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Foreword

Section 5(d) (1) of Public Law89-92, the Federal Cigarette Label-

ing and Advertising Act, requires the Secretary of Health, Educa-

tion, and Welfare to submit an annual report to the Congress

“concerning (A) current information on the health consequences of

smoking and (B) such recommendations for legislation as he may deem

appropriate.” This 1968 Supplementto the 1967 Public Health Service

review, “The Health Consequences of Smoking”, was prepared for the

Secretary pursuant to this section. The Secretary's report was delivered

to the Congress on July 1, 1968. It is printed below,

The information presented in the accompanying report, “The Health Con-

sequences of Smoking, 1968 Supplement,” confirms or strengthens the conclu-

sions of two previous studies published by this Department—the 1964 Report of

the Surgeon General's Advisory Committee on Smoking and Health, and the

1967 Report on the Health Consequences of Smoking.

These conclusions are that smoking is a serious health hazard in this country,

one which is bringing about much unnecessary disease and death within our

population. In the words of the 1964 Report, adequate remedial action is re-

quired. In my opinion, the remedial action taken until nowhas not been adequate.

J therefore recommend:

1. The warning statement required by the Federal Cigarette Labeling

and Advertising Act should be strengthened. This Department would support

the wording recommendedlast year by the Federal Trade Commission, or a

suitable paraphrase of the wording.*

2. This warning should be required to be placed not only on the cigarette

package but on cigarette vending machines and in all advertisements.

3. Levels of “tar” and nicotine in cigarette smoke should be published on

cigarette packages, on cigarette vending machines, and in all advertisements.

Authorization is also needed to make it possible to add other harmful

agents to this listing.

4. Appropriations should be made to the Federal Trade Commission to

permit the Commission to test all cigarette brands on a quarterly basis for

“tar” and nicotine and other harmful agents in cigarette smoke.

Lawl8 OT

Secretary.

*The wording recommended by the Federal Trade Commission (Report to

Congress, June 30, 1967) was “Warning: Cigarette Smoking is Dangerous to

Health and May Cause Death from Cancer and Other Diseases.”



Preface

The following pages provide a reviewof current information on the

health consequences of smoking. As will be seen, the evidence attesting

to the harmful effect of smoking on health has continued to mount

during the pastyear, with newresearchfindings confirming the clini-

cu, expermmencal, and epidemiological relationships between tobacco

smoking and many forms ofillness related to it. The convergence of

research findings continues without substantial negative scientific

evidence, New considerations are presented concerning some bio-

mechanism involved in the pathogenesis of cardiovascular and bron-

chopulmonarydiseases.

This 1968 Supplemental Report reviewsthe recent research literature

on cardiovascular disease, chronic bronchopulmonarydisease and can-

cer that has become available since The Health Consequences of Smok-

ing, A Public Health Service Review: 1967 was published. This

publication in turn was a reviewof the research literature which had

appeared in the 314 years since the Surgeon General's Advisory Com-

mittee issued its monumental report in 1964, The current research

findings should be considered in the perspective of the research evi-

dence previously presented in the 1964 and 1967 reports.

Problems created by cigarette smoking have madethis a difficult

health issue. Effective preventive programs must be created if we are

to meet smoking’s grave challenge to humanhealth successfully and

reduce the burden of suffering and economic loss involved.

Letin)flLeas?
Surgeon General,
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Current Information on the

Health Consequencesof

Smoking

 



Highlights of The Report
 

General Mortality Information

Previousfindings reported in 1967 indicate that cigarette smoking 1s

associated with an increase in overall mortality and morbidity and

leads to a substantial excess of deaths in those people who smoke. In

addition, evidence herein presented shows that life expectancy among

young menis reduced by an average of 8 years in “heavy” cigarette

smokers, those who smoke over two packs a day, and an average of 4

years in “light” cigarette smokers, those who smokeless than one-half

pack per day.

Smoking and Cardiovascular Diseases

Current physiological evidence, in combination with additional

epidemiological evidence, confirms previous findings and suggests ad-

ditional biomechanisms whereby cigarette smoking can contribute to

coronary heart disease. Cigarette smoking adversely affects the inter-

action between the demandof the heart for oxygen andother nutrients

and their supply. Some of the harmful cardiovascular effects appear

to be reversible aftercessation of cigarette smoking.

Because of the increasing convergence of epidemiological and physi-

ological findings relating cigarette smoking to coronary heart disease,

it is concluded that cigarette smoking can contribute to the develop-

ment of cardiovascular disease and particularly to death from coro-

nary heart disease.

Smoking and Chronic Obstructive Bronchopulmonary Diseases

Additional physiological and epidemiological evidence confirmsthe

previous findings that cigarette smokingis the most important cause

of chronic non-neoplastic bronchopulmonary disease in the United

States.

Cigarette smoking can adversely affect pulmonary function and

disturb cardiopulmonaryphysiology. It is suggested that this can lead

to cardiopulmonarydisease, notably pulmonary hypertension and cor

pulmonale in those individuals who have severe chronic obstructive

bronchitis.



Smoking and Cancer
Additional evidence substantiates the previous findings that ciga-rette smoking is the main cause of lung cancer in men. Cigarette smok-ing is causally related to lung cancer in womenbut accounts for asmaller proportion of cases than in men. Smokingis a significant factorin the causation of cancer of the larynx and in the developmentof can-cer of the oral cavity. Further epidemiological data strengthen theassociation ofcigarette smoking with cancer of the bladder and cancerof the pancreas.



Smoking and Overall Mortality
 

The 1964 Advisory Committee’s Report (3) clearly and em-

phatically outlined the dangers of cigarette smoking to health. The

conclusions of the Committee, as outlined in the 1967 Report (2), were

as followst

CIGARETTE smoking is associated with a T0-percent increase im
the age-specific death rates of males, and to a lesser extent with in-

creased death rate of females. The total number of excess deaths
causally related to cigarette smoking in the U.S. population cannot be
accuratelyestimated. In viewof the continuing and mounting evidence

from manysources,it is the judgment of the Committee that cigarette

smoking contributes substantially to mortality from certain specific
diseases and to the overall death rate.
In general, the greater the number of cigarettes smoked daily, the

higher the death rate. For men who smoke fewer than 10 cigarettes a

day, according to the seven prospective studies, the death rate from all

causes is about 40 percent higher than for nonsmokers. For those who

smoke from 10 to 19 cigarettes a day,it is about 70 percent higher than

for nonsmokers: for those who smoke 20 to 39 a day, 90 percent

higher, and for those who smoke 40 or more, it is 120 percent higher.

Cigarette smokers who stopped smoking before enrolling in the

seven studies have a death rate about 40 percent higher than non-

smokers, as against 70 percent higher for current cigarette smokers.

Men who began smoking before age 20 have a substantially higher

death rate than those who began after age 25. Compared with non-

smokers, the mortality risk of cigarette smokers, after adjustments for

differences in age, increases with duration of smoking (number of

years), andis higher in those who stoppedafter age 55 than for those
whostoppedat an earlier age.
In two studies which recorded the degree of inhalation, the mor-

tality ratio for a given amount of smoking was greater for inhalers

than for noninhalers.
The ratio of death rates of smokers to that of nonsmokersis highest

at the earlier ages (40-50) represented in thesestudies, and declines

with increasing age.
Possible relationships of death rates to other forms of tobacco use

were also investigated * * *, The death rates for men smoking less

than 5 cigars a day are about the same as for nonsmokers. For men

smoking more than 5 cigars daily, death rates are slightly higher.

There is some indicationthat these higher death rates occur primarily

5



in men who have been smoking more than 30 years and who inhale thesmoke to some degree. The death rates for pipe smokers are littleif at all higher than for nonsmokers, even for men who smoke 10 ormore pipefuls a day and for men who have smoked pipes more than30 years,

Infact, the Committee’s concern was of such an immediate naturethat they recommended; “* * # appropriate remedial action.”The 1967 report reviewed the literature of the 314 years subsequentto the 1964 report and found no evidence to refute the conclusions ofthe latter,
Additional evidence was given whichclarified some of the patho-biomechanisms of the diseases associated with smoking. The findingsof the 1964 report were strengthened and some newones stated. Newdata on the general mortality and morbidityassociated with smokingwere presented. The highlights of the 1967 report are given below:
1. The previous conclusions with respect to the association hetweensmoking and mortality are both confirmed and strengthened by therecent reports. The added period of followup and analysis of deathsof nonrespondents as well as of respondents in the Dorn Study sug-gests that the earlier reports may have understated the relationship.2. More information is nowavailable for specific age groups thanpreviously, A comparison of three ways of measuring the relationshipindicates that cigarette smoking is most important among men aged45 to 54 both in terms of mortality ratios and excess deaths expressedis a pereentage of total deaths. Nevertheless, uthough both of thesemeasures decline with advancing age, the increment added to the deathrate, whichreflects one’s personal chances of being affected, continuesto increase with age. For men between the ages of 35 and 59, theexcess deaths among eurrent cigarette smokers account for one outof every three deaths at these ages, For women, with their lower oyer-ull exposure to cigarettes, the comparable figure is about one death outof every 14 at ages 35 to 59,

3. Women who smoke elgarettes shaw slenifieantly elevated deathrates over those who have never smoked regularly. The magnitude ofthe relationship varies with xeveral measures of dosage. By and largethe same overall relationships between smoking and mortality areobserved for women as had previously been reported for men, but ata lower level. Not only are the death rates for men who have neversmoked reewlarly higher than those for women whohave never smokedregularly, but the effect of smoking as measured either by differences indeath rates or by mortality ratios is greater for men than for women.At Teast part of this can be accounted for by the lower exposure offemale cigarette smokers whether measured by number of cigarettes,duration of smoking, or degree of inhalation,
4. Previous findings on the lower death rates among those who harediscontinuedcigarette smoking are confirmed and strengthened bytheadditional data reviewed. Kalu's analysis of ex-smokers in the U.S,veterans study—controlling for age at which they began snioking,‘unount smoked, and current ige—reveals a downward trend in riskrelative to those who continued to smoke as the duration of time dis-continued increases. The British physician study, in which a down-
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ward trend is reported in lung cancer deathrates for the entire group

(smokers, ex-smokers, and those who never smoked, combined) along

with a very sharp reduction in cigarette smoking by the physician,

is the best. available example of a controlled cessation experiment with
reduction of risks resulting from reduction of smoking. Thefindings

of this report support the view that epideniological data showing
lower death rates among former smokers than among continuing
smokers cannot be dismissed as due to selective bias and that the bene-

fits of giving up smoking have probably been understated.
5. Cigarette smokers have higher rates of disability than nonsmok-

ers, whether measured by days lost from work among the employed

population, by days spent ill in bed, or by the most general measure

—days of “restricted activity” due to illness or injury, Data from the

National IHealth Survey provide a base for estimating that in 1 year

in the United States an additional 77 million man-days were lost from

work, an additional 88 million man-days were spent ill in hed, and

an additional 306 million man-days of restricted activity were experl-

enced because cigarette smokers have higher disability rates than non-

smokers. For men age 45 to 64, 28 percent of the disalility days ex-

perienced represent the excess associated with cigarette smoking.

In the 1967 Report the following questions were emphasized:

1. How much mortality and excess disability are associated with

smoking ?

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

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

3. Tow muchof this early mortality and excess disability could be

averted by the cessation or reduction of cigarette smoking?

4. What are the biomechanisms whereby these effects take place

and what are theeritical factors in these mechanisms?

The problem of howbest to measure the relationship between smok-

ing and mortality was presented by three meaningful measures of

comparison:

1. Mortality Ratios: Obtained by dividing the deathrate for a clas-
sification of sinokers by the death rate of a comparable group of non-
smokers * * * A mortality ratio has been considered to reflect the
degree to which a classification variable identifies or may account for

variations in death rates. As such, it isa mensure of relative risk which

indicates the importance of that variable relative to uncontrolled vari-
ables—an indicator of potential biological significance,

2. Differences in Mortality Rates: Obtained by subtracting from

the death rate for smokers, the death rate of a comparable group of
nonsmokers * * *, This measure reflects the added probability of
death in a 1-year period for the smoker over that for the nonsmoker.
As such it is a measure of personal health significance, a means for
the individual to estimate the added risk to which he is exposed.

3. Excess Deaths: Obtained by subtracting from the number of
deaths occurring in a group of smokers, the number of deaths which
would have ocenrred if that group of smokers had experienced the
same mortality rates as a comparable group of nonsmokers. In the
example which follows this has been reported as a percentage of all

315-131 O—68—__2 7 



TapiE 1.—Comparison of mortality rates for smokers and nonsmokers

by age and ser: Based on data from U.S. Veterans Study and

Hammond Study
 

 

 

Study population, sex, and measure of | 35-44 45-54 | 55-64 | 65-74 75-84

mortality | years years years years years

U.S. VETERANS: MEN

Total number of deaths- ----- 383 366

|

13, 840

|

17, 550 | 1, 932

Death rates per 100,000:

Never smoked regularly -- - - ---- 127 264 1,056 | 2,411

|

6, 214

Current cigarette smokers- --- -- 232 728 1, 819 4,032 | 8,471

Mortality ratio 1_._._-------------

Difference in death rates per

 

193} 276) L72| 167 1. 36

100,000 ?___.-_----------------- 105 464 763 1, 621

|

2, 257

Excess deaths as pereentage of

total 3._._-....------------------ 33 43 21 17 8

Hammond MEN

Total number of deaths- --- -- 631 5,297 | 8, 427 8, 125

|

3, 968

Death rates per 100,000: | |

Never smoked regularly--. ------ 210 | 406 1, 202 | 3, 168 | 7, 863

Current cigarette smokers------! 397 | 925 | 2, 202 4, 788 9, 674

Mortality ratio !_.---------------- 1. 89 2.28 | 1.83 1. 51 1. 23

Difference in death rates per | | |

100,0002.......-----------=187 519 | 1,000. 1,620! 1,811

Excess deaths as percentage of | | | |

total 3.__._.._------------------ | 33 38 25 13 | 4

HamMMOND WOMEN | | | |

Total number of deaths---- -- 727, 2,826 3,915, 3, 115 | 4,188

Deaths rates per 100,000: | |

Never smoked regularly-------- 165 304 | 69S 1,913 : 5, 914

Current cigarette smokers_._- -- | 186 384 | S38 | 2, 229 5, 846

Mortality ratio !_..--------------- 113; 1.26 1.20: 117) .99

Difference in death rates per | | |

100,0002_..----------- 2-2 21 | so} 104 | 316) 68

Excess deaths as percentageof

ot ° on
t
S — ey It ‘ t t ‘ t 1 ' 1 ‘ 1 ' H ' 1 ' Hl ’ t Il t L ‘ 1 ' u

e

 

  

1 Mortality ratios—death rate fer current cigarette smokers divided by death rate for those who never

smokedregularly.

2 Differences in death rates—deathrate for current cigarette smokers minus deathrate for those who never

smokedregularly.

3 Excess deaths among current cigarette smnokers (i.e., additional deaths that oceurred among current

cigarette smokers per year above those which would have occurred if smokers had the same death rates as

those who never smokedregularly). This is expressed as a percentage of all deaths oceurring in that age-sex

group.

Source: The Health Consequencesof Smoking (2).



deaths in the appropriate age group * * *. It should be noted that

this measure not only depends on the differences in death rates be-

tween the smokers and the nonsmokers, but also on the proportion of

smokers in the group. Thus, even with a large difference in rates

between smokers and nonsmokers, a population with very few smok-

ers would have very few excess deaths. This measure is therefore an

indicator of the public health significance of the differences found

since it measures the number of people affected and therefore the
magnitude of the problemfor society as a whole.

As seen in table 1, from the 1967 report, the magnitude of the prob-

lem is reflected in the statement:

Reviewing both study groups it appears that for men between the

ages of 35 and 60 approximately one-thirdof all deaths that occurare

excess deaths in the sense that they would not have oecurred as early

as they did if cigarette smokers had the same death rates as the non-
smoking group. For women, the percentage is much lower, reaching

a peak of 9 percent of all deaths in age group 45-54.

Another valuable measure of comparison was recently calculated

by Hammond(1), from his study of over 1 million men and women.

Life expectancy of men with respect to cigarette smokers and non-

smokers is shown in tables 2 and 3. Thelife expectancy for a two-pack

a day, or more, smoker at age 25 is 8.3 years less than that for the

corresponding nonsmoker. Men at age 35 and over, who smoke two

or more packs of cigarettes per day, have between 20 and 25 per cent

less life expectancy than their corresponding nonsmoking counter-

parts. Even “light” smokers, those who smoke less than 10 cigarettes

per day, have from 2.8 to 4.6 fewer years of life expectancy than cor-

responding nonsmokers.

TABLE 2.—Estimated years of life expectancy at various ages for males

in the United States, by daily cigarette consumption
 

 

   

Numberof cigarettes

Never smoked per day

Age smoked _

regu-
larly 1-9 |10-19 |20-39 |40 and

over

25 years__.-_-____-------------------- 48.6 44.0 43.1 42.4 40. 3

30 years_______-_._------------------- 43.9 | 39.3 38.4 37.8 35. 8

35 years__.--__----------------------- 39.2 34.7 33.8 33.2 31.3

40 years___._-._.--------------------- 34.5 30.2 29.3 28.7 26. 9

45 years_.________--------------------- 30.0 25.9 25.0 24.4 23. 0

50 years._.-_._----------------------- 25.6 21.8 21.0 20.5 19. 3

55 years_..____._-.-_----------------- 21.4 117.9 17.4 17.0 16. 0

60 years_.._._-__.-___-_----_----------- 17.6 14.5 141] 13.7 13, 2

65 years___-._.eee 14.1) 11.3 5 11.2; 11.0 10.7

|   
 

Sovgce: Hammond, E. C. (1).



TABLE 3.—Loss in life expectancy at various ages for cigarette smokers
compared with nonsmokers

{Loss in years is also expressed as a percent of the total life expectancy of nonsmokers}
 

 

 

 

      
 

Numberof cigarettes smoked per day

Age 1-9 10-19 20-39 40 and over

Years | Percent Years Percent Years Percent Years Percent
lost | lost lost i lost

| |
25 years. .-.-------- 46, 95) 55/113) 62/128) 83] 17.1
30 years..___------- 4.6 | 10.5 5.5 12.5 6.1 ; 13.9 8.1 18.5

35 years.___._-.___- 45/115) 54;138/) 60 153] 7.9] 202
40 years___.__---_-- 4.3 12.5 5.2 15.1 5. 8 16. 8 7.6 22.0

45 years__.-_.___--- 4.1 13.7 5.0 16.7 5.6 | 18.7 7.0 23. 3
50 years___-_-------- 3.8 14.8 4.6 18.0 5.1: 19.9 6.3 24. 6

55 years____--__---- 3.5!164: 40/187: 44 ; 20.6 5.4 25. 2

60 years_-...------- 3.1°176 385/199 39 222) 44) 25.0
65 years_____----_-- 28 199; 29/206. 31, 22.0 3.4 24.1

on | |
Source: Hammond,E. C. (1).
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INTRODUCTION

The primary purpose of the 1968 Supplemental Reportis to review
the pertinent literature that has become available subsequent to the
1967 Report. Brief mention of the conclusions of the 1964 Report and
the highlights of the 1967 Report is madeto facilitate an understanding
of the significance of the most recent information. The current research
findings should be considered in the perspective of the research evi-
dence previously presented in the 1964 (748) and 1967 (746) Reports.

Concivsions or THE 1964 Rerorr (748)

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

Hienvicuts or rie 1967 Reporr (146)

1. Additional evidence not only confirms the fact that cigarette
smokers have increased death rates from coronary heart disease, but
also suggests how these deaths may be caused by cigarette smoking.
Thereis anincreasing convergence of manytypes of evidence concern-
ing cigarette smoking and coronary heart’ disease which strongly
suggests that cigarette smoking can cause death from coronary heart
disease,

2. Cigarette smoking males have a higher coronary heart disease
death rate than nonsmoking males. This death rate may, on the
average, be 70 percent greater, and, in some, even 200 percent greater
or more in the presence of other known “risk factors” for coronary
heart disease. Female cigarette smokers also have a higher coronary
heart disease death rate than do nonsmoking females, although not
as high as that for males. In general, the death rates fromthis disease
Merease with amount smoked. Cessation® of cigarette smoking’ is
followed by a reduction in the risk of dying from coronary heart
disease when compared with the risk incurred by those who continue
tosmoke.

3. A greater frequency of advanced coronary arteriosclerosis is
noted in male cigarette smokers, especially in those who smoke
heavily.

4. Additional evidence strengthens the association hetween cigarette
smoking and cerebrovascular disease, and suggests that some of the
pathogenetic considerations pertinent to coronary heart disease mayalso apply to cerebrovascular disease.

 

*Those who have stopped smoking cigarettes have a lower risk of dying from coronary
heart disease than those who continue to smoke,
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SMOKING AND CORONARY HEART DISEASE

Coronary Heart DiskAse Morraurry
As in the past two decades, coronary heart disease in the UnitedStates continues as the leading cause of death, being responsible in 1967

for 567,710 deaths or 31.0 percent of the total of 1,833,900 deaths.
Since age specific data are not yet available for 1967, table 1 shows

the number of deaths due to coronary heart disease and the death
rates per 100,000 persons by age for 1966.

TABLE 1.—Coronary heart disease deaths and death rates per 100,000
population, by age: United States, 1966

[Disease -ategory 420 in the ICD Manual, 1957]
 

 

Age Numberof Death
deaths rates

Total_-.-_2.2228 573, 191 292. 7Under 25 years...2222 250 0.325-34years... 1, 469 6.635-44 years__-22! 12, 522 52. 045-54 years. --_2-88 45, 997 206. 3
55-64 years__-_- 99, 647 577.365-74 years_-_-88 162, 555

|

1, 405, 275-84 years. _8! 171, 737

|

2,979.5
85 and over____.0-- wee eee eee 78, 854

|

7,015.5
Not stated__-222-22 160 (X)  
 

X—Not applicable.

SOURCE: Monthly Vital Statistics, National Center for Health Statistics (147).

These data illustrate the dramatic increase in death rates as age
advances, with the increase being particularly marked after age 45,
The death rates for coronary heart disease for men and womencontinue
to show a conspicuous difference. In 1966 it was 361.6 for males and
226.5 for females per 100,000 population.
While several studies of various aspects of the association between

coronary heart disease mortality and cigarette smoking have heen
reported during the past vear, the most significant studies of this
association are contained in the 1967 report,
The several newstudies of various aspects of the association between

coronary heart disease mortality and cigarette smoking follow.
Friedman (46) reported a strong positive correlation between per

capita cigarette sales and coronary heart disease deathrates bystates.
The correlationis 0.76 when data only from those states with relatively
accurate information of cigarette consumption are analyzed. Related
factors such as urbanization or softness of the local water supply do
not explain this degree of association.
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Other studies deal with the excess deaths associated with smoking.

Strobel, et al. (740) reported that among 3,479 Swiss physicians, over

40 percent of the excess deaths occurring over a 9-year period among

smokers was due to coronary heart disease.

In contrast to the study above and data from the United States in

which approximately one-half of the excess deaths associated with

smoking are attributed to cardiovascular causes (148), preliminary

data from Hirayama (65) showthat the excess deaths in Japan associ-

ated with smoking were primarily explained by cancer of varioussites.

Only 12 percent of the excess deaths were associated with cardio-

vascular causes. This prospective study of 265,118 adults over the age

of 40 encompassed a followup periodof 15 months. Additional follow-

up by Hirayama should yield useful data with respect to smoking and

excess mortality from cardiovascular diseases in this Japanese popu-

lation group, particularly with regard to the younger adults in the

study.

Hyams, et al. (67), on the other hand, speculate that the apparent

increase in the occurrence of coronary heart disease among Japanese

males, especially underthe age of fifty, may be due to a trend toward

Westernization in both diet and smoking habits among younger

Japanese men.

Hammond (54), in his prospective study of over 1 million men and

women, showed a positive relationship between the duration of the

smoking habit and coronaryheart disease mortality. In the Framing-

hamHeart Study (77), no association was found between the duration

of the smoking habit and theincidence of mortality from heart attacks

among men who were “heavy smokers” (more than one package of

cigarettes per day).

These discrepancies between the relationship of smoking to the

incidence of total coronary heart disease and mortality from acute

coronaryheart disease may be accounted for, in part, by the differences

in population groups studied and by the possibility that duration of

smoking may have a greater association with the fatal forms of

coronary heart disease.

Kannel, et al. (70), in more recent. data from the Framingham

study, indicate that the fatal and more severe forms of coronary

disease are more strongly associated with cigarette smoking that the

less severe forms(figure 1).

Coronary Heart Disease Morbidity*

Muchof the morbidity data reported during this past year resulted

from retrospective studies of patients or cross-sectional studies (106,

107, 127, 134, 151). Tn these studies the findings revealed that there

* Also mayinclude mortality data in this presentation.
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Figure 1—Morbidity ratios for xpecified manifestations of coronary heartdisease, among men aged 30-59 years at entry into Framingham HeartStudy, classified by smoking habit: 12 years’ experience.
Source: Kannel, et al. (70).

were relatively more smokers among the groups with coronary heart
disease, than among the comparison,or control groups.
In a retrospective study of myocardial infarction patients in Japan,

Hyams, et al. (67) reported similar findings, particularly among the
men under age 50, Differences measured by an exposure index com-
bining intensity and duration of smoking showed the same trend,
though the data were not statistically significant.
Dorken (30, 3/) reported on two retrospective studies in Hamburg,

Germany: one, a study of female patients; the other, a study of male
patients. He concluded that there is a strong association between
smoking and myocardial infarction in both males and females under
the age of 45.
In Dublin, Mulcahy, et. al. (106, 108, 109) studied groups of male

and female coronaryheart disease patients under age 60. He foundthat
& much greater portion of the patients, in comparison with a sample
of the general population, smoked cigarettes, Also, the intensity
(amount multiplied by duration) of smoking was as much as 214
times greater among the male patients and 3 times greater among the
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female coronaryheart disease patients as contrasted with the males and

females in the general population.

In a studyof 675 aviators, smoking histories taken in 1963 did not

showa positive association in the prevalence of coronaryheart disease

witheither amount, duration, or intensity of smoking. These findings

are based on 38 cases (5.7 percent) of coronary heart disease of all

forms among a veryselect: population and are therefore subject to

large sampling variations (96). Moreover, since smokers may have an

excessive mortality during an acute myocardial infarction, as men-

tioned before, prevalence rates are not as good a measure of the asso-

ciation between smoking and coronaryheart disease as are incidence

rates.

Epstein (39), although finding no prevalence differences between

smokers and nonsmokers in his Tecumseh Study, found an increased

incidence in cigarette smokers of both fatal and nonfatal coronary

heart disease.

In a short prospectivestudy of 14,000 Norwegian men (12,000 with

smoking histories), Natvig (113) did find an increased risk of inci-

dence of first myocardial infarction or angina pectoris among those

men50-59 yearsof age who smoked.

Since the 1967 Report, the continuing prospective epidemiologic

studies have somewhatclarified the differential relationship between

smoking and each of the manifestation categories of coronary heart

disease: angina, nonfatal myocardial infarction, fatal myocardial

infarction and suddendeath.

Data from the Framingham Heart Study (69) revealed that “heavy”

cigarette smoking, more than 20 cigarettes per day, is positively asso-

ciated with uncomplicated angina in males but not in females

(figure 2).

Similar findings were reported by Weinblatt (155) in a study of

male subjects in the Health Insurance Plan with the associations more

pronounced among those men who smoked two or more packages of

cigarettes per day. As can be seen, in table 2, the arithmetic differ-

ences in rates between smokers and nonsmokers are greater for myo-

cardial infarction than for angina; however, the risk ratios are

similar.

In a retrospective study, Heyden-Stuckiet al. (67) found no asso-

ciation of smoking with anginaor other chest complaints.

The inconsistencies in data on the association between smoking and

the development of angina may be due in part to differences in

methods used to diagnose andclassify angina andto record smoking

habits in these epidemiologic studies. Further standardization in this

area may help to determine more accurately the relationship of smok-

ing to angina.
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Ficure 2—Angina pectoris morbidity ratios among persons aged 30-59 years at
entry into Framingham Heart Study, classified by sex and numberof cigarettes
smoked: 12 years’ experience.

Source: Kannel,et al. (69).

TABLE 2.—Age-adjusted incidence rates per 1,000 males aged 35-64,
and morbidity ratios, for specified manifestations of coronary heart
disease, by smoking category: Health Insurance Plan Study

{3 year observation data]

 

Myocardial infarction Angina
 Smoking category !
Incidence |Morbidity |Incidence Morbidity

 

rate ratio rate ratio

Current nonsmokers_._.-_____.________. 3. 27 1.0 1. 37 1.0
Current cigarette smokers.__....________ 7.01 2.1 2. 62 1.9

Less than 2 packs._..___________. _- 5. 05 1.5 2. 08 1.5
2 or more packs______________.____ 20. 80 | 6. 4 6. 64 4,8  
 

Source: Weinblatt, E. (756).

20



In the Western Collaborative Study, Rosenman et al. reported

higher rates of silent myocardial infarctions in younger men, and

higher rates of recurrent myocardial infaretions at all ages among

those who smoked more than 25 cigarettes per day (123, 124).

Friedemann,et al. (44) reported reinfarctions occurred more fre-

quently among smokers than nonsmokers.

Dorken (29) found in aseries of 330 menof all ages, in Hamburg,

who survived at least 3 and up to 6 years after their first myocardial

infarction, that 172 (52 percent) had stopped smoking completely

after the first infarction. In contrast, of 85 subjects who had died from

a second myocardial infarction or sudden coronary death after leaving

the hospital, only 28 (32.9 percent) had given up smoking completely

(P<0.001).

Re.ationsuips oF Cicsrerre Smoxtxne to Oruer Risk FAacrors

The ongoing prospective and other epidemiologic studies have

yieldedfindings which permit analysis of the interrelationships among

cigarette smoking and other factors considered to increase the risk

of coronary heart disease.

Age

Generally, the findings show that the incidence rate of coronary

heart disease increases with age, both among smokers and nonsmokers.

The morbidity ratio of coronary heart disease in smokers versus

nonsmokers decreases with age though the absolute number of excess

deaths among smokersincreases withage.

High Blood Pressure

Recent reports on the relationship between smoking and blood

pressure appear to support the findings in the 1967 report:

Although the inhalation of cigarette smoke is frequently accom-

panied by acute transit elevations in blood pressure, habitual smokers

tend to have lower blood pressures than do nonsmokers. But, given the

presence of high blood pressure in an individual, smoking acts as an

additional risk factor for the development of coronary heartdisease.

Heyden-Stuckiet al. (67) reportthat among 500 workers in Switzer-

land, smokers, particularly heavy smokers, have lower blood pressure
’ »P 3 y ’ p

as a group than do nonsmokers. Smokers also were found to have

normal or subnormal weights in contrast to nonsmokers who had a

greater mean weight; thus, confounding the relationship between

smoking and blood pressure level. Tibblin (744) in a cohort studyof

Scandinavian men born in 1913, found a lower mean blood pressure

among smokers than among nonsmokers. As the population was clas-

sified according to levels of blood pressure, a step-wise decrease in the

prevalence of smoking was noted as the level of blood pressure in-
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TaBLeE 3.—Afean age and mean systolic and diastolic blood pressure,
by smoking category: Los Angeles Heart Study, 1962
 

| Blood pressure
| (mm. of Hg.)

Current cigarette smoking status
 

   

 

Number of. Years of | Systolic Diastolie
subjects age

Smokers._.--.--222eee| 407 54, 133.6 82. 5

Nonsmokers...._....--..----.--------- | 728 57 | 137.0 83.9
|
{
  
Source: Clark, V. A. (28).

creased. A similar trend for both systolic and diastolic pressures was
also reported by Clark, et al. (23) as shownin table 3.

In the study of 675 aviators (96) smoking intensity, although not
found to be associated significantly with systolic or diastolic blood
pressures, was positively associated with pulse pressure. Reid, et al.
(122) in a comparative study of workers in Great Britain and the
United States noted lower diastolic blood pressures among smokers
than among nonsmokers in both groups; adjustment for weight
variations reduced this difference appreciably.

Mulcahy(707), in a retrospective study of 100 women coronaryheart
disease patients under 60 years of age, reported that 50 to 60 percent
had diastolic hypertension (>90 mm. Hg.). Hypertension and ciga-
rette smoking, together or separately, were present in over 80 percent

of these patients.

In the major prospective studies, when both smoking and hyper-
tension were present, an interactive increase in the risk of developing
coronary heart disease was noted. When to these two risk factors
elevated cholesterol levels were added, the risk of developing coronary
heart disease was further increased (figures 38 and 4).

High Serum Cholesterol and Related Diet

Certain of the retrospective and cross-sectional studies (62, 157)
have, in general, demonstrated higher cholesterol levels in smokers
than in nonsmokers. Pincherle, et al. (7/9) and Lane,et al. (96) report

smmilar findings. A study by Heyden-Stucki (67) of 500 Swiss workers
found a similar trend but the differences between smokers and non-
smokers with respect to cholesterol levels and other lipids were not
statistically significant.
A recent report (36) describes some of the variability of interrela-

tionships among smoking, blood pressure and cholesterol levels in
different population groups throughout the world. It concludes that
though nonsmokers tend to be heavier and have higher blood pressure
levels than cigarette smokers, heavy smokers tend to be in the top
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Relationship between status with respect to four coronary risk factors (hyper-

cholesterolemia, hypertension, overweight, and cigarette smoking) as evaluated

on original examination and incidence ‘ot 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 Companystudy, 1958-1962,

W is overweight,ie, a ratio of observed weight to desirable weight of 1.15 or

greater; C is hypercholesterolemia, ie, serum cholesterol level of 250 mg/100 ml

or greater; H is hypertension, ie, a diastolic blood pressure of 90 mm. Hg or

greater; S is smoking of ten or more cigarettes per day.!

Ficure 3—Incicence of coronary heart disease among men aged 40-59 years at

entry into Peoples Gas Light and Coke Company Study, classified as to pres-

ence of specified rixk factors: 1958-1962.

Source: Stamler, et al. (138).

deciles for blood pressure and relative weight. Cholesterol-smoking

relationships described in these studies do not show a consistent

pattern.

Tn a controlled dietary intervention study of postinfarction patients

Leren (97) found that smoking habits did not influence the serum

cholesterol level or the coronaryheart disease relapse rate in the control

group. Among the study group of dieters there was a suggestion,

thoughnotstatistically significant at the 0.05 level, that smokers had

a higher coronary heart disease relapse rate than nonsmokers.

Physical. Inactivity

The independent and combined effects of cigarette smoking and

physical activity, as described in the 1967 report, continue to be

demonstrated as more data are accumulated. The apparent protective

effect of physical activity appears to be more pronounced with regard

to myocardial infarction than angina [table 4, (755) ]. Differences

in methodsof assessment of history of physical activity In case versus

315-131 O—68——3
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at entry into Framingham Heart Study, classified according to presence of

selected risk factors: 12 years experience (Risk factors are: cholesterol level

over 250 mg/100 ml., systolic blood pressure over 160 mm. Hg., smoking over

1 pack of cigarettes per day).

Source: Kannel, et al. (70).

control groups may account for some differences in the incidence
rates noted.

Blackburn,et al. (70) found no relationship of smokingto the prev-
alence of postexercise ECG changes in a study of 10,260 men age 40
to 59 years. However, there were only 519 (5.1 percent) subjects with a
“positive” ECG response.

Sociological. Psychological and Personality Variables

Two studies (45. 64) demonstrated an inverse relationship between

the frequency of coronary heart disease and the educational level of

the subjects. In the Bell Telephone System (64), those men without

a college education had higher coronaryheart disease rates than those
with a college education. Also, those not attending college tended to

smoke more.

In a studyof factors related to coronary heart. disease among Cleve-

land attorneys (45), the quality of the law schools attended by the sub-
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Tapie 4.—Annnal age-adjusted incidence rates of specified manifesta-

tions of coronary heart disease per 1,000 males aged 35-64 and cor-

responding morbidity ratios, by smoking habits and physical activity

class: Health Insurance Plan Study

{3 year observation data}

! Myocardial infarction Angina

  

 

    

Smoking status and physical activity class
Incidence Morbility Incidenee Morbidity

 

rate ratio rate ratio

All current nonsmokers... -_------------- / 3,27 1.0 1.37 1.0

Not cigarette smokers:

Least active... .----------------- 6. 33 1.9 2.14 1.6

Intermediate. .._.-_--------------- 3. 07 0.9 1. 67 1.2

Most active._-------------- oe eee 3. 01 0.9 1. 32 .0

All current cigarette smokers:

Least active._._-...--------------- 10. 89 3.3 2.31 1.7

Intermediate.._..----------------- 5. SO LS 2. 83 2.1

Most active....-.----------------- 5.77 18 2.74 2.0

Less than 2 packs:

Least active......----------------- - 7.61 2.3 2.05. 1.5

Intermediate.....__--------------- * 4.71 1.4 2.37. 17

Most active....._----------------- ; 3. 85 1, 2 1.95 4

2 or more packs: ' |

Least active.......---------------- | 39.09 12.0 4, 97 3.6

Intermediate__._.----------------- 11, 27 3.5 5. 09 3.7

Most active......----------------- | 24, 09 7 12, 20 8.9

 

So ree: Weinblatt, E. (168).

ject were ranked independently by a law school professor. Lawyers

attending schools in the “highest law school quality group” had

lower rates of coronary heart disease than those attending schools in

the “lower law school quality group.” Also, those in the latter group

had started smoking at an earlier age. Since additiona] differences

were noted for otherrisk factors, smoking alone maynotbe responsible

for the total differences in these rates. In both studies, it was hypothe-

sized that with respect to susceptibility to development of coronary

heart disease, behavior patterns and attitudes established prior to

professional training andpriorto stresses resulting from job mobility

and job tension, were more significant than the later stresses which

resulted from their present jobs.

Recent data from the Western Collaborative Group Study (125)

appear to showthat among men 39—49 years of age, cigarette smoking

was associated with several coronary heart disease risk factors (table

5), Thoughthese findings may be statistically significant, the differ-

ences between smokers and nonsmokers were small.
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TABLE 5.—Age-adjusted means Jor selected coronary heart disease risk
factors and personal characteristics, by smoking category: Western
Collaborative Group Study, males 39-49 years of age

[414 years average observation data]

  

 

 
 

Smoking category

Variable
Percent

Never Smoked 26 difference
smoked cigarettes or more

per day

Serum cholesterol.._...-_-___.___.____ 217.2 231. 8 +6.7
Beta/alpha ratio.....--.._-_..__. 1.9 2.1 +10.5
Lipalbumin___--.--_-88 21.1 19, 4 —8. 1Systolic blood pressure..-___._________ 126. 3 129. 9 +2,9
Diastolic blood pressure_-_____________ 82.0 81.3 —0.9Ponderal index__._._--___.____..._.._. 12.6 12.7 +0.8
Physical activity on job-.-_____.._____ 1. 95 1.95 0
Amount of exercise.._._____._._______ 2.18 2. 05 —6.0
Income. _____.222-28 2.75 2.75 0

 

Source: Rosenman, R. H. (125).

Tare 6.—Percent distribution by behavior type of smokers and non-
smokers: Western Collaborative Group Study, males 39-49 years
of age

[414 years average observation data]

 

Smoking category

 

 

 

 

    

   

Behavior type Total |
Never Former Current 1-15 | 16-25 2% cig-smoked smokers pipe or cigarettes

|

cigarettes

|

arettes
cigar only per day per day

|

or more
per day

Total__.- 100. 0 100. 0 100. 0 100. 0 100. 0 100.0; 100.0

Type A_________ | 47.5 41.3 45. 0 48. 3 44.8 | 48.9 56. 7Type B__._____. 52.5| 587] 53.0 | 51.7| 55.2 | 511] 43.3

  

 
Test of difference of distributions: X?= 24.70; df=3; p=.001.
SouRcE: Rosenman, R. H. (128).

Behavioral pattern type A is characterized by an enhanced com-
petitiveness, drive, aggressiveness and hostility, and an excessive senseof time urgency as contrasted to type B. There was a difference in
the distribution of personality types A and B among smokers and
nonsmokers (table 6).
The foregoing data refer to concurrent observations gathered in

1960-1961 on 3,182 men who were then free of manifestations of
coronary heart disease. A follow-up of this population during the
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next 414 years disclosed that cigarette smokers experienced substan-
tially higher rates of coronary heart disease than those who had never
smoked. This finding is based on data for men 39-49 years of age,
which have been adjusted for the confounding influences of related
risk factors, such as age, cholesterol, etc. (table 7).

TasBie 7.—Incidence of new coronary heart disease by smoking category:
Western Collaborative Group Study, males 39-49 years of age

[434 years average observation data]
 

 

 

Rate per 10,000 population

Smoking category Number :
of men Adjusted for Not

concomitant adjusted
variables

Never smoked_______.__-2-=e 540 36 29

Former cigarette smokers... 22.22.2222 241 67 92

Pipe and cigar only__.__.____-----.-------_- 406 27 16
1-15 cigarettes____.. 2-22-2222 --- 212 51 | 52
16-25 cigarettes.....___.....------- eee 436 89 | 92
26 cigarettes and over_______.-_-_-ee 425 98 104  
 

Sotrce: Rosenman, R. H. (125).

The coronary heart disease rate for those men smoking 26 or more
cigarettes a dayis seen to be aboutthree times greater than for those
who never smoked. The rate for former smokersis still rather high,
even after adjustment for concomitant variables. The largest impact.

of the adjustment procedure is noted amongthis group, and suggests

that those who quit may have done so because they were already a

relatively high-risk group for reasons other than smoking. Therela-

tively low rate among men smoking only pipes and cigars is noted

in this as in other prospective studies.

The nature of the association of smoking and coronary heart disease

incidence among type A and type B personality groups is not easy

to characterize or interpret. Among the type A group, the pipe and

cigar smokers and the light cigarette smokers had the lowest rates

of incidence of new coronary heart disease, while the highest rates
were found among those smoking 26 or more cigarettes a day. For the

type B group, the lowest rates occurred among those who had never

smoked, and the highest among the light cigarette smokers. The age-

adjusted rates of newincidence of coronary heart disease per 10,000

men 39-49 years of age are shownintable8.

Additional data to permit concomitant analysis of these variables

and those in table 7 are needed.
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Tape 8.—ZJncidence of new coronary heart disease by smoking
category and behavior type: Western Collaborative Group Study,
males 39-49 years of age

[4% years average observation data]
 

 

Rate per 10,000 population

Smoking category rs
Behavior Behavior
type A type B

Total___..22eeeeee 91 33

Never smoked____. 2222-22-22ee 53 13

Former smokers.__.__.____-..-.-.------------------ 107 36

Pipe and cigars only....____.2-2-- 18 36

Cigarettes:
1-15____ 2eeeee 18 60

16-25______-____eee 135 33

26 and over.__.___-_._-_. 2 -_--- ------------- 149 51  
 

Source: Rosenman, R. H. (128).

Lane, et.al. (96) foundsignificant relationships of smokingintensity
and duration with personality factors—impulsiveness, emotional insta-
bility and belligerence scales.
Thomas (7/43) after reviewing various studies of psychological

variables related to coronary heart disease, concludes that smoking
may havedifferent effects on different personality types and at differ-
ent anxiety levels.

Multiple Risk Factors

The acceptance of a multiple factor causation hypothesis for coro-
nary heart disease emphasizes the need for more sophisticated statis-
tical analyses of appropriate data. Our understanding of the relative
importance of various risk factors from the limited number of such
special analyses has not been altered significantly from that obtained
by more conventionalstatistical analyses (38).

Clarification of the apparent independence of several of the major
risk factors has resulted.

Truett, et al. (745) emphasize that the major risk factors are noted
to have a different order of importance by age and sex. Cigarette
smoking is particularly important among younger males as noted in
table 9.

Genetic and Constitutional Studies

Baer (5) found that heavy smokers among college males were taller
than light smokers and nonsmokers, Lane, et al. (96) also found sig-
nificant associations between body size measurements, including
ponderal index (though not with height or weight individually), and
amount of smoking in the study of over 675 aviators.

28



TABLE 9.—Linear discriminant function coefficients (in standard
units) for various risk factors in coronary heart disease, by sex and
age:.12 Year Framingham Study
 

 

 

 

 

   2556 0. 21970. 3048 0. 2234.0. 2526

Men | Women

Risk factors |
Combined| 30-39 40-49 50-62 Com- 30-49 50-62

ages i years years years bined years years
| ages

Age... ----- 2288. 0. sons 2394) 0. asad 0. 23700 6259) 0. 73250. 2600

Cholesterol. __.___- 0. 4444.0. 9613) 0. 3207; 0. 3790.0. 2844] 0. 7322.0. 1207
Systolic blood | | | |

pressure_________ 0. 3334 0. 3427; 0. 1669) 0. 3809 0. 5556 0. 1947/0. 4776

Relative weight..._| 0. 18900. 1941) 0. 3619, 0, 1036'0. 0975! 0. 07510. 1481

Hemoglobin_______ —0. 1050/0. 0313, — 0. 0134, —0. 2206 0. 0392 — 0. 0304 0. 0734

Cigarettes smoked__| 0. 41920. 6523 0.5084 0. 3004 0. 0625 — 0. 07310. 1262

ECG abnormality__| 0. 20780 2689 0. |

i
 

Source: Truett, J. (144.)

Cederlof (78) has emphasized the value of studies of twins for
investigating aspects of coronary heart disease and presents certain
suggested modifications in methodology. The 1967 Report (146) dis-
cussed the studies by Cederlof on Swedish twin pairs (19. 20). His
cata on American twin pairs was recently presented and showed re-
sults similar to those of the Swedish twins (28).
The problems with interpretation of these studies are several. The

small numbers of cases and the combining of data for both sexes in
various subcategories make rates and ratios subject to significant
chance variations. In addition, use of a questionnaire for angina, with
only modest levels of reliability and validity requires a larger study
population before definitive conclusions can be made. The lack of
information on the distribution of risk factors other than smoking
in subsamples of discordant twin pairs and the total group of twin
pairs makes the comparison of ratios for prevalence of symptoms
difficult to evaluate. The inclusion in the “smoking” group of those
who had stopped smoking up to 3 years previous to the study, would
also tend to diminish the differences between smokers and nonsmokers.
Definitions of discordant smoking habits must conformto those differ-
ences identified as significant in the large-scale population studies.
The fact that discordance for smoking does occur among monozy-

gotic twins certainly indicates that the smoking habit cannot be deter-
mined by genetic factors alone. Twin studies with further sophistica-
tion of design, larger number of cases, better definitions of clisease,
and more significant identification of discordant exposures have the
potential of contributing substantially to our understanding of the
interactive factors in coronaryheart disease.
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Tn anarticle reviewing some of the epidemiological evidence in the
3% years subsequent to the 1964 report, Seltzer (729) concluded that
there was no substantial evidence to indicate a furtherassociation of
cigarette smoking with coronary heart disease beyond that stated in
the 1964 report.

Seltzer alluded to what he called “inconsistencies” in the recent
literature relating to duration, amount, age, inhalation and mode of
tobacco smoking with coronaryheart disease.
The addition of many more person years of experience, from the

new and continuing studies. provides data since the 1964 Report that
“unr be analyzed age-specifically. When this is done most of these “in-
consistencies” disappear.

Seltzer’s conclusion is contrary to that of most epideniiologists who
are familiar with the current research. Furthermore, he has not con-
sidered the important relevanceof the experimental, pathological, and
clinical data that have been reported since 1964 concerning cigarette
smoking and cardiovascular diseases.

INFLUENCE OF SMOKING AND NicoTINE ox Bioop Lapips

Epidemiological Studies

Theresults of epidemiological studies on the relationship of smok-
ing to serum lipid levels have not been consistent. Several studies
reported no significant difference in serum cholesterol (36, 40, 61,
150) and triglyceride levels (40, 61) between smokers and nonsmok-
ers. In their study of twins, Blomstrand, et al. (7Z) state that pro-
longed smoking had an insignificant effect on all serumlipid levels
in their monozygotic twins and only elevated phospholipids in their
dizygotic group. However, they quote a personal communication
from Carlson, et al. who foundelevated trigylceride levels in smokers
ina prospective studyof 6,000 persons.

In a very comprehensive study of 657 former naval aviation cadets
over a period of 23 years, Harlan,et al. (5G) investigated the relation-
ship of various constitutional and environmental factors to serum
lipid and lipoprotein levels. They found that serum Sf 0-12 (beta)
lipoproteins and cholesterol levels were related to cigarette smoking
and that the duration of smoking also had asignificant correlation.
The authors felt that the relationship of smoking to these lipids was
presumably direct, because cigarette smoking did not. correlate with
other factors related to lipids.

Experimental Studies—Animal

Studies in dogs of the immediateeffects of tobacco smoke inhalation
and nicotine administration showed an increase in serum triglycerides
but not cholesterol, in additionto a rise in free fatty acids (76). There
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were no differences in cigarette, cigar or pipe smoke effects when the
depth of inhalation was kept constant. Chronic administration of
nicotine in dogs resulted in a 50 percent rise in serum cholesterol levels
but did notaffect triglycerides (82). Kershbaum,etal. (83) have also
shown that pronethalol (a beta-receptor blocker) inhibits the serum-
free fatty acid and triglyceride rise induced by nicotine in dogs.
In studies of the lipid and atherogenic effects of chronic nicotine

administration in cholesterol-fed rabbits, one report found no effect
in serum lipid levels but a significantly higher incidence of aortic
fibrosis (57). Other investigators found that nicotine iereased the
amountof cholesterol in the blood andthe intensity of lesions in the
aorta (28). In cholesterol-fed rabbits administered vitamin D, Hass,
et al. (59) found that nicotine induced severe calcific athero-arterio-
sclerosis and occlusive thromboarteritis, especially conspicuous in
cardiac, smoothand skeletal muscle.
Astrup (2) has shown that in rabbits on a high cholesterol diet,

chronic carbon monoxide exposure had a marked atherogenic effect.
Gudbjarnason (52) has shown that chronic nicotine administration

in dogs leads to a diminution in the rate of cholesterol turnover.

Studies in Humans

It has previously been reported (78) that cigarette smoking mobil-
izes free fatty acids, resulting in increased plasma concentrations.
It was also foundthat this effect of smoking wasthe result of increased
sympathetic and adrenal activity initiated by the absorbed nicotine
(84), the latter having no direct lipolytic action in adipose tissue (85).
This response to smoking has now been confirmed by other investi-
gators (47,90, 110).

Studies in man, on the immediateeffect of cigarette smoking, have
shown noeffect on serum concentrations of lipoproteins and lipopro-
tein lipids (cholesterol, phospholipids, triglycerides) (78, 92, 115).
In a recent study, however, an increase in serum beta-lipoproteins
was observed 10 minutes after smoking (72).
In a study of the comparative effects of cigarette, cigar and pipe

smoking on free fatty acid mobilization and catecholamine excretion,
cigarette smoking was found to have a much greater effect (87). Less
nicotine absorption in cigar and pipe smoking, due to the absence
of inhaling, was considered to be the explanation for the milder bio-
chemical effects with these two forms of smoking (80). Kershbaum,
et al. also compared the effects of various types of cigarettes on these
parameters (79). They found no difference in free fatty acid and
catecholamine response or nicotine absorption with several brands of
filter and non-filter cigarettes. Cigarettes containing shredded lettuce
leaf had no effect.
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In other lipid studies it was observed that smoking might increase
the tendency of human blood serum to crystallize cholesterol (87).
Kershbaum has also shown that cigarette smoking increases the

blood steroid levels in humans (86).

Stupres on Turompvs ForMatTIon

The 1967 Report reviewed the effects of smoking on 7n vitro throm-
bus formation, varying platelet characteristics and other serum factors
associated with blood coagulation. It is not in the scope of this report
to go into a detailed analysis of blood coagulation and/or thrombosis.
However,the role of smoking and bloodlipids on thrombogenesiswill
be briefly discussed, as they relate to thrombosis and cardiovascular
disease.

Catecholamines

The role of catecholamines (especially epinephrine) in thrombo-
genesis must be stressed (777). The nieotine-induced catecholamine

release, which plays a major role in cardiovascular dynamics might
also be the mediating factor intherelation between cigarette smoking
and thrombosis. Ardlie (7) has shown that catecholamines enhance
ATP or ADP induced platelet aggregation. ADP and noradrenaline

in low concentration (up to 0.05 pg./ml.) were found to increase

platelet mobility (55). The reverse was true in higher concentration.
Rowsell (728) has shown increases in both thrombus formation in
an extracorporeal system and clotting time in silicon-coated tubes with
moderate doses of epinephrine. Large doses gave values closer to the
control state, Besterman (8) has shown a diurnal variation in “plate-
let” stickiness which might be associated with diurnal variations in
catecholamine release. Glynn (48) found no difference in platelet
ageregation between smokers and nonsmokers.

Shimamoto (/33) proposes that epinephrine has a primaryeffect
on the arterial wall causing the release of a thromboplastin-like sub-
stance whichthenleads to increased platelet aggregation. An autopsy
study in humans by Auerbach (3) showed increasedfibrous thickening
in the walls of arterioles and small arteries of 5 organs, in smokers
as compared to nonsmokers, This effect might be secondary to platelet
changes which then caused damage to the arterial wall. As discussed
earlier in the study by Hass (59), in which rabbits on a high choles-
terol and vitamin D diet were given nicotine, at the site of the oc-
currence of thrombus there was usually an inflammationof the arterial
wall.

Blood Lipids

Conner, et al. (26) and Warner, etal. (752) have described various
experiments in dogs and rabbits, in which infusion of long-chain
saturated free fatty acids caused extensive thrombosis and death. Zn
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wtro coagulation and platelet aggregation were also increased. Long-
chain unsaturated free fatty acids, however, did not have these effects
although microscopic platelet aggregation was observed (66). /n vitro
studies have shownthat linoleic and linolenic acids might have a pro-
tective effect against platelet aggregation induced by long-chain satu-
rated fatty acids (73, 101).

Therise in plasma-free fatty acids which follows cigarette smoking
was associated with increased platelet adhesiveness (7/0). The long-
chain fatty acid-induced platelet aggregation was suggested to be due
to ADP release from platelets (58). Harrison (57) suggests that 7m
vitro platelet adhesiveness tests are influenced by ADP release from
damaged red cells and that the platelet change might really be a
reflection of red cell abnormalities.
Bray (74) found that coronary heart disease patients have an ex-

aggerated platelet adhesiveness in response to ADP or ATP.
Several studies have shown disturbances in lipid and carbohydrate

metabolism in coronary heart disease patients (24, 95, 136).

Kurien (95) postulates that the increases in free fatty acid levels
immediately after either an acute myocardial infarction or cerebro-
vascular accident result from tissue anoxia with a secondarycate-
cholamine release, which then leads to the increases in free fatty
acids. Malhrotra (703) studied two population groups in India. There
was no difference in the cholesterol, triglyceride, and free oresterified

fatty acid levels between the two groups. However, the incidence of

coronary heart disease was muchhigher in the population whose diet

and fat absorption predispose to an abundance of long-chain fatty

acids.

A majority of coronary heart disease patients have an abnormal

glucose tolerance test. In most of these patients there is a greater

decrease in free fatty acids in response to glucose and a slower return

to normal values (24, 136).

Soloff and Schwartz (136) have determined two subgroupsof these
patients: one “A”, in which the free fatty acid response to glucose

resembled a normal curve except for an exaggeratedrise after 5 hours:

another “B”, in which the free fatty acid response to glucose re-

sembled that. of diabetics, there being a slower decrease and a sub-

normal return of free fatty acid levels after 5 hours, The significant

effect, however, is that type “B” patients had a relative hyporesponse

of stearic acid (long-chain saturated) decline with a relatively de-

creased rise in linoleic acid (long-chain unsaturated) after 5 hours.

These findings may be related to the effect of saturated and un-

saturated fatty acids on blood coagulation and suggest further re-
search to delineate the specific fatty acids elicited after smoking and in

coronary heart disease patients.
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Carpiovascutar Response to SMOKING AND/oR NICOTINE

This section should be read in conjunction with the findings re-
viewed in the 1967 report.

Eeperimental Studies

Nadeau, et al. (112) cannulated the sinus node artery in an-

esthetized dogs and noted chronotropic changes in response to doses
of nicotine ranging from 1.0 to 100 »g./ml. Intranodal atropine
abolished bradycardia and intranodal propranolol or hexamethonium
abolished tachycardia. Nicotine inhibited the effects of cervical vagus
nerve stimulation without modifying the response to intranodally
injected acetylcholine. Nicotine did not inhibit the effect of stellate
ganglion stimulation. These results illustrate the varying effects of
nicotine under experimental conditions on the complicated neural and
humoral mechanismsaffecting heart rate and rhythm.

Sleight (735) and Bergel, et. al. (7) have demonstrated cardiovas-
cular depressor reflexes in dogs elicited by nicotine stimulation of
the surface of the left ventricle. Studies have been undertaken in
dogs to determine the effect of beta sympathetic receptor blockade by
propranolol on the cardiac actions of nicotine. Westfall (758),
Edmundowicz (32), Papacostas, et al. (176), Shanks (737) and Puri
(120) have noted that propranolol can prevent the usual positive
inotropic effects of nicotine or norepinephrine stimulation on the
myocardiumas well as the indirect beta dilator effects on peripheral
vessels, This results proportionately in a greater increase in left
ventricular afterload accompanied by a reciprocal decline of the
velocity of myocardial fiber shortening (120). It was also noted that
resulting unopposed alpha receptor activiation by nicotine could lead
to increased total peripheral resistance with impaired storke volume
and cardiac output. This is further evidence that catecholamines, the
release of which is induced by smoking. intermediate the cardiovas-
cular responseto nicotine.

The effect of nicotine in single and repeated administrations was
studied on the terminal vascular bed of the heart by Corsini, et al.
(27). Results indicated that in dogs with intact coronarycirculations.
the single intravenous infusion of nicotine (150 yg./kg. body weight /

minute) increased both the left ventricular capillary blood flow as
well as the terminal vascular capacity: the chronic intramusenlar
administration (0.5 mg. ke. body weight given 3 times ‘day for 2
months). however, had no such effect. In contrast, in dogs with con-

striction of the coronary arteries, nicotine administration in either

(single or repetitive doses) form resulted ina fall of capillary blood

flow but an increase in the terminal vaseular capacity. Capillary blood

flow as measured in these studies represents a nutrient inflow to the

myocardium. Nicotine administration resulted in an increase in both
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the velocity of myocardial shortening as well as the force of con-
traction, and these effects of nicotine are identical to those of norepine-
phrine. In addition, there was also an increase in the rate of left
ventricular pressure rise (dp/dt) and adecline inleft ventricular end-
diastolic pressure (121).

Coleman,et al. (25) studied isolated cat papillary muscles to deter-
mine the mechanism of the norepinephrine-induced stimulation of
myocardial oxygen consumption. They found that norepinephrine
does not increase the myocardial tissue oxygen demand unless con-
tractility is increased, other factors being held constant. Norepine-
phrine is knownto increase myocardial contractility.
Further studies (49 742) on anesthetized open-chest dogs to deter-

mine the relative influences of changes ineither the contractile state
or in tension development on myocardial tissue oxygen consumption,
indicate that both are significant factors. Basal oxygen requirements,
activation energy, and the cost of contractile element shortening
against a load appear to influence myocardial tissue oxygen consump-
tion to a lesser degree.

Chidsey, et al. (22, 22) studied the relationship of norepinephrine
to heart failure and the functional state of the human myocardium.
They reemphasize the role of norepinephrine in altering myocardial
fiber Jength and contractile status as demonstrated in human left
ventricular papillary muscles removed from patients at the time of
mitral valve replacement.
Ayres (4) has noted products of anaerobic cardiac metabolism in

dogs made ischemic by exposure to carbon monoxide. These will be
presented in a subsequent section of this chapter. Weissler, et al. (756),
in experiments withisolated perfusedrat hearts, have reported on the
importance of glucose as a substrate for anaerobic metabolism of the
heart subjected to anoxia for 30 minutes. When glucose was addedto
the anaerobic perfusate, the electrical and mechanical performance
of the heart improved markedly, as did the recovery of the heart dur-
ing the subsequent period of reoxygenation. Lactate production was
fivefold greater in the glucose-supported anoxic heart than in the
anoxic heart without glucose. In similar fashion, morphologic changes
of the mitochondria and longitudinal tubules of the anoxie heart
noted byelectron microscopy, were averted bythe inclusion of glucose
m the perfusion fluid. This experiment suggests that glucose might
help temporarily to prevent myocardial infarction, caused by relative
myocardial anoxia, by providing a substrate for anaerobie cardiac
metabolisin.

Theisolated perfused rat heart was also studied by Braclhfeld, et al.
(72) to determine the effects of nicotine on lysosomal, mitochondrial,
and supernatant enzyme systems of the myocardium. They suggested
that nicotine toxicity may be expressed in terms of damage to the
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lysosomal membraneand the cell wall. Shibata, et al. (732) studied

theaction of nicotine on the transmembranepotential and contractility

of isolated rat atria. They suggest that while nicotine may influence

membrane electrodynamics, there may also be a direct action on the

contractile mechanism of the cardiac muscle cell by changing the

durationof the actionpotential, which implies alterations in potassium

fluxes.

Nicotine-induced changes, in dogs, in action potentials and conduc-

tion depression, with enhancement of Purkinje fibre “automaticity,”

may lead to the development of ventricular fibrillation (450). Post

myocardial infarction dogs were much more sensitive to the adminis-

tration of nicotine, as measured by electrocardiographic changes, than

were normal dogs, especially in the acute stage of myocardial infarc-

tion (6). Webb,et al. (154) state that changesin fibrillation thresholds

after cigarette smoking noted in dogs, by analogy, “may have relevance

to the higher incidenceof coronary deaths without increased incidence

of angina in cigarette smokers.”

Studies in Humans

The 1967 report noted that sudden death from previously undetected

coronary heart disease appeared to occur frequently among cigarette

smokers. Kuller (94) showed in a study of sudden death in Baltimore

that arteriosclerotic heart disease was a major cause (61.4 percent)

of death. No smoking histories were recorded. Luke, et al. (99)

reviewed 275 consecutive autopsied cases of sudden unexpected death

from natural causes, in individuals age 20 to 45 years, and noted that

asymptomatic coronary artery disease comprised 28 percent of the

causes of sudden death. Again, no smoking data were taken. Data

pooled from 10 studies available to Burch, et al. (77), indicated that

‘ardiovascular disease accounted for 51 percent of 8,151 adult sudden

deaths.
Present. clinical evidence indicates that ventricular asystole or

fibrillation may be the mechanism of suddencardiovascular deathin

most. cases. It is known that hypoxia, hypercapnia, ischemia, elec-

trolyte disturbances, and increased catecholamine activity all can

predispose to ventricular fibrillation. From available physiological

evidence noted elsewhere in this and the bronchopulmonarychapter,

andalso in the 1967 Report, it would appear that smoking candireetly

or indirectly contribute to the development of these predisposing con-

ditions. It is well accepted clinically that ventricular, nodal, or atrial

premature contractions canbe increased or induced by cigarette smok-

ing, as well as by other factors, and can be reduced bythe cessation of

cigarette smoking in both normal and ischemic hearts. These pre-

mature contractions are frequently precursors of their respective

tachyeardias. Also, a person with an acute or impending myocardial

infarction subjected to the sympathoadrenal effect of smoking could
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more readily develop a fatal arrhythmia (75). The relationship of

smoking to cardiac arrhythmias must be studied further to determine

more exactly both the physiology and the mechanisms involved in

sudden deaths from cardiovascular disease.

Kerrigan, et al. (74) studied cardiac output in both smokers and

nonsmokers who had no evidence of coronary heart disease and found

rises in cardiac output in response to exercise and to cigarette smok-

ing separately and then in combination. They note that the total

increase in cardiac output appears to be the sum of the exercise and

the smoking effects. Smoking may create an additional myocardial

tissue oxygen demand above and beyond the demand attributable to

exercise.

Moses, et al. (105) reported that pretreatmentof healthy normals

with glucose blocks the increased cardiac output response to cigarette

smoking by inhibiting the increases in stroke volume but not heart:

rate.

Frankl, et al. (42) noted that after 5 normal male chronic smokers

were given propranolol, cigarette smoking caused a significant in-

crease in systemic blood pressure and a significant decrease in cardiac

output. Thus cigarette smoking after propranolol administration may

be especially hazardous. Yamamoto noted similar results (160).

Sen Gupta, et al. (730) studied 11 ischemic cardiac patients and

14 healthy controls for abnormal ECG changes after smoking one

cigarette and noted specific or nonspecific changes in almost all of

the cardiac patients as compared to few changesin the healthy smok-

ers and no abnormalities in the healthy nonsmokers. Pentecost,et al.

(717) studied the acute effects of cigarette smoking in patients with

angina or post-myocardial infarction as compared with normal con-

trols. Normal men andthose with angina in the absence of infarction

behaved similarly with an increase in pulse rate, mean pressure, stroke

volume, and cardiac output. The majority of the patients among the

post-myocardial infarction group showed a marked fall in stroke

volume and cardiac output while smoking. In another study (43) to

evaluate the interrelationship of smoking and exercise effects on

cardiac output, a fall in cardiac output that occurred in some post-

infarction coronary patients as a result of smoking alone was noted.

Also noted were decreases in cardiac output after smoking and exer-

cising as comparedto post-exercise cardiac output in the same patients

before they smoked.

Starr (139) suggests that the ballistocardiographic (BCG) find-

ings in cardiac disease and after cigarette smoking may provide

valuable information about the rate of acceleration of myocardial

contractile velocity that cannot be determined by studying cardiac

output or stroke volumealone. A diseased heart has a slower accelera-

tive rate of contraction. BCG abnormalities have frequently been
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related to cigarette smoking in subjects with or without heart disease,
including angina pectoris. The BCG findings of Jackson,et al. (68)
indicate that cigarette smoking itself may have acute and chronic
harmful effects on myocardial function, since duration of smoking
was also correlated with certain abnormalities.

Gazes, et al. (47), Braunwald, et al. (73), and Klensch,et al. (97)
have found higher plasma norepinephrinelevels in coronary patients
at rest and after smoking as compared to normals. Kershbaum, et
al. (77) have reported that the rise in free fatty acids after cigarette
smoking is also greater in patients with coronary heart disease, prob-
ably due to an enhanced norepinephrine response,

Burch, et al. (7@) also stress the importance of the action of norep-
inephrine on the venous vascular system. “Greater than 70% of the
blood volume is contained within the systemic venous system and a
10% reduction in venous capacity would result in the sudden shifting
of 350 ml. of blood (assuming a blood volume of 5 L.) centrally into
the pulmonaryveins andatria. In the presence of a diseased left ven-
tricle, such a sudden increase in central blood volume may result in
acute left ventricular failure’ (/7). (Additional cardiopulmonary
considerations are noted in the bronchopulmonary disease chapter of
this Report).

Human Myocardial Tissue Function in Relation to Anoxia and to
Carbon Monoxide

Likoff, et al. (98) suggest that an oxvgen-diffusion impairment or
Inappropriate oxygen utilization at the myocardial microcirculatory
or cellular level could be responsible for the anginal symptoms and
ECG sigus of apparent myocardial ischemia in the presence of ade-
quate arterial saturation and patent coronary arteries by coronary
arteriography. Ayres (4) and Eliot (33) suggest that these mecha-
nisms mayberelated to the carbon monoxide effect and abnormal hemo-
globin function.
Tn addition to a review of the coronarycirculation as related to

myocardial ischemia and angina pectoris, Elliott, et al. (35) studied
zonal myocardial ischemia (60) by ECG, coronary angiography and
regional lactate metabolism in 50 patients with provencoronaryheart
disease. They found that the ECG findings could be normal even when
severe coronary disease was present with myocardial production of
lactate. The regional lactate pattern was very helpful in determining
the location of myocardial ischemia and significant coronary artery
lesions.
In studies of coronary patients exposed to relatively lowlevels of

carbon monoxide, Ayres (4) has reported that nyocardial lactate and
pyruvate extraction decreased or shifted to actual production, sug-
gesting the presence of anaerobic metabolism. These data support his
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previous findings noted in the 1967 report that carboxyhemoglobin can
interfere with oxygen delivery to the myocardiumto the degree that
relative myocardial anoxia can occur. The shift to anaerobic cardiac
metabolism, which is relatively ineffective as a source of energy, In-
dicates the presence of myocardial anoxia, and should be regarded as
a warning sign. In these same experiments Ayres has noted that the
myocardial oxygen extraction is decreased in response to carbon
monoxide inhalation, and thus has further demonstrated the relation-
ships of carbon monoxide withrelative myocardial anoxia and anaero-
bic myocardial metabolism. The shift to the left of the hemoglobin-
oxygen dissociation curve, describing the decreased ability of
hemoglobin to release oxygenat the tissue level, is directly related to
increased carboxyhemoglobinlevels.
The animal experiments of Weissler (156), noted in the previous

section, suggest that glucose might possibly help to temporarily pre-
vent myocardial infarction from relative myorardial anoxia, by pro-
viding a substrate for anaerobic metabolism. Since myocardial
ischemia may be caused not only by complete coronary arterial ob-
struction, but also by increased myocardial tissue oxygen demand
above and beyondavailable oxygen supply, it would be important to
know whether cigarette smokers have more products of anaerobic
myocardial metabolism than do nonsmokers.

Eliot (34) has noted apparent hemoglobin abnormalities in patients
with signs of myocardial ischemia or acute necrosis, and in smokers
as compared to controls. However, he suggests that there are other
hemoglobin abnormalities also present besides the well documented
carboxyhemoglobin abnormalities associated with the carbon monoxide
effect of cigarettes. Some reverted to normal hemoglobin status after
stopping smoking.
Anomalous hemoglobin-oxygen dissociation was noted in “heavy”

cigarette smokers (more than one pack per day) without. knowncoro-
nary heart disease. In experiments where the amountof cigarette smok-
ing was controlled, there appeared to be a threshold effect : more than 12
cigarettes per day caused this anomalous dissociation to occur (58).
Birnsting] (9) reports finding an increased hemoglobin affinity for
oxygen in smokers, which does not appear to be explained solely by
the increased carboxyhemoglobin levels in smokers.

Research to further study the interrelationships of carbon monoxide
to the myoglobin of heart muscle should be performed because it is
possible that carbon monoxide mayreplace oxymyoglobin with car-
boxymyoglobin and disturb the oxygen-dissociation phenomena of
myoglobin (88, 1.26, 159). The limitations of blood supply and the high
energy output of heart muscle as compared to skeletal muscle may
make the myoglobin impairments by carbon monoxide of possible
etiologic importance in cigarette smoking and heart disease.
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Hydrogen cyanide appears to be rapidly converted to thiocyanates
bythe body, but the absorption bythe lung of cyanide from cigarette
smoke mightpossibly result in higher serum cyanide levels in the coro-
nary arteries than in the systemic circulation. As noted in the 1964
Report, the cyanide ion is capable of stopping cellular respiration
abruptly through inactivation of cytochrome oxidase. In sublethal
exposures, the cyanide ion is gradually released from its combination
withthe ferric ion of cytochromeoxidase, converted to thiocyanate ion
and excreted in the urine. Thiocyanate blood levels in smokers are three
times higher than in nonsmokers andrelative differences in urinary
excretion are even more pronounced. Cytochrome oxidase is very im-
portant in cellular respiration of all body cells. In view of the ex-
tremely high myocardial cellular needs for aerobic metabolism, it is
possible that the cyanide ion inactivation of cytochrome oxidase also
can occur in myocardial cells and be of critical importance, especially
in light of other risk factors such as impaired coronary blood
flow, the carbon monoxideeffect, and the known increases in myo-
cardial tissue oxygen demand causedby the smoking/nicotine-induced
catecholamine release. Further research is needed to determine whether
or not cyanide ions in concentrations equivalent to those found in
cigarette smokers, have a harmful effect. on the myocardium, in terms
of both acute and chronic exposures.

Glucose Metabolism and Possible CardiovascularEFfrects
Epstein (37) has reviewed the relationships of hyperglycemia to

coronary heart disease. Although he states that there appeared to be
no relationship of cigarette smoking to the hyperglycemia that was
associated with the prevalence of coronary heart disease in the
Tecumseh population, Higgins (63) reports that the Tecumsehciga-
rette smokers, both male and female, had approximately a 10 mg.per-
cent elevation in blood glucose as compared to nonsmokers, although
the percentage elevations above the median levels were not statistically
significant. Since Epstein (39) reported that cigarette smokers in the
Tecumseh study population had a higher incidence of coronary heart
disease, it would be interesting to see what the interrelationship of the
incidence of coronary heart disease is to the cigarette smokers who
have elevated blood glucose levels.
Cohen, et al. (24) have reported abnormal glucose tolerance in

some postinfarction patients, suggesting the possibility that this group
has difficulty utilizing glucose. It is known that smoking induces
release of catecholamines which can create an increased demand for
glucose by the body. Wahlberg (152) had noted that in patients with
atherosclerotic disease but without clinical diabetes mellitus, the glu-
cose tolerance was pathologic in 46 percent as compared with 10 per-
cent of controls, and normalin 33 percentas compared with 71 percent

40



controls. From this he infers that subclinical diabetes mellitus may

predispose to vascular disease in the same way as clinical diabetes

mellitus.

Kingsbury,et al. (89) studied a small group of male patients with

peripheral] arteriosclerotic disease to determine the serumglucose, non-

esterified fatty acids, and immunoreactive insulin responses to sub-

cutaneous adrenaline and to smoking. Underbasal conditions, the fatty

acid response was normal. While adrenaline consistently caused a rise

in serum glucose. cigarette smoking either had no effect or lowered

the fasting concentration. In 5 patients smoking caused an elevation

in the immunoreactive insulin which could not be explained by blood

sugar changes. The implication is that these patients were hypersecre-

tors of insulin. Unfortunately, detailed smoking histories are not

available for these individuals. Szanto (141), in a very small study

of habitual smokers, noted a “hyperinsulinism” response during oral

glucose tolerance testing after smoking two cigarettes. This response

was markedly reduced when the test was repeated after a 14-day absti-

nence from smoking. The view that hyperinsulinemia is associated

with atherogenesis has been suggested (714, 118, 149, 157) and dis-

cussed by Mahler (102). If smoking directly or indirectly causes a

hyperinsulin response in some individuals, then this may possibly be

one mechanism by whichcigarette smoking may enhance atherogenesis.

Kershbaum,et al. (86) have noted higher plasma 11-hydroxy cor-

ticosteriod levels in smokers. Whether the “hyperinsulinism” reported

to be present in smokers is related to increased adrenal corticosteriods

remains to be determined. Hyperinsulinism could be a response to the

frequent catecholamine-induced hyperglycemia caused by cigarette

smoking in individuals without significant clinical or subclinical

coronary heart disease; but conceivably the hyperinsulinism response

might be more pathological in coronary patients. Also, the potassium

and other ion changes caused byglucose shifts in responseto shifts in

insulin levels may predisposeto cardiac arrhythmias and suddendeath.

Additional Considerations Regarding Coronary Blood Flow

Coronary blood flow, besides being influenced by the size of the

inner lumen of the coronary vessel wall and its ability to dilate for

the purpose of increasing flow of oxygenated blood when needed by

heart muscle, is also dependent upon theviscosity of the blood (/6).

The concepts of fluid mechanics, such as laminaror turbulent flow,are

well known. For any given aperture and pumping pressure,fluid flow

will depend somewhat upon the physical characteristics of the fluid

itself. It has been demonstrated in both cigarette smokers (700) and

in patients with myocardial infarction that hemoconcentration occurs

(15, 137), sometimes to a relatively small degree in terms of absolute

changes in hematocrit, but the changes in viscosity are much greater

41



than might have been predicted from consideration of hematocrit

changes alone. At this point, other factors related to fluid mechanics

also enter in, such as the quality and amount of lipids in the blood.

Burch, et al. (75) have demonstrated that increased fatty acids in-

crease the force necessary to “shear” the blood, thus contributing to a

reduction in the capacity of the blood to flow in laminar fashion

through a given aperture. When coronary arteries are impaired by

partial obstruction of the inner lumen or by decreased distensibility,

there may be a critical interaction with blood viscosity causing marked

turbulence of flow andthus reducing further the potential for increas-

ing coronaryblood flow.

SUMMARY. CONCEPT AND CONCLUSION

Additional evidence has been presented which tends to confirm and

extend the positive findings previously reported in the 1964 and 1967

reports.

1. Epidemiological studies show that “heavy”cigarette smoking is

strongly associated with an increased risk of dying from coronary

heart disease.

2. New data confirm and help to clarify the relationship between

cigarette smoking and other “risk factors” in the development of

coronary heart disease suggesting that both independent and inter-

acting effects are involved.

3. Evidence indicates that cigarette smoking mayaccelerate the

pathophysiological changes of pre-existent coronary heart clisease and

contribute to sudden cardiovascular death. This relationship helps to

explain why stronger epidemiological correlations between cigarette

smoking and coronary heart disease tend to be found in incidence

studies rather than in prevalence studies where the population is

under-represented for those people who have had fatal outcomes from

coronaryheart disease.

4, Present evidence continues to support the position that giving up

cigarette smokingis beneficial to cardiovascular health.

5. Some progressis being made in the study of the interrelationships

of selected psychological factors, smoking behavior, and the develop-

ment of coronaryheart disease.

Recent data provide a basis for the formulation of a theoretical

concept by means of whichit is possible to correlate the interaction of

several known coronary heart disease risk factors with the physio-

logical mechanisms by which cigarette smoking may affect the

myocardium.

The epidemiological studies continue to indicate that “heavy”

cigarette smoking is strongly associated with a fatal outcome from

coronary heart disease. This fact may be accounted for by a mechanism
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whereby, in the presence of impaired coronary circulation due to coro-

nary heart disease, cigarette smoking may “trigger” myocardial oxy-

gen deficits of critical degree. One or more of the following mechanisms

maybe involved in this process:

1. The increase of myocardial wall tension and velocity of contrac-

tion, largely mediated through norepinephrine released in response

to cigarette smoking, thereby increasing the myocardial demand for

oxygen and other nutrients.

9. The relative reduction of nutrient capillary blood flow in the

region of the myocardiumdistal to and dependent upon blood flow

through a partially occluded coronaryartery.

3. The impairment of oxygendissociation from hemoglobin due to

the formation of carboxyhemoglobin from carbon monoxide, thereby

diminishing the availability of oxygento the myocardium.

4. The reduction of the supply of oxygen available to the myo-

cardium as a consequence of hypoxemia due to severely impaired pul-

monary function from chronic obstructive bronchitis.

5. The impairment of coronary blood flow as a result of the in-

creased blood viscosity associated with hyperlipemia or hemoconcen-

tration.

6. The increase in platelet adhesiveness which might contribute to

thrombus formation or coronary occlusion.

7. The predisposition to acute cardiac arrhythmias as a consequence

of harmful neurogenic reflexes or catecholamine release.

8. The possible, although presently speculative, contributions to

impairment of myocardial cellular respiration by cyanide ion.

Thus, the interaction of the factors which decrease oxygen supply

to the myocardium and those which increase the myocardial demand

for oxygen may play a majorrole in precipitating the fatal outcome

in some individuals with coronary heart disease. On the other hand,

it is possible that the samefactors, in less severe clinical circumstances,

could precipitate temporary coronary insufficiency or contribute to

nonfatal myocardial infarctions or cardiac arrhythmias.

The pathophysiological factors associated with cigarette smoking

may further interact with other known epidemiological risk factors

associated with coronary heart disease such as high serum cholesterol

and high blood pressure. Although not a “risk factor’, unusually high

physical stress may also create physiological demands for additional

oxygen supply to the myocardium.

The finding that those who discontinue cigarette smoking have a

lower risk of dying from coronary heart disease than those who con-

tinue to smoke might be accounted for by the potential reversibility

of manyof the pathophysiological effects of smoking on the cardio-

vascular system. It is reasonable to expect partial reversibility of

factors that interfere with oxygen supply, such as the carbon monoxide
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effect, and the increased platelet adhesiveness, hyperlipemia, and hemo-

concentration noted in cigarette smokers. Moreover, the increased

myocardial] oxygen requirements associated with the cigarette smoking-

induced catecholamine response and neurogenic reflexes could be

expectedto be eliminated upon cessation of cigarette smoking. In some

patients, the cardiopulmonary benefits of stopping smoking may

reduce pulmonaryhypertension.

An increased ability to predict future cardiovascular events in

individual persons will depend upon more precise definition and

measurement of the pathophysiologic factors associated with ciga-

rette smoking andtheir correlation with information about the epi-

demiological risk factors.

Because of the increasing convergence of epidemiological and

physiological findings relating cigarette smoking to coronary heart

disease, it is concluded that cigarette smoking can contribute to the

development of cardiovascular disease and particularly to death

from coronary heart disease.

SMOKING AND CEREBROVASCULAR DISEASES

Manyof the pathophysiological considerations noted in the above

section mayalso pertain to the relationship of smoking andcerebro-

vascular disease.

A mortality study in Japan by Hirayama (65) reports findings

different from those cited in the 1967 Report (146), in which smokers

under age 75 had a mortality ratio of 1.40, or more, for stroke.

Hirayama found that deaths due to vascular lesions of the central

nervous system, after age 40, were one-third less frequent among

smokers than among nonsmokers. Several factors may account for

these different findings. One is that the etiologic spectrum for stroke

in Japanincludes more hemorrhagicstrokes than in the United States.

Anotheris that the Japanese study includedall stroke deaths over age

40, whereasthe studies in the United States foundthe positive associa-

tion between smoking and stroke mortality occurred under age 75 (54).

In a study reported by Kuhn (43), 20 habitual smokers refrained

from smoking for one-half day and baseline retrograde brachiocere-

bral angiograms were taken: then they smoked one cigarette, inhaled

deeply, and had repeat angiograms, Only those over 60 years of age

failed to have significant acceleration of flow in cerebral precapillary

yessels and markedly increased vessel counts as in carbon dioxide

inhalation experiments.

As in coronary heart disease, it may be that smoking has differett

effects depending upon the degree of underlying arteriosclerotic disease

present. Among patients with stroke, many have arteriosclerotic heart

disease and a significant number die of myocardial infarcts (704).
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The rate of oxygen uptake in the brainis very high, being approxi-

mately 5 cc. oxygen/100 g. brain/min. (704). As discussed in the

cardiovascular section, if carbon monoxide causes a shift to the left in

the oxygen hemoglobin dissociation curve, it would make less oxygen

available to the brain tissue. Those people with an arteriosclerotic.

cerebrovasculature who cannot increase their cerebral blood flow in

response to smoking may therefore more easily develop a state of rela-

tive cerebral hypoxia; a situation which could be a factor in the

etiology of stroke.
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INTRODUCTION

The primary purpose of the 1968 Supplemental Report is to review

the pertinent literature that has become available subsequent to the

1967 report. Brief mention of the conclusions of the 1964 report and

the highlights of the 1967 report is made to facilitate an understand-

ing of the significance of the newer information. The current research

findings should be considered in the perspective of the research evl-

dence previously reported in the 1964 (59) and 1967 (47) reports.

ConcLtsions OF THE 1964 Report (59)

1. Cigarette smoking is the most important of the causes of bron-

chitis inthe United States, andincreases the risk of dying from chronic

bronchitis.
9. A relationship exists between pulmonary emphysema andciga-

rette smoking but it has not been established that the relationship is

causal. The smoking of cigarettes is associated with an increased risk
of dying from pulmonary emphysema.

3. For the bulk of the population of the United States, the impor-

tance of cigarette smoking as a cause of chronic bronchopulmonary

disease is much greater than that of atmospheric pollution or occupa-
tional exposures.

4. Cough, sputum production, or the two combined are consistently

more frequent among cigarette smokers than among nonsmokers.

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

6. Cigarette smoking does not appearto cause asthma.

7. Although death certification shows that cigarette smokers haye

a moderately increased risk of death from influenza and pneumonia,

an association of cigarette smoking andinfectious diseases is not other-
wise substantiated.

Jiieunicuts or tHE 1967 Reporr (47)

1. Newdata confirm and to some extent strengthen the conclusions
of the Surgeon General’s 1964 Report.

2. Cigarette smoking is the most important of the causes of chronic

non-neoplastic bronchopulmonary diseases in the United States, It

greatly increases the risk of dying not only frem beth chronic bron-
chitis but also from pulmonary emphysema.

3. Cessation of smoking is followed by a reduction in mortality from

chronic bronchopulmonary disease relative to the mortality of those

whocontinue to smoke.
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4. Evenrelatively young cigarette smokers frequently have demon-

strable respiratury symptoms and reduction in ventilatory function.

GENERAL BRONCHOPULMONARY DISEASE MORTALITY

AND MORBIDITY

The 1967 report (57) pointed out the alarming rate of increase in

emphysema and/or chronic bronchitis mortality (table 1). There were

95,416 deaths from emphysema and/or chronic bronchitis in 1966 which

represent a 25 percent increase over 1964. The increasing death rates

for chronic bronchitis and emphysemasince 1950 are shown in figure 1.

Death rates for these diseases are increasing more rapidly than are the

death rates for lung cancerasillustrated in figure 2.

Last year, payments made by the Social Security Administration to

men and womentotally disabled because of emphysema amounted to

about 90 million dollars; this was 7 percent of all disability payments,

making chronic lung disease secondonly to heart disease in this regard.

Taste 1.—Mortality from emphysema and/or chronic bronehitis:

United States, each year 1950-1964

{ISC codes 501, 502, 527.1]
 eo

 

 

  

 
 

Year | Number | Year | Number fl Year Number

| of deaths | | of deaths of deaths

| te

|
1950___..--_- | 3, 157 | 1955__.------ | 5, 616 | 1960___._._-- 12, 426

1951____-_- 8, 660 || 1956__--.-_.- | 6, 535 | 1961____.---- | 13, 302

1952____----- : 3, 846 | 1957__------- 8, 136 | 1962____----- | 15, 915

1953_____.--- | 4,657 | 1958__------- | 9,328 |, 1963.-------- | 19, 443
1964____.___- 20, 208

1954._..__.-- | 4, 877 | 1959_____---- | 10, 433

|

 

  

Source: Vital Statistics of the United States, 1950-1964 (58).

PorcLaTION STUDIES

Several papers published in the past year reported the results of

surveys of pulmonary function and respiratory symptoms in different

populations. All of those which were reviewed and which included a

comparison of findings between smokers and nonsmokers reported sim-

ilar observations. In all instances, smokers had respiratory symptoms

such as cough, phlegm production, and dyspnea more often than non-

smokers or ex-smokers of the same age and sex. In surveys which

included pulmonary function tests, it was found that smokers did not

perform as well as nonsmokers or ex-smokers. Substantially, these

observations confirm those of earlier years without indicating new

associations.
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A few specific surveys might be mentioned. Huhti (27) surveyed
1,028 men and womenin a village in Finland. None of the women
smoked. In men the one-second forced expiratory volume (FEV...)
and the peak expiratory flow (PEF) were significantly lower among
those men who smoked 15 or more cigarettes a day than those who
smoked less or not at all. No difference in forced vital capacity (FVC)

was observed.
Edelman, et al. (74) studied 410 men and found lower values of

FEYV,,., FVC, and maximal voluntary ventilations among current
smokers than among nonsmokers. They also reported an inverse rela-
tionship between the number of cigarettes smoked and pulmonary
function.

Stanek,et al. (54) noted a definite association between chronic cough

and phlegm production (chronie bronchitis) and cigarette smoking
among # random sample of 443 men surveyed in Prague. Freour, et al.
(22) in Bordeaux also reported a much greater frequency of svinptoms
of chronic bronchitis among smokers than nonsmokers in a preliminary
report based on 1,055 examinations.

Higgins and his asseciates (25) reported observations from a nine
year followupstudy of men in an industrial town in England. Among
the 385 men who were age 55-64 at the start of the study, mortality
during the nine years was twice as high for smokers as nonsmokers.
Ex-smokers had the same mortality experience as nonsmokers. Among
the survivors of all ages who weretestedinitially and nine yearslater,
the average decline in lung function as measured by the FEV.-; was
smallest in nonsmokers, slightly greater in ex-smokers, and greatest
in smokers. The findings suggested that smoking was a more impor-
tant factor than occupation in respiratorydisability.

Industrial air pollution studies have been performed by Lowe(32)
using a populationof steelworkers at Ebbw Vale and Port Talbot, with
smoking and chronic bronchitis data presented in a subsequent publi-
cation (31). It was noted that for each age group, chronic bronchitis
was about three times more prevalent among men who smoked 25 or
more cigarettes per day, than among those who had never smoked.
Cigarette smokers appear to be more adversely affected by pulmonary
exposure to dusts at work than the nonsmokers. The authors pointed
out that studies to evaluate the interaction between smoking andindus-
trial air pollution require occupational subgroups large enough to
permit standardization for both age and smoking habits. In this way,

the interaction between smoking andotherair pollutants can be ana-

lyzed more definitively.

Most surveys have been of adults, but. Holland, et.al. (26) reported

the findings of an investigation of smoking and respiratory symptoms

among more than 10,000 schoo] children, age eleven or more, in Eng-

land. The survey was conducted in 1965 and repeated in 1966. Ciga-
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rette smokers (at least one cigarette per week) more frequently re-
ported symptoms of cough and phlegm production than nonsmokers
and the prevalence of symptoms increased with increases in the amount
smoked. Children who smoked one year but did not smoke in the sub-
sequent year had a lower frequency of symptoms in the second year.

RELATIONSHIPS TO PcLtMonarY INFECTION

The relationship between smoking and pulmonaryinfection is un-
clear, It is evident that cigarette smoking is a major cause of chronic
bronchitis. Much of the symptomatology of chronic bronchitis of
smokers, particularly cigarette smokers, results from the harmful
effects of inhaled tobacco smoke on the bronchial ciliary apparatus
and the mucous glands. These effects tend to impair mucous removal
from the bronchial and bronchiolar airways and possibly may, in turn,
increase susceptibility to pulmonary infections.

In a study of 191 boys, age 14 to 19, in a preparatory school, the
incidence of all respiratory illness over a one-year period was posi-
tively correlated with smoking habits within each age group. “Severe”
(purulent sputum) lower respiratory tract illnesses were nine
times more frequent in regular smokers than nonsmokers (age-
adjusted) (24).
A studyin Cairo of the relation between smoking and infection and

appearance of mucous gland hypertrophy in the main bronchi was
reported by Megahed and his colleagues (34). They studied 50 men
with chronic bronchitis and found substantially more mucous gland
hypertrophy among the 43 smokers than the 7 nonsmokers. This hyper-
trophy seemed unrelated to the presence of potential pathogenic orga-
nisms isolated from a single bronchial lavage, although the authors

believed that infection might have an initiating or potentiating effect.

Fletcher (77) studied the relationship between frequency of respira-

tory illness as measured by sputum purulence and histories of “chest

illnesses” and “chest colds” and the rate of decline of FEVinslightly

more than 900 men who were followed at least four years. He con-

cludes that illnesses and sputum purulence have no significant effect. on

FEVregression, (This study will be discussed again later in this

chapter).

It appears that, in patients with chronic obstructive bronchopul-
monarydisease caused by cigarette smoking or other pulmonary irri-

tants, superimposed infections may cause exacerbations of the chronic

clisease process. There is no substantial evidence that infections per se

cause much of the chronic obstructive bronchopulmonarydisease seen

in cigarette smokers,

Wynder (62) reported that the hyperplastic and metaplasticeffects
of Swine influenza virus could not be enhanced by subsequent exposure
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of mice to cigarette smoke. Previous literature indicates that the se-
quence of events may be of some importance, since there have been
reports that cigarette smoke increases the bronchial epithelial reac-
tion to influenza virus. Spurgash (53) reported that pre-exposure to

cigarette smoke did not have anysignificant. effect. on resistance of mice.
to subsequent influenza virus infection inoculated by aerosol inhala-
tion. But, the subsequent exposure of pre-infected mice to cigarette

smoke resulted in significantly higher mortality rates, thus suggesting
that cigarette smoke can aggravate an existing respiratory viral infec-
tion. However, smoke-exposed mice subsequently challenged withcer-
tain bacteria, Klebsiella pneumoniae or Diplococcus pneumoniae, also
exhibited a decreased resistance to respiratory infection as shown by
a decreased survival time and a higher mortality (43).
The tobacco plant can be diseased by a variety of fungi (33). Of

these the Alternaria species and Aspergillus niger were recently shown
to increase the toxicity of cigarette smoke (20). Mice exposed to smoke
from haypreviously inoculated with Alternaria or Aspergillus niger.
showed progressive pulmonarycongestion, edema andtissue destruc-
tion confirmed by autopsy. Those mice in a hay-smoke control group
were normal clinically and showed only chronic pulmonary inflamma-

tion on autopsy.

SMOKING AND BRONCHOPULMONARY PHYSIOLOGY

ANIMAL AND ExprRIMENTAL STUDIES

Theciliatoxic effects of cigarette smoke were presented in the 1964
(59) and 1967 Reports (57). Discussants in a recent symposium (29),
pointed out that both volatile and particulate components of ciga-
rette smoke can adversely affect ciliary activity. In short-term in vivo
experiments, Dalhamn (17) showed that the ciliostatic effect of ciga-
rette smoke was direcly related to the “tar” content if the gas phase
was held constant.

Rylander (44) reported that in guinea pigs exposed to cigarette

smoke, the reduction of killed, radioactive bacteria was lower than in

controls, presumably due to a decrease in mucus flow. There was no

significant difference in reduction of viable bacteria.

A study by Dalhamn,et al. (70) suggests that lack of oxygen in
the external environmental im vitro can reduce ciliary activity. The

main problem in the evaluation of studies related to ciliary activity is
to determine to what extent the im vitro studies can relate to the

in vivo studies in animals and in man.Forinstance, the ciliatoxic effects

of hydrogen cyanide in cigarette smoke were dose-related in experi-

ments on clam gills in vitro, but the sameresults could not be reproduced
with én vivo experiments in cats (72). Volatile (gas phase) components

have been shownto be retained to a large extent by wet surfaces (28),
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which raises the question of how muchofthe volatile ciliatoxic agents
in cigarette smoke entering the moist oral cavity actually enter the
lowerrespiratory tract.

Davis, et al. (73) in experiments with respiratory irritants including
cigarette smoke in guinea pigs, have implicated the nasopharynx and
larynx as sources of receptor stimulation leading to increased upper
airwayresistance, and decreases in respiration rate and minute volume.
These effects were not present when a tracheostomy was performed to
bypass the smoke directly into the trachea. However, Guillerm (23)
noted increased airway resistance and decreased compliance in the
tracheotomized and spinal guinea pig after smoke inhalation.

Aviado and his co-workers (2, 3. 4, 19, 38, 45, 46, 47, 48) have con-

tinued their studies on bronchoconstriction and bronchodilation in
animals and recently have further investigated the role of histamine
in a studyof inhibitors for histamine decarboxylase in rabbits, dogs,
and cats (39), These species have variations in response to cigarette
smoking as previously noted. Cats have a uniphasic bronchoconstrictor
response to inhaled cigarette smoke (somewhat like man’s) and dogs
have a biphasic response. Rabbits were observed to behavedifferently
than cats or dogs. Histamine has been implicated as mediating part of
the bronchoconstrictive effect of cigarette smoke. Therabbit. does not
respond to histamine by bronchoconstriction. This study (39) suggests
that the rabbit lacks a histamine sensitive system in the airways, in con-
trast to cats and dogs. Alpha-hydrazino histidine, which inhibits the
enzyme histamine decarboxylase, was demonstrated to prevent much
of the bronchoconstrictive effect in cats and dogs. By analogy, this
suggests the possibility that histamine may mediate some of the
bronchoconstrictive response to inhaled tobacco smoke noted in
humans. Pretreatment with atropine has been shown to block the
bronchoconstriction caused by cigarette smoke (36) and by histamine
inhalation in humans (7, 8, 52).

There is experimental evidence (48) in dogs, that the pulmonary
exposure to inhaled cigarette smoke or injected nicotine can result
in pulmonary vasoconstriction, causing increased pulmonaryarterial
pressure. This effect is thought to be due to histamine release from
hing tissue (48), Autopsy studies in humans, by Auerbach (7),

showed considerably greater fibrous thickening of the arterioles and

small arteries in smokers, occurring not only in the lungs, but other

organs as well. The degree of fibrous thickening increased with age

and the amountof cigarette smoking.

Participants in a recent international symposium on the mechanism
of elimination of deposited particles from the lungs (76), discussed

the relationships among alveolar surfactant, alveolar macrophages,

the alveolar transport mechanisms, and the mucociliary apparatus;
which mayalso relate to the pathoetiology of pulmonary emphysema.
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Giammona(22) reports that cigarette smoke consistently lowers the
maximal surface tension without altering the minimal surface tension
of lung extracts after ‘n vitro exposure to cigarette smoke. Jn vivo
changes were noted in guinea pigs, but not in dogs or cats, which he
thought may have been due to insufficient exposure. Additional infor-
mation concerning surfactant has been discussed by Sekulic, et al.

(49, 50). Yeager, et al, (63) have reported that cigarette smoke has a

depressant effect on protein synthesis of humanalveolarcells in witro.

Srvupres In Humans

Fletcher (77) in the study mentioned earlier in this chapter, cor-

related the rate of decline of FEV in over 900 men followed for at

least four years, with respect to starting FEV, cigarette smoking,

sputum purulence, and histories of respiratory infections. He tested

FEV’s in response to the acute effect of smoking cigarettes, and found

that the mean regression of FEVin those subjects who had a higher

prevalence of cough and sputum was not significantly different from

those with a lower prevalence. The men with higherinitial standardized

levels of FEVhadless steep regressions than those with lower levels.

Cigarette smoking had a significant effect on decline of FEV. Sputum

eosinophilia was also related but apparently to a lesser degree, and

Fletcher stated that there was no confirmation of the possible role of

tobacco allergy in chronic obstructive bronchitis. With regard to the

decline in FEV, more information on controls and on the quantity

of cigarettes usually smoked would be helpful. While contributing

important information, this study does not fully describe the pro-

gression of declining FEV in cigarette smokers in relation to the

quantity that they smoked before and over the time-period studied.

In a detailed study of 58 bronchities (50 of whom had positive smok-

ing histories) Simonsson (57) found a positive correlation between the

degree of obstructive status and the reactivity to exposure to nebulized

acetylcholine; and noted that a larger decrease in airflow seems to

occur in previously obstructed airways than in normalones.

Peterson (42) studies pulmonary function in a group of 12 indi-

viduals who had stopped cigarette smoking for 18 months, and com-

pared their pulmonaryfunction test before and after cessation. These

individuals showed significant improvements in their pulmonary func-

tions as measured by timed vital capacity and expiratoryflow rates.

Ex-smokers reported a decrease in cough and breathlessness after

cessation of smoking. (This study confirms thefindings of Krumholz

reported in the 1967 report). The mean FEVof Peterson’s ex-smokers

was markedly greater than that observed in another group of indi-

viduals who had continued to smoke cigarettes during the same 18

monthperiod, measured at the same time intervals.
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Wilhelmsen (60) found in a small study of 16 persons who had
smoked over 10 cigarettes a day for a mean of 25 years that cessation
of cigarette smoking for an average of 40 days was accompanied by
a marked decrease of sputum production, coughing and wheezing, and
a significant increase in FEY.
Bates (5,6) has reviewed the reliability and constancy of pulmonary

function tests. He notes the importance of making pathological diag-
noses with hings inflated at autopsy. Morphologic considerations of
emphysema are correlated with functional abnormalities and current.
biochemical research. He discusses derangement. of pulmonary ventila-
tion-perfusion distribution in relation to bronchial and/or alveolar
damage from cigarette smoking with consequent stresses on right
ventricular function. He emphasizes the fact that obstructive bron-
chitis appears to lead more frequently to right heart failure than does
“pure” emphysema.

Althoughinstances of “pure” emphysemaor “pure” bronchitis exist,
most patients with respiratory obstruction appear to have both
emphysema and bronchitis. Bates suggests the theory that one of
cigarette smoking’s harmful effects maybe destruction of bronchiolar
structure. This could lead to disturbed ventilation-perfusion (V/Q)
relationships. As enough lung tissue breaks down, causing centrilob-
ular emphysema, there is impairmentof gas equilibration within the
centrilobular spaces. Increasing derangement. of the V/Q distribution
in turn can lead to hypercapnia and hypoxemia. Clinically, what may
seem to be respiratory decompensation, may actually be incipient
cardiopulmonary decompensation due to the deranged V/Q and gas
imbalance resulting from the obstructive bronchiolitis.

Postural hypoxemia has also been noted (55) in young asymp-
tomatic cigarette smokers with no evidence of chronic lung disease
whenin the supine position as compared with nonsmokingcontrols.

THEORIES INTERRELATING CIGARETTE SMOK-
ING AND CHRONIC OBSTRUCTIVE BRONCHO-
PULMONARY DISEASE WITH PULMONARY
HYPERTENSION AND COR PULMONALE

Hypereapnia and hypoxemia are capable of causing pulmonary

vasoconstriction with a resultant. increase in pulmonary arterial pres-
sure and right ventricular work. Stuart-Harris, in a review article
(56), relates these phenomena to the clinical picture of pulmonary

hypertension and right heart. failure seen in patients with pulmonary
insufficiency caused by chronic obstructive bronchitis. Since the

pathologic changes in the small pulmonaryvessels are not usually as

severe as those found in congenital heart disease, it is believed that the

pulmonaryhypertension seen in chronic obstructive lung disease is of
the vasoconstrictive type. Although most patients with severe chronic
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bronchitis have some emphysema, it is the airway obstruction of

chronic bronchitis which mayrelate most strongly to the development

of cor pulmonale. It is now apparent that cor pulmonale can be a

sequel to severe obstructive bronchitis without emphysematous changes

(9, 17, 35, 37). Studies (16, 18, 43) indicate that patients with hyper-

capnia and hypoxemia due to abnormal pulmonary ventilation-

perfusionrelationships are likely to develop cardiac complications, As

indicated in the preceding section of this report, recent studies

(40, 41, 43) have demonstrated the presence of ventilation-perfusion

imbalances in patients with chronic bronchitis—the extent of

imbalances being related to the severity of bronchitic process. Penman,

et.al. (47) determinedthe gas tensions in expired air and arterial blood

and used them to calculate the alveolar dead space and alveolar blood

shunt, permitting estimation of three theoretical “compartments”of

the lung: (1) Ventilated but unperfused (alveolar dead space) “com-

partment,” (2) unventilated perfused (alveolar blood shunt) “com-

partment” and (3) “normal” ventilated perfused “compartment.”

Chronic bronchitics were found to have abnormalities of ventilation

and perfusion with a marked reduction in the “normal” “compart-

ment.” In patients with decompensated cor pulmonale, further studies

of the correlations between cardiac output, arterial oxygen tension, and

arterial carbon dioxide tension with the above “compartments” lead

Penman, et. al. (4/) to believe that in cases of decompensated cor

pulmonale a considerable fraction of the cardiac output is shunted

without exposure to aerated alveoli.

It was further hypothesized that this increased shunting of blood

through non-aerated regions of lung would result in increasing hypox-

emia and hypercapnia with consequent further constriction of the

pulmonaryvasculature and further encroachmentof the alveolar dead

space upon the normallyventilated and perfused lung. Williams,etal.

(61) in determining the acuteeffects of cigarette smoking, found

an increase in the “alveolar dead space” in 11 patients with obstructive

airway disease. They postulate this to be due to “the effect of nicotine

on the vasculature of the lungin this groupof patients.”

Since pulmonary vasoconstriction will also increase the pulmonary

arterial pressure and right ventricular work, it mayalso lead to right

ventricular failure and the classic picture of cor pulmonale. The

beneficial effects of correcting (to the extent that this is possible)

the ventilatory problems in these patients is well known, and it is

thought. that the basis of the improvementis the correction of the

hypoxemia and hypercapnia which allowsareversal of the pulmonary

vasoconstriction, thereby permitting better perfusion of underper-

fused areas and also decreasing the workload of the right ventricle.

Stuart-Harris also pointed out that the relief of myocardial anoxia

with appropriate therapy mayhelp the right ventricle recompensate.
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Long-term continuous oxygen therapy in hypoxemic patients with
ehronie airway obstruction has been noted to have a beneficial effect
of reducing pulmonaryarteriolar resistance (30).

It is pertinent to note at this point that there is a developing body
of experimental evidence discussed in previous Reports and in this
chapter that cigarette smoking may haveacute deleterious effects on
airwayresistance and pulmonary vasoconstriction which can be espe-
cially harmful to the patient whose pulmonary function is already
compromised. The disordered pulmonary ventilation-perfusion rela-
tionships and pulmonary hypertension found in some patients with
severe chronic bronchitis can only be worsened by further broncho-
constriction and possibly by pulmonary vasoconstriction caused by
continued cigarette smoking. These can enhance cardiopulmonary
decompensation and lead to heart failure from cor pulmonale.
Further research is necessary to clarify more precisely the inter-

relationships between the disturbances of ventilation-perfusion caused
bychronic obstructive bronchropulmonarydiseases and cardiovascular
abnormalities as theyrelate to cigarette smoking.

SUMMARY AND RESEARCH SUGGESTIONS

Additional evidence compiled since 1967 confirms previous positive
findings and extends our knowledge about some of the effects of
cigarette smoking on pulmonary function. There has been further
clarification of some of the interrelationships between chronic obstruc-
tive bronchitis and adverse cardiopulmonaryeffects indicating that
pulmonary hypertension and cor pulmonale mayresult from the more
severe forms of chronic obstructive bronchopumonary disease. Smok-
ing is a major cause of chronic bronchopulmonary disease and in
addition may have particularly harmful cardiopulmonary effects
in those patients with severe chronic obstructive bronchitis.
Research suggestions: (1) Long-term followupstudies on changes in

pulmonary function among continuing cigarette smokers as compared
to those who have never smoked cigarettes and those who have discon-
tinued cigarette smoking. (2) Longitudinal studies of relatively young
people prior to the initiation of smoking in order to compare pulmo-
nary function before and after the taking up of smoking.
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INTRODUCTION

The primary purpose of the 1968 Supplemental Reportis to reviewthe pertinent literature that has become available subsequent. to the1967 Report. Brief mention of the conclusions of the 1964 Report andthe highlights of the 1967 Report is made to facilitate an understand-ing of the significance of the most recent information,The current. research findings should be considered in the perspec-tive of the research evidence previously reported in the 1964 (97) and1967 (92) Reports.

Conclusions oF Tre 1964 Report (97)Lung Cancer
1. Cigarette smoking is causally related to lung cancer in men: themagnitude of the effect. of cigarette smoking far outweighs all otherfactors. The data for women, thoughless extensive, point in the samedirection,
2. The risk of developing lung cancer increases with duration ofsmoking and the number of cigarettes smoked per day, and is dimin-ished by discontinuing smoking.
3. The risk of developing cancer of the lung for the combined groupof pipe smokers, cigar smokers, and pipe and cigar smokers is greaterthan for nonsmokers, but much less than for cigarette smokers. Thedata are insufficient. to warrant a conclusion for each groupindividually.

Oral Cancer
1. The causal relationship of the smoking of pipes to the develop-ment of cancerof the lip appearsto be established.2. Although there are suggestions of relationships between cancerof other specific sites of the oral cavity andthe several forms of tobaccouse, their causal implications cannot at present be stated.Laryngeal Cancer
Evaluation of the evidence leads to the judgment that cigarettesmoking is a significant factor in the causation of laryngeal cancerin the male.

E’sophageal Cancer
The evidence onthe tobacco-esophagea] cancer relationship supportsthe belief that an association exists. However, the data are not ade-quate to decide whether the relationship is causal.

Cancer of Urinary Bladder
Available data suggest anassociation between cigarette smoking andurinary bladder cancer in the male but are not sufficient to supportjudgment on the causal significance of this association.
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Stomach Caneer

No relationship has been established between tobacco use and
stomach cancer.

HIGHLIGHTS OF THE 1967 Report (92)

Lung Cancer

1. Aditional epidemiological, pathological, and experimental data
not only confirm the conclusions of the Surgeon General's 1964 Report
regarding lung cancer in men but strengthen the causal relationship
of smoking to hing cancer in women.

2. Cessation of cigarette smoking sharply reduces the risk of dying
from lung cancerrelative to the risk of those who continue.

3. Although additional experimental studies substantiate previous
experimental data, additional research is needed to specify the tumor-
initiating and tumor-promoting agents in tobacco smoke andto eluci-
date the basic mechanisms of the pathogenesis of lung cancer.

Laryngeal Cancer

The conclusion of the Surgeon General’s 1964 Report that cigarette
smoking is a significant factor in the causation of laryngeal cancer
in the male is supported by additional epidemiological evidence.

Other Cancers

Additional evidence supports the conclusions of the Surgeon Gen-
eral’s 1964 Report and indicates a strong association between various
forms of smoking and cancers of the bucal cavity, pharynx, and esoph-
agus. In the absence of further information concerning the interaction
of smoking with other factors knownor suspected as causative agents,
further conclusions cannot be made at this time, although a causative
relationship seemslikely.

Additional epidemiological, clinical, and experimental data
strengthen the association bet ween cigarette smoking and cancer of the
urinary bladder, but the presently available data are insufficient. to
infer that the relationship is causal.

GENERAL ASPECTS OF CARCINOGENESIS

Since the 1967 report. recent advances in the tobacco chemistryfield

were reviewed in two articles (65, 82). The characterization of tobacco

smoke by gas chromatography and digital computer opened a new

avenue for the exploration of tobacco smoke. The first preliminary

data indicate the presence of several thousands of compoundsinto-

haceo smoke. This number far exceeds the 700-800 compounds pres-

ently identified (23).

The 1967 Report discussed the major concepts of experimental to-
bacco carcinogensis. A recent monograph by Wynder and Hoffmann

(104) thoroughlydescribes and analyzes experimental carcinogenesis

as it relates to tobacco and tobacco smoking. The reduction of tumori-

genicity is of particular concern. This can be accomplished by: (1)
reduction of total “tar” content, and (2) reduction of specific tumori-
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genic agents. It has been well established that experimental tumor
production is dose-related to the amount of “tar” in cigarette smoke
condensate (7). The amount of “tar” yield varies with parameters
such as: (1) type of tobacco, (2) curing and processing, and (3) fil-
tration. It has been demonstratedthat byselecting, curing andblending
as well as by using specific filter materials and cigarette paper, one can
significantly reduce the “tar” yield of mainstream cigarette smoke
(39,83, 88).
Over the past 15 years there has been a general decrease in the

amount of “tar” and nicotine content of cigarettes (96, 104). Onerea-
son probably is the decreased nicotine and “tar” content in the
“lighter” tobaccos now being grown. Another is the increased public
demandfor“filtered” cigarettes.

Increased nitrate content of tobacco and the addition of nitrate to
cigarettes has been reported to reduce the tumor vield in experimental
animals (/04). Smoke from air-cured tobacco is Jess tumorigenic than
flue or sun-cured tobacco (96. 104) and cigarettes using more sheets
and stems rather than whole leaf have been shown to be less tumori-
genic (64,104).

Also, more porous cigarette paper (7), and the additionof nitrate,
citrate, or phosphate to cigarette paper increases the burning rate of
the cigarette, thereby lowering the number of puffs taken per unit of
cigarette (/04).

Filtration will decrease the total “tar” yield (6/, 63, 96, 104), but
except for the phenolic component, commerical filters do not. selec-
tivelyfilter specific carcinogenic components from the “tar”.

It has been shown that “tars” of tobacco extracts have increasing
carcinogenic properties in direct relationship to the temperature of
pyrolysis (704).

It is important to note that tobacco extractitself contains relatively
high amounts of tumor promoters. The tumor promoting activity of
tobacco extracts is of the same magnitude as that of tobacco smoke
condensate (104) but so far no clear tumorigenic relationship is evi-
dent between them (6).

N-NITROSAMINES

Despite recent publications on the presence of N-nitrosamines in
tobacco (76) and cigarette smoke (55), the present evidence must be
regarded as insufficient because of the high probability that. this is arti-
factual (66). The studies described so far have failed to identify these
agents in fresh tobacco smoke (45. 66). However, since several of the
N-nitrosamines are strong carcinogens (58) and tobacco smoke con-
tains severa) dozen secondary amines and oxides of nitrogen which
may be precursors for nitrosamines (66. 76. 80, 105), tobacco smoke
should be regarded as a potential source of N-nitrosamines.
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PoLontum-210

Newdata on polonium-210 in tobaccoleaf and cigarette smoke have

originated from various countries (8, 13, 26, 27, 28, 51, 52, 68, 89). The

polonium-210 values vary between 1-50 picocuries per 1.0 g. tobacco;

30-50 percent of it is recoverable in the mainstream smoke of ciga-

rettes without filter tips. Using specialfilter material, up to 90 percent

of the polonium-210 can be filtered out of the mainstream smoke (8).

One major source for polonium-210 in tobacco was reported to be

phosphate fertilizer (89). Analyses of human tissues demonstrated

that. lung, blood, and liver of smokers contain higher concentrations

of polonium-210 than the corresponding organs of nonsmokers (27, 40,

41, 57. 68). Rajewskyet. al. (68)estimate a daily polonium-210 inhala-

tion rate of 2 picocuries for a smoker of 20 cigarettes per day. Their

autopsy studies indicate an alpha dose exposure for the basal cells of

the subsegmental and terminal bronchi of 41 mrem and 79 mrem per

year, respectively, in smokers of 20 cigarettes per day. In view of the

fact. that. Jacobi (44) calculated a dose rate in these samebasalcells of

1-2 rem per year from the decay of naturally occuring radon and

thoronin the air, Rajewsky, et al. (68) consider it unlikely that cancer

is caused by the inhalation of polonium-210, in tobacco smoke. In

a reviewof the role of radioactive substances onthe effect of smoking,

Casarett was of a similar opinion (74).

SELENIUM

At present. thereis still no substantial evidence implicating selenium

as a respiratory carcinogen, although thisis still somewhat disputed

(29, 100,101).

Topacco Prsticipes AND GRrowTH INHIBITORS

The most widely used sucker growth inhibitor is maleic hydrazide.

This agent was recently reportedto be carcinogenic (25). Tobaccoleaf
and cigarette smoke are knownto contain organic pesticides (32, 704).

The first identified carcinogenic pesticide in tobacco and cigarette

smoke is 1,1-dichloro-2-(o-chloropheny]) -2-(p-cholorophenyl!) ethane

(op-DDD) (38. 56), which is a technical by-product of the commer-

cial insecticide p,p’-DDD. At present there is no known evidence of

chlorinated insecticides contributing to tobacco carcinogenesis.

PossistE Funcat ConrAMINATION oF Tosacco

The mold Aspergillus flavus is known-to synthesize the carcinogens

of the aflatoxin group (17). However, a recent. investigation reported
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the absence of these agents in tobacco and cigarette smoke (90). Never-theless, further studies are indicated to evaluate the possibility thatSome tobaccos may be contaminated with carcinogens produced byfungi.

EXPERIMENTAL ASPECTS OF CARCINOGENESIS

Passive Inya.ation oF Topacco SwoxKr

In attempting to reproduce Inng cancer in experimental animals,the limitations of presently available bioassays, mainly passive inhala-tion studies, have been discussed in the previous Reports (97, 92).Large scale studies in which a variety of animals have been exposedto the passive inhalation of tobacco smoke have essentially failed inproducing squamouscell cancer of the lung (104).The difficulties with passive inhalation studies in animals relate inpart to the toxicity of carbon monoxide and nicotine. The defensive“filtration” capabilities of the nasal passages and the epithelium of theupper respiratory tract, necessitate relatively high exposure levels,whichinthe case of tobacco smoke cannot adequately be accomplishedbypassive inhalation methodologies,
Some laboratory studies failed to produce squamouscell cancer inC57 black mice even though some of the animals were previouslyinoculated with Swine influenza virus (106). Harris and Negroni (35),in experiments with C57 black mice, some of which were inoculatedwith viruses, achieved some enhancement of adenocarcinoma, but didnot produce any proven squamous cell cancers,
Long-term cigarette smoke exposures in hamsters led only ocea-sionally to tracheal papillomas and not to Squamous cancer (20).However, one could sensitize these animals with diethylnitrosamineand enhance the tumor production initiated by this carcinogen by avariety of volatile irritants including tobacco smoke.

ACTIVE InnALAtion OF Tobacco SMOKE

Active tobacco smoke inhalation studies as reported in the 1967Report (92) have shown that hyperplastic and metaplastic changes‘an be produced in the lungs of dogs. These studies are expensive andit is difficult to keep the dogsalive long enoughto permit the expecteddevelopment of neoplastic transformation. Auerbach, et al. (4) incontinuing experiments with “smoking” dogs, have shown all thebronchial epithelial changes including dysplasia, which is the mostadvanced stage of pre-malignant change. More research is needed toelucidate the biomechanisms involved in the pathogenesis of lungcancer caused by tobacco smoking.
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LUNG CANCER

MortTALiry

The annual number of deaths in the United States from cancer of
the lung (ICD Code 162, 163) increased from 18,313 deaths in 1950
to 48,483 in 1965 (95). During the same period of time the crude
death rate rose from 12.2 deaths per 100,000 population to 25.0 deaths
per 100,000 population. The lung cancer age-adjusted mortality rate
for males increased from 18.5 per 100,000 population in 1950 to 39.2
per 100,000 population in 1965; while in the females, the age-adjusted
rates increased from 3.9 to 6.4 per 100,000 population over the same

period.
The age-specific death rates for males show an increase with age up

to the 65 to 74 year age group, and then a decline. On the other hand,
the female lung cancer death rates showa relatively steady increase
with age, averaging approximately 7 additional deaths per 100,000
population between each ten year age group. As a result, the male to
female mortality ratio varies from a low of 2.0 for the 25 to 34 year age
age group,to a high of 8.5 for the 65 to 74 year age group.

TABLE 1.—Death rates per 100,000 population for lung cancer, by age
and. sex, 1965
 

  

 
 

    

Sex 25-34 35-44 45-54 55-64 65-74 75-84 85 years
years years years years years years and over

|
Males_______--_----- 12); 13.2 | 58, 2 159. 2 269. 3 226.4 152.7

Females___.__-------- 0. 6 4.4° 13.7 22.1 31.6 36. 5 45. 6

Ratio M/F___---_--- 2.0 3. 0 | 4.2) 7.2 | 8.5 6. 2 3.3

| |
 

SouRCE: National Center for Health Statistics (95).

RETROSPECTIVE STUDIES

Studies in Iceland uniquely support the evidence that the increase in
lung canceris related to the increase in cigarette consumption. Iceland

is a small country with a total population of about 200,000. There is

relativelylittle air pollution, due mainly to the use of hot water springs

instead of the combustion of fuel as a source of heating. Dungal (27)

in 1950 noted a beginning rise in lung cancer in Iceland, associated

with the rise in cigarette consumption during and after World WarIT.

Hepredicted that if the cigarette consumption continued torise, the 20

to 30 year lag in lung cancer death rates would begin to become ap-

parent during the decade 1960-1970. Thorarinsson,et.al. (87) reported

a large increase in the Jung cancer incidence in Iceland from 1931 to
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1964, corresponding to a marked increase in per capita cigarette sales.The average annual incidence of lung cancer during the 10-year pe-riod, 1955-1964, was 12.1 in men and 6.5 in women per 100,000 popula-tion. However, comparing the first and second 5-year intervals, therewas a 30 percent increase in lung cancer incidence in men and a 52 per-cent increase in women (table 2).

TABLE 2.—Average annual incidence rates for cancer of the lung, by
sex: Iceland, 19565 to 1964

(Rate per 100,000 population]

  

 

Sex 1955-59 | 1960-64 1955-64

Males_---2-2 10.3 | 13.6 12.1Pemales_.-.-__--eee 5. 1 7.8 6.5
|

Although the total number of deaths was small, 88 percent of thehistologically classifiable tumors were of the squamous, undifferen-tiated, or oat-cell varieties, Ninety percent of the squamous, 82 per-cent of the oat-cell cancers, and 33 percentof the undifferentiated oradenocarcinomas occurred in smokers,
A small study by Guillan,et al. (37) again illustrates that. cigarettesmoking is also associated with adenocarcinoma of lung cancer. Of24 cases of adenocarcinomaof the lung in men, a smoking history couldbe determined in 22 cases. Of these, 91 percent were smokers,In a large retrospective studyof 1,787 lung cancer patients in Japanby Ishikawa (42), adenocarcinoma was the most frequent histologictype noted in both males and females who did not smoke. Squamouscell carcinoma was the most frequent histologic type in male cigarettesmokers and undifferentiated carcinoma the most frequent type infemale cigarette smokers.
Of the male and female lung cancerpatients, 22.6 and 2.9 percent,respectively, were smokers of over 30 cigarettes a day. Ishikawa com-pared this to the corresponding smoking habitsof patients in a largeongoing prospective study of Hirayama (discussed later) whichshowed only 4.8 percentof the adult males over age 40 and 0.1 percentof the adult females over age 40 smoking 30 cigarettes a day or more,Abelin, et al. (7) showed that the relative risk of lung cancer inSwitzerland was associated with heavy cigar and pipe smoking (aswell as cigarette smoking) to a much greater degree than previouslyreported. Most other studies have not shown a high association of lungcancer with cigar and pipe smoking. The authors suggest that theirfindings mightbe due to differences in either the amount smoked and/
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or the carcinogenicity of Swiss and German cigars as compared to
American cigars. The difference might also be explained by the greater
use and more frequent inhalation of small cigars in Switzerland as
compared to other countries where larger cigars are more commonly
smokedbut rarely inhaled.

PRospECTIVE STUDIES

The major, long-term, prospective studies were reviewed in the 1967
Report. The Doll and Hill (28, 79) study is still in progress, but no
new data have become available. Data collection for the Best, Ham-

mond, and Dornstudies (5, 34, 46) are completed, but various aspects
are still being analyzed and newinformation will appearin the future.

Preliminary data from a large scale prospective study (37) of

265,118 men and women in Japan show that the death rate from lung

canceris significantly higher in cigarette smokers as compared to non-

smokers for both males and females. Thereis also a positive correlation

between lung cancer death rates and both the amount smoked and the

By sex and By amount of smoking By age started smoking
smoking habit (male onty) {both sexes}
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of 29 Health Center Districts in Japan, January 1966 to March 1967.

Source: Hirayama, T. (37)
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age smoking began,but the number ofdeaths is too small for adequate
analysis at this time.

Lune Cancer RELATIONSHIPS IN Women

Critics have tried to throw doubt on the smoking-lung cancerrela-
tionship by saying that the lung cancer death rates for women have
increased only slightly as compared to the greater relative increase
in the number of womensmokers.

It is true that the lung cancer death rates for women are presently
much lower than the corresponding rates for men. Women presently
account for only about one-sixth of the total deaths from lung cancer.
But since 1930 the lung cancer death rate in women has increased over
400 percent. Overthe past 14 years alone this increase has been over 50
percent (94). A most likely reason for the difference in male/female
lung cancer deathrates is that womenstill have not had the same degree
of total exposureto cigarettes as have men. For instance, as late as 1955,
only 24.5 percent of the adult female population (age 18 and over)
were regular smokers compared to 52.6 percent of the adult male
population (33). In 1966 the figures show only 33.6 percent of the adult
females smoking (age 21 and over) as compared to 51.8 percent of the
adult. males. Also, the female smoker's per capita consumption was
about 26 percentless than that of the male smoker in 1955, and about.
20 percent less in 1966 (93). In addition,it has been shown that women
smoke differently than men do (99). They do not smoke cigarettes
as far to the end, where proportionally more nicotine and “tars” are
inhaled than from the first part of the cigarette. Women smoke more
filter-tip cigarettes than men, and smoke more “lowtar and nicotine”
cigarettes than do men, Theyalso inhale less frequently and deeply
than men. Furthermore, cigarette smoking still tends to be heavily
concentrated in those women under the age of 50 years, prior to the age
at which lung canceris mostly likelyto occur.
An anlysis of the lung cancer deathrates (94) shows that, “Until

1960 the ratio of the death rate in the male population for this cause
to the corresponding death rate in the female population continued
upward. But after 1960 this ratio leveled off, reflecting the greater
relative rise in mortality from lung cancer in the female population.”

ApbpITIonaL CoNSIDERATIONS AND CONCLUSIONS

Filter cigarettes, in general, have lower “tar” and nicotine values
than comparable non-filter cigarettes, In this respect, a study by Bross
(9), shows preliminary evidence that smokers who switched to filter
cigarettes have a decreased risk of developing lung cancer.

(rraham(30) studied the smoking habits of male lung cancerpatients
and controls. Previously he showed, on smoking machines, that dif-
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ferent patterns of cigarette smoking gave different “tar” yields. His
lung cancerpatients had significantly greater high “tar”yield cigarette
smoking patterns than the controls. The risk of lung cancer increased
with increase in: (1) the mean numberof puffs per cigarette, (2) the
werage length of time taken to smoke a cigarette (except in the highest
number of puffs category) and (3) taking more puffs towards the end
of the cigarette. These findings add further support to the dose-re-
sponse relationship between lung cancer and cigarette “tar” exposure.
As pointed out in the 1964 and 1967 Reports, there appear to be

several other factors which mayalso contribute to the etiology of lung
cancer, especially in the presence of cigarette smoking. However, there
has been no evidence to refute the statement in the 1964 Report. that,
“Cigarette smoking is causally related to lung cancer in men; the
magnitude of the effect. of cigarette smoking far outweighsall other
factors. The data for women, thoughless extensive, point in the same
direction.”

Of particular interest are the studies of Buell, et al. (77, 12). They
reviewed various prospective and retrospective studies which showed
that the urban-rural differences in lung cancer death rates in non-
smokers were of the range of 2:1 to 4.4: 1. However, the much greater
effect of smoking on increasing the lung cancer death rates was evident
by their statement “that smoking can act independently of the urban
factor, the gradients among rural dwellers rising to as much as 10 to
15 fold for heavy smokers.” With regard to the high levels of photo-
chemicalair pollutants in Los Angeles, they concluded : “With controls
for cigarette smoking and lengthof residence,the risk of pulmonary
cancer in Los Angeles, where photochemical air pollution levels are
highest, was not greater than in other major metropolitan areas of
California.”
Although photochemical air pollution might not be a contributing

factor to lung cancer mortality in man,as is the “sulfur dioxide” air
pollution found in most industrial areas, it may be too early to ascer-
tain anyeffects, since air pollution in Los Angeles only becamea prob-
lem between 1945 and 1950.

Stocks (8&4, 85) shows that per capita solid fuel consumption has a
positive correlation with lung cancer death rates but to a much lesser
degree than per capita cigarette consumption. He suggests, therefore,
thatair pollution fromsolid fuel combustion is related to lung cancer
death rates and that this might possibly be independent of cigarette
smoking. However, Stocks did not determine the specific smoking
histories of individuals who died from lung cancer.
Concurrent studies of cigarette smoking and air pollution, in the

same populations with precise smoking histories on individuals who
have died from lung cancer, might serve to clarify the probable inter-
action between cigarette smoking and air pollution or possible inde-
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pendence of cigarette smoking from air pollution as they relate to the
etiology of hing cancer.
The preponderance of evidence [1964 Report(97) .1967 Report (92),

and this report] continues to indicate that most lung cancers occur in
cigarette smokers and that cigarette smoking is the major cause of
lung cancer. A majority of lung cancercases are of the squamouscell
variety and most investigators are in agreement that squamouscell
carcinomais rare in the male nonsmoker (3, 15, 103). The elimination
of cigarette smoking would in time eliminate most lung cancer. That
this is a real goal is supported by the studyof British physicians (28,
19) reviewed in the 1967 report.

Itis not disputed that some cases of lung cancer can occur in those
people who have never smoked cigarettes or inhaled any form of
tobacco smoke. In these cases air pollution possibly plays a larger role
in the causation, but in most cases, it appears that it is the cigarette
smoker who is especially susceptible to whatever additional risk for
lung cancer maybe presented bycertain typesof air pollution or other
factors suchas asbestos or uranium dust inhalation.

CANCER OF THE ORAL CAVITY

‘The 1967 report showed that the overall death rates for oral cancer
remained about the same during the period 1950-1964. This wasin-
fluenced somewhat byrecent changes in the ICD Code.

It is interesting to note that the incidencerates of oral cancer have
also remained relatively constant. over the period 1935-1962,* in spite
of increased cigarette smoking (24). This may be explained, in part,
by the fact that the numerators of such rates often include neoplasms
coded to the International Classification of Disease, rubrics 140
through 148, These rubrics identify manyoral and pharyngeal diag-
nostic sites which do not contribute equally to either the morbidity or
mortality experience resulting from the use of tobacco. For example,
preliminaryfindings in an unpublished study by Keller (47) suggest
that salivary cancers (ICD rubric 142), unlike tongue and floor of
mouth cancers, are not associated with the tobacco habit, The fact that
pipe and cigar smoking inthis country began to be replaced bycigar-
ette smoking among men born subsequent to 1900 mayalso be signifi-
cant, although this trend has leveled off and may even have been re-
versed since the health consequences of smoking cigarettes first came
to public attention in the mid-1950's, In the population which accounts

*There is no national data collection on incidence rates of diseases. Several states haye
cancer registries which have information on the incidence of cancer in that particular
state. The data from Connecticut are generally thought to reflect the changing patterns
of cancer incidence throughout the United States. It is realized that there might be indi-
vidual state differences. References to incidence rates in this chapter section are taken
from the Connecticut data unless otherwise specified.
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BUCCAL CAVITY AND PHARYNX
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Figure 2—-Age-adjusted rates of the incidence of cancer of the buccal cavity and

pharynx, for males and females: Connecticut, 1935-1962.

Source: Eisenberg, et al. (24).

for the bulk of oral cancer cases—men over 45—there has been a greater
change in the form in which tobacco is used than in the proportion of
men using tobacco.

Since pipe and cigar smoking is associated with oral cancer, with
mortality ratios not very different from those for cigarette smokers,
the constant incidence rates mayreflect the fact that the proportion of
tobacco users among men over 45 has been fairlystable.
A review of the recent retrospective studies shows a relationship

of oral cancerto all forms of the tobaceo habit (22. 26.53. 64, 77, 78. 79,

98). This includes the use, in the mucobuceal fold, of either snuff,
among women (/0, 22, 7/, 72, 81), or the betel nut quid with tobacco,

umong the residents of India and Southeast Asia (36,54, 77,78, 79,98).
Reddy has produced tumors in mice bydaily instillation of a “pan”

mixture with tobacco (the same mixture used for chewing) into the
vaginas of virgin mice (69).

There is evidence that in the presence of tobacco consumption,

alcohol mayalso be a factor in the etiology of oral cancer (48, 49, 50,

97). In a recent study on male veterans, Keller concluded, “* * *

heavy smoking, heavy drinking and liver cirrhosis (either alone or

as a measure of heavy drinking) are associated with cancer of the
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mouth and pharynx” (48). Since most. people who drink largeamounts of alchohol regularly are also heavy users of tobacco, it isdifficult: to identify the relative contribution of these two factors orthe role of the nutritional problems often associated with heavyalcohol use.
Additional data have been reported by Moore (62), on patientsdeveloping second primary mouth and throat cancers, after havingbeen cured for at least three years prior to developmentof the cancer.These patients were all asymptomatic for at least three years prior todevelopment of the second cancer. Of 117 patients with adequatesmoking histories only 4 of 43 (9 percent) who quit smoking afterthe first cancer, developed a new primary. Onthe other hand, 27 of 74patients (36 percent) who continued to smoke developed a secondprimarycancer. These data support the important contribution ofsmokingto the etiology of mouth andthroat cancer,
Roth, et al. (73. 74) recently have shown that the dye-bindingcapacity of DNA oforal epithelial cells is significantly enhanced incigarette smokers in contrast to nonsmokers, probably reflecting anincrease in the DNA content oforal epithelial cells in smokers. ThisSuggests somealteration in the DNA which may be a factor in oralcarcinogenesis. Smokers had values of dye-binding capacity inter-mediate between nonsmokers and 21 patients with proven oral cancer.Those smokers who refrained from smoking for up to nine monthsshowed

a

significant: decrease towards more normal values,
Tt is clear that people who use tobacco have higher rates of oralcancer than those who do not. Research is needed to identify the doserelationships, to determine whether or not there are dosage thresholds,and to clarify the relationships between dosage, style of tobacco use,and part of the mouth affected,
It seems likely that factors suchas alcohol consumption, nutritionalproblems, andoral hygiene maybeinterrelated with the tobacco habitin a fairly complex pattern. More research is needed to clarify these

relationships.
For patients with oral cancer, and probablyfor those at a high riskof oral cancer because of other exposures, cessation of tobacco use canmake an important contribution to reducing the risk of a new primarycancer,

CANCER OF THE LARYNX

Cancer of the larynx is mainly a disease of male smokers, Of the2,629 deaths in 1965, over 88 percent were men. The 1967 report notedthat the death rate for cancer of the larynx had not increased signifi-cantly since 1950. The incidence rates, however, have shown a steadyincrease since 1935.
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LARYNX
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Ficture 3—Age-adjusted rates of the incidence of cancer of the larynx, for males

and females: Connecticut, 1985-1962

Source : Eisenberget al. (24).

The American Cancer Society (2) estimates the occurence of 6,000

newcases of cancer of the larynx in 1968 but only about2,800 deaths,

due to relative curability of this disease if diagnosed early.

Several retrospective studies have again shown the extremely high

rate of smokers [98 percent (86), 92 percent (75) ] amongpatients with

cancer of the larynx.

CANCER OF THE ESOPHAGUS

As reported in the 1967 Report (92) the death rates for cancer of

the esophagus have increased only slightly in the period 1950-1964.

The large scale prospective studies (18, 19, 34, 46) showed mortality

ratios up to 11 in heavycigarette smokers, while pipe and/or cigar

smokers had ratios up to 5.

Preliminary data from a prospective study (37) in Japan also indi-

cate an increased frequency of death from cancer of the esophagus

among smokers as compared to nonsmokers.

No further information has become available on the relationship of

esophageal cancer to aleohol and/or other confounding variables as

discussed in the 1967 report.
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CANCER OF THE PANCREAS

The 1967 report implied a relationship between smoking and pan-
creatic cancer due to the somewhat higher mortality ratios observed in
three of the large scale prospective epidemiologic studies.
The American Cancer Society estimates that deaths due to cancer

of the pancreas will total 18,000 in 1968 with a male/female ratio of
approximately 3:2. The overall death rate for cancer of the pancreas
has showna steadyrise; from 7.2 to 8.4 in males (+17 percent) and
44 to 4.9 (+11 percent) in females, for the time period 1953-55 to
1963-65 (2). The incidence rates have increased almost 50 percent in
males since 1935, with no apparent increase for females.

In the past year, preliminary evidence from tworetrospective studies
(43, 102) has shownthat only 10 percent of the patients with cancer of
the pancreas are nonsmokers. The risk of developing cancerof the pan-
creas appearsto increase in proportion to the amount smoked.

Preliminary data froma prospective study (37) in Japan also shows
a significantly higher frequency of deaths from pancreatic cancer
among smokers as compared to nonsmokers.

PANCREAS
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These studies strengthenthe earlier indications of an association be-
tween smoking and pancreatic cancer, but furtherresearch is needed in
this area to elucidate thesignificance of this association.

GENITO-URINARY CANCER

CANCER OF THE BLADDER

As stated in the 1967 Report, there has been no increase in male or
female death rates for cancer of the bladder over the 15 year period
1950-1964. However, the incidence rates for males have increased over
75 percent in the 25-year period from 1935-37 to 1960-62, and about
26 percent in the 15 year period from 1945-47 to 1960-62.

Deeley, et al. (16) reported on a retrospective study of 127 patients
with cancer of the bladder and 126 patients with lung cancer, all
matched with controls. The smoking “factors” (amount times duration
of smoking) were significantly greater among cases than controls for
both cancersites. Even by age-groups, the “mean smoking factor” for
either cancer was higher for cases than for controls. Preliminary data
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from a prospective study (37) in Japan shows a higher frequency of
deaths from bladder cancer among smokers.
Certain amino acids, as found in tobacco, form trace amounts of

alpha- and beta-naphthylamines upon pyrolysis (59). The latter agent
is an established bladder carcinogen. So far, however, only its isomeric
alpha-naphthylamines has been identified in cigarette smoke (60, 67).
Further investigation is needed on the carcinogenic metabolites of

tryptophan which have been shown to be increased in the urine of
cigarette smokers (92).

CANCER OF THE KIDNEY

The 1967 Report did not mention the association between smoking
and cancerof the kidney.
The U.S. Veterans study (46) shows increasing mortality ratios for

cancer of the kidney with the amount of cigarette smoking. There is
no apparentrelationship with pipe and/or cigar smoking.

TABLE 3.—Mortality ratios and death rates Jor cancer of the kidney in
U.S. veterans, by age, type and amount smoked for current smokers
only

 

Pipe
and/or |Cigars

10-20 21-39 40 and cigars
over

 

Pipe

  

 

Mortality ratios_____ 1. 00 .97

|

1.634) 168

|

2757 115 77 1, 32
Death rates:

 

  
Age 45-54... 222) 2 2fej) Jee|e
Age 55-64.______ 8 5 8 10 26 5 7 2
Age 65-74.______ 14 7 15 27 13 14 | 2 25
Age 75~84.______ 7 [------|-eeefe 40 |

 

Source: Kahn, H.A. (46).

TABLE 4.—Mortality ratios and death rates for cancer of the kidney in
male cigarette smokers, by specified age groups
 

  

 

 

Cigarette smokers

Age 45-64 Age 65-79

Mortality ratios._____..2----88. 1. 42 | 1. 57
Death rates_._.--222 1 (4)6 | 1 (15)23

! Numbersin parentheses indicate death rates for persons who have never smokedregularly.
Source: Hammond,E. C. ($4).
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Hammond (34) has also demonstrated higher mortality ratios in
cigarette smokers for cancerof the kidney.

Preliminary evidence from a retrospective study in progress (102)

suggests that cigarette smokers, especially those who smoke over 35

cigarettes a day, are over-represented in those patients with cancer of

the kidney. More research should be doneto try to ascertain if there is
a meaningful relationship between smoking and cancerof the kidney.
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