for conclusions concerning pathogenesis. However, some of the
pathophysiological considerations discussed concerning CHD may
aiso pertain to the relationship of smoking and CVD, particularly
cerebral infarction. ‘

NON-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 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.

CARDIOVASCULAR REFERENCES

(I) AcHeson, R. M., Jessor, W. J. E. Tobacco smoking and serum lipids in
old men. British Medical Journal 2: 1108-1111, October 28, 1961.

(2) Apier, 1., Hexser, O. Intravenous injections of nicatine and their ef-
fects upon the aorta of rabbits. Journal of Medical Research 15:
229-239, 1906.

71



(3

($)

(5)

(6)

(7)

(8)

(9)

(10)

(11}

(18)

14)

(15)

(16)

(17)

(18)

(19)

72

ArrLisoN, R. D., RorH, G. M. Central and peripheral vascular effects
during cigarette smoking. Archives of Environmental Health 13(2):
189-198, August 1969.

AMBRus, J. L., Mink, L. B. Effect of cigarette smoking on blood coagu-
lation. Clinical Pharmacoelogy and Therapeutics 5(4) : 428—431, 1964.

AroNow, W. S, KarrLan, M. A., Jacos, D. Tobacco: A precipitating
factor in angina pectoris. Annals of Internal Medicine 69(3): 529-
536, September 1968.

AroNow, W. S., SWANSON, A_ J. Non-nicotinized cigarettes and angina
pectoris. Annals of Internal Medicine 70(6) : 1227, June 1969.

ARrRONOW, W. S., SwaNnsoN, A. J. The effect of low-nicotine cigarettes
on angina pectoris. Annals of Internal Medicine 71(3): 599-601,
September 1969.

AsHay, P, Dausy, A. M., MiLrar, J. H. D. Smoking and platelet sticki-
ness. Lancet 2: 158-159, July 24, 1965.

AstrUP, P. Effects of hypoxia and of carbon monoxide exposures on
experimental atherosclerosis. Annals of Internal Medicine 71(2):
426427, August 1969.

Astrup, P., KJELDSEN, K., WANSTRUP, J. Enhancing influence of carbon
monoxide on the development of atheromatosis in cholesterol-fed
rabbits. Journal of Atherosclerosis Research 7: 343-354, 1967.

AsTrUP, P., Paurl, H. G. (Editors). A Comparison of Prolonged Ex-
posure to Carbon Monoxide and Hypoxia in Man. Reports of a Joint
Danish-Swiss Study. Scandinavian Journal of Clinical and Labora-
tory Investigation 22 (Supplement 103): 1968. 71 pp.

AUERBACH, 0., HamMoOND, E. C., GARFINKEL, L, Smoking in relation
to atherosclerosis of the coronary arteries. New England Journal of
Medicine 273(15) : 775-779, October 7, 1965.

AvranpiLov, G. G, KorenNava, V. I, PoNnoMARENKG, O. V. Kureniye
“tabaka 1 stepen’ ateroskleroticheskogo porazheniya koronarnykh
arteriy serdtsa i aorty. (Tobacco smoking and the degree of athero-
sclerotic lesions of coronary arteries of the heart and aorta.) Kar-
diologiya 5(1): 30-34, January-February 1965.

AYRES, S. M., GIaNNELLY, S., JR., ARMSTRONG, R. G. Carboxyhemoglo-
bin: Hemodynamic and respiratory responses to small concentrations.
Science 149: 193-194, July 9, 1965.

AvYRES, S. M., MuetLer, H. S, Grecory, J. J., GiaNNErry, S., Jgr.,
PENNY, J. L. Systemic and myoeardial hemodynamic responses to
relatively small concentrations of carboxyhemoglobin (COHB).—Ax-
chives of Environmental Health 18(4): 639-709, April 1969.

BavrAzs, T., OHTAKE, S., CUMMINGS, J. R, Noerg, J. F. Ventricular
extrasystoles induced by epinephrine, nicotine, ethanol, and vaso-
pressin in dogs with myocardial lesions. Toxicology and Applied
Pharmacology 15(1) : 189-205, July 1969.

BARGERON, L. M., Jr., EHMKE, D, GonrLUBoL, F., CASTELLANOS, A.,
SIEGEL, A, Bing, R. J. Effect of cigarette smoking on coronary blood
flow and myocardial metabolism. Circulation 15: 251-257, February
1957.

BARNETT, A. J., BoaKE, W. C. Cigarette smoking and occlusive arterial
disease 6f the legs. Medical Journal of Australia 1: 240-242, Feb-
ruary 13, 1960.

Bpce, T. B. Characteristics of ‘men with intermittent claudication.
Practitioner 194 (2) : 202-207, February 1965.



(23)

(28)

(29)

(20)
(31)

(32)

(£3)

(2¢)

(35)

(36)

BELLET, S., FLEISCHMANN, D., RoMAN, L., DEGUzZMAN, N. The effect
of cigarette smoke inhalation on the ventricular fibrillation threshold.
Circulation (Supplement 3) 42(4): 135, October 1970.

BerLET, S., KERSHBAUM, A., MraDE, R. H., JR, SCHwARTZ, L. The ef-
fect of tobacco smoke and nicotine on the normal heart and in the
presence of myocardial damage produced by coronary ligation. Amer-
ican Journal of the Medical Sciences 201(1): 40-51, January 1941.

nicotine on the coronary blood flow and related circulatory parame-
ters. Correlative study in normal dogs and dogs with coronary in-
sufficiency. Circulation Research 10(1): 27-34, January 1962.

BERKSON, D. M., STAMLER, J. LINDBERG, H. A., MiLLER, W. A., STEVENS,
E. L., Sovucenic, R., ToxicH, T. J., STAMLER, R. HEART rate: An
important risk factor for coronary mortality-—ten-year experience
of the Peoples Gas Co. Epidemiologic study (1958-68). IN: Jones,
R. J. (Editor). Atherosclerosis. Proceedings of the Second Interna-
tional Symposium. New York, Springer-Verlag, 1970. pp. 382-389.

Best, E. W. R. A Canadian Study of Sinoking and Health., Ottawa,
Department of National Health and Welfare, 1966. 133 pp.

BLACKBURN, H., Jr., ORMA, E., HARTEL G., PUNSAR, S. Tobacco smoking
and blood coagulation: Acute effect on plasma Stypven time. Ameri-
can Journal of the Medical Sciences 238: 448451, October 1959.

BroMmsTtraAND, R., LunpMmanN, T. Serum lipids, smoking and heredity.
Acta Medica Scandinavica 180(Supplement 455): 51-60, 1966.

BorEANI, N. O., HEcHTER, H. H., BreEstow, L. Report of a 10-year
followup study of the San Francisco longshoremen. Mortality from
coronary heart disease and from all causes. Journal of Chronic
Diseases 16: 1251-1266, 1963.

Boyirg, E., Jr, MoraLEs, I. B.,, NicHAMAN, M. Z,, Tatserr, C. R,, Jr,,
WATKINS, R. S. Serum beta lipoproteins and cholesterol in adult
men. Relationships to smoking, age, and body weight. Geriatrics
23(12) : 102-111, December 1968.

BREWER, G. J., Eaton, J. W., WeiL, J. V., GROVER, R. F. Studies of red
cell glycolysis and interactions with carbon monoxide, smoking, and
altitude. Advances in Experimental Medicine and Biology 6: 95-114,
1970.

Brobpy, J. S., CoBurN, R. F. Carbon monoxide-induced arterial hypoxe-
mia. Science 164(3885): 1297-1298, June 13, 1969.

BroNTE-STEWART, B. Cigarette smoking and ischaemic heart disease.
British Medical Journal 1: 379-384, February 11, 1961.

Brown, H., SerrLwoop, R. A., Harrison, C. V., MarrtiN, P. Throm-
boangiitis obliterans. British Journal of Surgery &6 (1)}: 59-63,
January 1969.

BuecHLEY, R. W., Drakg, R. M., BresrLow, L. Relationship of amount
of cigarette smoking to cornary heart disease mortality rates in men,
Circulation 18(6) : 1085-1090, December 1958.

BuNnN, H. F., JanDL, J. H. Control of hemoglobin function within the
red cell. New England Journal of Medicine 282(25): 1414-1421,
June 18, 1970.

BurN, J. H., RAND, M. J. Action of nicotine on the heart. British Medi-
cal Journal 1: 137-139, January 18, 1958.

CAGANOVA, A., CAGAN, S, SiMko, V. Lipidy krvneho sera u nefajcia-
rov a fajciarov. (Blood serum lipids in nonsmokers and smokers.)
Bratislavske Lekarske Listy 60(3) : 387-392, September 3, 1968.

73



(37) Cepereor, R. The Twin Method in Epidemiological Studies on Chronic
Disease. Institute of Hygiene of the Karolinska Institute, Department
of Environmental Hygiene of the National Institute of Public Health,
Department of Sociology, University of Stockholm, Stockholm, 1966.
71 pp.

(38) Ceperror, R., FriserG, L., Hrupec, Z. Cardiovascular and respiratory
symptoms in relation to tobacco smoking. A study on American
twins. Archives of Environmental Health 18(6) : 934-940, June 1969.

(39) CeperLoF, R., FriBERG, L., Jonsson, E., KatJ, L. Respiratory symptoms
and “angina pectoris” in twins with reference to smoking habits.
An epidemiological study with mailed questionnaire. Archives of
Environmental Health 13 (6): 726-737, December 1966.

(40) Ceperior, R., JonssoN, E., LunpMaN, T. On the validity of mailed
questionnaires in diagnosing ‘“angina pectoris” and “bronchitis”.
Archives of Environmental Health 13(6): 738-742, December 1966.

(41) CHEvVALIER, R. B., KruMHoLz, R. A., Ross, J. C. Reaction of non-
smokers to carbon monoxide inhalation. Cardiopulmonary responses
at rest and during exercise. Journal of the American Medical Asso-
ciation 198 (10) : 1061-1064, December 5, 1966.

(42) Cior, Y. Y. Effect of nicotine upon cholesterol-induced atherosclerosis
in rabbits. New Medical Journal 10(7) : 685-693, 1967.

(48) CLARK, V. A., CHapMaN, J. M., Courson, A. H. Effects of various fac-
tors on systolic and diastolic blood pressure in the Los Angeles
Heart Study. Journal of Chronic Diseases 20: 571-581, 1967.

(44) CoHEN, S. 1., DEANE, M., GorLpsmITH, J. R. Carbon monoxide and sur-
vival from myocardial infarction. Archives of Environmental Health
19(10) : 510-517, October 1969.

(45) CORNFIELD, J., MITCHELL, S. Selected risk factors in coronary disease.
Possible intervention effects. Archives of Environmental Health
19(3): 382-394, September 1969.

(46) CzocHRA-Lysanowicz, Z., Gorsxr, M., Kepra, M. Wplyw nikotyny i
kofeiny na rozwoj miazdzycy u krolikow. (The effect of nicotine and
caffeine on the development of arteriosclerosis in rabbits.) Annales
Universitatis Mariae Curie-Sklodowska; Section D: Medicina 14(20) :
181-206, 1959.

(47) Dawser, T. R., Kanner, W. B., REvoTsKIE, N., SToKES, J., KAGAN, A,,
GORDON, T. Some factors associated with the development of coronary
heart disease. Six years’ followup experience in the Framingham
study. American Journal of Public Health and the Nation's Healith
49 (10) : 1349-1356. October 1959.

(48) DaAYTON, S., PEARCE, M. L. Diet and atherosclerosis. Lancet 1(7644):
473-474, February 28, 1970.

(49) DAYTON, S., PEARCE, M. L., HasHiMo0T0, S., DixoN, W. J., Tomrvasu, U.
A Controtled Chinical Trial of a Diet High in Unsaturated Fat in
Preventing Complications of Atherosclerosis. Circulation 40(1 Sup-
plement 11), July 1969. 63 pp.

(50) Dor, R., Hirt, A. B. Mortality in relation to smoking: 10 years’ cb-
servations of British doctors. (Part I) British Medical Journal
1(5395) : 1399-1410, May 30, 1964.

(51) Dort, R, Hire, A. B. Mortality in relation to smoking: 10 years’ ob-
servations of British doctors. (Concluded) British Medical Journal
1(5396) : 1460-1467, June 6, 1964.

74



(52)

(53)

(54)

(55)

(56}

(57)

(58)

(59)

(60)

(61)

(62)

(63)

(64}

(65)

(66)

D6rKEN, H. Die Rauchgewohnheitenbej jlingeren Herzinfarkt-Patien-
ten. (Smoking habits of younger patients with myocardial infare-
tion.) Miinchener medizinische Wochenschrift 109(4); 187-192
January 27, 1967.

DorKEN, H. Die Rauchgewohnheiten bei jliingeren Frauen mit Herzin-
farkt. (The smoking habits of younger females with myocardial in-
farction.) Miinchener medizinische Wochenschrift 109(41); 2129
2134, October 13, 1967.

Dovug, J. T., Dawser, T. R., Kanx~eL, W, B., KincH, S. H. Kaun, H.
A. The relationship of cigarette smoking to ceronary heart disease.
The second report of the combined experience of the Albany, N.Y.,
and Framingham, Mass., studies. Journal of the American Medical
Association 180 (10) : 886-890, December 7, 1964.

DunN, J. P, Irsen, J., ELsom, K. O., OHTANI, M. Risk factors in coro-
nary artery disease, hypertension and diabetes. American Journal
of the Medical Sciences 259(5) : 309-322, May 1970.

Epwarps, F., McKeownN, T., WHITFIELD, A. G. W. Association between
smoking and disease in men over sixty. Lancet 1: 196-200, January
24, 1959.

E1sEN, M. E. Coexistence of thromboangiitis obliterans and arterio-
sclerosis: Relationship to smoking. Journal of the American Geria-
trics Society 14 (8): 846-858, August 1966.

EnceELsere, H. Cigarette smoking and the in vitro thrombosis of hu-
man blood. Journal of the American Medical Association 193(12):
1032-1035, September 20, 1965.

ENGELBERG, H., FUTTERMAN, M. Cigarette smoking and thrombotic co-
agulation of human blood. Archives of Environmental Health 14(2):
266~270, February 1967.

Encuisy, J. P, WiLrwus, F. A., BerksoN, J. Tobacco and coronary
disease. Journal of the American Medical Association 115(16):
1327-1329, October 19, 1940.

ErsteIN, F. H. Some uses of prospective observations in the Tecumseh
Community Health Study. Proceedings of the Royal Society of Medi-
cine 60(1): 4-8, January 1967.

Fipanza, F., ImBiMBo, B, bt BENEDETTA, C. Indagine epidemiologica
delle cardiopatie ischemiche nei reclust del penitenziario di S. Stefano
di Ventotene. (Epidemiological investigation of ischemic heart di-
sease in prisoners of S. Stefano di Ventotene prison.) Gironale dell’
Arteriosclevosi 4: 255-267 1966.

FrLercHEer, C. M., Horn, D. Smoking and health. WHO Chronicle 24(8):
345-370, August 1970.

Forig, L. E., SAMANEK, M., Aviapo, D. M. Cardiopulmonary effects
of tobacco and related substances. II. Coronary vascular effects of
cigarette smoke and nicotine. Archives of Enwvironmental Health
12(6) : 712-716, June 1966,

ForTE, I. E. WiLLiaMs, A. J. PoTcIETER, L., SCHMITTHENNER, J. E.,
HAFKENSCHIEL, J. H., Rigcer, C. Coronary blood flow and cardiac
oxygen metabolism during nicotine-induced increases in left ventricu-
lar work. Annals of the New York Academy of Sciences 90(1):
174-185, September 27, 1960.

Franki, W. S, Frieoman, R., Sovorr, L. A. Cardiac output, blood
pressure and free fatty acid responses to smoking in the nonbasal
state. American Journal of the Medical Sciences 252(1): 39-44,
July 1966.

75



(67)

(68)

(69)

(70)

71)

(72)

(73)

(74)

(75)

(76)

(77}

(78)

(79)

(80)

1)

76

FrRANKL, W. S, WINTERS, W. L, Sororr, L. A. The effects of smoking
un the cardiac output at rest and during exercise in patients with
healed myocardial infarction. Circulation 31(1) : 42-44, January 1965.

FRreUNnD, J.,, Warp, C. The acute effect of cigarette smoking on the
digital circulation in health and disease. Annals of the New York
Academy of Sciences 90(1): 85-101, September 27, 1960.

Friperg, L., Ceperior, R., Lunpman, T., OrssoN, H. Mortality in
smoking discordant monozygotic and dizygotic twins. A study on the
Swedish Twin Registry. Archives of Environmental Health 21(4):
508-513, October 1970.

Frieperr, M. T. Effect of cigarette smoke on the peripheral vascular
system. Radioactive iodinated albumin used as indicator of volu-
metric change. Journal of the American Medical Association 152(10):
897-900, July 4, 1933.

GLYNN, M. F., Musrtarp, J. F., BucHANAN, M. R., MurprHY, E. A.
Cigarette smoking and platelet aggregation. Canadian Medical Asso-
ciation Journal 95(11) : 549-553, September 10, 1966.

GorMAN, J. W., LINDGREN, F. T., STRISOWER, B., DErarra, O., GLAZIER,
F. TaMPLIN, A. Cigarette smoking, serum lipoproteins, and coronary
heart disease. Geriatrics 10(8); 349-354, August 1955.

GorpsmMiTH, J. R, LanpAw, S. A. Carbon monoxide and human health.
Science 162(3860): 1352-1359, December 20, 1968.

GreENsPaN, K., Eomanns, R. E., Kwnoeser, S. B., FiscH, C. Some
effects of nicotine on cardiac automaticity, conduction, and inotropy.
Archives of Internal Medicine 123(6): 707-712, June 1969.

GROSGOGEAT, Y., ANGUERA, G., LELLOUCH, J., JacoTOT, B., BEAUMONT,
J~L., Pators, E., Manier, E. L'intoxication chronique par la nico-
tine chez le lapin nourri au cholesterol. Effets sur la paroi aortique
et sur la lipidemie. (Chronic nicotine poisoning in the rabbit on a
cholesterol diet. Effects on the wall of the aorta and on lipidemia.)
Journal of Athevosclerosis Research 5(3): 291-301, 1965.

Hammonp, E. C, GarrINKEL, L. Coronary heart disease, stroke, and
aortiec aneurysm. Factors in the etiology. Archives of Environmental
Health 19(2): 167-182, August 1969.

Hammono, E. C,, Horn, D. Smoking and death rates—report on forty-
four months of follow-up of 187,783 men. I, Total mortality. Journal
of the American Medical Association 166 (10): 1159-1172, March 8,
1958.

HamMoxp, E. C,, HorN, D. Smoking and death rates—report on forty-
four months of follow-up of 187,783 men. II. Death rates by cause.
Journal of the American Medical Association 166(11): 1294-1308,
March 15, 1958.

HareaN, W. R., OBerMaN, A_, Mitcueir, R. E.,, Graveier, A. Con-
stitutional and environmental factors related to serum lipid and
lipoprotein levels. Annals of Internal Medicine 66(3): 540-555,
March 1967.

Hass, G. M., LanperHoLM, W., HEMMENS, A. Production of calcific
athero-arteriosclerosis and thromboarteritis with nicotine, vitamin
D, and dietary cholesterol. American Journal of Pathology 49(4):
739-771, October 1966.

Hauce, M., Hawrvawp, B, Remn, D. D. A twin study of the influence
of smoking on morbidity and mortality. Acta Geneticae Medicae et
Gemellologiae 19: 335-336, 1970.



(83}

(85)

(86)

(87)

(88)

(89)

(90)

(91)

(92)

(93)

(34)

(95)

HeypEN-STUCKY, S., ScHIBLER-REICH, S. Kardiologische Risikofaktoren
bei Schweizer Minnern. (Cardiological risk factors in Swiss men.)
Schweizerische Medizinische Wochenschrift 97(1): 20-23, January
7, 1967.

HicGins, M. W., KiersBerg, M. Characteristics of smokers and non-
smokers in Tecumseh, Michigan. 11, The distribution of selected physi-
cal measurements and physiologic variables and the prevalence of
certain diseases in smokers and nonsmokers. American Journal of
Epidemiology 86(1): 60-77, July 1967.

HirayAaMa, T. Smoking in relation to the death rates of 263,118 men
and women in Japan. National Cancer Center, Research Institute.
Tokyo, September 1967. 14 pp.

Hoob, B., TiesLIN, G., WELIN, G., ORNDAHL, G., KORSAN-BENGTSEN, K.
Myocardial infarction in early age. 1II. Coronary risk factors and
their deficient control. Acta Medica Scandinavica 185(4) : 241-251,
April 1969.

Hueprer, W. C. Experimental studies in cardiovascular pathology. VIL
Chronic nicotine poisoning in rats and in dogs. A.M.A. Archives of
Pathology 35: 846-856, 1943.

Hyams, L., SEGy, M., ARCHER, M. Myocardial infarction in the Japan-
ese. A retrospective study. American Journal of Cardiology 20(4):
549-554, October 1967.

INTER-SOCIETY COMMISSION FOR HEART DISEASE RESOURCES. Athero-
sclerosis Study Group and Epidemiology Study Group. Primary pre-
vention of the atherosclerotic diseases. Circulation 42(6) : A-54+A-95,
December 1970.

Inving, D. W., Yamamoro, T. Cigarette smoking and cardiac output.
British Heart Journal 25: 126-132, 1963.

JexkKiNs, C. D, RoseNman, R. H., Zyzanski, S. J. Cigarette smoking.
Its relationship to coronary heart disease and related risk factors in
the Western Collaborative Group Study. Circulation 38(6): 1140-
1155, Decemnber 1968.

Jouve, A., Rocru, P., AvriL, P. Enquetes epidemiologiques sur I’athero-
sclerose dans la region Provencale. (Epidemiological investigations of
atherosclerosis in the Provence region.) Union Medicale du Canada
98(5) : 761-766, May 1969. .

JueErGenNs, J. L., BArRkEr, N. W_, Hines, E. A., Jr. Arteriosclerosis ob-
literans: Review of 520 cases with special reference to pathogenic
and prognostic factors. Circulation 21(2): 188-195, February 1960.

KauxN, H. A. The Dorn study of smoking and mortality among U.S.
veterans: report on 814 years of observation. IN: Haenszel, W. (Edi-
tor). Epidemiological Approaches to the Study of Cancer and Other
Chronic Diseases. Bethesda, U.S. Public Health Service, National
Cancer Institute Monograph No. 19, January 1966. pp. 1-125.

KANNEL, W. B., CasteLLl, W. P., McNAMAR4, P. M. Cigarette smoking
and risk of coronary heart disease. Epidemiologic clues to patho-
genesis. The Framingham study. IN: Wynder, E. L., Hoffmann, D,
(Editors). Toward a Less Harmful Cigarette. Bethesda, U.S. Depart-
ment of Health, Education, and Welfare, Public Health Service, Na-
tional Cancer Institute Monograph No. 28, June 1968. pp. 9-20.

KANNEL, W. B., Dawber, T. R., SKINNER, J. J, JR., MCNAMARA, M,
SHURTLEFF, D. Epidemiological aspects of intermittent claudication:
The Framingham Study. Circulation (Supplement II to Vols. 31 and

32) : 121-122, October 1965.
77



(96)

(99)

(100)

(101)

(102)

(103)

(104)

(105)

(106)

(107)

(108)

(109)

(110)

(111)

78

Kanner, W. B, Dawser, T. R, CoHeN, M. E., McNaMARa, P. M. Vas-
culaf disease of the brain—epidemiologic aspects. The Framingham
study. American Journal of Public Health and the Nation’s Health
55(9) : 1355-1366, September [965.

KARVONEN, M., OryMa, E., Kevs, A., Fipanza, F. Broxex, J. Cigarette
smoking, serum-cholesterol, blood-pressure, and body fatness. Obaser-
vations in Finland. Lancet 1: 492-494, March 7, 1959.

Kastr, O. Berufliche und Umweltanalyse infarktkranker Eisenbahn-
bediensteter. (Occupational and envirominental analysis of infarct
patients in railway service.) Medizinische Klinik 64 (42): 1911-1917,
October 17, 1969.

Kebpra, M., DMmowskl, G. The influence of tobacco smoking on the devel-
opment of atherosclerosis and on the composition of blood lipids.
Polish Medical Journal 5(1): 37-43, 1966.

Kepra, M., KoroLko, A. Tobacco smoking and blood clotting. Bulletin
of Polish Medical Science and History 8: 145-148, October 1965.

KEDRA, M., PoLESZAK, J., PITERA, A. Wplyw palenia tytoniu na poziom
tluszezowcow krwi. (Influence of tobacco smoking on the blood lipid
levels.) Polski Tygodnik Lekarski 20(39) : 1452-1454, September 27,
1965.

KEerriGgaN, R, Jain, A. C., Dovrg, J. T. The circulatory response to
cigarette smoking at rest and after cxercise. American Journal of
the Medical Sciences 255(2); 113-114, February 1968,

KERSHBAUM, A., BeLLET, S., CapLaN, R. F., FrINBERG, L. J. Effect of
cigarette smoking on free fatty acids in patients with healed myo-
cardial infarction. American Journal of Cardiology 10(2): 204-208,
August 1962,

KersHBAUM, A., BeLier, S., DicksTEIN, B, R., FEinserg, L. J. Effect of
cigarette smoking and nicotine on serum free fatty acids. Based on a
study in the human subject and the experimental animal. Circulation
Research 9(3): 631-638, May 1961,

KERSHBAUM, A., BELLET, S., HiRABAYASHI, M., FEINBERG, L. J. Regular
filtertip, and modified cigarettes. Nicotine cxcretion, free fatty acid
mobilization and catecholamine excretion. Journal of the American
Medical Association 201(7) : 545-546, August 14, 1967.

KersHBAUM, A, BELLET, S., JIMENEZ, J., FEINBERG, L. J. Differences in
effects of cigar and cigarette smoking on free fatty acid mobilization
and catecholamine excretion. Journal of the American Medical Asso-
ciation 195(13) : 1095-1098, March 28, 1966.

KERSHBAUM, A., BELLET, S., KHORSANDIAN, R. Elevation of serum cho-
lesterol after administration of nicotine. American Heart Journal
69(2) : 206-210, February 1965.

KERSHBAUM, A., JIMENEZ, J., BELLET, S., ZANUTTINI, D). Modification of
nicotine-induced hyperlipidemia by anti-adrenergic agents. Journal
of Atherosclerosis Research 6: 524-530, 1966.

KERSHBAUM, A., KHORSANDIAN, R., CapLan, R. F., Beiter, S., FEIN-
BERG, L. J. The role of catecholamines in the free fatty acid response
of cigarette smoking. Circulation 28 (1) : 52-57, July 1963.

KERSHBAUM, A., Osapa, H., ScriaBing, A., BeLLeT, S., PAPPAJOHN,
D. J. Influence of nicotine on the mobiiization of free fatty acids from
rat adipose tissue in vitro and in the isolated perfused dog limb. Cir-
culation 36 (4, Supplement 2) : 20, October 1967.

KEeys, A. (Editor). Coronary Heart Disease in Seven Countries. Circu-
lation 41 (4, Supplement 1) : 1970. 211 pp.



(112}

(113)

(114)

(115)

(116)

(117)

(118)

119)

(120)

z1)

(122)

(1238)

(124)

(125)

(126)

(127)

KiEN, 5. A., SHERROD, T. R. Action of nicotine and smoking on coronary
circulation and myocardial oxygen utilization. Annals of the New
York Academy of Sciences 90(1): 161-173, September 27, 1360.

KseLDSEN, K. Smoking and Atherosclerosis. Investigations on the sig-
nificance of the carbon monoxide content in tobacco smoke in athero-
genesis. Copenhagen, Munksgaard, 1969. 145 pp.

Kryerpsen, K., AstRUP, P., WaNsSTRUP, J. Reversal of rabbit atheroma-
tosis by hyperoxia. Journal of Atherosclerosis Research 10(2): 173-
178, September-October 1969,

Kiewpsen, K., Damcaarp, F. Influence of prolonged carbon monoxide
exposure and altitude hypoxia on serum lipids in man. Scandinavian
Journal of Clinical and Laboratory Investigation 22 (Supplementum
103) : 16-19, 1968.

KreLpseN, K., Mozes, M. Buerger's disease in Israel. Investigations on
carboxyhemoglobin and serum cholesterol levels after smoking. Acta
Chirurgica Scandinavica 135(6) : 495—498, 1969.

KJerpsen, K., WANSTRUP, J., AsTRUP, P. Enhancing influence of arte-
rial hypoxia on the development of atheromatosis in cholesterol-fed
rabbits. Journal of Atherosclerosis Research 8(5): 835-845, 1968.

KienscH, H. Blut-Katecholamine und -Fettsauren beim Stress durch
Rauchen und durch kdrperliche Arvbeit. (Blood catecholamines and
fatty acids under stress induced by smoke and exercise.) Zeitschrift
fiir Kreislaufforschung 55(10) : 1035-1044, October 1966.

KonTTINEN, A. Cigarette smoking and serum lipids in young men. Brit-
ish Medical Journal 1: 1115-1116, April 21, 1962.

KoNTTINEN, A., RaJasaLMi, M. Effect of heavy cigarette smoking on
post-prandial triglycerides, free fatty acids, and cholesterol. British
Medical Journal 1(5334) : 850-852, March 30, 1963.

Krumnorz, R. A., CHEVALIER, R. B, Ross, J. C. Cardiopulmonary func-
tion in young smokers. A comparison of pulmonary function measure-
ments and some cardiopulmonary responses to exercise between a
group of young smokers and a comparable group of nonsmokers.
Annals of Internal Medicine 60(4) : 603-610, April 1964.

KruMnorz, R. A., CHevaLIEr, R. B, Ross, J. C. Changes in cardiopul-
monary functions related to abstinence from smoking. Studies in
young cigarette smokers at rest and exercise at 3 and 6 weeks of
abstinence. Annals of Internal Medicine 62(2): 197-207, February
1965.

KuHnN, R. A. Mode of action of tobacco smoke inhalation upon the cere-
bral circulation. Annals of the New York Academy of Sciences 142
(Article 1) : 67-71, March 15, 1967.

LarsoN, R. K., Fukupa, P., Murray, J. F. Systemic and pulmonary
vascular effects of nicotine in anesthetized dogs. American Review of
Respiratory Diseases 91(4): 556-364, April 1965.

Leapers, F. E., Long, J. P. Action of nicotine on coronary vascular re-
sistance in dogs. American Journal of Physiology 203(4): 621-625,
October 1962.

Les, G., DeErNTL, F., RoBIN, E., BiNg, R. J. The effect of nicotine on
effective and total coronary blood flow in the anesthetized closed-chest
dog. Journal of Pharmacology and Experimental Therapeutics 173
(1) : 138-144, May 1970.

LiieNTtHAL, J. L., JrR. Carbon monoxide. Pharmacological Review 2:
324-354, 1950.

79



(128)

(129)

(130)

(181)

(132)

(133)

(154)
(135)
(136)

(137)

(138)

(139)

(140)

(141)

(142)

(143)

(144)

80

McKusick, V. A, Harris, W. S., Ortesen, O. E., Goopyax, R. M,
SHELLEY, W. M., BLoopwert, R, D. Buerger’s disease: A distinct clin-
ical and pathologic entity. Journal of the American Medical Associa-
tion 181(1) : 5-12, July 7, 1962.

MarsHALL, W. J., Jr, StaNLEY, E. L., Kezp1, P. Cardiovascular effects
of cold pressor tests, 40° head-up tilt, and smoking on smokers and
nonsmokers. Diseases of the Chest 56{4} : 290-2Y6, October 1969.

Mascrova, K. K. The influence of nicotine on experimental atherosclero-
sis. Bulletin of Experimental Biology and Medicine 41: 20-23, 1956.

Mirrs, C. A., PorTter, M. M. Tobacco smoking and automobile-driving
stress in relation to deaths from cardiac and vascular causes. Ameri-
can Journal of the Medical Sciences 234 (1) : 35-43, July 1957,

Mivazak!, M. Circulatory effect of cigarette smoking, with special ref-
erence to the effect on cerebral hemodynamics. Japanese Circulation
Journal 33(9): 907-912, September 1969.

MopzZELEWSKI, A., MALEC, A. Zachowanie sie niektorych lipidow we
krwi u palaczy. (Patterns of certain blood lipids in smokers.) Wiado-
mosci Lekarskie 22(3) : 229-233, February 1, 1969.

MoveEr, C. A., Mappock, W. G. Peripheral vasospasm from tobacco.
A.M.A. Archives of Surgery 49(2) : 277-285, February 1940.

MurLcany, R., Hickey, N. J. Cigarette smoking habits of patients with
coronary heart disease. British Heart Journal 28: 404-408, 1966.

MurcaHy, R., Hickey, N. J. The role of cigarette smoking in the cau-
sation of atherosclerosis. Geriatries 22(2) : 165-174, February 1967.

Murcany, R., Hickey, N. J., Maurer, B. J. Coronary heart disease in
women. Study of risk factors in 100 patients less than 60 years of
age. Circulation 36 (4) : 577-586, October 1967.

MuriNos, M. G., SHULMAN, I. The effects of cigarette smoking and deep
breathing on the peripheral vascular system. Studied by five methods.
American Journal of the Medical Sciences 199(5): 708-720, May 1940.

MurcHIsON, L. E, FyrFe, T. Effects of cigarette smoking on serum-
lipids, blood-glucose, and platelet adhesiveness. Lancet 2(7456) : 182—
184, July 23, 1966.

MurpHY, E. A. Thrombozyten, Thrombose und Gerinnung, (Thrombo-
cytes, thrombosis and clotting.) IN: Schievelbein, H. (Editor). Niko-
tin: Pharmakologie und Toxikologie des Tabakrauches. Stuttgart
{(West Germany}), Georg Thieme Verlag, 1968. pp. 178-192.

MusTtarp, J. F., MUurRPHY, E. A. Effect of smoking on blood coagulation
and platelet survival in man. British Medical Journal 1(5334) : 846~
849, March 30, 1963.

Nabeavu, R. A, JaMEs, T. N. Effects of nicotine on heart rate studied
by direct perfusion of sinus node. American Journal of Physiology
212(4): 911-916, April 1967.

Osk1, F. A, Gorrues, A. J., MiLLEr, W. W., DELIVORIA-PAPADOPOULOS,
M. The effects of deoxygenation of adult and fetal hemoglobin on the
synthesis of red cell 2, 3-diphosphoglycerate and its in vive conse-
quences. Journal of Clinical Investigation 49(2): 400-407, February
1970.

PAFFENBARGER, R. S., JR, LaucHLIN, M. E., Gima, A. S., BLaCK, R. A.
Work activity of longshoremen as related to death from coronary
heart disease and stroke. New England Journal of Medicine 282(20) :
1109-1114, May 14, 1970. .



(145) PAFFENSARGER, R. S., JR, Witrtiams, J. L. Chronic disease in former
college students. V. Early precursors of fatal stroke. American Jour-
nal of Public Health and the Nation’s Health 37(8): 1290-1299,
August 1967.

(1:16) PAFFENBARGER, R. S., Jr., WiNG, A. L. Chronic disease in former college
students. X. The effects of single and multiple characteristics on risk
of fatal coronary heart disease. American Journal of Epidemiology
90(6) : 527-535, December 1969.

(147) Pacg, 1. H., Lewis, L. A., MoinuoniN, M. Effect of cigarette smoking
on serum cholesterol and lipoprotein concentrations. Journal of the
American Medical Association 171(11): 1500-1502, November 14,
1959.

(148) Paur, O, Lerrer, M. H,, Pretan, W. H,, DurertUIls, G. W., MACMIL-
LAN, A, McKean, H.,, PArk, H. A longitudinal study of coronary
heart disease. Circulation 28(1): 20-31, July 1963.

(142) PeENTECOST, B., SHILLINGFORD, J. The acute effects of smoking on myo-
cardial performance in patients with coronary arterial disease. Brit-
ish Heart Journal 26: 422429, 1964.

(150) PINCHERLE, G., WRIGHT, H. B. Screening in the early diagnosis and
prevention of cardiovascular disease. Journal of the College of Gen-
eral Practitioners 13: 280-289, 1967.

(151) Pozner, H., Birrimoria, J. D. Effect of smoking on blood-clotting and
lipid and lipoprotein levels, Lancet 1(7660): 1318-1321, June 20,
1970.

(152) Puori, P. S, ALaMy, D., BiNg, R. J. Effect of nicotine on contractility
of the intact heart. Journal of Clinical Pharmacology 8(5) : 295-301,
September-October 1968.

(158) Razpan, A. N., SincH, R. P., Srivastava, V. K. Thromboangiitis obli-
terans. A clinical study of 125 cases. International Surgery; Bulletin
47(2): 122-125, February 1967.

(154) Recan, T. J., HELieMms, H. K., Bing, R. J. Effect of cigarette smoking
on coronary circulation and cardiac work in patients with arterio-
sclerotic coronary disease. Annals of the New York Academy of Sci-
ences 90(1) : 186-189, September 27, 1960.

(155) Reip, D. D., HoLLanp, W. W_, Rosg, G. A. An Anglo-American cardio-
vascular comparison. Lancet 2(7531) : 1375-1378, December 30, 1967.

(156) Romero, T., TALESNIK, J. Influence of nicotine on the coronary circula-
tion of the isolated heart of the cat. Journal of Pharmacy and Phar-
macology 19(5) : 322-328, 1967.

(157) Rose, G. A. The diagnosis of ischaemic heart pain and intermittent
claudication in field surveys. Bulletin of the World Health Organiza-
tion 27(6) : 645-658, 1962.

(158) Rosg, G. A. Chest pain questionnaire. Milbank Memorial Fund Quar-
terly 43(2, part 2) : 32-39, April 1965.

(159) RosenmaN, R. H., FRIEDMAN, M., STRAUS, R, WurM, M. KoSITCHEK, R,
HanN, W., WErTHESSEN, N. T. A predictive study of coronary heart
disease. The Western Collaborative Group Study. Journal of the
American Medical Association 189(1): 15-22, July 6, 1964.

(160) Ross, G., BLEsa, M. I. The effect of nicotine on the coronary circulation
of dogs. American Heart Journal 79(1) : 96-102, January 1970.

(161) RotH, G. M., ScHIicK, R. M. The effects of smoking on the peripheral
circulation. Diseases of the Chest 37(2) : 203-210, Febrnary 1960.

81



(162)

(163)

(164)

(165)

(166)

(167)

(168)

(169)

(170)

(171)

(172)

(173)

(174)

(175)

82

RorrensteiN, H., Peirce, G., Russ, E., Feroer, D., MoNTGoMERY, H.
Influence of nicotine on the blood flow of resting skeletal muscle and
of the digits in normal subjects. Annals of the New York Academy
of Sciences 90(1): 102-113, September 27, 1960.

Russex, H. 1, Zouman, B. L. Relative significance of heredity, diet and
occupational stress in coronary heart disease of young adults. Based
on an analysis of 100 patients between the ages of 25 and 40 years
and a similar group of 100 normal control subjects. American Journal
of the Medical Sciences 235(3) : 266-277, March 1958.

Russek, H. I., Zouman, B. L., Dorser, V. J. Effects of tobacco and
whiskey on the cardiovascular system. Journal of the American Med-
ical Association 157(7): 563-568, February 12, 1955.

Sackerr, D. L., GigsoN, R. W., Bross, 1. D. J., PickreN, J. W. Relation
between aortic atherosclerosis and the use of cigarette and alcohol.
An autopsy study. New England Journal of Medicine 279(26) : 1413-
1420, December 26, 1968.

SAPHIR, R., RaparorT, E. Cardiovascular responses of the cat to mesen-
teric intra-arterial administration of nicotine, cyanide and venous
blood. Circulation Research 25(6) : 713-724, December 1969.

ScHiMMLER, W., Nerr, C., SCHIMERT, G. Risikofaktoren und Herzin-
farkt. Eine retrospektive studie. (Risk factors and myocardial in-
farct. A retrospective study.) Miinchener Medizinische Wochenschrift
110(27) : 1585~1594, July 5, 1968.

SCHWARTZ, D., LELLOUCH, J., ANGUERA, G., RICHARD, J. L., BEAUMONT,
J. L. Etiologie comparee de l'arteriopathie obliterante des membres
inferieurs et de l'arteriopathie coronarienne. (Comparative etiology
of lower limb obliterative arteriopathy and of coronary arteriopathy.)
Archives des Maladies du Coeur 58: Supplement No. 3, 24-32, 1965.

ScHwarTz, D., LELLOUCH, J., ANGUERA, G., BEAUMONT, J. L., LENEGRE,
J. Tobacco and other factors in the eticlogy of ischemic heart disease
in man: Results of a retrospective survey. Journal of Chronic Dis-
eases 19(1) : 35-55, January 1966.

SeLtzER, C. C. The effect of cigarette smoking on coronary heart dis-
ease. Where do we stand now? Archives of Environmental Health
20(3): 418423, March 1970.

SEN GupTa, A. N, GHosH, B. P. Observations on some cardiovascular
and biochemical effects of tobacco smoking in health and in ischaemic
cardiacs. Bulletin of the Institute of Post-Graduate Medical Educa-
tion and Research 9(2): 45-57, April 1967. o

SHAPIRO, S., WEINBLATT, E., FRANK, C. W., SAcEx, R. V. Incidence of
Coronary Heart Disease in a Population Insured for Medical Care
(HIP). Myocardial infarction, angina pectoris, and possible myocar-
dial infarction. American Journal of Public Health and the Nation’s
Health 59(6) : Supplement to June 1969. 101 pp.

SHEPHERD, J. T. Lffect of cigarette-smoking on blood flow through the
hand. British Medical Journal 2: 1007-1010, October 27, 1951.

Socani, R. K., JosHi, K. C. Effect of cigarette and biri smoking and
tobacco chewing on blood coagulation and fibrinolytic activity. Indian
Heart Journal 17: 238-242, July 1965.

SPAIN, D. M., Brapess, V. A. Sudden death from coronary heart dis-
ease. Survival time, frequency of thrombi, and cigarette smoking.
Chest 58(2) : 107-110, August 1970.



(176)

(177)

(178)

(179)

(189}

(181)

(182)

(183)

(184)

(185)

(186)

(187)

(188)

(189}

(190)

(191)

SpaIN, D. M., NatHAN, D. J. Smoking habits and coronary atheroscle-
rotic heart disease. Journal of the American Medical Association 177
{10) : 683-688, September 9, 1961,

STAMLER, J., BERKsoN, D. M., LeviNsoxn, M., LINDBERG, H. A., MoJON-
NIER, L., MiLrer, W. A,, Hari, Y., ANpELMAN, S. L. Coronary artery
disease. Status of preventive efforts. Archives of Enwvironmental
Health 13(3) : 322-335, September 1966.

STEFANOVICH, V., Gorg, 1., KasivaMa, G., IwaNAGA, Y. The effect of
nicotine on dietary atherogenesis in rabbits. Experimental and Molec-
ular Pathology 11(1) : 71-81, August 1969.

STEIFA, M., JR. Predictive significance of risk factors in exertional an-
gina pectoris. Cardiologia 51(6) : 336-339, 1967.

STROBEL, M., GseLr, O. Mortalitat in Beziehung zum Tabakrauchen:
9 Jahre Beobachtungen bei Arzten in der Schweiz. ( Mortality in rela-
tion to tobacco smoking. Nine years of observation in Swiss doctors.)
Helvetica Medica Acta 32(6) : 547-592, December 1965.

StrRoMBLAD, B. C. R. Effect of intra-arterially administered nicotine on
the blood flow in the hand. British Medical Journal 1: 484485,
February 21, 1959.

StroNG, J. P, Riciaros, M. L., McGiry, H. C., Jr, EGGEN, D. A,
McMugrray, M. T. On the association of cigarette smoking with coro-
nary and aortic atherosclerosis. Journal of Atherosclerosis Research
10(3) : 303-317, November—December 1969.

Tayror, H. L., BLackBUrN, H., KEYS, A,, ParuiN, R. W,, VasQuez, C.,
Pucux~ER, T. Five-year follow-up of employees of selected U.S. rail-
road companies. IN: Keys, A. (Editor). Coronary Heart Disease in
Seven Countries. American Heart Association Monograph No. 29,
1970. pp. 20-39.

THieNES, C. H. Chronic nicotine poisoning. Annals of the New York
Academy of Sciences 90(1) : 239-248, September 27, 1960.

THoMas, C. B. Familial and epidemiologic aspects of coronary disease
and hypertension. Journal of Chronic Diseases 7(3) : 198-208, March
1958.

Tromas, C. B, MurrHY, E. A. Cirvculatory responses to smoking in
healthy young men. Annals of the New York Academy of Sciences
90(1) : 266-276, September 27, 1960.

TiseLinN, G. High blood pressure in men aged 50. A population study of
men born in 1913. Acta Medica Scandinavica (Supplementum 470) :
1-84, 1967.

TiBeLIN, G. Kommentar till en svensk tvillingundersokning. (Comment
on research on twins in Sweden.) Lakartidningen 65 (47) : 4654-4655,
November 20, 1968.

Traverr, J., RiNziegr, S. H., Karp, D. Cardiac effects of nicotine in the
rabbit with experimental coronary atherosclerosis. Annals of the New
York Academy of Sciences 90(1) : 290-301, September 27, 1960.

TRrRUETT, J., CORNFIELD, J., KANNEL, W. A multivariate analysis of the
risk of coronary heart disease in Framingham. Journal of Chronic
Diseases 20: 511-524, 1967.

U.S. PusLIc HEALTH SERVICE. The Health Consequences of Smoking. A
Public Health Service Review: 1967. Washington, U.S. Department of
Health, Education, and Welfare, Public Health Service Publication
No. 1696, 1967. 199 PP-

83



(192)

(193)

(194)

(195)

(196)

(197)

(198)

(199)

200)

(201)

(202)

(£03)

(204)

(205)

84

U.S. Pustic HeartH ServVICE. The Health Consequences of Smoking.
1968 Supplement to the 1967 Public Health Service Review. Washing-
ton, U.S. Department of Health, Education, and Welfare, Public
Health Service Publication No. 1696, 1968. 117 pp.

U.S. Pueric HeaLtH Service. The Health Consequences of Smoking.
1969 Supplement to the 1967 Public Health Service Review. Washing-
ton, U.S. Department of Health, Education, and Welfare, Public
Health Service Publication No. 1696-2, 1969. 98 pp.

U.S. PusLic HEALTH SErRVICE. NATIONAL AIR POLLUTION CON-
TROL ADMINISTRATION. Air Quality Criteria for Carbon Mon-
oxide. Washington, U.S. Department of Health, Education and Wel-
fare, National Air Pollution Control Administration Publication No.
AP-62, March 1970. 158 pp.

U.S. Pusric HEaLTH SERVICE. NATIONAL CENTER FOR HEALTH
STATISTICS. Vital and Health Statistics. Data from the National
Health Survey. Coronary Heart Disease in Adults—United States—
1960-1962. Washington, U.S. Department of Health, Education and
Welfare, National Center for Health Statistics Series 11, No. 10,
September 1965. 46 pp.

U.S. PusrLic HEaLTH SERVICE. NATIONAL CENTER FOR HEALTH
STATISTICS. Vital Statistics of the United States—1967, Vol. Il.—
Mortality, Part A. Washington, U.S. Department of Health, Educa-
tion and Welfare, Public Health Service Publication, 1969.

U.S. Pusric Heavt Service. NATIONAL CENTER FOR HEALTH
STATISTICS. Vital Statistics Rates in the United States 1940-1960.
Washington, U.S. Department of Health, Education and Welfare,
Public Health Service Publication No. 1677, 1968. 881 pp.

U.S. Pusric HEaALTH SERVICE. Smoking and Health. Report of the Ad-
visory Committee to the Surgeon General of the Public Health Serv-
ice. Washington, U.S. Department of Health, Education, and Welfare,
Public Health Service Publication No. 1103, 1964. 387 pp.

Van BucHeM, F.S. P. Serum lipids, nutrition and atherosclerotic comn-
plications in man. Acta Medica Scandinavica 181(4) : 403-416, April
1967.

Vier, B, Donoso, S., SaLcepo, D. Coronary atherosclerosis in persons
dying violently. Archives of Internal Medicine 122(2): 97-103, Au-
gust 1968.

VILiGer, U., HEYDEN-STUCKY, S. Das Infarktprofil. Unterschiede zwi-
schen infarktpatienten und Kontrollpersonen in der Ostschweiz. (The
infarct profile. Differences between infarct patients and controls in
East Switzerland.) Schweizerische Medizinische Wochenschrift
96(23) : 748-758, June 11, 1966.

VonN AHN, B. Tobacco smoking, the electrocardiogranpnnd angina pec-
toris. Annals of the New York Academy of Sciences 90(1): 190-198,
September 27, 1960.

Warrs, D. T. The effect of nicotine and smoking on the secretion of epi-
nephrine. Annals of the New York Academy of Sciences 90(1) - 74-
80, September 27, 1960.

WEBSTER, W. S., CLarKSON, T. B, LorLAaND, H. B. Carbon monoxide-
aggravated atherosclerosis in the squirrel monkey. Experimental and
Molecular Pathology 13(1) : 36-50, 1970.

WemR, J. M., Dunn, 1. E, Jr. Smoking and mortality: A prospective
study. Cancer 25(1) : 105-112, January 1970.



(206)

(207)

(208}

(209)

WENZEL, D. G. BECKLOFF, G. L. The effect of nicotine on experimental
hypercholesterolemia in the rabbit. Journal of the American Phar-
maceutical Association; Scientific Edition 47(3) : 338-343, May 1958.

WeNzEL, D. G, TURNER, J. A, KissiL, D. Effect of nicotine on choles-
terol-induced atherosclerosis in the rabbit. Circulation Research 7:
256-261, March 1959.

WesT, J. W., GuzMmaN, S. V,, BeLLeT, S. Cardiac effects of intracoro-
nary arterial injections of nicotine. Circulation Research 6: 389-395,
May 1958.

WestraLl, T. C., Cirotroxi, P. B, Epmunpowicz, A. C. Influence of
propranolol on hemodynamic changes and plasma catecholamine levels
following cigarette smoking and nicotine. Proceedings of the Society
for Experimental Biology and Medicine 123: 174-179, 1966.

WesTFarL, T. C.,, WarTs, D. T. Effect of cigarette smoke on epinephrine
secretion in the dog. Proceedings of the Society for Experimental Bi-
ology and Medicine 112(4) : 843-847, April 1963.

WEesTtrarL, T. C., WaTrs, D. T. Catecholamine excretion in smokers and
nonsmokers. Journal of Applied Phystology 19(1): 40-42, January
1964.

WHEREAT, A. F. Is atherosclerosis a disorder of intramitochondrial
respiration? Annals of Internal Medicine 73(1): 125-127, July 1970.

WipMER, L. K., HARTMANN, G., DucHosaL, F., PLecHL, S.-C. Risk fac-
tors in arterial occlusion of the limbs. German Medical Monthly 14
(10) : 476-479, October 1969.

WiLeNs, S. L., Prar, C. M. Cigarette smoking and arteriosclerosis.
Science 138: 975-977, November 30, 1962.

WYNDER, E. L., HOFFMANN, D. Tobacco and Tobacco Smoke. Studies in
Experimental Carcinogenesis. New York, Academic Press, 1967.
730 pp.

85



CARDIOVASCULAR

APPENDIX TABLES

87



68

TasLE AG—Coronary heart discase morbidity and mortalit y—retrospective studics

{SM = Smokers

{Actunl number of cusey shown in poarenthescy)?

NS -. Nonsmokers EX = IEx-smokers)
Author,
year, Number and Datn
country, type of collection Casey (percent) Countrols {percent) Comments
reference population

English 1,000 males with Case selection Aye Percent Smoliers Percent Smokers

etal., manifest CHD, from Mayo  4u-40 e TT 18T 61.0(302) (p<C0.001)
1940, 40 ye s of age, Founda- 50 0 L THT(882) 73.8(371) (not significant)
U.S.A. Conticly: 1,000 tion files. G0 or over L0348 (431} 61.8(327) {not significant)
{60). male non-CHD Contiols: All uges ENHIR 66.3 (p<0.00)
patients, same year
of udmis-
sion age-
matched,

Mllls and 474 white male Undefined. 40-49 50-59  60-69 70 orover 40-49 50-59  60-69 70 or over
Porter, coronary deaths. (56) {135) (153) (130) (216) {188) (114) (83)
1957, Controls: 606 NS T.14 6.66 18.30 33.84 13.91 2447 35.09 64,12
US.A, white males, All cigarettes ... ... 83.93 82.23 45.02 18.44 70.83 £9.94 43.86 16.47
(131). Pipes, cigars 8.93 1111 32.68 47.70 9.26 16.47 21.05 20.41

Bucchley Males reporting Question- L2004 (23) NS ... ... 420080
etal, CHD to California naire and .61 (69) =20 W 46.3(58)

1958, Health Survey interview. . 185 (21) 20 ceees 106 (14D
U.S.A. with matched
{(38). controls from

same survey
(included those
surviving first
myocardial
infarction).
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TasLE AG.—Coronary heart discase morbidity and mortality—retrospective studies (cont.)

(Actual number of cascs 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

Russek and 97 maleand 3 Interviews Tobacco usaye>30 cigarctice/day Patients
Zohman, female coronary by 70 percent. 35 percent. included ¥9
1958, patients, Controls: authors, with cinssical
US.A. 100 healthy controls myocardial
{163). of similer nge, infuvetion

sex, occupntion, and 11 with
and ethnic origin. angina pectoris,

Spain and 269 males identified 3,000 males NS ..............30.0 (81) 29,0 (112)

Nathan, a3 having CHD by in New <40/day .. ..29.0 (718) 33.0 (870)
1961, physical exumination  York City  >40/day ...13.0 (33) 9.0 (234) (p<0.06)
U.S.A. and history. Controls: inters EX oo 1400 (39) 14.0 (361)
{176). 2,637/3,000 males viewed and Cigar, pipe Lo 1400 (38) 16,0 (400)
identified as examined Total ..., 100.0(269) 100.0(2,637)
not having CHD by medical
group.

Mulewhy and 400 ma’ 3 less than Interview, Malcs Malea Control smuking
Hickey, 60 yeurs of age with NS R . 4.50 (18) 18.2(110) datn obtanined
1967 clussical CHD. Data ‘ SM 0075 (363) 70.6 (427) from estimnted
Ireland compared with male EX 4.75 (19) 11,2 (68) smoking habity

(35, 136). population con- Total ,......... 100.00(400) 100.0(605) of lvish
sumption figurea, populntion of
3ame nge group.

Schwartz 612 male patients Interview, Average amount 15.5 (p<0.0001) Data apply only to
et zl, with angins or laboratory, per day as ®6.0 those under 55
1656, myocardial and rigavettes ..,... 18.8 yeurs of age.
France infarction, clinicalexe  ANSM ,....

(169). 612 age-matched

controls,

aminations,

Inhalers ..

45,0(p<0.00001)




TABLE AG.—Coronary heart discase morbidity and mortality—rctrospective studieg (cont.)

{Actual number of cases shown in parcniheses)?
[SM = Smokers NS = Nonsmokers EX = Ex-smokera]

16

Author,

year, Number and Data
country, type of collection Cases (percent) Controls (percent) Commenta
reference population

Villiger snd 100 casey with Hospital Malca(72) Femalea(23) Malca(72) Femalea(23) These are not pure
Heyden- recent myocardial history or NS oot Cerraaaes s 6,04 T1.4 125.0 82.1 amoking clayues.
Stucky, infarctions, interview. Cigarettes ..........v00. ..66.7 28.6 45.8 14.3 t{p<0.01)

1966, 72 malcs, 28 females, 1-19 cigarettca/da ‘. ..18.1 10.7 23.6 107
Swite 100 age-matched 20 e i v 486 1.4 taz.2 3.6
zer. controls (72 male CIiRAL, PIPC v ievs i insasenany 44.4 27.8 -
tand industrial EX i e e e e 4.2 116.3 3.6
(201). employees and 28

females in hospital

for ather dingnoses),

Dérken, 205 males up to 44 Death cer- NS . ..o 30 () 18.4 (76) Ex-smokers listed
1967, ycars of age with tificate re- Cigarette Units undey nonsmokers,
Germany myocardial infarc~ view. In. 1-5 .. e LB (3) 10.4 (43) Smoking infurmation
{5¢2). tion ov sudden terview of 10-16 .. v, 32.2 (62} 46.5(192) availnble only on

death (139 decensed, patient 20-30 Lol 438 (84) 22.5 (93) 103/205. These

66 living). Controls  or kin. >356 s 218 (42) 2.2 (9) cigarcite categories

—Hamburg age- 100.0(193) . 100.0(413) include mixed vy cigar

matched citizens © (only 28 were mixed (62 were mixed or smokers recaleuinted

selected randomly, or cigar smokers) cigav smokers) as to aumber of ciga-
vottus, No patients
or controls smoked
pipes exclusively.

Dérken, 33 females up to Death cer- Cigarettce per day
1967, 44 years of age tificates, 0 vivviienne. 61 (2) 63.2(84) (p0.001)

Germany with myocardial inter- 1-5 17.3(23)

(58). infarction or sudden views, 6-15 o488 (16 16.5(22)
death. Controls—133 20-30 ... 30.4 (13) 3.0 (4)
females 27-44 years >36 6.1 (2)

of nge from clinie
without CVD or lung
cancer,
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TABLE A6.—Coronary heart disease morbidity and mortality—retrospective studies (cont.)
(Actusl number of cases shown in parentheses)?

{SM = Bmokers 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 ....vienl 1001 (8) 21.0 (33)
etal, myocardial infare. by trained 1-9 cigarettes
1967, tion. 157 agee personnel. per day L0 s 105 (13)

Japan matched controls 10-15 ..., ... .25.4 (18) 33.9 (42)
{87, hospitalized for nen- 16-20 ...35.2 (25) 26.8 (32)
CVD but include 21-34 .. .22.6 (16) 17.7 (22)
hypertensive disease, >3 s 899 (D) 12.1 {15)

ANSM ..., 1000 (T1) 100.0(124)

Muleshy 100 female patients Hospital SM ... 0. 830 (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 oo o400 () 9.1 (52) stutistics of
Ireland hospital with CHD. Total ..... 100.0(100) 100.0(572) smeking in
(137). Trish Republic.

Sudden death
not included,

Stejfa, 70 male and Direct Prevalence of risk factors Authors then fullowed
1967, femnale patients interviews.  Angina patients Control group the 70 paticnts for
Poland with recent onset §0.0 3 yenrs and noted
(179, exertional angina 48,1 (p>0.1) that smoking signifi-

pectoris, 54 controls cantly influenced
of same age, the incidence of
coronary occlusion,

Schimmler 503 males with Hospital NS . 9.0 (44) 26.0(187) (p<0.001)
et al, healed myocardial interviews, EX ...........,..12.0 (53) 20.0(142) {p<0.001)

1968, infarctions, 714 male Cigar, pipe .... .. 12.0 (62) 1.0 (1)
Germany controls of same age <19 cigarettes .,..250(129) 14.0(101) (p<0.001)
(167). without detectable D20 ..o, 42.0(200) 29.0(207) (p<0.001)

heart discase.

Tota! .,...100.0(503)

100.0(714)
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Taste AG.—Coronary leart discase imorbidity and mortality—retrospective studics (cont.)

(Actual number uf cases shown in parenthewes)!?

{SM = Smokers : NS = Nonsmukers EX = Ex-smuokers}
Author,
year, Number and Data
country, type of collection Cases (percent) Controls {percent) Comments
reference population )

Hood et al,, 230 males surviving Interview ! (230) (865)
1969, early first myocardial sand exam- Never smoked ....1.7% 24.2
Sweden infarction. Controls:  ination. EX before
(85). 855 randomly selccted infarction ...... 1.75 ’ 19.7

males 50 years of EX after

age. infarction .....29.1 .
<16 cigarcttes . .28.3 274
>15 cigarettes ...22.6 20.0
All .o ., 8000 47.4
Pipe ............ 16.5 8.8

Jouve 1,229 CHD patients; Interview. 43.0 13.0(p<0.0001)}
et al,, 802 males, 427
1969, females. Controls:

France 743 individualy of

{91). both sexes; age,
sex, and social
class matched.

Kastl, 275 male railway Interview NS ... e 200 (65) 29.8 (82)
1969, ermployees up to 6% and exe 2-20 cigarettes or
Germany years of age sur- amina- up to 6 cigars.. .. 32.0 (88) 63.3 (82)
(8%). viving myocardial tion. >20 cigarettes or

infarction. 275 con- >& cigars, .....,.48.0(132) 8.9 (19)
trol employees with

minor circulatory
disturbances,

Y Unless otherwise specified, disparities lPetween 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 snokers and nonsmokers

(Actual number of individuals shown in parentheses)!
[SM = Smokers NS = Nonsmokers]

Author, year,

Number and

country, type of Results Comments
reference population

Gofman 401 male Difference between SM and NS $Sf refers to Svedberg
et al, employecs Agea 20-29 Ages 30-33 Apgeai0-59 flotation units of
1965, 20--09 years Lipid: (NS 55, SM 37) {NS 66, SM 67) (NS 17, SM 44) centrifuged lipoproteing,
U.S.A., of age. tSt 0-12 . -+59.9 p<0.001 +19.9 p<0.05 + 3.9 p<0.05
(7¢). Sf o 12-20 .+ 9.4 p<0.001 + 5.4 p<0.05 ~ 3.5 p<0.05

St 20-100 . 4200 p<g0.025 + 9.1 p<0.05 + 8.5 p<0.05
St 100-400 . +15.8 p<0.026 +12.1 p<0.05 — 4.5 p<0.05
Cholesterol . 4212 p<0.05 + 9.0 p<0.05 — 4.8 p<0.05

Thomas, 521 medical Scrum choleaterol mg, percent

1958, students. NS (264) SM (257)
US.A. Observed/Expected Obeerved/Expeeted
(185). <250 o 170/187 149/161.6

D250 e e 87/49.6 115/102.4
Chi Square Value = 5.2 p<0.025

Dawber 2,253 males Scrum cholesterol mg. percent The authors conclude that
et al., participating 29-44 45-59 there is evidence ol a
1959, inthe Framingham NS ,........ 216.1(149) 228.3(131) gradient of chulesterol with
U.S.A. study 29-59 All cigarettes 224.8(874) 220.5(589) increasing amount of cigarctte
(47}, yenrs of oge. 10 o e, 217.4 (75) 229.1 (76) smoking in yuunger men,

} 10-19 221.1(134) 230.1 (96)
20-30 L e . 220.8{051) 227.8(350)
>40 229.0(114) 238.5 (68)
Pipe and eiguy 214 9(128) 227.1(166)

Karvonen 525 males in Serum cholesterol my. pereent The authors slate that ho
eLnl, various West Fivdand  East Finlund Helainki trend was noted associnting
1‘3.59. oceupntions NS 208.0(C4) 226.6 (39) 235.1 (62) increasing amount smoked with
Finland 20-59 yenrs SM 22K.7(01) 249.7(103) 257.8(166) inercasing serum cholestern),
(97). of age.

althuugh smokers and nonsmokers
did huve dilferent uvernll
leviels
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TABLE AT.—Differcices in serum lipids between smokers and nonsmokers (cont.)
(Actual number of individuals shown in parentheges)t

{SM = Smukers

NS = Nonsmokers]

Author, year,

Number and

country, type of Regulty Comments
refercnce population

Acheson 221 randomly Mcean serum cholesteral Mcan Beta/Alpha
and Jessap, chusen pensioners mg. pereent lipoprotein ratio
1961t 65-85 yeary of NS 214(38) 2.0(30)

Ireland age, 5 cigavettes/day 201(12) 2,101
1. 10 e 213034) 1.9(33)
20 201(33) 1.0(35)
>30 206 {8} 1.8 (8)

Brontee Approximately Cholesterol mp. percent Neta/Alpha lipoprotein ratio No data given on numbers in

Stewart, 600 healthy 25-39 40-55 25-99 40-55 cach group,
1961, mules 2555 tA i A E A E A E tA-=Afrlcan,
Soath years of age, NS ........... 170 197 222 246 280 3.34 3.76  4.09 IE—Ewopean,
Alricn “Heuvy" SM .. 156 223 204 236 3.82 4.40 4.07 5.40

(31)

Konttinen, 214 male military Scrum choleaterol  Scrum phospholipids  No serum lipid differences
62, recruity 18-25 mg. pereent mg. pereent found among the various
Finland venrs of age. NS i 85 203.8 218.0 smoking groups,

(11y). (Cigarettes per day) 1-10 (53)..... 206.8 222.3
11-19 .. ... L (Bd)Y .. 2131 2241
D20 (62) 202.3 210.6

Blomstrand 76 munuzygotic 1. Monozygotes discordant for smoking: Smokers showed slightly lower levels The authors conclude from the
and Lundman, twin puirs and of cholesterol, triglycerides, and phospholipids than nonsmokers, difering MZ and DZ resulty
e, AT dizygotic II. Dizygotes discordant for smoking: Smokers showed aignificantly higher that constitutional factors
Sweilen twin pairs obtained levels of phospholipids. No diffcrences for cholesterol and triglycerides, are probably more important
(46, from Swedish Twin than smoking in determining

Registry.

lipid levels.
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TaBLE AT.—Differences in serum lipids between smokers and nonsmokers (cont.)
{ Actual number of individuals shown in parentheses)?

{SM == Smokers

NS = Nonsmokers)

Number and

Author, year,
country, type ol Results Commenta
reference population
Fidanza 111 mnle prisoners Scerum cholewterol mg. pereent No atatistically algnificont
el al., 34-69 years of Ages <39 40-49 50-59 60-69 differences found between
1066, age. NS (..o o .. 106(12) 189 (10} 176 (7) SM and NS,
Ttaly <20 cigarettes/day 208¢6) 201(16) 202(13) 196 (10)
(64). >20 cigarettes/day 197(6) 176 (1) 171 (1)
Serum triglyceridcs mg, percent
NS ..o R .. 84.7 71,9 85.0
<20 cigarettes/day . 84.6 99.4 101.9 89.8
>20 cigarettes/day . 91.0 £86.0 656.7
Kedra and 200 clinically Serum cholesterol Phospholipida Total lipids Serum cholesterol also noted
Dmowski, healthy males myg. percent mg. pereent mg. pereent to increase with increasing
14646, 20-50 years of NS (100} 170.2 268.1 1,234.8 intensity and duration of
Puland uge. SM 100) ..., 224.0} P00l pgrpp PO x,asz.x} P00 oking.
(99). tetu-lipoproteing
Total futty acide percent of total
mg, pereent {ipoproteing
NS(100) ....ovvunnn T97.8 43.1
SM 100) sco,o% p<o.0d w.u§ p<o.0l
Harlan 6567 former naval Scrum choleaterol Scrum triglycerides Lipoproteing
et nl, avintion cnidets Found to be reluted Found not to be related  Sf 0-12 related. p<0.05
167, 4% years of age to cigarette smoking to cignrette smoking.,  Sf20-100 unrelnted.
V.S A, {avernge), n<0.06, ST 100-400 unvelated.
[N

Hoeydene
Sturky and
Schibler~
Reich, 1967,
Switzerland
(82).

500 plant workers
qU 60 yenrs of
e,

<10 cigarcttes/day
>10 cigarettes/day

Scrum cholesterol  Scrum triglycerides

mg., prreent my. pereent
T A T A (TR B 110.0
200.0(166) 180.0

Nu statistically significnnt
difterence found between
SM and NS,




L6

TaBLE AT7.—Differences in serwm lipids between smokers and nonsmokers {cont.)

(Actunl number of individuals shown in parenthescs)?
{SM = Smockers NS = Nonsmokors)

Author, year,

Number and

country, type of Resulls Comments
reference population

Higgins 5,080 male und Males Females
and Kjelsterg, female residents NS i e e 2029 (360) 210.1(1,439)

1967, u{ Teeumsch, Cigorette ......... e e, 212.6(1,426) 212.4 (910)
U.S.A. Michigan, 16-T9
{8%). years of age.

Pincherly 2,000 men Percentage with serum  The authors noted that amokers
and Wright, participating in Serum cholcsterol cholesterol >270 showed signifieantly higher
1967, executive health mg, percent mg. percent {p<0.001) serum cholesterol
England examinations NS(611) 286.2 19.0 levels Lhan nonsmokers,
(150}, 28-70 years of Ex-smoker(388) 246.0 28.0

age. 1-19 cigarettes/day(424) ....... .. v 239.2 24.0
>20 cigarettes/day (511) ... ... ... ... .., 2494 30.0
Van Buchem, 918 randomly chosen

Serum cholesterol The authors found no
1967, males 40-5Y yvars 0-209 myg, percent 210-249 mpg. percent >250 myg, percent correlation between smoking
Netherlands of age for entry NS (it 1204 (32) 14.0 (44) 14.2 (41) and serum cholesterol levels.
(199). into prospective Cigarette SM  ......... 71.6(184) 67.8(213) £€8.2(197)
study. Other ... ...o0. 16.0 (41} 18.2 (87) 17.6 (61}

Buyle et al., 1,104 male factory Serum choleslerol Scrum Beta-lipoprotein  Beta-lipoproteins were found
1968, . employees 20-64 mg. percent myg. pereent to increase with age, but
US.A. yenrs of age. NS i e 243(519) 0.325 smokers had higher Jevels
i28). SM e 251(576)} n<0.00 0.351} p<0.001 than nonsmokers at all ages.

Caganova 49 males living Serum cholesterol Scrum Beta-lipoprotein
ct al, in youth hostel, myg. pereent myg. pereent
1968, 21.6 average age, NS(34) .......0unun e 188.20 359.80
Czechoslovakia SMA15) vitiriiieiioireennnins 214.20} »<0.025 498.405 p<0.001
(36). Beta/alpha lipoprotein ratio

)3 I N Civvees 116
Y S P PR 1.55} p<0.028
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TaBLE AT.—Differcnces in serum lipids between smokers and nonsmokers (cont.)

(Actua! number of individuals shown In parcnthescs)?
{SM = Smokers NS = Nonsmokers]

Authar, year,

Number and

country, typeof Results Comments

refcrence population

Modzclewski 140 males 20-68 Scrum-cholenterol Serum Heta-lipoproteina Serum frec fatly acida
and Malee, years of age, NS (20) p<o0.01 NS »<0.01 NS p<0.01
196y, Henvy smokers Heavy yvmokers lenvy smokers
Puland

(L),

Kjeldsen, 934 employees of Scrum cholcaterol my. percent
1969, various firms NS (186) e e e e 236} p<0.01
Denmark in Copenhagen, SM (T38) vt e e e e 247 '

{113y,

Pozner G4 male and Serum choleaterol  Scrum triglycerides  Total phospholipids  Significant figures refer to
and Billimoria, female healthy ) / mg. percent my. pereent mg. perecent heavy smokers as compared
1970, volunteers 15-30 NS(20) ....covvvvee 1763 68.6 193.4 with nonsmokere.
England years of age. LightSM(17) ...... 1721 63.4 188.9
(151). 7( ver 1.3

,clgarettes/day)

Heavy SM(27) ..... 200.0 p<0.06 87.6 p>0.08 216.0 p<0.001
(Over 22.5
cigarettes/day)

Y Unless otherwise specified, disparitics between the total number of cases
and the sum of the individual smoking categories are due to the exclusion
of elther occasional, miscellancous, mixed, or ex-smokers.
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TaBLE AB.—Blood pressure differences between smokers and nonsmokers
(Actual number of individuals shown in parentheses)?
[SM == Smokers NS == Nonsmokers)

Author, year,

country, Number and type Results Comrments
reference of population

Dawber et al, 1,253 male Syatolic bleod pressure No association found
1969, U.S.A, and female Aper 29-44 45-5%  between aystolic blood
47). residents NS(149) ...... 138.8 143.0 preasure and smoking.

of Framingham. Cigarettes (874) . 132.5 140.3
L K - PP 1347 1440
10-19(134) oovviininnn, TR P veee. 1204 141.6
20~39(651) 138.9
>40(114) .., 1416
Pipe and cigar(128) 1419

Edwarda et al, 1,737 male Propertion of malcs with “Hypertengion' (Z200/Z100 mm, Hyg.}

1969, England patients of NS . i A . 27.2 percent (151)

(58). general prac- Cigarettes ...... P e . 20.5 pereent (780)
titioners over Plpe . i i i e s e 25.9 percent (341)
60 years of age,

Karvonen et al,, 525 males in Systolic blood pressure No duta on pipe and
19569, Finland various regions West Finland Eaat Finland Helsinki cigar smokers. No
{87). of Finland NS .o 139.2(64) 142.6 (39} 132.8 (62)  statistical significance

20-59 years of SM 133,2(91) 135.4(103) 129.8(166) noted.
age. Diastolic blood pressure

NS oo [P 847 86.8 89.6

SM ..o, P SN 81.9 84.1 86.8

Clark et al., 1,859 male civil Mean syatolic AMcan diastolic Nonsmoker and smoker
1967, U S.A. servants, blood-pressure blood-pressure  groups were of similar
(43). NS(728) Cevenvenaae 13700 83.9 AVUrARC BRC,

SMUA0T) +venevaneennreieseeeeanees m‘s} (p=0.05) 82.6} (p=008)
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TABLE A8

~—Blood pressure differences between smokers and nonsmokers (cont.)
{Actunl number of individuals shown in parentheses)?
(SM = Smokers NS = Nonsemokers]

Author; yesr,
country, Number and type Results Comments
reference of population
Higgines and 5,030 male and Age adjuated Ageadjusted
Kjelsburg, female residents mean gyatolic blood pressure mean dustolic blood pressure
1967, U.S.A. of Tecurseh, Michigan, Males Females Malcs Females
(23}, 16~79 years of age, NS ... 1878 (360) 84.5(1439) 186.6 (360) 82.1(14389) (p<0.001)
Cignrette ...136.4(1426) 81,4 (910) 131.6(1426) 79.0 (910) Py
Reid et al., 676 male British Mean eyatolic blood preasure The author did note
1967, England and 625 male {adjusted for difference sn weight) Mcan diaatolic blood pressurce SM-NS blood pressure dif-
(158, American postal UK U.S.A. UK US.A, ferences prior o
workers 40-59 NS .......128.2 (4B) 1248 (890) 79.8 81.0 controlling for weight,
years of age. 1-14 grams 1302 (27) 183.0 (60) 794 82.1 Lut not after auch cuntrol.
16-24 grams 128.6 (232) 127.7(169) 78.56 713
>25 grams  127.¢ (70) 128.1(218) 17.5 771
All amounts 129.1(519) 128.6 (44T} 8.7 7.8
Tibblin, 1967, 896 males in Blood pressure 115-148/ 150-170/ Numbers in parentheaes
Sweden Giteborg, Sweden, =110/=70(89) 75-95(468) 100-110(220) >175/>115(78) represent total in blood
{187), born in 1913, NS ..o, H 23.0 258 34 pressure group.
1-14 cigarettes .. 20.2 25.6 18.7 The author noted
>156 cigarettes . 2049 15.5 173 a stepwise decrense with
Pipeandcigar ........... 8.6 10.0 4.0 level of blood pressure

. a8 emoking increased.

1 Unless otherwise specified, disparities between the total number of in-
dividuals and the sum of the individua! smoking categories are due to the
excluslon of either oceasional, mlu:el*a‘neous. mixed, or ex-smokers.
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TaBLE Al7.—Incidence of new coronary heart disease by smoking category and behavior type for men 39-49 years of age
(Numbers in parentheses are number of CHD cases in each subgroup)

Smoking group

Former Current and Cigarcites
Behavior Never cigarette former pipe
type smoked smokers and cigar only 1-16 16-25 26 and over Total
A e 15.3(5) 138 (1) 1.3(1) 1.6(1) 15.8(15) 14.9(16) 9.3(45)
B i LB 6.1 (3) 2.2(2) 7.3(4) 3.1 (3) 49 (&) 3.3(18)
Total ....... 2.9(7) 8.1(10) 1.8(3) 4.9(5) 9.3(18) 10.4(20) 6.2(63)
Anslysis of variance table

Source Sum of squares d.t. Mcan square F P
Within cells ...... e £9.471 2,245 0,026 o ..
Rogression on age .. 0.458 1 0.458 17.296 0.001
Between smoking groups?® |, 0.504 5 0.101 3.8 0.002
Between behavior types?® ... 0.329 1 0.329 12.43 0.001
Interaction ... ... oo . 0.306 5 0.079 2.99 0.011

! 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

cffect byt ignoring interaction, thus yielding an estimate of each main ef-
fect unconfounded by other significant main effects.
Soukce: Jenking, 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 cnses in each subgroup)

Smoking group

Former Current and Cigarettes
Bebavior Never cigarette former pipe
type smoked smokers and cigar only 1-15 16-25 26 and over Total
A e, o M2,4(8) 18.6(8) 21.8 (8) 16.4(5) 215 (9) 30.0(14) 20.4(49)
) S Cerveesaarns 100(4) 6.1(1) 8.4 (3) 4.7(1) 211 (1) 19.1 (5) 12.0(21)
Total . e 111(9) 14.2(9) 14.9(11) 11,6 (6) 21.3(16) 26.0(19) 16.8(70})
Analysig of variance table
Source
Sum of squares d.f. Mean square F p
Within eels . ....... 00000 i T 63.627 911 0.070 .. o
Regression on &ge .............0s N 0.177 1 0177 2.54 0111
Between smoking groups?® .............. e e 0.522 5 0.104 1,496 0.188
Between behavior typea? ..., . 0.208 1 0.296 4.24 0.040
Interaction ......... v 0.128 5 0.026 0.37 0.870

! Rates are age-rdjusted annusl incidence per 1,000 men.
I 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 ylelding an estimate of each maln cf-

fect unconfounded by other significant main effecta.
Source: Jenkins, C. D, et al. (90},
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TABLE A20.—FEzperiments concerning the effects of smoking and nicotine on animal cardiovascular function

Author,

year, Number and Smoking Heart Rlood Cardiac Coronary
country, type of procedure rate prussure outlput blocd Comments
reference pupulation flow

Dellet 39 experiments Inhalation Definite Definite Couronary artery ligation increased the frequency
et al, on dugs which of tobacco incrense. intreasc. of nicotinc-induced severe orrhythmias; these
1041, had undergune smoke in became less cvident with increasing time since
U.S.A. coronary chamber. ligation.

(21), artery ligae Nicotine Definite Definite
tion up to intravenous increase, increase,
45 dnys before. 0.2.1.2
mg./ kg,

Burm and 10 rabbits, Experimental Droluted uirial spocimen showed increnacd rate andd
HE YN O experimental, anhimniy pres tnerenoed amplitude of contractions with admin.
TULK, hoeontral, trented with Wtratlon of nicotine propurtional to pretreat
England fuulated atrins, Intraperitonenl ment, These renctions were blocked by renerpine,
(38). nicotine nnd and the authurs conslder nlevtine effects to be

the atrin of medisted by catechulumine release frum chros
buth groups muflin store in myocardium,

exciged and

perfused with

nicotine.

West ¢t o)., 33 normal Coronary Definite 1. Myovcardial contractility increased 40-90 per-
1958, adult mongrel intra- increase cent in 16/15 animals teated accempanicd by
U.S.A. dogs. arterinl (aystolic), ST segment depression and T-wave inversion
(003), nicotine: and bLlocked by tetracthylammonium chloeide,

1. 0.2-22 11. Curunary Llood flow incrcased 19 percent upon
ug./kg. left circumflex artery injection; coronary blood

I1. 0.04-1 flow showed no change upon left anterior de-
kg Skg.

scending artery injectlon, G4 obucrvations on
10 dogs.
(Tetracthylammonium chloride blocked CUF in-
crense.)
The authors found no evidence of coronary vaso-
constriction in these heslthy animels.
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TABLE A20,—Ezperiments concerning the effects of smoking and nicotine on animal cardiovascular function (cont.)

Author,

year, Number and Smoking Heart Blood Cardiac Coronary
country, type of procedure rate pressure output blood Comments
reference population flaw

Forte 27 observa. Intravenous Definite No change. No significant change In either left ventricular
et al, tionson 8 nicotine up initial work or myocardial oxygen extraction,
1960, dogs. to 21.6 mg. increase
U.S.A. given ay 5-1% then
(65). ug./kg./ decroage,

minute.

Kien and 21 adult dogs Cigarette Definite Definite Increase Effects of cigarette smoke were duplicated by In-

Sherrod, smoke under increase, increase, following travenous nicotine and epinephrine.
1960, positive increase During cigarette smoke inhalation, it was noted
U.S.A. pressure via in blood that without blood pressure or output chenges,
(112). tracheostomy, pressure coronary blood flow did not incrense and that
Nicotine 20 and cardiae while adverse EKG changes were noted they cor-
4g./kg. intra- output. related more closely with decrensed cardiae oxy-
venously. gen utilization than with actual cardiac work,
Epinephrine §
ug./kg. intra-
venously,

Travell 14 normal Intravenous Definite Nicotine-induced coronary blood flow and heart
etal, rabbits and nicotine increase vate increase in the atherosclerotic animuls res
1960, 16 rabbits 0.01-0.1 mg. in normals. quired 10 times and 2 times, ruspeclively, the
U.S.A. with severe amounts required in the normel animals.

(189). cholesterols

induced athero-
sclerosis.
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Tanre A20.—Experiments concerning the c¢ffects of smoking and nicotine on animal cardiovascular function (cont.)

Smoking
proccdure

Comments

I1I, B3.3 percent

The authors noted that:

1, The response of coronary blood flow to nico-
tine resembled that of anoxemia in the pres-
ence of coronary insufficiency.

2. The greater the induced coronary impairment
the smaller the increment in coronary blood
Aow.

Nicotine and norepinephrine bath increased coros

nary vascular resistance and myocardinl contrac-
tile force (the former measured by a constant.
volume variable-precssure system)}, The action of
nicotine was blocked by preircatment with hex-
amethonium, pentolinium, reserpine, or guane
thidinp;

Author,

year, Number and
coulry, . type of
reference population

Bellet 1. 10 normal dogs Intravenous
et al, 11, 9 dogs at nicotine,
1962, varying in« 20 ug./kg./
U.S.A, tervals fol- minute for
(22). lowing coro- 15-20 minutes,

nary artery
ligation.

I11. 7 dogs with
varying
grades of
artificially-
induced corae
nary artery
nArrowing.

Leaders 15 adult Left enterior
and mongrel descending
Long. dogs. intracoronary
1962, injection of
U.S.A. nicotine or
(125). norepinephrine.

Larson 13 adult Intravenous
et al., mongrel nicotine,
1965, dogs. 0.02 mg./kg./
U.S.A. minute for
(124). 10-12 minutes.

Definite Definite

increase, incrense,

Systemic vascular resistance and pulmonary artery

and left atrial pressurcs showed biphasic res
sponses of increase followed by decrease.
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TABLE A20,—Ezperiments concerning the effects of smoking and nicotine on animal cardiovascular function (cont.)

Author,
year,
country,
reference

Number and
typeof
populstion

Smoking
procedure

Comments

Folle
et al,
1966,
U.saA,
(64).

7 dogs of 30 investigated

(Remainder experienced
eatheterization failures).

1. Cigarette smoke inhalation
to isolated left lower lobe

and then blood perfused coronary

arteries.
11, Cigarcite smoke to rest of

lung and then blood passed to

general circulntion.
IIl. Nicotine perfused directly
into left coronary artery.

1. No change in coronary vascular resistance.

11, 5/6 showed incrense in coronary vascular vesistance due, according to
the nuthor, to general sympathetic nervous system stimulation.

11[. 4/5 showed increase in coronary vascular resistance, The authors con-
clude that the cardiae effeets of tobacco arise almost entircly from
the extracardiac actions of smoking instead of the direct response
of the heart,

Nadeau and
James,
1967,
V.S.A.
(142).

26 dogn

Nicotine 0.01-10.0 zg. into
sinus node artery.

Heart rate showed initial slowing (due probably to vagal stimulation) fol-
lowed by acceleration (due probably to vagal paralysis and catecholumine
release). No systemic blood pressure changes noted,

Romero and
Talesnik,
1967,
U.S.A,
(156),

16 experiments
on isolated
cat heart,

Nicotine in varying doses in
perfusate of coronary arteries.

Over 6 ag. of nicotine was found to produce an initial bradycardin asso-
ciated with incrensed curonary flow, followed by prolonged tachycardia
with an initial decrease in coronary bloud flow followed by a prolunged
inerense, Pretreatment with hexamethonium or reserpine prevented both
the myocardinl stimulation and the incrense in coronary blood flow. The
nuthory consider the action of nicotine to be o combination of a direct
vasoconstrictive effect and an indirect catecholamine-releasing vasudiluting
effeet,

Purt
et al,
1668,
U.S.A.
lise),

22 mongre! dogs

1. (14) Intravenous nicotine
50 ug./kg./minute for 3-4
minutes

I1. (8) Propranolo) pretreat-

ment, then 50 ug./kg./minute

nicotine for 3-4 minutes

1. Nicotine produced a definite incvease in the force and velocity of left
ventriculur contractiun,
II. Pretreatment with propranolol produced (relative to results of Group I}:
(a) A further increase in left ventricular esystolic pressure.
{b) A decvense in velocity of shortening.
(e} A significant increase in left ventricular end-disstolic preesurc,
The authors conclude that propranolol probably impairs the norepinephrines
like cffects of nicotine on the myocardium while enhancling its peripheral
vasopressor effects.




£0T

TaBLp A20.~—Ezperiments concerning the effects of smoking

and nicotine on animal cardiovagscular function (cont.)

Comments

Author,

year, Number and Smoking
country, typeof procedure
reference population

Balazs Beagle dogs with lesions I. Normals (3-6 per experiment);

et al,, induced in myocardium by (a) 4 ug./kg. intravenous
1969, either: (1) Isoproterenol nicotine, (b} 40 ug./kg.
U.S.A. pretreatment, or (2) intravenous nicotine.

(16}, ligation of the anterior

descending coronary artery,

I1. Experimental (3), 4 xg./kg.
intruvenous nicotine

I. (a) No evidence of arrhythmias; {b) A single or a few ectopic beats
in 2/3 normal dogs.

II. Extrasystoles noted in 2/3 animals during the first day after cessatfon
of the arrhythmia induced by the lesion alone, but not thereafter,
These and nicotine-induced arrhythmias were of a short duration.

Greenspan  Cardiac muscleisolated from  Nicotine 2-100 yg./cc. in

Nicotine perfusion produced:

et al, the right ventricle of 10 Tyrode's solution perfusate, (1) An increase in myocardial contractile force apparently independent
1969, adult dogs. of adrenergic innervation.
U.S.A. {2) An increased automuaticity of the Purkinje fiber system apparently
(74). due to release of catecholamlnés from chromaffin tissuc stures,
{3) A decrease in conduction velocity.
The authors conclude that the latter two effects probably predispose to ar.
rhythmia formation,
Saphir and 88 mongrel cats Nicotine 5-12 ug./kg. injected I. Mesenteric injection of nicotine was followed with 1-2 seconds by:
Rapaport, intraarterially to mesenteric (a) Increased left ventricular systolic pressure (LVSP),
1969, circulation. {b) Increased gystemic resistance,
U.S.A. {¢) Enhanced myocurdial performance.
(168). I1. Left ventricular injection of nicotine was followed by:

(a8} Increased LVSP.

{b) DBradycardia.

(c) Enhanced myocardial performance greater than that
mesenteric-injected group,

I1I. Pretreatment with phenoxybenzamine diminished the increase in LYSP
while prupranolol pretreatment diminished the enhancement of my-
ocardinl perfurmance while LVSP still showed a aignificant increuse.

1V. Moesenterie sympsathetie nerve section led to a diminished reaponse,

The authors conclude that the cnrdiovascular responses to nicotine may be

neurogenic in nature with receptors distributed in certain abdominal
arterive,

scon in
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TaBLE A20.—Ezperiments concerning the effects of smoking and nicotine on animal cardiovascular function (cont.)

Author,
year, Number and Smoking
country, type ot procedure Comments
reference population
Leb et al., 12 mongrel dogs and Nicotine 100 xg./kg. for Effective Corunary Flow (ECF) is that part of the totu! coronary flow
1970, CBF measured with use of 2 minyte intravenously, (TCF) which is “effcctively ' involved In nutrient exchange.
U.S.A, Rb3 and digital counter, Nicotine injection was followed by:
(120). (1) 96.6 percent increase in TCF.

(2) 61.! percent Increase in ECF,

(3) 73.1 percent increase in myocardial oxygen consumption and analysls
revealed that capillary flow increased almost proportionately to mye
ocardial oxygen consumption whereas the increase in TCF was far
in excess.

(4) Definite increases in cardiac output, heart rate, left ventriculur work,
and nortic pressure,

Ross and 10 dogs undergolng Nicotine 10-100 ug. intra- Nicotine injection was followed by:
Blesa, inatentancous coronary coronary injection. (1) lncreased contractile force.
1870, arterial low measurement, (2} Decreased myocardial contraction time,
U.S.A. {3) Decrensed time necessary to reach peak tension.
(160). (4) Dcereased total stroke systolic CBF,

(5) Incroased tutal stroke diastolic CBF,
(6) Increased total stroke CBF,
(7} Changes similar to intraarterial epinepbrine.
(8) Changes blocked by pentolinium pretreatment,
(9) No change in heart rate or blood pressure.
The authors conclude that catecholsmines released from the ventricular
myocardium mediated these responses to nicotine.
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TaBLE A21.—Experiments concerning the effects of smoking. and nicotine on the cardiovascular system of humans

A
;::xgr, Number and Smoking Heart Blood Electrocardiogram Stroke Cnrdiac  Coronary
eountry, type of procedure rate pressure  ballistocardivgram volume output blood Comments
refercnce population flow
Russek 1. 28 healthy 1 standard and 1 I. Increase., Increase. EKG: Denicotinized ciga-
et al, male amokers denicotinized 1. 16/28 showed rettes evoked changes
19586, 21-60 years cigarette. significant of a lesser degree
U.S.A. of nge (aver- changes. in normals angd CHD
(1e4), age 42). 1I. No sig- subjeets, but in the
11. 87 male patients II. Increase. Increase, nificant latter group there
with overt changes. was no aignificant
clinfeal CKD BCG: difference between
42-70 years of ) SN these changes.
age (average 11, 18/37 showed
54}, 6 were significant
nonsmokers. change.
Bargeron 14 of 30 healthy 1 cigarette Insignificant Increase. . Definite  Coronary vaacular
et al, sdult male vol- inhaled at increase, increase. resistance fell
1987, unteer smokers intervals of significantly.
U.S.A. and nonsmokers 20 seconds. Myocardial 0,
(7). who underwent

successful
catheterization
18-53 years

of age,

usage underwent no
gignificant change.
Pyruvate extraction
fell slightly.

Authors consider
lack of incrense in
beart rate as due to
baseline apprehensive
tachycardia.
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TABLE A21.—Experiments concerning the effects of smoking and nicotine on the cardiovascular system of humans (cont.)

Ayu:uhxgr' Number and Smoking Heart Blood Elecctrocardiogram Stroke Cardiae  Coronary
country, type of procedure rate preasure  ballistocardiogram volume output blood Commenta
reference population flow
Regan 7 malcs with 2 standard Definite Definite Increase, No signi- Myoccardial 02 consump-
et al,, bistory of cigarettes in increase. increase. ficant tion rose slightly in
1960, EKG-proven 25 minutes change, Joutof7.
U.S.A. myocardial inhaled at The author considers
(154). {nfarction minute that the EKG changes
undergoing intervals. noted on smoking are
cardiac ca- probably due fess to
theterization, decrensed caronary,
blood flow than to
incrcased workload
{oxygen neced) where
oxygen supply docs
not increase,

Noted no evidence of
myocardiat ischemia
during smuoking.

Thomas and 113 cliniecally One atandard Definite Definite Definite Definite Pulse pressure showed
Murphy, healthy young cigarette increase, increase. increase. increase. a decrense,
1960, males, smoked at Smokers responded
U.S.A. own pace. slightly but signi-
(186),

=+
-+

ficantly more
actively than non-
smokers.

BCG changes were
incrensingly common
with increasing age,
weight, and serum
eholesterol.




TaBLE A21.—Ezperiments concerning the effects of smoking and nicotine on the

cardiovascular system of humans (cont.)

Auther,

year, Number and Smoking Heart Blood Electrocardiogram Stroke Coronary
country, type of procedure rate pressure  ballistocardiogram volume blood Commenta
reference population fMlow -

Von Abn, The author Cigarette Increase, EKG: Slight ST EKG changes more

19690, reviews a smoking, segment prominent in young,
Sweden series of depression ¢linically heaithy
(202), experiments and T-wave subjecta than in
performed flaltening, older, habituat
between smokery, Intra-
1944-1954. venous nicoline and
smoking showesl
identicnl cardio
vascular efects.
Smeking elicited
angina pectoris in
A number of CUD
patierts,

Irving and 5 normal males, (a) Sham smoking. (a) No No change. (a) Nochange Cerdiac output
Yumamoto, 15 patients with change. measurcd by dye
1063, diseases not dee  (b) Non-inhalation (b) No No change, (L) Nocbange, Na change. dilution technique.
England fined, 19-66 years amoking. change.

(89}, of age, allmod- (¢} 2standard (¢) Definite Widened (c) Definite
erate-heavy cigarettes in increase. pulse, increase,
cigarette smokers, 10 minutes. pressure.

(d) Nicotine 0.6 (d) Definite Definite (d} Definite
mg. intra- increase, increase. incresse,
venaously,

Tt
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TABLE A21.—Experiments concerning the effects of smoking and mnicotine on the cardiovascular system of humans (cont.)

Author,

year, Number and Smoking Heart Blood Electrocardiogram Stroke Cardiac Coronary
country, type of procedure rate pressure  ballistocardiogram volume output blood Comments
reference population flow

Pentecost 1. 14 volunteers  Single cigarette Definite Definite 110 27 percent
and with clinical smoked at own increase increase percent increase.

Shilling« CHD, 13/14 rate in 6-7 in all in all increase,

ford, smokers, minutes, groups, groups,

1464, average age

U.S.A. 39.5,

(139). 11. 6 patients I Inter. Interme-
with angina mediate diate
pectoris, all change. change.
smokers, aves
rage age 43.4.

I11. 14 patients 1I1. 8 per- 1 percent
with history of cent increase.
definite myo- decrease.
cardial infarc.
tion, al) smok.
ers average
age 54.1,

Fruuk] 6 male and 3 2 standard Definite No signifie No signifi The author contrasts
el al, female patients cigarettes in incrense cont changes cant this response with
1965, with henled 10 minutes at al rest at rest or changes that seen among
U.SA, myocardial infare- rest and under and at during at rest or healthy young
(t7). tion 48-69 years graded exercise, exercise, exercise, during individuals.

of age 2/8 non- exercise.

smokers,
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TABLE AZ1.—Erperiments concerning the effects of smoking and nicotine on the cardiovascular system of humans (cont.)

Author,
yenr, Number and Smoking Heart Blood Elvetroenrdiogrum Stroke Cardiac
countiry, type of procedure rate pressure  hallistocordiogrum volume output Comments
reference populntion
Sen Gupta § healthy male 1 untipped Incrense Increase No ¢hange.
and Ghosh, nonsmukera. cigurette in in all inall
1967, 8 henlthy male 5-7 minutes. groups. groups, 6/8 showed ST
India smokers. chanyes.,
(171), 6 patienty with Allshowed ST
CHD, nonsmokers. and T-wave
5 putients with changes.
CHD, smokers. All showed ST
36-64 years of age, and T-wave
chunges.
Aronow 10 male patients 1 standard high Definite Definite Product of systolic
et al,, with classical nicotine ciga- increase. increase. blood pressure and
1068, angina pectoris, rettein 5 henrt rate showed o
U.S.A. 32-59 years of age minutes. signiticant increase’
(5). on smoking while le
ventricular cjection
time values did not.
All patients developed
angina more rupidly
under a cunstant
exercine fund if they
had smoked before
exercining,
b
Kerrixan 24 male and 1 2 fltered clgu- Definite Definite Curdine The lucreune In
et &), femnle healthy rettes in 16 ficrease e renke ndex, cnrdiae index, heart
1068, smokers, average  minuter with under under rest Definite rute, and hlusd
U.S.A. uye, 46, meunures tuken rest and wnd exerelse fncreune pressure during
{10¢g). Emaleund 2 ul rest ond during exereing conditions, under rest exvrelse with amuokh
femanle henlthy exercise. conditivny. und wins Lhe sumi of such
nonsmokers, exerclse fncreanes seen with

average age 33,

conditiony,

amoking or exerciae
sepurately.

Neither geoup uvhowed
inereasva in perls
Pheond vascular
revintance,
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TABLE A21.—Ezperiments concerning the effects of smoking and nicotine on the cardiovascular system of humans (cont.)

Author '
year, ’ Number and Smoking Heart Blood Electrocardiogram Stroke Cardiac

country, type of procedure rate pressure  ballistocardiogram volume output Comments

refercnce populntion

Allison 30 healthy male 2 standard ciga- Definite Increase. Increase fol- Definite deerease in
and Roth, subjects. rettes smoked increase. lowed by pulmenary blood
1969, 19-569 years of in 12-16 minute decrease ~ulume a3 indicated
U.S.A. age. period, within 20 by impedance methods
(. minutes. of thoracic pulse

volume,

Aronow and 10 male patientn 1 low nicotine Definite Definite All patients developed
Swanson, with classical cigarette in increase. increase. angina soonerif
1969, sngina pectoris. 8 minutes. they amoked belfore
U.S.A. 32-59 years of exercising,

(7). age.

Aronow and 10 male patients 1 non-nicotine No change. No change. No difterence noted
Swanson, with classical cigarette in in time or onset
1969, angina pectoria. 5 minutes. of excercise-induced
U.S.A, 32-69 years of angina between
(). age, smoking and non-

smoking procedures,

Marshall 42 normotensive 3/4 of one standard Insignificant Insignificant Blood pressure response
et al, healthy male clgarette. increase. increasc. to cold pressor test
1969, prisoners noted to be greater in
U.S.A. 18-50 years of
(129).

age.
13 nonsmokers.
16 moderate
amokers.

13 heavy smokers,

heuvy amokers.

Presyncopal reactions
to 40 degree head-up
tilt more frequent
in smokers.
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TABLE A22~—FEzperiments concerning the effcct of nicotine or smoking on catecholamine levels

Author, year,

Number and

country, ty pe of Procedure Results
relerence subject

Watts, 11 doge 0.02-0.60 mg/kg. Nicotine adminlatration wns nssociated with algnificant Inereanscs in perlphera) arterinl
1960, nicotine intravenously. epinephrine levels. Ganglionle blocking agents provented this effect.

U.S5.A.
(203).

Westfall 22 mongrel doga Cigarette amoking via Regular cignrette smoke evoked a statlstically significant incrcese in adrenal vein,
and Watts, tracheal cannula; vena cava, and femoral artery levels of epinephrine, Cornsilk cigarette smuke cvoked
1963, 1 cigarctte/8 minutes no change.

U.S.A. for 36 minutes,
(210),

Westfall 21 male volunteers 3 cigarettes smoked in Smoking at rate noted for 2%% hours evoked a significant incrense In urinary epine.
and Watta, approximately 26 30 minutes, phrine, but not norepinephrine levels.
1864, years of nge;

U.S.A. 11 nonsmokers,
(211), 10 smokers.

Westfall et al,,
19686,
U.S.A.
(2039).

Mongrrel dogs

Standard cigarette smoke
exposure via endotracheal
tube. Smoke inhnlation

every third
8 minutes.

ingpiration for

Smoke inhalation evoked a rise in cardinc cutput, stroke veolume, blood pressure, snd
plasmn catecholamine levels. Pretreatment with propranolol diminished the enrdiac
cutput and stroke volume responses but increased the blood pressure response—the
latter effect Jue to the release of alpha-receptor activity by beta-Llockade.
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TABLE A23.—Experiments concerning the atherogenic effect of nicotine administration

Author, yesr,

country, Number and type Procedure Results
refercnce of animal

Adler et al,, Rabbita Nicotine 1.8 mg. intravenously in § percent The authors noted an arterionecrosis of the aorta, alfecting mainly the
1806, solution 6 of 7 days per week for more than inner muscular layers. Macroscopically, early changes consisted of
US.A, 4 months, emnll areas of calcarcous ridging and aneurysmal dilatation without
(z). notable fatty degeneration or intimal discontinuity. Microgcopicaily,

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 subcutaneoualy. Increasing dosage up 1. 4/6 animanls died of infection and showed marked cdema and focnl
1943, up to 2.5 cc. of 3 percent solution fur 1 hyalinization of the media of the sorta and large clastic arterics,
U.S.A. month, 2/6 animals were sacrificed and showed thickening and hyaliniza-
(8¢). tion of the walls of the coronary artevies and edema of the mudia

as well as endothelial proliferation of other arteries,
II. 60 rats. Increasing doses up to 1 c¢. of 1 percent I1. 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 I. (10) Nicotine subcutaneously 1 percent 1. Aortie wall--ncute swelling of elastic fibers with focal fragmenta-
1956, solution 0.2 cc. daily for 115 days. tion and partial disintegration—no intimal fat deposits seen.
USSR Coronary vessels—thickening of the vessel wall—no fat deposils,
(130). II. (14) Nicotine plus 0.2 grams cholesterol 1I. 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 snd the smaller
vessels showed swelling of the elastica.
ITI. (10) Cholesterol only. 11I. Aorta—isolated lipid depusition in the arch and ascending portivns
only. Coronary vessels—no fat depusition,

Czochra- Rabbite I, {10) 1.0 g, cholesterol/day for 100 Index of nortic lesion density {cholesterol infittration):

Lyyanowicz days. [. 2.5,

etal, I1. (10) Cholesterol plus 0.0015 g. nicotine/ I 3.4

1959, day intravenously,

US.A, II1. (4) Nicotine only. IT1. No sortic lesions noted.

(i6),
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TABLE A23.—~-Experinents concerning the atherogenic ¢ffeet of nicotine administration (cont.)

Author, ycar,

country, Number and type Procedure Results
reference of animal

Wenzel et al, Rabbits 1. (12) Controluntreated. General findings: Marked aortic pathologic involvement was noted in all
1900, 11, (12) Contralidiet plus 1 pereent cholestevol-treated groups; however, no difference was noted between
U.S.A. cholesterol and 5 percent cottonseed Group I and Groups IV, V. and VI
{1e7). oil added. Curdiac histopathology:

TII. (12) Control diet plus oral I, No change.
nicotine 2.28 mg./kg./day, 1T, Advanced atherosclerotic changes in the subendocnrdinl vessels,
1V. (12) Regimen 11 plus oral nicotine 111, Thickening and fibrosis of coronary artery small branches.
2.28 mg./kg./day. IV.-VI1. More severe changes with greater fatty metamorphosis ond
Y. (12) Regimen ]I plus oral nicotine actual early myocardial necrosis, but no dose-dependent ef-
1.42 mg./kg./day. fects observed.
V1. (12) Regimen 11 plus oral nicotine
0.57 mg./kg./day.

Thienes Newborn rats and Nicotine subcutancously up to 5 mg./kg. No arterial pathology noted. Medial degeneration seen more {requently
1960, mice. twice daily by the end of 1 month. in controls, Supgests that older animals Le used.

U.S.A. Animals autopsied at 1 year,
(184). .

Grosgogent Male rabbits I. (10) Nicotine subeutaneouslty 0.76 Significant differences in aortic subendothelial fibrosis between control
et al,, mg./day. and experimental groups noted only in Il and IV. In group IV, the
1965, (10) Controls—saline injected. nicotine-treated group showed more severe ¢hanges.

France Snerificed at from 20-120 days,
(75). I1. (27) Sameas Group 1.

(27) Controls—anline injected,
Sacrificed ut 90 days,

1, (66) Nicotine subrutancounly
0510 me./day.
Sacrificed nt 40 daye,

1V. (24) Nicotine subcutancously 0.76
mg./duy.
(24) Controls—saline injected.
One-half of each group nte cholesterol-
enriched diet (0.5-1.0 percent choles-
terol added) .
Sacrificed at 60 days.
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TABLE A23.—FEzxperiments concerning the atherogenic effect of nicotine administration (cont.)

Author, year,

country, Number and type Procedure Results
reference of animal

Hass et al, Male rabbits Nicotine Dict Vitamin D
1966, 1. (8) Control Control Control I. Infrequent medial calcific disease without lipid localization,

U.S.A. 1I. (7) Control Cholesterol Cuntrol I1. No medial calcific discase but frequent intimal atheruma formation,
(80). III. (14) Nicotine Control Caontrol II1. Rare calcific medial degeneration; no intimal atheromatous discose.
1V, (15) Nicotine Cholesterol Control IV, The largest number of atheromatous lesions,
V. (9) Control Cholestereol Vitamin D Y. No medial calcific disease,
VI. (14) Nicotine Cholesterol Vitamin D VI, Consistent medial calcific disease.
(Sacrificed at various times)
Control—no treatment.
Nicotine—subcutaneous injections in oil—
increasing amounts 2 times per week,
Vitamin D—subcutaneous injections up to
6-8 x 108 TV,
Cholesterol—250-500 mg. cholesterol added
per 100 g. diet,

Choi, Albino rabbits 1. Nicotine 1-5 mg./kg./day intraperi. 1. Increasing nicotine dosages were associated with decreased atheroma

1967, toneally. formation (findings not statistically significant).
Korea Cholesterol 1 g./day (in varying II. Nicotine ulone produced no atheroma formation bul was associated
(42). combinations with controls), with the presence of mortic media! calcification und cendothelial
I1. Nicotine alone. hyperplasia.
11, Cholesterol alone. {Sacrificed at 60 days) III. Cholesterol alone was assotiated with a definite increase in stheroma
formation,

Stefanovich Female albino I. (10) Diet supple- Percent of aortic In both stock and cholesterol-fed animals, nicotine was alyo noted to
et al,, rabbits, mented with 2.0 surface tnvolved increase aortic triglyceride content and to decrease aortic free cho-
1969, percent choles- 1eith lesterol content,

U.S.A. terol. Nicotine ine  atherosclerosis
(178}, tramuseularly 1. 9.4
2.78 mg./kg./day, 1. 5.7
5/17 days. 1L 0.1
| 11, {10) Cholesterol 1v.
] only.

III. {10) Nicotine only.
IV. (10) Control.
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TABLE A25.—Expcrinients concerning the effect of smoking and nicotine upon blood lipids
(Human Studics}

Author,

year, Number and Smoking Plasma free Serum Serum
country, type of procedure fatly acids cholesterol  triglycerides Other Commenta
reference population

Puge 13 mnle und 2 nonfiltered No change, Scrum lipoproteing
et al., 7 female cigarettes No change (10 subjects),

195, lnburatory in 10 minutes
U.S.A. workers and blood
(1ér). 17-5] years levels
of uye. measured
over 30-
minute
period.

Kershbaum 31 mate 1. 17 aubjecty Mean rive No change. Nuo change, The suthors conslder the ine
vl ol pulients or ymoked 2 1, 401 pkq/l, crense among controls to be
et wtudl 16-72 non-Niter 198 aliy /L. due Lo fasting.

U.S.A. years of age, cigarctics 11 2722804
{104). T normuls, in 10 pka.s .
7CHD, minutes.
17 other II. 9 controls.
medical ITL 6 subjects
dingnoses, smoked 6
clgnreties
in 40
minutes,

Kershbaum 1. 17 ale 1,11, 111, Mean risc No difference found between re-
ctal, patients 2 non-filter 1. 858 uEq./I. gulty following inhalation or
1962, with healed  cigarettes in 1320 wEqg. /L. noninhalstion.

U.S.A. myocanrdial 10 minutes. 111, 292 pEq./1., Statistically wignificant difference
(1us), infurctions. 1V, No smuking. 1V. 20 xEq./L. found betwe m increases {n
IT. 16 non-CIID Groups I and 11 and

IR
v,

putients.
T normnly,
1Y normals.

Group L
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TABLE A26.—Laperiments concerning the effect of smoking and wicotine upon blood lipids {cont.)
{Human Studics)

ISM == Smokers

NS = Nonsmokers]

Author,
year, Number and Smuking Plasma free Serum Serum
country, type of procedure falty acids cholesterol  triglycerides Other Comments
veference pupulation

Kershhaum
ot al.,
19631,
U.S.A,
[N

11 normal
patients,

9 standnrd
cignroetten
{n 3 hours.

Samples at
10, 20, and
40 minutes
ol smoking
neriod.

Definite increase
at start of
smoking period,

3 patients with trime-
thaphan cumphor-
sulfonate (Arfonad)
pretreatment and 8
formerly adrennlectos
mized paticnts showed
cither minimal or no
elevation.

Both free and total urinary
catecholamines inereased with
smoking and the avthor
considers them ns modintors
of the FFA incrense.

Konttinen
anil

Itagnsalmi,

1063,
Finland
(1),

40 henlthy
moderate
smikers
1V-20 years
of age,

Fed at fat meal
and then 20
were alluwed
to smoke
cignrettes of
knownenicotine
content uver 6
hour period
{approximately
23 cigarettes
consumed).

NS-—definite
inerease nt

No change

in cither
G hours. group,
SM —~delinite

tnerease ul

6 hours,

NS —definite
incrense
at 2 hours,

SM—slight
incrense
at 2 hours,

Kedrn
et al,
TGRS,
I'oland
(101).

37 male and 3 cignrettes
5 female
muedieal
students

smoked in
rapid succession
and siumples
taken nt 10

wndd 30

nunutes,

22-23 years
of ake.

No change. No change,

Beta-lipoproteins defis
nite increase.

T
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TAuLE A2D—Leperinents concerning the effect of swalcang and wicatine wpon blood Tipids (cont.)

lhiman Studies)

Author,

year, Number and Smaoking Plusma free Serum Serum
country, type ol procedure fatly acids cholesterol triglycerides Other Comments
reference population

Frankl 5 male and 1 2 standard No chonge, Subjects were in nonfasting,
etnl, female cigarettes nonhasal state,

166, henlthy inhaled in
U.8.A, amnkers 10 minutes,
{60}, 2400

yeurw of nge,

Kershbuum 43 normad muale 1. Terminal I Indefinite Cignr smoking in 11 gubjects
vtal, heavy cigarette segment of inerense. shuwed an intermedinte Ine
1966, ur cigar cigar in 20 1. Definile crease in the exerction of
U.8.A. smokers, minutes—16 increase. urinary catecholamines as
(106), 21-40 yearg subjects, T Tncvense with compared to that with cigu-

of age. I1. 3 cigarcttes inhalation rette smoking.

in 20 minutes grcater than
15 subjects with non-
(including 6 inhatation
from group I}, in every

I11. Cigarctte subject,
inhalation or
noninhalation
6 subjects,

Klensch, 56 obscrvations 1 standard Definite Indefinite incrense in venous
1066, on student cighrette increose. epinephrine levels,

Germany smokers 20-24 in 4 minutes,
(118),

years of age,

FFA measured at
16-25 minutes.




TABLE A25.—Experiments concerning the cffcct of smoking and nicotine upon blood lipids (cont.)

{Muman Studies)

Author,
year,
country,
reference

Number and
type of
pupulation

Smoking
procedure

Plasma [ree
{atty acids

Serum Serum

cholesterol triglycerides

Comments

Murchison
and
Fyfe,
194G,
Scotland
(189).

8 male and 4
female mod-
erate smokers
with various
disenses 37—
67 years of
age.

2 cigarettes
in 15 minutes,
1. Lit-ciga-
rettes,
II. Unlit-ciga»
rettes,

1. Definite
increase.
11. No change.

No change. No change,

No change. No change,

Both regular and sham smokers
showed significant increnses
in concentration of serum
oleic acid and significant
decreases in concentration of
serum paolinitic acid.

Kershbaum
et al.,
1067,
U.S.A.
(105},

o

normal
heavy
vigarette
smokers
28-45 years
of age.

Various types
of cigarettes
of known
nicotine
content,

Regular cigaretles,
filter cigavettes,
chnyeaal-flter
cigarettes, pipe
tobneco plus
cignreties all
showed similar
increase in FFA.

Lettuce leaf
cigarettes had
negligible effect.,

Both catecholamine and
nicotine excretion rates showed
responses Lo the various ciga-
vettes similar to that of the
FFA response,




TABLE A26a.—FExperiments concerning the effeet of smoking and nicotine upon blood lipids

(Animal Studies)

ANIMAL AND IN VITRO STUDIES

Author, Number
year, and
country, type of
reference  population

Smoking
procedure

Plasma free
fotly acida

Serum Serum

cholesterol triglycerides Other

Comments

Wenzel and 48 male

Beekloff, New
1958, Zcoland
U.8.A. white
(208). rubibits,

I. Untreated control—
12 subjects,
I1. Regrular dict plus

0.1 percent cholesterol—

12 subjects.
1T, Regular diet plus 2,28
mg./kg./duy nicotine
in water—12 aubjecta.
1V. Dict plus—

(a) 0.1 pereent cholestero!

(b} 2.28 mg./kg./day

nicotine in water—

12 subjects.

Group Il and IV
showed an im-
mediste in-
crense in plasma
cholestero) nnd
phospholipids
with a level-
with s leveling
of response
at 4 weeks.

Group IV showed
a furtherin.
crease ot 8-12
week period.

The nuthors consider an el-
evated cholesternl/ phos-
pholipid ratio to be a
notable indication of
stherogenic susceptibility,
The concomitant inerenge
in phospholipids with the
chiolesterul may negate
the impuvtance of nico-
tine-induced hypercho-
lesterolemia as an
atherogenie stimujus,

Kershbaum & mongrel

Intravenous infusion of 20
mg./kg. nicotine
in 20 minutes.

Definite increase in
13/15 observalions,

ct al., dogs.
1061,

1.S.A.

(104).

Kershbaum 20 adult
etal, mongrel
1965, dogy.
U.S.A.

{107).

1. 9 reccived TM nicotine
dnily for 6 weeks;
up to 1 mg./kg.

I1. & placebo injection.
ITi. 6 control,

7. Significant increase
in 8/9 dogy,
IT. No change.
11I. No change.

No change
inany
group.
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TABLE A20a.—Ezxpertments concerning the effect of smoking and nicotine upon blood lipids (cont.)

(Animal Studies)

ANIMAL AND IN VITRO STUDIES

Author, Number

year, and Smoking Serum Plaama free Serum
country, type of procedure triglyeevides fatty acida  choleatero} Other Comments
reference  population

Kershbaurm 28 adult Intravenous infusion of nicotine,

et al, mangrel
1966, dogs.
U.S.A,

(108).

No change,

The authors report ovn the
results of the use of ne-
thalide (a DBeta-adveners
gic blocker), phenoxys
benzamine, and chlure
promazine to block the
FFA response to nicotine,
Only nelhinlide way sue-
cegsful und this constle
tutes an indiention that
nicotine stimulintes Heta-
ndrenergic recentors to
velease catecholumines
whirh, in tuvn, stimulate
the release of FFA.

Kershbaum Sprague- Nicotine perfusion.

et al., Dawley
1967, rat
U.5.A. fat-pad
(110). tissue,

Although nicotine pevfusion
was not associated with
FPA release from fat tise
sue, epinephrine did
produce o sipnifieant ine
crvase in FFA release.
The authory conclude
that the sympathetic
neryous system modiates
the FPA respanse to
nicotine in the intact
nnimal,
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Author,
yrar,
tountey,
reference

Number nnd
type ol
population

Tasir A26.—FEaperiments concerning the effect of earbon mononide exposwre upon blood Lipidds

Smoking procedure

Hewnufts

Kjeldsen
onil
Damgnsrd
1968,
Denmark
(11s).

& male students 23-27
yeurs of agoe.

Five daily one=half houy exposures
to 0.5 pereent CO for 8-10 days.
Overall mean COHU resulting
wis 12,5 perecent.

No significant changes in totual fatly acide, phogprholipdds, or triglyecorides.,
Choleaterol showed o significant incrense only during the last 3 days of
exposure.

Kjeldsen,
1969,
Denmark

11y,

72 temale nlbinu rubibita:
1. Rexular diet, 24
aulijeets,
11 Regdae diet plus
L percent choles-
tovel, 24 subjects,
L Regalin diet plug
2 pereent choles-
teroel, 24 subjects,

. 12 control and 12 expoyed
to wrndunily inercasing CO
copventrntivng (1015 0.40
pereent) over i d-weck

peviod.
12 control and 12 exposed W

0,020 percent CO for 35 days.

!

. 12 controt and 12 exposed to
to 0.020 pereent CO for
7 weeks, then 0,046
percent CO for 3 weeks,

1. Serum cholesterol cuncententinns vose vapidly and then remalned slightly
above contiod values fur the dewoek peviod,

1. AL 35 days, the merum chiolesteral conventeation in the exposed gioup win

\ tintes that in the contyral group,

L Serum cholesterol concentrationy among those exposed were sigmilicuntly
higher than those in the control group fov & weeks of the 10owerh period,

Kieldsen,
16y,
Denmark

(reay.

24 castvited male nlbino
vabbits, Ryl dict
plus & peveent
cholesternl,

12 controt und 12 maintained at 10
prevent oxypren levels for i
weeky, then W percent for 2
wicks.

Serum cholesterel and triglyceride concentratiuns rose to significantly higher
Jovels during % of the 8 weeks. No changes noted in serum phaupholipids,
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TaBLE A27.—Smoking and thrombosis

Author, Partial Recalcified

year, Number and Experls Pro- thrombo- plasma Platelet Platelet Platelet Platelet
country, typeof mental thrombin  plastin clotting  adhesive. count survival turnover Other Comments
reference  population conditions ! time time time ness

Black- 16 adult 12 individuals Plasma
burn schizo- smoked 2 stypven
etal, phrenic high- time
1059, naticnta, 8 nicotine (=)

U.S.A. university standard
{¥5). studenty, all brand
smokery, cigarcttes.

Mustard 7 white males Compared Platelet
and with cither after clumping
Murphy, CVDor periods of time
1963, Coro, all abstinence (=) (=) (=) (=) (+) (+) (%)

US.A, heavy or continua- decrease  increase
(141). smokers 35— tion of

72 years of smoking.

Bye,

Ambrus 20 healthy Deep inhala- Thromboplastin 2 students
and mule non- tiun of one ygeneration beecame il
Mink, smuking nonfiltered (—) () (%) (—) time Results
1964, medical cigarette, - increase (=) reflect
US.A, stuldents <30 data an 18,

(4). years of age,

Ashby 27 mule 13 controls Inerease of
et al., medieal measured at subjects
1965, studinty and 2 sephtate grenter
Treland hospita) times 14 thun that
(K}, staff subjects (+) of controly

mémbers, measured inerense utope 0.0%,
before and

after
smoking 2
cigareties
in 20
mir‘u‘.les.
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TavLe A2T.—Nmoking and thrombosis (cont,)

Author,

Whaole Parvtinl - Reendeitiol
year, Number nnd Experis blood Preo- thrombio- plisima Plutelet Platelet Platelet Platetet
country, type of mental clotting  thrombin plastin elotling  ndheaaves count survival  turnover Other Commenty

Teference  povulntion  eonditinny ¥ time o time time e e e _ o .

Sogunl 11 abservitiovng Smoked 2 pigs Pibirinalyaie Rl -
nnd on male nretien or (SN tobneen
Jnoshi, winoker all ¢ birvia or derremne wrapgeed In
100, vesa e liewed | {~) {—) (=) (1) tubneca
tndin tobinecn hetel nut fnereane lent,

(174). UNeIN, quid in
minutes,

Engel- 40 mule and 2eignreticy o Chandler
berg, L0 femunle in 20 {in vitrp)
1466, huspital pue minutes, thrombosis
U.8A. tivnts, nlt time
1asy, smuokers 17- +

R years of decrense

LT\
edra A0 made and O cigarettey T o Thrombin
and 11 female in 1 hour. time
Korotke,  smokers and () (—) {-+) (%)
UG5, 24 mude and decrense deerense deerense
Potand 26 femanle
ttany. notsmokery

18-25 yeara

ol nge.

Murehis 8 males nnd 2 cigarcites + Smoking both
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TABLE A27 —Swoking and thrombosis (cont.)

Author, Whole T'artial Recnlcified
year, Number and Experi- blood Pro- thrombo. plasma Platelet Platelet Platelet Platelct
country, tyne of mental clotting  thrombin plastin clotting  adhesive- cuunt survival turnover Other Comments
reference  population conditiona ! time time time time ness
Glynn 20 mule and 3 cignarettes Platelct Smckers found
etal., 17 femnle in 30 scrotinin to have a
1966, smokers and  minutes. (~) (=) wreater
Cunuda Y male and Platelet tendency for
{71). 21 female ndenosine plutelet
nunsmukers nucleatide aggregation
17-70 years (—~) thisn nons
of age. BMOKCTS,
Engelberg 94 male and 1 cigarette Thrombus No relntion
and 63 femanle in 5 minutes. formation found with
Futter-~ patients and time increase in
man, medical (+) {free fatty
1967, house staff. deercase acidy,
US.A.
(59).
Murphy, Literature Platelet
1008, review with adherence (o
U.S.A. summary of (=) (=) (+) vascular
(140). dita and increase incrense decrease endothelium
conelusions. (+)
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(=)
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formation
time
(4
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T ‘V
Symbuls: + = Definite effect.
— = No efTect,

' Results, untess otherwise atated, conyern specific cougulntion teat as
measured before and after smoking procedure noted,

= = Questionablo effeet.



TaABLE A30—Experiments concerning the effect of nicotine and smoking upon
the peripheral vascular system

Autkor, year
counltry, reference

Moyer and Maddock, 20 subjects (including heavy smokers)
1940, U.S.A. (154). 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 decieased cutaneous temperature following the smoking and

nicotine procedures. No changes were noted following sham smoking.

were studied for the effects of

A number of experimentsl groups, each consisting of 6-17 persons,
were studied for the effects of deep breathing and cigarette smoking
on skin temperature and digit or lJimb plethysmography. The sau-
thors concluded that deep breathing alone could account for the
changes in tempevature and blood flow noted upon smoking and
noted that denicotinized cigarettes evoked the same or greater
vasoconstriction as that noted folluwing the smoking of a standard

Mulinos and Shulman,
1940, U.S.A. (118).

cigarette.

50 young male amokers 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 to reprcsent the physiologic
response to deep breathing, as the natural inhalation of an unlit
cigaretie produced the same transient decrease in flow as did the

natural inhalation of the lit cigarette.

Skepherd, 1931,
Ireland (173).

52 male and 48 female young smokers and nonsmokers were studied

Friedeil, 1953,
for the effects of smoking on hand blood volume as measured by

U.SAa. ().
the use of radioactive iodinated albumin. The inhalation of un-
filtered cigaveltes 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 decremses of 11 percent and
21 percent.
Stromblad, 1239, 11 male and female subjects (smokers and nonsmokers) were studied
Sweden (121). 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 &3so-
ciated with increasing numbers of individuals manifesting vaso-
constriction. The vasoconstrictive effects of nicotine were abolished
by the prior administration of either hexamethonium or pentolinium.

Bamett and Boake male patients with intermittent claudication (7 were heavy smokers)
1960 Australia (18). were studied for the effect of smoking on blood flow to the leg as
measured by venous occlusion plethysmography. Smoking an un-
filtered cigarette was found not te produce any consistent changes

in blood flow to the calf or foot of the affected leg,

[}

Freund and Ward, 15 male prison inmates (less than 35 years of age) and 14 male
1960, U.S.A. (69). patients with peripheral vascular disease (approximately 65 years
of age) were studied for the cffect uf smoking on digital circulation
as measured by skin tempersture, plethysmogrvaphy, and radiosodium
clrarance from the skin. Smoking was found to adversely affect
the first and third measures in a significant manner (while plethys-
mograpnic values were variable) only in the healthy prisoners
and not at all in the patient group.

100 normal individuals underwent 425 experimental procedures con-
cerning the etfect of smoking on the peripheral circulation. Smok-
ing was found te be associsted with a dezrcase in extremity skin

Roth and Schick,
1360, U.5.A_ (181).

temperature.
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TasLe A30.—FExperiments concerning the effect of nicotine and smoking upon
the peripheral vascular system (cont.)

Author, vear,
ocountry, reference

8 males (18-31 years of age) were studied for the eflect nf intra-
venous micotine 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.

Rottenstein et al.,
1860, U.S.A. (162).

30 heaithy individuals (19-59 years of age) were studied for the effect
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.

Allison and Roth,
1969, U.S.A. (3).
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CORONARY HEART DISEASE (CHD)

Coronary Heart Disease (CHD) is the most frequent cause of
death in the United States and is the most important single cause of
excess mortality among cigarette smokers. The evidence relating
smoking to CHD has been reviewed in previous reports on the health
consequences of smoking (61, 62, 63, 64, 65, 66, 67, 65). The
following is a brief summary of the relationships between smoking
and CHD presented in these reports.

Cigarette smoking, hypertension, and elevated serum cholesterol
are the major alterable risk factors for myocardial infarction and
death from CHD. Cigarette smoking acts both independently as a risk
factor and synergistically with the other CHD risk factors. The
magnitude of the risk increases directly with the amount smoked.
The excess risk of CHD among smokers has been demonstrated in
some Asian, Black, and Caucasian populations and is proportionately
greater for younger men, especially those below age 50. Cessation of
cigarette smoking resulis in a reduced mortality rate from CHD
compared with the mortality rate for those who continue to smoke.

Pipe and cigar smokers have a slightly higher risk of death from
CHD than nonsmokers, but they incur a much lower risk than ciga-
rette smokers. This has been attributed to the lower levels of inhala-
tion that characterize most pipe and cigar smoking.

Data from autopsy studies have shown coronary atherosclerosis
to be more frequent and more extensive in cigarette smokers than in
nonsmokers, and experimental work in humans and animals has
suggested several mechanisms by which smoking may influence the
development of atherosclerosis and CHD. The formation of carboxy-
hemoglobin, release of catecholamines, creation of an imbalance
between myocardial oxygen supply and demand, and increased
platelet "adhesiveness leading to thrombus formation have all been
demonstrated in smokers and proposed as explanations for the excess
CHD mortality and morbidity among smokers.
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Cigarerte Smoking as a Major Risk Factor
for Coronary Heart Disease

The evidence establishing smoking as a major risk factor in CHD
has been reviewed in previous reports (67, 62. 63. 64. 65, 66. 67.
68). Duning the last year new epidemiologic data have been published
on the relationship between corenary artery disease and smoking.

Bengtsson (9, 710) studied the smoking habits of women with
myocardial infarction (Ml) in Goteborg, Sweden. He found that
smoking was significantly more common in a group of 46 women (80
percent smokers), ages 50-54, who had a myocardial infarction than
in a control group of 578 healthy nonhospitalized women (37.2
percent smokers).

Other investigators examined the effect of cigarette smoking on
survival of people with acute myocardial infarction. In a study of
400 patients with documented myocardial infarction who survived to
be admitted to a coronary care unit, Helmers (26, 27, 28) found no
significant difference between the percentages of smokers and
nonsmokers among survivors studied after the first 24 hours, from 2
days until discharge, and from discharge to 3 years. Reynertson and
Tzagournis (52). in a S-year prospective study of 137 patients with
documented CHD at age 50 or less, were also unable to find any
relationship between CHD mortality rates and smoking habits.
Smoking habits after entrance into the study were also considered
and again no difference in mortality rates was found.

The Coronary Drug Project (17) found an effect of cigarette
smoking on mortality after myocardial infarction. This group studied
2,789 men ages 30-64 years for 3 years after myocardial infarction
and found a statistically significant correlation between cigarette
smoking determined 3 months after a myocardial infarction and
mortality {s-value of 2.94). None of these studies (/ 7, 20, 27, 25, 52)
were able to examine the smoking habits of the group of people who
die suddenly as a first manifestation of CHD, and therefore may have
excluded that group in which there is the highest excess mortality
due to cigarette smoking (3/7).

Additional data from the Swedish twin study of Friberg, et al.
(23) have been reported. They found an excess CHD mortality
among smokers in dizygotic twins with different degrees of smoking,
but no similar excess in monozygotic twins. Although the numbers
were too small to be significant, the authors suggest that this tends to
support the theory that both smoking and CHD are constitutionally
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determined. These data must be viewed with caution. however, since
the difference was demonstrable only in the older age group (born
1901 - 1910). When the younger age group (born 1911 - 1925) was
considered, no excess CHD mortality was seen in the dizygotic group
but a small excess was noted in the monozygotic group (three CHD
deaths in the high smoking group and one in the low smoking group).
Also the difference in cigarette consumption between the high and
low smoking groups was relatively small (seven cigarettes per day).
Consequently, data from this study are not sufficient to warrant the
conclusion that both smoking and excess CHD mortality are
constitutionally determined rather than smoking being a cause-of the
excess CHD mortality.

Cigarerte Smoking in Relation ro Other Risk Factors
for Coronary Hearr Disease

Cigarette smoking, elevated serum cholesterol, and elevated
blood pressure are generally accepted as the three major modifiable
risk factors for CHD. However, there is less agreement concerning
other CHD risk factors — obesity, physical inactivity, diabetes
mellitus. elevated resting heart rate, psychologic type A behavior,
etc. The following studies present recent evidence on the relation-
ships between smoking and hypertension, coffee drinking, and
ventricular premature beats.

Hypertension

Results from several studies have shown that smokers on the
average have shghtly lower blood pressure than nonsmokers. Some
investigators have attributed this finding to the fact that smokers on
the average weigh slightly less than nonsmokers. Three current
studies (24, 36, 55) discuss this relationship. Gyntelberg and Meyer
(24), based on their evaluation of 5,249 men ages 40-59, were of the
optnion that lower blood pressure in smokers could not be accounted
for by differences in weight, age, or physical fitness. Kesteloot and
Van Houte (36), in a study of 42.804 men, performed a multiple
regression analysis on age, weight, and height and found that
cigarette smokers had lower blood pressure than nonsmokers;
however, when they included serum cholesterol values in the
analysis, the difference in Llood pressure was reduced to approxi-
mately I mm Hg. Although this difference was statistically signifi-
cant based on the large population, the actual difference in blood
pressure was too small to be of clinical importance.
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Seltzer (55) studied 794 men selected for their initial good
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iastolic) and followed them for changes in cigarette smoking habits,
weight, and blood pressure. During the 5-year period of the study
104 men gave up smoking. For every age group except those over 55,
there was a significantly greater weight gain (8 1b) among the
“quitters” than among the continuing smokers (3.5 Ib). Blood
pressure increased 4 mm Hg systolic and 2.5 mm Hg diastolic in the
quitters with no change in systolic and a slight reduction in diastolic
(-1.1 mm Hg) in persons who continued to smoke. In order to
examine blood pressure changes in relation to weight change, both
continuing smokers and quitters were grouped according to their
weight changes during the period of study (Table 1). The most
significant finding was an increase in the systolic blood pressure
(+1.77 mm Hg) among the quitters even in that group with significant
weight loss. In contrast, the continuing smokers with significant
weicht loss had a decline in systolic blood pressure (-3.28 mm Hg).
Diastolic blood pressure in quitters showed an increase with weight
gain and no change with weight loss, while continuing smokers
showed a decrease in diastolic pressure with weight loss and no
change with weight gain. The data on subjects whose blood pressure
had increased to hypertensive levels (systolic > 150 and diastolic >
95) were evaluated, and it was found that quitters had a much higher
frequency of becoming hypertensive than continuing smokers (Table

2).

Seltzer, in interpreting these data, suggested that cigarette
smoking tends to inhibit blood pressure increases, with only minimal
pressure rises occurring even In instances of substantial weight gain.
When this inhibiting effect of cigarette smoking is removed as in the
case of the quitters, sharp rises in blood pressure become evident. He
cautioned, however, that the development of hypertension in some
quitters may have been responsible for decisions to lose weight and
that his data do not allow an evaluation of the degree of blood
pressure changes according to how recently cigarettes were given up.

The results of the ischemic heart disease study by Kahn, et al.
(34) raise additional questions about Seltzer’s data. Kahn followed
10,000 Israeli male civil service employees for 5 years to determine
what factors were associated with an increased incidence of
hypertension. He presented no data concerning persons who stopped
smoking, but he did show that the incidence of hypertension
increased with age and that the age-adjusted incidence of hyper-
tension in smokers was over twice that of nonsmokers (76.9/1000
for smokers versus 35.4/1000 for nonsmokers). Seltzer reported no
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TABLE 1. -~ Age-srandardized blood pressure changes (mm Hg)! at followup for

continuing cigarette smokers and quitiers according to weight changes

Weight Change (LB)

Significant No Significant Moderate Significant
Smoking Class Wt Loss Wt Change Wt Gain Wt Gain
ih ih 1y b
No. -25to -S No. -4 to +4 No. +51t0 +12 No. +13 10 +30
Mean systolic BP changes;
Cantinuing smokers -4.00 84 -1.52 71 2.85 24 £.50
Quitters 1.77 27 2.22 27 4,04 32 369
Mean diastolic BP changes:
Continuing smokers 32 -3.28 84 © =204 71 0.73 24 -0.04
Quitters 13 -0.31 27 -1.96 27 4.30 32 3.94

Istandardized on basis of age distribution of current cigarette smokers,

Source: Scitzer, C.C. (55).
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TABLE 2. — Number of subjects who had developed hypertension at

followup for continuing cigarette smokers and quirters

Blood pressure Continuing cigarette smokers Quitters
levels
Number Percent Number Pereent
Systalic blood pressure 150+ 6 2.8 9 8.7
Systolic blood pressure 160+ 2 0.9 5 4.8
Diastolic blood pressure 95+ 3 1.4 5 4.8
Source: Seltzer, C.C. (55).



data on the incidence of hypertension in nonsmokers, and the age
distribution for his group of smokers (the orginal source of the
quitters) is heavily weighted toward younger age groups (with only
33 of 214 men age 50 years or over). According to Kahn's data, this
age group would be expected to have a lower incidence of
hypertension, and, in fact, Seltzer found only small numbers of men
who developed hypertension (eight with diastolic hypertension)
(Table 2). Making interpretations based on such small numbers is
hazardous; for example, the difference between current smokers and
quitters in the incidence of diastolic hypertension could have been
produced by only three men quitting smoking because they
developed hypertension.

Coffee Drinking

The Boston Collaborative Drug Study (7 2) recently reported a
correlation between coffee drinking (> 6 cups per day) and
myocardial infarction that persisted after controlling for the effect of
cigarette smoking. This was a retrospective study of 276 patients
with a hospital discharge diagnosis of myocardial infarction and
1,104 age, sex, and hospital-matched controls discharged with other
diagnoses. In addition to the usual limitations of retrospective
studies, this study has several characteristics that make interpretation
difficult. In controlling for the effect of cigarette smoking, the
investigators divided the smokers into those who smoked one pack or
less per day and those who smoked more than one pack per day.
Because cigarette consumption is highly correlated with coffee
consumption (29, 39), it can be expected that within such broad
smoking categories those who were heavy coffee drinkers tended to
be heavier smokers than those who consumed smaller amounts of
coffee. 1t is also possible that the hospitalized controls represented
persons who drank less coffee than the general population because of
serious chronic illnesses. These characteristics of the study design do
not allow firm conclusions to be made concerning the extent to
which the relationship between coffee drinking and myocardial
infarction is independent of the relationship of both variables to
cigarette smoking.

The question of the independent nature of this relationship is
also dealt with in a prospective study by Klatsky, et al. (39) of 464
patients with myocardial infarction who previously had had multi-
phasic health checkups. Both ordinary controls and CHD risk
factor-matched controls were drawn from 250,000 people who had
undergone the same multiphasic health checkups. The investigators
did not find an independent correlation between coffee drinking and
myocardial infarction when risk-matched controls were used.
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The Framingham Study (/&) recently published data on coffee
drinking based on a 12-year followup of 5,209 men and women ages
30-62. An increased risk cf death from all causes was demonstrated in
coffee drinkers, but this relationship was accounted for by the associ-
ation between coffee consumption and cigarette smoking. No
association between coffee drinking and myocardial infarction or
between coffee drinking and the development of CHD, stroke, or
intermittent claudication was demonstrated. Heyden, et al. (29) also
found no relationship between excessive coffee consumption (> 3
cups per day) and atherosclerotic vascular disease.

Venrricular Premmature Beats

Ventricular premature beats have been shown to be a risk factor
for sudden death from CHD. Vedin, et al. (69). in a study of 793
men in Goteborg, Sweden, examined the frequency of rhythm and
conduction disturbances at rest and during exercise. They found no
statistically significant correlation between cigarette smoking habits
and the presence of supraventricular or veatricular premature beats

at rest or during exercise.

CARBON MONOXIDE

Introduction

Carbon monoxide has long been recognized as a dangerous gas,
but until recently concentrations which produced carboxyhemo-
globin levels below 15 to 20 percent were thought to have little
effect on humans. Currently there is considerable interest in
determining the effect of chronic exposure to low levels of carbon

monoxide (65, 66, 67, 68).

Carbon monoxide is present in concentrations of | to 5 percent
of the gaseous phase of cigarette smoke (77, 45). The concentration
varies with temperature of combustion as well as with factors which
control the oxygen supply such as the porosity of the paper and
packing of the tobacco. The amount of carbon monoxide produced
increases as the cigarette burns down. Carboxyhemoglobin jfevels in
smokers vary from 2 to 15 percent depending on the amount
smoked, degree of inhalation, and the time elapsed since smoking the

last cigarette.

Carbon monoxide, which has 230 times the affinity of oxygen
for hemoglobin, impairs oxygen transportation in at least two ways:
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First, it competes with oxygen for hemoglobin binding sites. Second.
it increases the affinity of the remaining hemoglobin for oxygen.
thereby requiring a larger gradient in Po, between the blood and
tissue to deliver a given amount of oxygen; this increased gradient is
usuaily produced by a lowering of the tissue Poj.

Carbon monoxide also binds to other heme-containing pig-
ments, most notably myoglobin, for which it has even a greater
affinity than for hemoglobin under conditions of low Po,. The
significance of this binding is unclear, but may be important in
tissues, such as the heart muscle, which have both high oxygen
requirements and large amounts of myoglobin.

Sources of Carbon Monoxide Exposure and Human Absorption

Several researchers (13, 32, 35, 57, 60, 70) have estimated the
relative contribution of cigarette smoking and au pollution to the
human carbon monoxide burden as measured by carboxyhemoglobin
levels (COHb). Kahn, et al. (35), in astudy of 16,649 blood donors.
determined that smoking was the most important contributing
factor, followed by industrial work exposure. Nonsmoking industrial
workers had COHb levels of 1.38 percent, and nonsmokers without
industrial exposure had levels of .78 percent. Cigarette smokers. on
the other hand, had very high levels. Smokers with industrial
exposure had levels of 5.01 percent, while smokers without industrial
exposure had levels of 4.44 percent (Tables 3 and 4). Stewart, et al.
(57) found similar results in a nationwide survey of blood donors and
noted marked vanation in mean COHb levels in residents of different
cities measured at different times of the year (Table 5). However. in
all areas, smokers still had COHb levels two to three times higher
than nonsmokers and had increasing COHb levels with increasing
level of cigarette consumption (Table 6). Similar findings were

reported by Torbati, et al (60) in a study of 500 male Israeli blood
donors.

Nonsmoking workers exposed to automobile exhaust — London
taxi drivers (32) and garage and service station operators (/3) — have
higher baseline levels of carboxyhemoglobin than nonsmokers of the
general population. But even in these high exposure occupations
smokers have markedly higher COHb levels (8.1 and 10.8 percent)
than nonsmokers (6.3 and 5.5 percent). An extreme is represented
by New York City tunnel workers who are exposed to an average of
63 ppm CO with peak exposure levels as high as 217 ppm CO;
cigarette smokers still maintained much higher COHb levels (5.01
percent) than nonsmokers (2.93 percent) (8).
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TABLE 3. — Mean percent of carboxyhemoglobin saturation in smokers and
nonsmokers by sex and race

Total Sample Nonsmokers Smokers!
No. X +83 No. X £85 No. X * 8¢
Total Sample 16,649 2.30£0.02 10,157 0.85 +0.01 6,492 4.58+0.03
Male 10,542 2661003 5,888 1.00 £ 0.01 4,654 4.76 + 0.04
Female 6,107 1.68+0.03 4,269 0.64 0.0} 1,838 4.10£0.06
White 15,167 2.28£0.02 9,474 0.85 £0.01 5,693 4.66+0.04
Male 9,669 2.65+£0.03 5,508 1.00 £ 0.01 4,161 4.83+0.04
Female 5,498 1.63%0.03 3,966 0.64 £0.01 1,532 4.19 £ 0.06
Black 1,429 2.59+£0.06 641 0.86 £0.03 788 4.0010.08
Male 829 291+0.10 347 1.07£0.05 482 424 £0.1C
Female 600 2.15£0.09 294 0.62 +0.04 306 3631012

ISmokers are defined as those who smoked on the day of giving blood.

NOTE. - X = mean percent; S—= standard error of mean percent.
Source: Kahn, A., et al, (35).
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TABLE 4. — Mean percent of carboxyhemoglobin saturation in smokers
and nonsmokers by employment status

Nonsmokers Smokcrs‘
No. X £55 No. X 85

Persons employed 8,474 0.89 1 0.01 5962 4610003

Classed us

industrial workers! 1,523 1.38 £ 0.04 1,738 5.01 +0.00

Classed as workers

other than industrial 6,955 0.78 £ 0.01 4,224 4.44 + (.04
Persons not emiployed 1678 0.63+0.02 531 4241011

Hadustrial workers are employed in either durable or nondurable goods manufacturing (craftsmen, operatives, or luborers). Smokers
are defined as those who smoked on the day of giving biood.

NOTE. - X = mean percent; Sg = standard error of nmyean percent,
Source: Kahn, A, et al. (35).
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TABLE 5. — Median percent carboxyhemoglobin (COHb) saturation and 90 percent
range for smokers and nonsmokers by location

Cigarette Smokers T Nonsmokers -
Location
Median Range Median Range

Anchorage 4.7 09 -935 1.5 0632
Chicago 58 . 20-99 1.7 1.0 -3.2
Denver 5.5 20-938 2.0 0.9 - 3.7
Detroit 5.6 1.6 ~ 104 1.6 0.7 -2
Honolulu 4.9 . 1.6 ~9.0 1.4 0.7 -25
Houston 32 1.0-78 1.2 0.6 - 3.5
Los Angeles 6.2 20 -103 1.8 1.0~ 3.0
Miami 5.0 1.2 ~97 1.2 04 -30
Milwaukee 4.2 1.0 - 89 1.2 0.5-25
New QOrleans 5.5 2.0-96 1.6 1.0 - 3.0
New York 4.8 1.2 - 9.1 1.2 0.6 ~25
Phoenix 4.1 09 - 87 1.2 0525
St. Louis 5.1 1.7 -9.2 1.4 0.9 -21
Salt Lake City 5.1 1.5-9.5 1.2 0.6 - 25
San Francisco 5.4 1.6 - 9.8 1.5 0K - 2.7
Seattle 5.7 1.7 -9.6 1.5 0.8 -27
Vermont,

New Hampshire 4.8 1.4 -9.0 1.2 0.8 -2.1
Washington, DC 4.9 1.2 - 8.4 ' 1.2 0.6 ~ 2.5

=

Source: Stewart, R.D,, ef al. (57).
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TABLE 6. ~ Mean percent carboxyhemoglobin (COHb) saturation in cigarette

smokers I hour afrer lust cigaretre

Packs of Cigarettes Smoked Per day

Location Nonsmoker
<% V-1 1 1% 2
Milwaukee 1.3 3.0 4.2 5.3 6.2 4.7
New Hampshire,

Vermont 1.4 3.3 44 5.7 6.7 §.3
New York City 1.4 3.1 4.3 4.7 5.8 6.3
Washington, DC 1.4 38 4.6 5.2 5.8 6.6
Los Angeles 2.0 4.0 5.2 6.0 7.4 7.5
Chicago 2.0 4.8 5.4 6.3 7.1 1.7

Source: Stewart, R.D., et al

. (57



Studies on the CO burden of each cigarette have determined the
body burden of CO per cigarette to be 7.10-8.66 ml (40), and the
increase in COHD level produced by smoking one cigarette to be 94
to 1.6 percent after 12 hours of abstinence (40, 53). The half-life for
the washout of CO in healthy college smokers (40) was calculated to
be from 3 to 5 hours.

Effects on Healthy Individuals

Several studies have been published on the effects of carbon
monoxide on healthy individuals. Small doses of CO (COHb levels
2.4-5.4 percent) were found to have no effect on heart rate (56).
Raven, et al. (57), in a study of young men exposed during exercise
on a treadmill to 50 ppm CO (COHb levels 2.5 percent in
nonsmokers and 4.1 in smokers), found no decrease in maximum
aerobic capacity when the subjects were tested at 25°C. In a similar
experiment conducted at 35°C by the same researchers (20), there
was a decrease in maximum aerobic capacitly in nonsmokers exposed
to S0 ppm CO, but not in smokers despite an increase in the
carboxyhemoglobin levels of 1.5 percent in both groups. They
postulated a possible physiologic adaptation of smokers to carbon
monoxide. Ekblom and Huot (22) studied five young men who
inhaled CO to reach given COHb levels. They reported that as COHbD
levels increased, there was a decrease in maximal oxygen uptake and
lower heart rates at maximal treadmill exercise.

Sagone, et al. (54), in a study of 9 cigarette smokers and 18
nonsmokers ages 20-32, showed significantly higher values for COHb,
red cell mass, hemoglobin, and hematocrit in the smokers. Levels of
2,3 DPG were unaltered while oxyhemoglobin affinity P50 and ATP
levels were significantly lower in the smokers. The three smokers
with highest red cell mass had normal arterial blood gases and one
smoker had very high values of red cell mass which returned to
normal after he stopped smoking. The authors interpret these data.as

evidence of tissue hypoxia.

Millar and Gregory (43), in a study of both fresh heparinized
blood and ACD-stored blood from a blood bank, showed a reduction
in the oxygen carrying capacity of up to 10 percent in the blood of
cigarette smokers; this reduction persisted for the full 21-day storage

life of blood bank blood.

Cole, et al. (16), in a study of pregnant women, found COHbD
levels in the fetus to be 1.8 times as great as those in the
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simultaneously measured blood of the mother. Fetal blood was
exposed to carbon monoxide in vitro, and fetal hemoglobin was
found to have a shift of the oxvhiemodobin disassociation curve to
the left as occurs with adult hemoglobin. The higher fetal COHb
lcvels were attributed to the lower fetal Poy and a resultant decrease

tha ol ~F voen ~omnete for the fetal hemoeolobin, It was
in e auuuy Ol oxygen (o compete (O Lie (€t fCMOL GO, 21 Was

felt by the authors that the high COHbD levels may be responsible for
the lower birth weight of infants born to mothers who smoke.

Effects on Persons with
Atherosclerotic Cardiovascular Disease

Aronow and Isbell (5) and Anderson, et al. (/) have shown a
decrease in the mean duration of exercise before the onset of pain in
patients with angina pectons exposed to low levels of carbon
monoxide (50 and 100 ppm). Carboxyhemoglobin levels were
significantly elevated (2.9 percent after 50 ppm; 4.5 percent after
100 ppm) and the systolic blood pressure, heart rate, and product of
svstolic blood pressure times heart rate (a measure of cardiac work)
were all significantly lower at onset of angina pectoris.

In a continuation of this work., Aronow, et al. (2, 3) studied
eight patients during two separate cardiac catheterizations, one
during which each patient smoked three cigarettes and one during
which each patient inhaled carbon monoxide until the maximal
coronary sinus COHb level equalled that produced by smoking
during the first catheterization. All eight had angiographically
demonstrated CHD (> 75 percent obstruction of at least one
coronary artery). Smoking increased the systolic and diastolic blood
pressure, heart rate. left ventricular end-diastolic pressure (LVEDP),
and coronary sinus. arterial, and venous CO levels. No changes were
noted in left ventricular contractility (dp/dt), aortic systolic ejection
period, or cardiac index, and decreases were found in stroke index
and coronary sinus. arterial, and venous Poy. When carbon monoxide
was inhaled, increased LVEDP and coronary sinus, arterial, and
venous CO levels were noted; there were no changes in systolic and
diastolic blood pressure, heart rate, or systolic ejection period; and
decreases in left ventricular dp/dt, stroke index, cardiac index and
coronary sinus. arterial, and venous Po; were found. These data
suggest that carbon monoxide has a negative inotropic effect on
myocardial tissue resulting in the decrease in contractility (dp/dt)
and stroke index. When the positive effect of nicotine on contrac-
tility and heart rate is added by cigarette smoking, the net effect is
increased cardiac work for the same cardiac output. In the heart with
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coronary artery disease there is a greatly restricted capacity to
increase blood flow in response to this increase in cardiac work. The
result is early cardiac decompensation manifested by elevation in
LVEDP and angina pectoris.

Aronow, et al. have also shown decreased exercise time prior to
onset of angina pectoris in persons exercised after riding for 90
minutes on the Los Angeles Freeway (4). In a related study, they
demonstrated a decrease in exercise time before claudication in a
group of patients with intermittent claudication who were exposed

to 50 ppm CO (6).

Studies on the Pathogenesis of Cardiovascular Disease

In a review of some of their work on carbon monoxide, Astrup
and Kjeldsen (7) noted that in cholesterol-fed rabbits exposed to 170
ppm carbon monoxide for 7 weeks (COHb 16 percent) and then to
340 ppm tor 2 weeks, the cholesterol content of the usorta was 2.5
times higher than that of cholesterol-fed, air breathing controls.
Groups of cholesterol-fed rabbits intermittently exposed to carbon
maonoxide for 12 or 4 hours per day produced three- to fivefold
increases in the cholesterol content of their aortas. Cholesterol-fed
rabbits made hypoxic at 10 and 16 percent oxygen had 3 to 3.5
times the aortic cholesterol content, while those exposed to 26 and
28 percent oxygen had a considerable decrease in cholesterol

accumulation.

Thecdore, et al. (58) studied the aortas of monkeys, baboons,
dogs, rats, and mice fed a normal diet but exposed to very high levels
of CO (COHbD levels 33 percent) and found no atheromatous changes

in their gortas.

Further work by Astiup and Kieldsen (38) revealed that in rab-
bits fed normal diets but exposed to 180 ppm carbon monoxide for 2
weeks, there were local areas in their hearts of partial or total necrosis
of myofibrils; in the arteries there was endothelial swelling, formation
of subendothelial edema, and degeneration of the myocytes. When
the aortas of these rabbits were examined (37), the luminal coats
showed pronounced changes characterized by severe edematous
reaction with extensive swelling and formation of subendothelial
blisters and plaques. The authors postulate that carbon monoxide
increases endothelial permeability to albumin which results in
formation of edema leading to changes indistinguishable from early

atherosclerosis.
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Evidence that this mechanism mav occur in humans is provided
by the findings of Parving (30) who showed an increased trans-
capillary escape rate for 131 |- fabeled albumin in humans exposed to
.43 percent CO (COHb 20 percent) tor 3 to 5 hours. but not in those
made hypoxic to an altitude of 4300 meters (hemoglobin 75 percent
saturated).

By exposing rabbits to different concentrations of carbon
monoxide (50, 100, and 180 ppm) for varying periods (.5, 2. 4, 8,
24, and 48 hours), Thomsen and Kjeldsen (59) were able to show a
threshold ot 100 ppm of CO for myocardial damage. The demonstra-
tion of damage at this level of CO (COHb 8-10 percent) is possibly
explained by the ratio of carboxymyoglobin to carboxyhemoglobin
which is about 2 to 1 in myocardium at ambient Poy. Thus,a
COHb tevel of 10 percent would be accompanied by a carboxvmyo-
globin level of 30 percent in heart muscle. This ratio is even greater
under hypoxic conditions with a ratio ot 6 to I when the arterial Po,
is below 40 mm Hg (/5).

Nicotine

In a study of the effects of smoking cigarettes with Jow and
high nicotine content, Hill and Wynder (30) noted increasing serum
epinephrine levels with increasing nicotine content of the smoke. but
serum norepinephrine levels were unchanged. However. increasing
serum epinephrine levels with increasing number of low nicotine
content cigarettes smoked were also noted. '

Acrolein

Egle and Hudgins (21) did inhalation studies with acrolein on
rats. Inhalation of this aldehyde at concentrations below those
encountered in cigarette smoke resulted in a significant increase in
blood pressure and heart rate in rats.

CEREBROVASCULAR DISEASE

There has been conflicting evidence on whether there is an
increased risk of cerebrovascular disease due to smoking (67, 62, 63,
64, 65, 66, 67, 68). A prospective study by Paffenbarger, et al. (48)
of 3,991 longshoremen followed for 18 years showed no correlation
between fatal strokes and smoking. However, both the Dom study of
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U.S. veterans (33) and Hammond’s study of one miliion men and
women (25) showed a small but significant increase in the death rutes
from cerebrovascular disease among cigarette smokers. The Framing-
ham | 8-year followup of men ages 45 to 54 (42) and Paffenbarger’s
study of men who entered Harvard between 1916 and 1940 (49) also
showed an excess risk of cerebrovascular disease associated with
cigarette smoking.

Two recent studies provided more data on this topic. Ostfeld. et
al. (46, 47), in a study of 2,748 people ages 65-74 receiving old age
assistance in Cook County, Hlinois, were unable to find any relation
between cigarette smoking habtts at the start of the study and
incidence of new strokes or prevalence of transient jschemic attacks.
Nomura, et al. (44), in a study of the population of Washington
County, Maryland, ages 25 and older, were unable to find any
relation between cigarette sinoking and etther mortality or morbidity
from stroke. Nomura noted that “‘in atherosclerotic strokes the
Framingham study and Paffenbarger’s investigation of former college
students included a great percentage of stroke cases under the age of
55. Because these two studies found an association between cigarette
smoking and atherosclerotic strokes and the present study did not, it
may be that the association is age-dependent.”

Hammond (25) provides some data which may clarity this
relationship. Analysis of his data shows that the difference between
cerebrovascular death rates in cigarette smokers and nonsmokers
increases as persons get older except in males ages 75-84 (Table 7),
indicating that the excess death rates associated with cigarette
smoking increase with advancing age. The ratio of the death rates for
smokers and nonsmokers (mortality ratio), however, decreases with
age. reflecting the fact that cerebrovascular disease death rates
attnibutable to other causes increase with age more rapidly than
death rates attributable to smoking. Cigarette smoking may well be a
risk factor for stroke at all ages, but other causes of strokes become
proportionally so important in older age groups that in studies not_
based on very large populations the risk due to cigarette smokingTis
masked by the large total number of strokes due to other causes.
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TABLE 7. = Age-standardized deaths rates and mortality ratios for cerebral vasculur lesions

Jor men and women by (ype of smoking (lifetime hiviorv} and age at start of study

Type of Smoking

Age Groups

45-54

55-64

65-74

75-84

CVL Death Rates per 100,000 Person-Years

Men
Never sinoked regularly 28 92 349 1,358
Pipe, cigar 25 100 369 1,371
Cigaretie and other 28 129 361 990
Cigarette only 42 130 477 1,168
Total 35 116 391 1,272
Women
Never smoked regularly 18 57 22 1,082
Cigurette 38 88 1,27
Total 25 64 238 1,091
CVL Mortality Ratios
Men
Never smoked regularly 1.00 1.00 1.00 1.00
Pipe, cigur 0.89 1.09 1.06 1.01
Cigarette und other 1.00 1.40 1.03 0.73
Cigarette only 1.50 1.41 1.37 0.86
Women
Never smoked regularly 1.00 1.00 1.00 1.00
Cigarette 2.11 1.54 1.38 118

NOTE. - CVL = Cerebral vascular lesions,



EFFECTS OF SMOKING ON THE CO

Several studies have contributed to an understanding of the role
of smoking in thrombogenesis. Levine (47), in a controlled double
blind study, showed that smoking a single cigarette increased the
platelet’s response to a standard acgregating stimulus (ADP). This
phenomenon did not occur when lettuce leal cigarettes were smoked
and was independent of a rise in free fatty acids in the plasma. The
author postulates that this may be due to increasing epineplirine
fevels.

These data may have relevance for two other studies. In the
clinical trial of the possible prevention of heart attack by
hyperlipidemic drugs in Newcastle, England, (/9) 1t was found that
cigarette smokers were at increased nsk of sudden death. This
increased risk was not present in smokers treated with clofibrate.
However, the researchers were unable to relate this reduction in risk
to any effect of clofibrate on serum Jipids. Recently Cuarvalho, et al.
(14) evaluated 29 patients with familial hyperbetalipoproteinemia
and noted that their platelets had an increased sensitivity to
aggregating stimuli (ADP). Treatment with clofibrate returned the
ADP sensitivity to normal without signiticantly altering serum lipids.
This demonstrated effect of clofibrate may provide some insight into
the Newcastle study. The reduction in the excess nisk of sudden
death could be due to a clofibrate induced reversal of increased
sensitivity to aggregating stimuli produced by smoking.
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SUMMARY OF RECENT CARDIOVASCULAR FINDINGS

1. Data from one recent incidence study suggest that cigareti2
smokers are more likely to develop lhypertension than are
nonsmokers. There is some evidence that suggests that stopping
smoking may be accompanied by a rise in blood pressure.

2. Cigarette smoking has been shown to be the major source of
elevated carboxyhemoglobin levels, with occupational exposure and
air pollution being far less important in most circumstances.
Carboxyhemoglobin levels in cigarette smokers are two to three
times the levels in nonsmokers and increase with the amounts
smoked.

3. Elevated carboxyhemoglobin levels have been shown to
decrease maximal oxygen uptake in healthy people as well as to
decrease the exercise tolerance of persons with angina pectoris and
intermittent claudication. The carboxyhemoglobin levels at which
these effects take place are well within the range produced by
cigarette smoking.

4. Carbon monoxide at levels of exposure commonly reached
by cigarette smokers has been shown to decrease cardiac contractility

in persons with coronary heart disease.

5. Carbon monoxide has been shown to produce changes lika
those of early atherosclerosis in the aortas of rabbits.
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INTRODUCTION

Chronie obstructive bronchopulmonary disease (COPD) is char-
acterized by chronic obstruction to airflow within the lungs. The
term COPD refers to three common respiratory 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 mucus secretion of the bronchial tree. It is characterized
by cough with the production of sputum on most days for at least
three months in the year during at least two consecutive years
(217).

Pulmonary emphysema is that anatomically defined condition of
the tung characterized by an abnormal, permanent increase 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 symptoms as well as the abnormalities in pulmonary function
observed in the presence of the two ailments may be quite similar.
Patients with chronic bronchitis suffer from productive cough with
or without dyspnea (breathlessness both at rest or on exertion)
while pulmonary emphysema is 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 number of individuals for
whom COPD was a 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 vefer only to chranic bronchitis and pulmonary
emphysema. Exacerbation of preexisting bronchial asthma has been observed among cigarette
smokers. Further elaboration of this question may be found in a previous Public Health Service
Review (222).
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much of this rise is probably 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 in-
creases over the past 20 to 30 years have also been observed in
Canada (?) 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 air pollution. 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 differed 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 ofien 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 pulmonary disease were noted.
They concluded that severe degrees of ventilatory impairment may
be undetected by history and physical examination alone. Boushy,
et al. (40) evaluated clinical symptoms, physiologic measurements
of airway obstruction, and morphologic bronchial and parenchymal
changes in 90 males with bronchogenie carcinoma. The authors
found that when either clinical, 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 (7, [50). Epidemio-
logical studies have validated this impression by indicating that
cigarette smokers are at a much greater risk of developing or dying
from this 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 number of 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 dyvspnea. By a variety
of pulmonary function 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 dyving of causes other than COPD have significantly 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
emploving animals and tissue and cell cultures. Recent work has
demonstrated, in dogs trained to inhale cigarette smoke through a
tracheostoma, that emphysema, pulmonary fibrosis, 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-
verselyv affected by cigarette smoke.

The convergence of these lines of evidence, which will be de-
seribed 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 DMORTALITY

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 monrtal-
ity are presented in table 1. The majority of the studies separate
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TABLE 1.—Chronic obstructive bronchopulmonary disease mortality ratios
{ Actual number of deaths shown in parcntheses)?!

SM = Smokers. NS = Nonsmokers
PROSPECTIVE STUDIES

Author,
yeer, Number and Data Follow.up Number Cignrettes/day Chronic

country, type of collection years of deaths plpes, cignrs bronchitia Empbysema Other

reference population

Hammond 187,783 white Questionnaire 31 338 Cigarctiea
and males in 9 and follow-up SM ,.....308 NS .......100 (30)

Horn, states 50-69 of desth NS ...... 30 <10 ......167 (10)
1958, years of age. certificate, 10-20 ..3.00 {867)
U.S.A, D20 L.l 3.64 (40)
(105). All .. ..2.85(231)
Pipes
NS ......1.00 {30)
SM LG BTT 23
Cigars
N5 ......1.00 (30)
SM Lol b29 (1)

Doll and Approximately Questionnaire 10 292 Cigarctics Cignrettes
Hill 41,000 male and follow-up Chronie NS ......1.00 NS ... 1.00
1064 British of death bdronchitis - 1-14 ,....6.80 1-14 ... 065
Great physicians. certificate, 11 15-24  ...12.80 15-24 1,08
Britain Other S2% 0 .....21.20 > ... 060
(70). 181 Al .....11.60 All .....081

Dipes and Pipey amd
Cigara Ciynry
SM ... 0800 SM L0 07
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Tautk L—Chronie obstructive browehopulmonary discase mortality vatios (cont.)
(Actunl number of deaths shown in parvntheses)t

SM = Smokers.

NS =z Nunsmohers

A)\'l‘(‘r}\];],r. Number and Data Follow-up Number Cigarettes/day Chronic
country, 1ype of ¢olicetion yenrs of deaths pipes, cigars bronchitis Emphysema QOther
reference population
PROSPECTIVE STUDIES
Dest, Approximately Questionnaire [ 124 Cigarctics Cigarcttes
1066, 78,000 male and follow-up NS .., 000 NS .......1.00
Canada Canadian of death <10 L 1.02(17) <10 481 (D)
($0). veterans. certificate, 10-20  ...13.65(49) 10-20 L.6.12(21)
>0 ... 14063(12) >20 L.6.93 (T
All .. 11.42(78) All L. 5.85(37)
Pipca Pipca
SM ...l 241 (B SM 0T (2)
Cigare Cigaras
SMo..... 3.57 (1) SM.......333 (D)
Hammond, 440,568 males Interviews by 4 389 Malcs
1966, 562,671 ACS volun- SM ..., . 360 NS .......1.00 (20)
U.S.A. females teers. NS ......20 SM (age
(108}, 35-84 years 45-64) . .6.65(104)
of agein SM (age
25 states. 65-79) .11.41(175)
Kahn, U.S. male Questionnaire 814 Bronchitis NS ......1.00 (31) Current ciga- Current ciga-
1968, veterans and AlLSM .. .6.49(348) rettes only rettes only
Us.a, 2,265,674 follow-up Current ciga- NS ......01.00(13) NS .......1,00 (18)
(132). person years.  of death rettes  .10.08(229) 1-0 ......353 (5) 1-9 ....,..5.33 (10)
certificate, Pipcs 10-20 L 451(22) 10-20 ....14.04 (93)
SM......236 (9) 21-3%9 ... .4.57(12) 21-39  ....17.04 (62}
Cipars >39 L...8.381 (4) >39 ..., 25.34 (1T
SM ..0.79 (B) AN L. 4.49(43) All oo 14017 (186)
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Tantk 1.—Chronic ohsbructive bronchopulnonury discuse nmortadity ratios (conl.)

(Actunt number of deaths whown fn prrestheses)?

SM o Sikers N Nonamohers
Auwthor,
yuar, Number and Data TFollow-up Nuniber Clearettes/duy Chranie
eountry, type of collection yours of deaths pipes, cignrs bronchitis Emphysema
reference population
PROSPECTIVE STUDY
Weirand 68,163 males Questionnaire 6~8 58 Cigarcttes
Dunn, in various and NS ......°1.00
19170, occupations {followsup =0, §.18
US.A. in California.  of death *20 ..., 11.80
(225). certificate. S>30 L, 20.86
All 12.33
RETROSPECTIVE STUDY
Wicken, 1,189 males. Personal inter- 1,188 obtained Cigarctics
1966, view with retrospoecs only
North- relatives of tively. NS . .....100(124)
ern individunls SM ....1,064 1-10 .,.,.2.95(24%)
Irelund listed on NS ..... 124 11-22 ... .3.43(300)
(227), death 13 ... 4.44(168)
register, Mized

SM ... 155 (62)

Dipca or cigars

SM ... 1.84(289)

of either cccasiunal, miscellaneous, mixed, or ex-smokers,

! Unless otherwise specified, disparities between the total number of deaths
2 NS includes pipe and cigur smokers; SM includes ex-smokers,

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



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 difliculties mentioned above in dis-
tinguishing the two diseases clinically.

- 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), fg)r instance, noted that those smoking only 1 to 9 cigarettes
per day incurred an emphysema mortality ratio of 5.33 while those
smoking over 39 per day incurred one of 25.34. Pipe and cigar
smokers were found in some studies to have slightly elevated mor-
tality ratios in comparison with nonsmokers although other studies
did not show this. The risk of dying from COPD among cigar 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 mortality is 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 ill health and the long-term effects of cigarette
smoke on the respiratory tree, some of which are irreversible.
Kahn (732) 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 @toppmg 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

Many investigators 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
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smoker is much more likely to suffer from respiratory symptoms
such as cough, sputum production, and dyspnea thap is the non-
smoker. Such sympioms, particularly cough and sputum produc-
tion, increase with increasing dosage of cigarette smoke. Table A2
also shows that 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 shown to 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 improvement in 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 additional 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 A4. The pa-
rameters investigated have included maximal breathing capacity
(maximal voluntary ventilation), expiratory flow rates, forced
expiratory volume, and vital 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 many different 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 years later, the average decline 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 number of 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 abnormal in clinically asymptomatic smokers.

Krumholz, et al. (740) 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 Krumbholz, et al. (140, 142) in groups of
young asymptomatic physicians and medical students.

Several investigators have employved 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 be relatively
under or overperfused and that, likewise, segments may be under
or overventilated. Anthonisen, et al. (10) 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 show no 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 bronchitie patients with normal, or only minimally in-
creased pulmonary resistance, 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 thatl 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 thun in the evect position). Tre
increase in alveolar-arterial O. gradients was greater for heavy
than for light smokers. The authors concluded that maldistribution
of ventilation and perfusion accounted for the observed hypoxemia.
They also felt that this mild diffuse airway disease among asyvmpto-
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 mcre severe alterations found in the
long-term smokers.

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 upon the 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-arterial 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 number of other studies have provided further evidence con-
cerning the adverse effect of smoking on ventilatory function.
Table 5 presents those experiments which deal with the effect of
cessation of smoking on pulmenary funetion. 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. (747) 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 may be, at least partially,
genetically detemined.

More recently, Larson, et al. (158) studied 156 relatives of COPD
patients and 86 control individuals. The subjects underwent pul-
monary function testing, including 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, Numb 4
year, umber an
country, type of Results Comments
reference population
Krumholz 10 physicians Following 3 wecka abstinence Following 6 weeks abstinence {6 subjects ondyyi 1 A}l subjects were DB pack
el nl, 20-33 years Lung volumes—no significant change. Lung volumes: per year emokers.
1965, of nyge, Peak expiratory flow rate—incrense Inspiratory reserve volume—increase (p<0.05).
USA. {(p<<0.01), Functional residunl eapacity—increase {p<0.05).
(141).

Muximal breathing capacity—incrense (p<0.02),
Mean diffusing capacity: Mcean diffusing caperity—no chuange,
Resting—~inercase (p<0.02)
Exercise—no change.

Compliance—incressed in 6/8 tested. Compliance——continued to show ineresse,

Withelmsen, 16 smokers, Value prior to ccosation Valuc after ccasation Siygnificance Mean duration of the non
1967, (437 mean Vital capacity ........4.60 4.57 Not significant. smoking period was 40
U.S.A. 8ge), FEV, o e cae.0.3.38 3.52 p<0.06. days,

(230). FEVl.O/FVC R ) 76.8 Not significant.
PEFR ee....6.97 T.45 Not significant.
MEFR50% ..........3.81 3.98 Not significant.
MEFR25%% ..........1.0% 1.50 P<L0.05,
Inspiratory resistance .2.07 1.43 p<0.025.
Expiratory resistance .2.80 2.04 p<0.02,
Compliance ..,........... No change

Peterson 12 smokers After 1 month cessation After 18 mantha ccasation
et al,, studied at MBC increase {p<0.001), Increase (p<0.01).
1068, various FEVL0 increase (p<0.01), Increase.

U.S.A. intervals and
(184). compared with
12 continuing
smokers.

! Abbreviations are explained in the glossary of bronchopulmonary table Ad,



the nonsmoking controls. 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 concerning the reliative contribu-
tions of smoking and of 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. (13, 46) have
used the twin-study methods on registries in both Sweden and the
USA. The specific 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 dizygotie twins who
were both discordant and concordant for smoking habits. They
observed that the hypermorbidity for COPD symptoms related to
smoking persisted even after controlling for zygosity and concluded
that a causal relationship of smoking and COPD symptoms was sup-
ported. However, genetic factors were still 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 adversely affected 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)—O0f more recent note and discus-
sion has been the discovery of 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 many facets of this intrigu-
ing area.

It appears that A,AT deficiency is inherited as an autosomal
recessive trait (78, 216) although Kueppers (133) considers the
transmission to be by an autosomal codominant allele. It hds been
estimated that up to 5 percent of the general population may be
heterozygous for this gene (754) 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
fcund 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, 213). It is
estimated that between 1 and 2 percent of patients with COPD have
this homozygous deficiency (78, 216). In family studies, it has been
found that almost all the homozygous individuals are symptomatic
by the age of 40 and that those who are not usuaily show alterations
in pulmonary function studies. Guenter, et al. (98) studied 7 per-
sons with homozygous deficiency. Of the five symptomatic individ-
uals, 4 smoked and all 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 pulmonary diffusing capacity.

It has been suggested (754) 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 enzymes as part of
the overall defense mechanism against infection ; the breakdown of
these cells during acute infection releases proteinases into the pul-
monary tissues 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 heterozygotes which they
studied showed symptoms of bronchitis and did not present the
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lower lobe perfusion defects frequently noted in homozygotes. They
also found no difference in the number of COPD patients among the
heterozygotic and the general population. Other investigators, no-
tably Lieberman, et al. (153, 1.55), Kueppers, et al. (144), and
Larson, et al. (1:8) found signincantly 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 was 4.7 percent while that among a
group of patients with emphysema was 18.1 percent. In a recent
review, Falk and Briscoe (72) 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
COPD patients. 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 COPD is influenced by identifiable 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-
mount in the pathogenesis of their ailment. Of greater public health
import is whether lesser degrees of genetically identifiable suscep-
tibility interact with cigarette smoking to account for a significant
proportion of the problem.

AIR POLLUTION

Numerous epidemiological studies have been conducted in order
to examine the 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 and its relation to air pollution levels, and geographical
comparisons. The majority of studies fall into the third category,
and these are detailed in table AS.

A number of studies did not show an association among air pol-
Jution, respiratory symptoms, and pulmonary dysfunction (81, 204).
More recent 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, 253). Lambert and Reid
(746) observed that in the absence of cigarette smoking the corre-
lation between COPD symptoms and air pollution was slight and
suggested that the two factors may interact to produce higher rates
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 as stated in its 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 sccupational exposures.”

OCCUPATIONAL HAZARDS

Exposure to various dusty occupational environments has been
shown in many studies to be associated with the development of
various forms of nonneoplastic lung disease. Lowe (158), 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 COPD are listed in table A7. Ad-
ditional compounds, not listed in the table, but which also appear to
be related to COPD, are chlorine (49) and washing powder dust
(97). Cigarette smoking and harmful dust exposures appear to act
in a combined manner in 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, 33, 210).

Nandj, et al. (I77) recently investigated the contribution of the
cadmium in cigarette smoke to the pathogenesis of emphysema.
Analyzing whole cigarettes, ash, and filters, thev found that an
average of 69 percent of the cadmium present in the cigarette (ap-
proximately 16 micrograms 20 cigarvettes) 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 parenchyma has 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 evident in many of 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. (77) noted a dose-response relationship between the
amount of smoking and the degree of septal rupture.

Anderson, et al. (4, 3) 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 &0 nonsmokers. While most were normal,
24 demonstrated parenchymal dilatation and disruption consistent
with panlobular emphysema. Thurlbeck, et al.’ (217) have also ob-
served that centrilobular emphysema rarely occurs in nonsmokers.
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TABLE 8,—Studies concerning the relation of human pulmonary histology and smoking?
{(Actual number of deaths shown {n parcentheses)

SM = Smokers.

N8 = Nonsmokers

Avthor,
year, Number and
country, typeof Results Comments
refcrence population
Chang, 62 males and 43 Distention of goblet cells (by percent of smoking gyroup) The authors alse notwl
1957, femnles sutopsied 1 0f Maost of thot amokers’ Jungsy
U.S.A,, within & hours of None Few 14 of surface surface surface Whole aurface showed shorter cilin
Korea death (nodata NS({22) . 136 22.7 31.8 22,7 9.1 . and thicker epithelium
(47). avoilable on case SM(49) . 12.2 10.2 10.2 18.4 265 22.6 {20 pereent nonumokors
selection), and 36 pereent smokers
had respirutory disense.)
Ide et al, 93 males autopsied Mean thickness of trachcal and Mean eiliary height in trachea No cigar or pipe
1959, within 6 hours of bronchial epitheliune (u) in and bronchus on cigarctte smokers were included.
U.S.A. death, No cases cigarctte smokere und nonamokcrs amokcrg and nongmokers
(129), of pneumonia Trachea Bronchus Trachca Hronchus
or lung discase NS(23) 52.8 47.7 (23) 6.39 5.93
included. ‘Light (31) e, G200 57.5 (29) 5.62 5.49
Heavy(10) ............., 66.2 819 (10} 4.89 4.66
Auerbach 654 males over Agc-standurdized pereentuge distribution of subjects The authors alyo noted o
et al, 60 years of age according to degrec of rupture of the alveolar acplums dose-redpouse relativn-
1963, autopsied at Degree of rupture 0-0.25 0.5-0.75 1.0-1.25 1.5~1.78 2.0-2.25 £.5-3.00  ahip between smoking
U.S.A. East Orange Never smoked I T I | 50.6 24.9 3.6 1.6 and degree of rupture.
(7). V A Hospital, Current cigarette 4 5.1 16.2 3%.2 30.1  tNone had ever sraokid
{Current cigar 246 45,4 26.2 3.8 cignrettes regularly,
tCurrent pipe . oo 2n0 540 15.9 2.2 ..
Curront pipe, cignr 4.8 1.6 .5 33.6 7.6 .
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TauLE 8. —Studics concerning tho relution of human pulmonary histology und smoking (cont.)
(Actunl number of deuths shown in parentheses)

SM = Smokery. NS == Nonsmokers

Author,
yoar, Number and
country, typeof Resulta Commenta
reference population
Anderson 30 malew and Severity of emphyscma (mcan degree) The authors also noted that:
et al., 32 females Malcs Fomalea Every person showing ses
1964, (Caucasians) NS} ittt iie i 1.5 L (20 1.0 vere disense was namoker,
U.S.A. undergoing SMU3E) +vvveeenesininnecaeanans z.s}‘“”"‘”'r‘““” (12) 1.0} (<O 4 monk those with panlobu
(5). rouline autupsy lar emphysems, there way
{40-97 ycars an e¢qual distribution of
of Bge.) smokery and nunsmokers
while among those with
centrilubulur cmpliysema
98 pereent were smokery
and only 2 pereent were
nonymokers.
Anderson 107 mbnles and Percentage distribution of Mcan scurrity of emphyscma
ctal, 58 fematdes tobacco uscra in 165 necropaics Mean Statistical
1966, autopsied for Ly degrec of emphysema scverily Category Severity  Significance
U.S.A. whom smoking None . 36 (12/33) SM (114) 2.3
6. data was Mild ceeieo. 69 (BB/BAY O NS(S1) sieeieriininnn 0.9 ((P<0-00D)
available, Moderate ............0 91 (30/33) Male{107) ..o viiiiiiirinienes 22
Severe ueriiiiiiinn.. 93 (14/15)  Female(53) ...... . . 1a((p<O00D
Never smoked ...vvh e 09
<20 cigarettes/day . ...avaaan 1.9
20-40 cigarcttes/doy . oouove. 24
>40 cigarcttes/day ... .. . 2.3
Megahed 50 male patients Mucous gland hypertrophy
et al., with chronic Pereent
1867, bronchitis under- NS i e 29 (2/7)
Egypt guing bronchial SM 71 (33/43)} (p<0.02)
(162), biupsy and

Invage.
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TABLE 8.—Studies concerning the relation of human pubnonary histology and smoking (cont.)

(Actual number of deaths ahown in parentheses)

SM = Smokers, NS = Nonsmokers
Author,
year, Number and
country, type of Results Comments
reference population

Auverbach 562 raales au-

Daproc of trachcal and bromchial arteriolar thickening
{by peroentage of smokcrs)

et al, topsied at East

1968, Orange VA 0.00.3 0.5-0.0 1.0~14 1.56-1.9 2.04

U.S.A. Hospital. Never smoked (122) ...........ccovvve... 461 39.3 13.3 1.3 ..

(14). <20 cigarettes/day (120) PR § 22.0 33.6 28.4 44
20-40 cigarettes/day (2564) .. v B0 8.6 374 40.9 8.1
>40 cigarcites/day (66) ..........vvivuin, 13 1.4 31.6 45.3 206

! Numerous experiments detailing changes in bronchial epithelium are detniled tabularly in the Cancer chapter.



EXPERIMENTAL STUDIES

ANIMAL STUDIES

A number of investigators have studied the effect of the inhala-
tion of cigarette smoke on the macroscopic and microscopic strue-
ture of the tracheobronchial tree and pulmonary parenchyma of
animals. Studies dealing with metaplasia and cellular atypism of
the trachea and bronchi are listed in table A16 of the cancer chap-
ter. Studies more directly concerned with the pathology of COPD
are listed in table 9. They show that cigarette smoke exposure is
associated with changes similar to those found in humans with
COPD, i.e., bronchitis, parenchymal disruption, alveolar septal
rupture, alveolar space dilatation, and the loss of cilia and ciliated
cells in the bronchial mucosa.

The investigations of Auerbach and his coworkers (15, 16, 88)
have demonstrated by the use of both light and electron microscopy
that 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 electron
microscopic studies of specimens taken from the lungs of dogs thus
exposed to cigarette smoke, the following changes were observed:
In 5 dogs sacrificed after only 44 days of smoking exposure, there
was a proliferation of goblet cells as well as a partial loss of cilia
in the lining cells, and in 5 dogs sacrificed after 420 days or more of
exposure, the number of cell layers in the bronchial epithelium was
found to be twice that of the nonsmoking dogs. Goblet cells and
ciliated columnar cells were no longer present ; instead, the surface
was lined with columnar and cuboidal cells with stubby projections
in place of cilia. Mitotic figures were frequently observed in the
basal cells. These findings may be relevant to carcinogenesis as
well as to the development of COPD.

In a long-term experiment, carried out by the same group, dogs
were exposed to varying doses of cigaretfe smoke. Details of the
experimental 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 experiment
and the animals sacrificed after day 875 were examined for pgl—

. monary parenchvmal changes as well as for bronchial epithe.hal
alterations. As seen in figures 1 and 2, dose-related pathological
changes, including fibrosis and emphysema, were found in th‘e lung
parenchyma of the exposed dogs. These changes were similar to
those seen in the lungs of humans with COPD.

184



S81

TABLE 9.—Ezperinients concerning the effect of the inhalation of cigarette smoke upon the tracheo-bronchial tree and pulnonary

parenchyma of animals’
(Actua} 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 specificd changes
berger, female mice. B. Up to 8 ciga- Number Number
et al., rettes/day for Months of of No Mild Scverc bronehitis
1960, up to 2 years. exposure cigarcttes mice change bronchitia with atypiam
U.S.A, C. Cigarette smoke, 0 0 160 146 2 2 (noatypism}
{182). 1-3 100-200 36 20 9 7
4-8 260-500 36 19 10 7
3-23 600-1600 34 19 1 8
1-23 26-1526 151 88 33 30
Hollund 60 rabbits, A. Inhalation, Cytology of trachcobronchial mucosa
ot al., B. Up w 20 ciga~ Generalized Generalized
1963, rettes/dny for Normal Focal hyperplasis hyperplasia cnphyacme
(123). 2.5, Controls (30121730 6/30 3/30 1/30
C. “"Normal ciga- Exposed e (30) 7730 10/30 8/30 11/39
rette smoke'’,
Hernandez  Adult Grey- A, Inhalation. Mean Mcean
et al, bound B. Twice daily/ Number of Tnumber of purenchymal Groups
16 dogs. 5 per week, gectiona months disruptivn/doy compured Hovalue
U.S.A. C. Cigarette 1. Controls (8)y112 .. 07150 1-111 inyigniticant
(rry. smoke, 1. All exposed (15}205 10.50 093813 11-1 insigniticant
111, Exposed <! year ..... (7) 98 4.60 0.6421 -1V p <0.05
IV. Exposed >1 year ..,... (8)107 14,74 1.2350 1v-1 p <0,02
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TABLE 9.—Experiments concerning the effect of the inhalation of cigarcite smoke upon the tracheo-bronchial tree and pulmonary

parenciuyma of antmals' (cont.)
{Actual number of animals shown in poaventheses)

Author, A, Type of
year, Animal CxXposuTe
country, and 3. Duration Results
reference strain C. Material
Aucrbach Beagle dogs. A. Active inhalation Controls ....{(10)—Nop cvidence of pulmonary fibrosis or septal rupture.
ctal, viu tracheonstomy, Exposed L(10) =Farly (sacrificed) :
1967, B. Up to 12 cigarettes 1. Alvevlur spnce dilotation,
U.S.A. per day for up 2. Pad-like sttachments 10 aiveolar septa.
{15, 16}, to 423 days., Medium exposurc: Seplal wall thickening.
C. Cigaretle smoke. Latcst cxposurc:
1. Focal subpleural pulmonary fibrosis.
2. Ruptured nlveolar sxepta,
3. Granulomata.
Frasca Beagle dogs. A, Activeinhalation Electron microscopic results:
et al, via tracheostomy. After 44 days ~ Increased number of goblet cells.
19608, B, Up tu 12 cigarettes Decreased number of ¢ilin un surface lining cells,
U.S.A. per day for up After 420 days— Increased number of epithelinl cell jayevs.
(88). to 423 days. Loss ol ciliated columnar cells.

C. Cigavette smoke.

Frequent interruptions in busement membyane,

! Numerous eaperiments detniling changes in bronchinl epithelium are detailed tabularly in the Cancer Chapter.



100 — —
91.7

80—
w —~
z
Q
&
w 60—
wn
L]
z
5 -
=
.
[}
- 40}
z
Lt
[}
e
w -
a

20—

12.9
0 0.0 - :
GROUP N: GROUP F: GROUP L: GROUP H:
NONSMCKING FILTER-TIP NO FILTER NO FILTER
(2 25 many cigarettes)
as Group H

FiGgure 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 pulmonary cellular 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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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
smoke inhalation. 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 induce the 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 bronchopulmonary resistance
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 pulmonary resistance and a decrease in pulmonary com-
pliance. Chapman (48) also observed decreases in pulmonary dif-
fusing capacity and arterial Q. tension. Chiang and Wang (51)
noted changes in nitrogen washout time and alveolar dilution fac-
tor, alterations which reflect impaired alveolar ventilation and gas
mixing.

James (121) examined the effect of prior smoking on the mul-
tiple breath nitrogen washout test in 41 pneumoconiotic miners and
5 normal young males. Prior smoking of a cigarette in the subject’s-
normal manner was found to adversely affect the indices of dis-
tribution in 20 percent of the miners and in 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 ecigarette
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 found to be particularly liable
to these changes. '
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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 the retention efficiency of the filter and that
reactivity to inhaled cigar tobacco was no less 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 Inng to rid itself of inhaled particles that can-
not be easily exhaled is dependent upon a number of physiologic
mechanisms including ciliary activity, the mucous sheath, and the
pulmonary alveolar macrophage. Studies concerning the effect of
human cigarette smoking and the exposure of animals to cigarette
smoke on this elearance 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 cigaretie
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. (3) exposed donkeys to cigarette smoke via nasal
catheter and observed impairment of 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
markedly prolonged 50 percent clearance times) was similar to that
developed in the donkey following 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 shown to be affected by particulate matter
as well as by the gas phase components of cigarette smoke. The rel-
ative importance of these two large classes of components of smoke
in producing ciliastasis is presently a matter of some discussion.
Dathamn and Rylander (68, 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 number of cilia in smoke-exposed ani-
mals. Recently, Kennedy and Elliot (71384) studied the effect of the
direct exposure of cigarette srhoke 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 shown to be toxic to ciliary fune-
tion by pathological (including electron microscopic) and physio-
logical methods.

Phagocytosis

The effect of cigarette smoke upon pulmonary alveolar phago-
cytosis, one part of the clearance mechanism, has been studied by
several authors. Masin and Masin (I62) 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 combined effect 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 partly re-
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.—Expcriments concerning the acute
g

effect of cigarette smoke inhalation on hwman pulmonary function

Author, A. Mcthod !
yuear, Number and B. Materinl ?
country, type of C. Duration of Resulta Commenta
reference populstion smoking
Bickerman 1. 66 male and A. Pulmonary Vital capacity (VC) Mazimal breathing capacity 9/91 patients showed

and 25 female function, 1. 10/91 decrease, 10/91 decrease. VYCincresae due to
Barach, patients B. 3 cigarettes, II. No significant change. No significant change. clearance of secere-
1954, with chronic C. 30 minutes, tions, All mild or
U.8.A. nontuberculous moderate smokers,
(81). respiratory

discuses

(avernge age

50).

II. 20 maleand

7T female

normal sub-

jecta (average

age 20).

Elch, I. 81 paticnts with A. Esophageal balloon Mecan airway resistance Mean airway compliance

et al, obstructive technlique to 1. Statisticoally significant No change.
1957, pulinonary mensure pulmonary Increuse.
US.A, emphyscma, complinnce ond 11, No chnnge, No change.
(78). U, 14 normal resistance. 111, No change, No change.

subjecty, B. 1 cigarette.

IIL. 5 paticnts with C. Undefined.
respiratory
complaints.

All habitual
smokers.




TABLE 11.—Luxperiments concerning the acute cffcet of clgarctie smoke inhalation on human pulmonary function (cont.)

Author, A. Method?
yeur, Number and B. Muterial!
country, typeof C, Duration of Results Comments
reference population smoking
Attinger 1. 20 normal A. Esophagal balloon I. No change. No change.
ot al,, subjuets technique to measure
1938, (19 Sm, pulmunary compliance
U.S.A. 10 NS). and resistance.
(13). I1. 34 puaticnts with B. 1-4 cigarettles, 1l. Expiratory resistance rose No change,

various discases;
9 rheumatic heart
diseases, 8 pul-
monary emphy-
semn, 7 asthma,
5 pulmonary
fibrosis,

5 undefined.

C. 10 minute interval
between
cigarettes,

significantly only nmong
patients with
emphysema,

Motley and

125 males and

A. Pulmonary

41 smokers Pulmonary ¢ompliance

Various groups of

Kuzman, 16 femules function. (3 normals, normals and cordios
1058, (24-70 years of B. 2 cigarettes. 33 patients Significant decrcase after pulmonnry patients
U.S.A. age—normals C. Undefinel. with cardio- smoking. showed little or no
(174). and patients), pulmanary chonge in arterial
discase). pQ, during exercise
and at reat fullows
ing cigarette smoke
nbnlation.

Nudel and I. 22 patients with A, Body plethy- Afrway conductance/thoracic gas volume Nicotine bitartrate
Coumroe, cardiepulmonary smography, I. 18/22 significant decrease (inhibited Ly pretreatment acrosol evoked no
1961, discase—~all B. 15 puffs. with isoproterenol ucrosvl), change.

U.SA. smokers, C. 5 minutes. II. 31/36 significant decrcase (inhibited by pretreatment
(178), IT, 36 normals {21 isoproterenol acrosol).

smokers, 15
nonsmokers).
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TABLE 11K rperiments concerning the acute effect of cigurette smoke fnfadution o fnonan pulmanary funelion (conl.)

Authour, A, Method t
yenr, Number and 5. Muterind?
country, type ot C, Duration ot Resulte Communts
reference population umoklng o

Stmanason, L ¥ mule nnd 7 AL Pulmonnry Mun FEV, o Mean FRY, o Nowlgnificant ehnnges
15, fennlo normals funetlan, {(Onmedintely nfter) {45 minutng tater) ohaerved in VLY /VE,
Bwoden, {muat vmokern), B, 12 elgnrettvy, 1. Slgnlfleant deerease. Naslgniliennt decreuse.

(to7). 1116 mnde nud 1 C. 6-0 minutes 11, Signiticont deerense, Significunt decrenne,
fomale pulmonary por clrnretie,
dixcise patlents
{must smokers) .

Zamel I. 8 mnlenand ¢ A. Body plethye Airway resistance
ctol, female nonsmokers, smography. I. Significant increase,
1063, I11. 8§ maleand 6 B. 1l cigaretie, 11, Significant {ncrense.
England, femnle smokers C., Undefined,

(240), (18-32 yenrs
of age.)

Chapman, I. 12 normel A. Pulmonary function 1. All showed a decrcase in diffusing capacity,
19635, volunteers Arteriul hlood 11, 4/6-—yignificant decrease in arterial 02 tension,
Ircland (all smokers). atudies. No change in vital capacity or FEV.
{48). 11. 6 patients with B. 1 cigoretie,

chronic non- C. Undefined.
apecific lung
disease,

McDermott I. 32 normals. A. Body plethy- Mcan airway resiatance Light amokcrs showed
and 11. 28 with chronle smography, 1. Significant incerease. greater changes than
Collins, bronchitia B. Cigarette. 11, Siguificant increase. heavy smokers,
1965, (Al ciga- C. Undefined.

Wales rette smokers
(160}, 3560 years

of age.)
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TABLE 11.—Ezperiments concerning the acute ¢ffect of cigaretie smoke inhalation on human pulmonary function (cont.)

Author, A.Mcthod?

year, Number and B. Material?
country, type of C. Duration of Results Commenta
reference population smoking

Miller and 10 normal A. Esophsgenl balloon Dynamic Ingpiratory and
Sproule, cignrette technique. FEV, ¢ compliance expiratory rcatatance
1966, smokers B. 1 cigarette. No significant Significont Significant
U.S.A, (40 years C. One inhalation change decrease, incrense
(166). of age}. every 30-60

seconds,

Sterling, 11 normal adults A. Body plethy- Airway resigtance
1067, (B smokers, smography. Significant increase {Return
England 3 nonsmokers), B. 15 inhalations. to normal in 80 minutes).

(210). C. § minutes,

Chiang and 7 male normal A. Pulmonsary function Nitrogen washout Lung clearance Alveolar dilution All lung volumcs,
Wang, nonsmokers Nitrogen washout. time indcx factor except for residual
1970, (18-43 years B. 2 cigarettes. Significant Significant Significant volume showed no
Formosa of age). C. Undefined. increase. increase. decreuse. significant ¢hange.
(61}, No sixnificunt

chunge in uny of
the low rates,

Guyatt 710 subjects; A. Body plethy- Bronchoconalriction On the aversge, nuns
et al, 508 smoked amography. Significant increase with smoking. smokers and ex-asmokors
1970, between mens- B. 1 cigarette. showed bronchudilation
England urce 202 C. Undefined. and smokers showed
(100}, did not emoke.

bronchoconstrictivn,
The nuthors pustulate
that the result nmong
nonsmokers is duo to
the relense of adrenal
hoymones in these sub-
jects.

? All the experiments listed concern studies of pulmonary function be-
fore and after smoking the epecified number of cigarettes {unless other-

wise specified).
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TABLE 12.—FEzperiments concerning the c¢ffcct of cigurctte smoke on human and animal pulmonary clearance
Author,
year,

country, Subjects Mecthod
reference

Rewults Commenta

Laurenti Swisa-Wobster Mice exposed to Significant incrense in 8. aurcus retention in mice exposed to:

ct al, male mice, aerosol of S. aurcus {n) hypuxia—rctention ratio 2.5 (10 percent 02).
1963, and sacrificed at (L) cigarctte smoke—retention ratio 4.5,
U.8.A. fntervals following
(149}, exposure to various
stimuli,
LsaBelle Albinoe female Silver ivdide or 17-30 hours ul exposure to cigarctle smoke coused no change in pulmonary
et sl, rabbits. colloidnl gold clenrance a3 cumpared with controls Lreathing room air.
1966, intratracheally,
U.S.A.
(143).
Baiy and Sprague-Dawley Radioactive aerosol. Acute exposure to cignrette smoke had no gross effect on clearance. Chronie
Dilley, female rata, exposure to cigarclte smoke (up to 18-20 cigarettes/7 bour day/5 day week
1967, male beagle dogs.  Radioactive aerosol. for up to 420 days) had no obscevable cfTects, The authors noted, however,
US.A, that normal clearance ratcs were too low to reflect anything but complete
(£3). cessation.
50 percent 90 percent + Approximate values.
clearance clecarance  Noneof 9 nonsmokers
Albert 36 subjects Radionctive tagged Number of  Average time time had 50 percent times
et al., undergoing 117 I"‘e()2 particles subjects age (minutcs) {mrnufces) over 200 minutes or
1969, experiments. measured with Nonsmokers .......ovvvevene 8 28 88 3587 90 pereent times over
U.S.A. Scintillation All smokers e, R V') 33 172 1406 600 minutes while
(2). counter, 20-29 cigarettes/day ..uhinn 1 29 181 1519 6/14 smokers exceeded
30~40 cignrettes/day ...... .. 1 36 163 t474 both these limits,
Uranium miners ... ........ 3 62 310 580
Cigar and pipe smokers e 4 46 87 316
Emphysemun patients ......... 2 66 330 5675
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TABLE 12.~—Ezperiments concerning the effect of cigarette smoke on human and animal pulmonary clearance (cont.)

Author,
Year,
country, Subjects Method Reaults Comments
reference
Albert Donkeys exposed Redioactive tagged Average Trachael tranait Those donkeys cxposed
et al, to cigarette Fco._, particles number time to the greatest
1969, smoke by nasal measured with cigarettes in Percent clearance Halftime clearance amount of smoke
U.5.A. catheter. Scintillation 2-hour period  Control  Cigarctte Control Ciparette Control Cigarctte showed residunl
{2), counter. 18-24 58 s} 1.2 1.9 0.6 1.2 impairment of
36 58 64 1.0 34 04 6.8 clearance for at least
2 monthy after acute
exposure.
Holma, Rabbits Cr®! monodisperse Exposure to fresh cigarctte smoke (1.5 cc. puffs, 40 puffa/8 minutes) caused
1969, (ancsthetized), polystyrene & “‘significant’ increase in lung retention 10 minutes following cessation of
U.S.A, aerogol, exposure.
(125).




originate in tobacco smoke. The authors suggested that the tobacco
smoke may have induced abnormalities in the mitochondria of the
macrophage. In a study of pulmonary macrophages harvested by
endobronchial lavage from smokers and nonsmokers, Pratt, et al.
(187) observed that the macrophages of smokers contained an ab-
normal pigment.

These studies indicate that the function of pulmonary clearance
carried on by the macrophage and ciliary systems is 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 A14. Exposure of rat and dog lung extracts
to cigarette smoke has been found to induce a notable decrease in
the maximal 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 emphysema is 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 Al5 presents a
summary of these studies. Lowe (157) observed an excess of
smokers among 705 tuberculosis patients, but Brown and Campbell
(48) in a similar study found that the difference was not present
when the cases and controls were matched for aleohol intake. More
recent studies have been concerned with the frequency of upper
respiratory infections among groups of smokers and nonsmokers.
A number of investigators (108, 181, 183) have reported increased
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rates of respiratory illnesses among smokers, Finklea, et al. {83)
studied a male college population (prospectively) during the
1968-69 influenza epidemic. They found that smokers of all amounts
experienced more clinical illness than did nonsmokers and that this
relation 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 cases 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 zerosol 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, et al. (109)
and Ehrlich, et al. (75). These investigators exposed squirrel
monkeys to atmospheres containing 10 and 5 p.p.m. of nifrogen
dioxide. They observed that this exposure increased the suscepti-
bility of the animals to airborne Klebsielle 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 symptoms of 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 examine the questions
of whether smokers run an increased risk of developing postopera-
tive pulmonary complications over nonsmokers undergoing similar
operations.

Morton (173) reported on a study of more than 1,100 patients
undergoing abdominal operations in which he found that cigarette
and mixed smokers were significantly more likely to develop bron-
chitis, bronchopneumonia, or atelectasis during the postoperative
period than nonsmokers (table A16).

Wiklander and Norlin (229) examined the incidence of post-
operative complications in 200 patients undergoing laparotomy in
the 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 in
smokers and nonsmokers. No information about the definition of
a smoker and no data on dosage of tobacco smoke were reported.

Piper (186) observed the prevalence of postoperative pulmonary
complications in 150 patients undergoing laparotomy. Of the total
sample, 66.7 percent developed pulmonary complications during
the first postoperative week. All patients considered in the statis-
tical analysis as having pulmonary complications had radiographic
evidence of disease. Of the cigarette smokers, 73.5 percent had
complications as compared to 55.5 percent of the nonsmokers.
YWhen the smokers were divided according to dosage, heavy smok-
ers being those consuming more than 10 cigarettes per day for the
previous six months, 55 percent of light smokers and 88 percent
of heavy smokers were considered to have postoperative compli-
cations. Piper also reported that stopping smoking for up to four
days 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 the
cigarette smokers, 14.8 percent developed complications as com-
pared to 6.3 percent of the nonsmokers. The substantial difference
between 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 postoperative
hypoxemia in 10 patients, 5 of whom were cigarette smokers. Four
of the smokers had chronic bronchitis. He found that the smokers
had a more pronounced decrease in 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 de¢reased 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 se-
verity of asthmatic attacks in patients already suffering from this
disease.

3. The risk of developing or dying from COPD among pipe 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
1s 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 atmospherie 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-
monary histology. 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 have histologic changes charac-
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teristic of COPD in the bronchial tree and pulmenary parenchyma
more frequently than do nonsmokers.

9. Respiratory infections are more prevalent and severe among
cigarette smokers, particularly heavy smokers, than among

nansmokers.
10. Cigarette smokers appear to develop postoperative pulmo-
nary complications more frequently than nonsmokers.
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