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FOREWORD

Tobacco smoking is one of the major causes of disease and death today: it causes cancer,
pulmonary obstructive disease and cardiovascular disease. The list of target sites for
tobacco-related cancers is impressive: lung, urinary bladder, renal pelvis, oral cavity,
pharynx. larynx, oesophagus. pancreas and possibly kidney and liver.

The evidence, therefore, of the severe consequence for health of smoking is so compel-
ling and so overwhelming that it is difficult to understand why it has been, and still is, so
difficult to initiate successful preventive measures. The answer is probably two-sided.

The first is the difficulty that individuals have in renouncing a habit that has become
solidly rooted in their culture and in their daily life. Most people believe that making the
choice to smoke is their privilege and is made freely. They derive satisfaction from it and, at
the same time, they are unable to perceive or to accept the evidence of chronic accumula-
tion of risk. The second part of the answer is the interest of governments around the world
in tobacco-derived income. Many governments, although genuinely concerned about the
good health of their citizens, still continue to allow the sale of tobacco and to make money
out of it: and. of course. in many countries powerful private interests are involved. When
these private interests coincide with those of the governments. the resulting alliance is
probably the strongest possible. Governments should perhaps be convinced that not only is
the sale of tobacco inconsistent with public health, but also that there are other ways of
supporting the national economy.

Recently, evidence has become available that smokers of cigarettes yielding high levels
of tar and nicotine have a greater risk of developing lung cancer than smokers of cigarettes
that yield less tar. Tobacco is a mixture containing a large number of chemicals, many of
which are recognized carcinogens and/or mutagens. Tar, which results from the pyrolysis
of tobacco, certainly contains carcinogenic chemicals, and one can therefore assume that,
by decreasing the delivery of at least one of the carcinogenic fractions of smoke, a less
intense carcinogenic activity of the total mixture may result. Tobacco smoke will, however,
clearly continue to be a carcinogen even if it contains less tar.

The abolition of cigarettes with high levels of tar will potentially reduce the risk of lung
cancer, but there is absolutely no doubt that any measure that still involves the production
and use of cigarettes is only provisional and represents only a preliminary step towards the
truly adequate measure of preventing damage to health from smoking, i.e., avoidance of
smoking, and replacement of tobacco as a widespread crop. It must also be clearly stressed
that there is no evidence whatsoever that the consumption of so-cailed ‘low-tar’ cigarettes
has any effect on decreasing the incidence of and mortality from cardiovascular diseases.

The achievement of complete avoidance of smoking and replacement of tobacco by
another crop will necessitate. inevitably, a phase of intense and widespread education of
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the public, which should begin early in life. It is important that everybody becomes aware
that the introduction of tobacco into our culture is a very recent event and that the
consumption of cigarettes is a habit that became widely disseminated only within the last
century. There is therefore no reason that humanity cannot continue its course without
tobacco.

It is also important to stress that tobacco is carcinogenic not only when it is burned and
smoked, but also when it is chewed. Recent advertising in which it is claimed that tobacco
chewing is harmless contradicts very clear, definite evidence that tobacco is carcinogenic
when it is chewed.

The diffusion of the habit of smoking all over the world makes the problem a truly
international one of public health, and the All-Union Cancer Research Center of the
Academy of Medical Sciences of the USSR is to be commended on its initiative in calling
this meeting jointly with the IARC. Professor Blokhin and Professor Trapeznikov, in
particular, are to be congratulated on their foresight and for the excellent organization of
this international forum.

L. Tomatis, MD
Director,
IARC
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I. IMPLICATIONS AND RECOMMENDATIONS



IMPLICATIONS

These pages highlight the scientific deliberations. but do not represent a full summary of
the proceedings.

Despite the fact that the main adverse health effects of smoking have been weil known
for many years, smoking remains one of the most important public heaith problems bothin
developed and in developing countries. Between one-quarter and three-quarters of the
men smoke in virtually ail countries from which survey data are available. Women
generally smoke less than men, but the proportion of adult women smokers in many parts
of Europe and North America is about 30%, and increasing numbers of women are taking
up the habit. Smoking continues to increase in many (though notall) developed and almost
all developing countries.

Tobacco smoking, particularly of cigarettes, is an important cause of chronic disability
and death from a wide range of neoplastic, vascular and respiratory diseases. The neoplas-
tic diseases caused by smoking include cancers of the lung, oral cavity, pharynx, larynx,
oesophagus. urinary bladder, renal pelvis and pancreas. The most important of these
neoplastic diseases is lung cancer. In most developed countries for which data are avail-
able. the proportion of lung cancer attributable to smoking is 80-90% in men and the
attributable proportion in women is approaching this level in many of these countries.
Even if a smaller fraction of lung cancers in other countries is induced by tobacco, a
substantial proportion of the global total must be attributable to this single cause.

Tobacco is probably the most important known carcinogen for human society today. It
accounts for more cancer deaths than all other reliably known effects put together, and the
annual number of lung cancer deaths due to tobacco is still rising rapidly. By the end of the
century. this number is expected to exceed one million, to which must be added an even
greater number of tobacco-induced deaths from diseases other than lung cancer.

In countries where the oral consumption of smokeless tobacco in various forms is
popular. it is also a cause of cancer. chiefly of the oral cavity. Oral use of smokeless tobacco
is spreading to other countries and this can only be considered deleterious.

In addition. smoking causes even more deaths from non-neoplastic diseases than from
cancer. Coronary heart disease (CHD) is the leading cause of death in most developed
countries and in those where prolonged smoking is widespread about one-third of all CHD
deaths in middle-aged people may be attributed to cigarette smoking. Smoking also
contributes to the development of various other arterial diseases. and is the predominant
cause of chronic obstructive lung disease (a term that includes chronic bronchitis and
emphysema).

On the basis of knowledge of the chemical composition of sidestream smoke, experi-
mental data and human exposure measurements, ‘passive’ exposure to other people’s
tobacco smoke must be presumed to cause some risk of developing lung cancer. However,
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4 IMPLICATIONS AND RECOMMENDATIONS

the exact extent to which it does so requires additional research. Although less firm,
evidence has emerged that involuntary smoking may also increase the incidence of CHD.

Those who stop smoking before they have cancer or serious heart or lung disease can
avoid much of the excess risk of death from smoking that they would have suffered if they
had continued. The longer the period of cessation, the greater the diminution of risk.

Cessation of smoking results in a rapid and substantial reduction in death rates from
CHD. Approximately 10 years after cessation, the primary onset rate of coronary heart
disease for exsmokers approaches that of lifelong nonsmokers. An important part of the
treatment of atherosclerotic diseases — coronary, cerebral, aortic and peripheral vascular
and obstructive lung disease — is persuading patients who are smokers to give up the habit.

The rise in cigarette consumption observed in many countries in the past few decades
suggests that, in future decades. important increases will be observed in the rates of lung
cancer and other smoking-related diseases in those countries, uniess some measures are
taken to prevent at least part of these long-term adverse effects.

The excess risks of death produced by smoking in middle and old age depend strongly
not only on what is currently smoked but also, perhaps surprisingly, on what was smoked in
early adult life, even if this was several decades earlier. Hence, there is a potentially
misleading delay of several decades between the widespread adoption of cigarette smoking
by the young adults in a particular country and the eventual emergence of its full effects.
Indeed, during the period while large increases in cigarette smoking are taking place
among young adults, there may (temporarily) be little increase in mortality for decades
after the main increases in cigarette usage cease. Thus, large increases in conditions suchas
lung cancer may be observed as a delayed result of long-past increases in cigarette usage by
young adults.

Because of the long delay that may occur between the adoption of a particular smoking
habit and the emergence of its full effects on cancer risks, there has been uncertainty about
the effects on health of changes in design of cigarettes. Evidence on this subject has,
however. emerged (IARC, 1986) and the present meeting endorsed the conclusion of the
IARC Working Group that: ‘. . . the risk of lung cancer associated with the types of
cigarettes commonly smoked before the middle 1950s is greater than that for modified
cigarettes with low tar levels now generally available in some countries.

“The health benefits from the cessation of smoking, however, greatly exceed those to be
expected from changes in cigarette composition.’” But, it was considered by no means
certain that current changes in cigarette composition would have any comparable effect on
the risk of other tobacco-related diseases. Particularly, it was uncertain whether such
changes would have any effect on the risk of developing CHD.

Worldwide. the number of tobacco-induced deaths is still increasing rapidly, so the
elimination of smoking would ultimately result in the avoidance of several million tobacco-
induced deaths each year. and even moderate decreases in smoking would prevent sub-
stantial numbers of such deaths.
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IMPLICATIONS AND RECOMMENDATIONS 5

RECOMMENDATIONS

The uitimate response to the disastrous facts outlined above must be the eradication of
virtually all tobacco use. All responsible bodies should declare their commitment to such a
programme in all countries, which would probably be the most effective means of protect-
ing present and future public health.

A series of measures is therefore urgently needed. as intermediate steps towards this
final goal. As a first step, reduction in the consumption of tobacco would be the most
important means. Each country should therefore formulate a specitic strategy for reduc-
tion of smoking rates within a defined period.

Measures to discourage the use of cigarettes are of substantial public health importance
in areas such as the USSR, Europe, North America and Australia, where cigarettes have
been used widely for many decades. and where they may already account for 20~35% of all
cancer deaths. They are also important in areas such as China, other parts of Asia, and
Africa. where widespread use of cigarettes is so recent that even though at present the
habit may account for only a small percentage of all cancer deaths, causation of a much
higher proportion in future decades can already be foreseen.

The meeting consequently RECOMMENDS that in all countries specific measures
should be taken to discourage continuation of the habit among smokers and adoption of
the habit among nonsmokers.

The measures that are most appropriate to achieve this will, of course, differ widely from
country to country. Expert committees of the World Health Organization (1979) and
International Union Against Cancer (1977) have already formulated extensive lists of
recommendations that deserve detailed consideration, as they contain much carefully
thought out advice. These recommendations emphasize the need to give national smoking
control programmes a multicomponent nature.

Most of the measures recommended. however, are concerned not with restriction but
with education. Partly as a result of these. the majority of smokers in most industrialized
countries may by now be aware that smoking is hazardous, but probably most remain
unaware of the relative magnitude of the hazards involved.

The meeting consequently RECOMMENDS that responsibility be taken for ensuring
that the majority of cigarette smokers be led to understand the approximate size of the
excess risk of disability and death associated with the habit, and of the benefits of cessation
of the smoking habis.

One method that might be particularly appropriate in all countries, since it gains access
to all cigarette smokers at negligible cost. is to have on each pack of cigarettes a quantita-
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tively informative health warning (or a set of heaith warnings that are cyclically altered,
some of which are quantitatively informative). The warning should be large enough to be
prominent, and its wording should be reviewed (and perhaps revised) at regular intervals
to help it communicate the size of the hazard to ordinary smokers.

Appropriate health education programmes could be given a prominent position in the
school curriculum. Health education could be made a routine part of many clinic visits, for
some patients in ill health are influenced by doctors and nurses to cease smoking. In order
to achieve implementation on a really broad basis, special efforts must be made to give
specific training to key professionals such as teachers and health workers. Health educa-
tion programmes could be offered through various mass media. Finally, a systematic effort
could be made to discourage smoking by various particularly influential individuals such as
teachers, health professionals and media personalities — indeed, schools, clinics and
television studios might exert a useful influence by becoming completely nonsmoking
areas.

One programme component that is consistently recommended, and for which there is
particularly clear evidence that it is helpful, is substantial increases in the real price of
cigarettes, maintaining those increases against inflation. Increases in price should make
any very hazardous cigarettes (e.g., nonfilter, high-tar) at least as expensive as hazardous
cigarettes.

Other widely recommended components include a ban on all forms of tobacco sales
promotion, and various measures to give nonsmokers freedom from the annoyance and
hazards of breathing other people’s smoke. Such measures may also help to change
smokers’ perception of their habit.

A complementary approach to the elimination of tobacco consumption could be changes
in cigarette design. It would be necessary to analyse cigarette composition, especially for
nicotine and tar delivery. If tar deliveries are relatively high, they should be lowered, since
there is evidence that the risk of lung cancer associated with high-tar cigarettes is greater
than that for low-tar cigarettes.

The meeting therefore RECOMMENDS that, although elimination of tobacco con-
sumption should be the final goal, an upper limit, such as, perhaps, 15 mg, on cigarette tar
deliveries be introduced as quickly as possible.

It should be noted, however, that there is no evidence that this step will reduce the
incidence of other smoking-related diseases, such as heart disease. An initiative to reduce
tar levels should not provide an excuse to avoid introducing other, much more important
aspects of a smoking and health programme, and great care should be taken to ensure that
efforts to reduce tar levels do not give the impression that smoking of low-tar cigarettes is
without substantial hazard.

In view of the global extent of the smoking problem, international collaboration should
be sought in controlling smoking. Several of the agencies of the United Nations family are
ready to act, and it is reccommended that member states stimulate these organizations to
give priority to such activities and to seek their active assistance in national work, e. g.,the
World Health Organization could be asked to assist in planning and implementing various
actions. Further, the Food and Agriculture Organization and the World Bank could be
asked for assistance in finding alternative crops to replace tobacco in national agriculture.
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Substantial assistance could be supplied by various nongovernmental organizations, €.8.,
the UICC.

To be fully effective, measures may have to be maintained for many years. The
achievement and maintenance of a strong, consistent and effective strategy over such a
long period poses obvious difficulties.

The meeting consequently RECOMMENDS that some permanent mechanism be estab-
lished in each country where there are appreciable numbers of tobacco smokers to ensure
that the control of tobacco-related diseases continues, over a long period, to receive an
appropriate degree of attention.
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Sy TOBACCO: AN OVERVIEW OF HEALTH EFFECTS
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K R. DOLL
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INTRODUCTION

of the study of the health effects of smoking had begun.

study included exsmokers.

~11 -

When tobacco was first introduced into Europe at the end of the sixteenth century,
smoking was recommended for medicinal purposes; but its use soon became controversial
and it was condemned as a noxious vice as often as it was praised for its prophylactic value.
Little scientific evidence was, however, obtained about its effects until the late 1940s, at
which period medical textbooks either ignored the subject altogether ot referred briefly to
tobacco amblyopia. a form of blindness associated with heavy pipe smoking and poor
nutritional status. to tobacco angina, a rare form of angina in which chest pain was
precipitated by smoking, and to cancers of the lip and tongue, which experienced surgeons
had for long suspected were associated with the smoking of pipes. Then, in 1950, five
papers appeared in the UK and the USA describing studies in which the smoking habits of
large numbers of patients with cancer of the lung or, in some studies, with cancers of the
mouth, pharynx, or larynx, were compared with the smoking habits of control patients
(Doll & Hill, 1950; Levin et al., 1950; Mills & Porter, 1950: Schrek et al., 1950; Wynder &
Graham. 1950). Inone of these it was concluded that ‘smoking is a factor, and an important
factor. in the production of carcinoma of the tung’ (Doll & Hill, 1950), and the modern era

The results of these studies are summarized in Table 1. together with those of three
smaller and less detailed studies that had been published in Germany and the Netherlands
in the preceding 11 years. Insix, comparisons could be made between heavy smokers and

. nonsmokers. the resuits of which suggested that the risk of lung cancer among the former
# might be some 3-30 times greater than that among the latter. the differences being due
partly to the different methods of smoking in different countries, but more importantly to
the different definitions employed in the categorization of nonsmokers, who in at least one

The obvious way to check the conclusions drawn from these studies was to record the
smoking habits of large numbers of men and women who smoked different amounts. to
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Table 1. Smoking and lung cancer: resuits of early case-control studies

No. of men Percentage of Percentage of

‘nonsmakers’ ‘heavy smokers’
Reference
With Without With Without With Without
lung cancer  lung cancer lung cancer  lung cancer lung cancer  lung cancer
Mdtller, 19392 86 86 3.5 16.3 65 36
Schairer & Schaniger, 19432 93 270 3.2 15.9 52 27
Wassink, 1948° 134 100 45 18.0 55 19
Doll & Hill, 1950°¢ 649 649 0.3 4.2 26 13
Levin et al,, 1950¢ 236 481 15.3 21.7 - =
Mills & Porter, 1950 444 430 7 31 - =
Schrek et al., 19509 82 522 14.6 23.9 18 ]
Wynder & Graham, 1950 ¢ 605 780 1.3 146 51 19
*Germany
?The Netheriands
UK
JUSA

follow them up over a period of years, and to see whether the recorded habits would serve
to predict the risk of developing disease. By this method. it was. moreover, possible to
study not only the relationship between smoking and lung cancer, but also that between
smoking and all other diseases that were common enou gh for a substantial number of cases
to be observed within the period of observation.

Many such studies have now been carried out, eight of which cover a large enough
number of individuals for a long enough period for useful information to be obtained about
a wide range of diseases (Hammond & Horn, 1958: Dunn et al., 1960: Best et al., 1961;
Hammond. 1966: Kahn. 1966; Cederléf er al., 1975: Doll & Peto. 1976; Hirayama, 1977;
Doll er al.. 1980). All have been limited to the study of mortality and all give qualitatively
similar results, despite the fact that four were carried out in the USA, and one each in
Canada, the UK, Japan and Sweden. All agree in showing that cigarette smoking is, in
general, associated with a higher mortality than the smoking of pipes and cigars and most
agree that pipe and cigar smoking are only weakly associated with any disease other than
cancers of the upper respiratory and digestive tracts (lip, tongue, mouth, pharynx other
than nasopharynx, larynx and oesophagus).' The rest of this paper will, therefore, be
largely confined to the effects of cigarette smoking, which is, outstandingly, the principal
way in which tobacco is now smoked throughout the world, apart from some parts of Asia
and Africa where tobacco continues to be smoked in local forms that resemble small cigars
more closely than cigarettes. When smoked. some of these local preparations deliver very
large amounts of nicotine and tobacco tar, and the health effects of each need to be studied
separately.

All these cohort studies show large differences in risk of the order of ten- to 40-fold
between men smoking 20 or more cigarettes a day and lifelong nonsmokers for death due
to cancer of the lung, some other cancers of the upper respiratory and digestive tracts,
chronic bronchitis and emphysema (now preferably called chronic obstructive lung dis-

' Exceptionally, in Sweden the relative tisk of lung cancers is equally high in pipe and cigarette smokers.
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ease). respiratory heart disease, and aortic aneurysm, and smaller differences for the risk
of death from several other cancers and a wide variety of other diseases ranging from
ischaemic heart disease through pulmonary tuberculosis and peptic ulcer to cirrhosis of the
liver and suicide. For many of these diseases, however, it has not been easy to decide how
far these differences in mortality rates reflect the role of cigarette smoking in the produc-
tion of disease and how far they are due to confounding, that is, to an association between
smoking and other aspects of the individual’s way of life, or aspects of his character, which
are the direct cause of the condition.

PROOF OF CAUSATION

Intervention studies to produce disease are unacceptable in a civilized society, while
intervention studies with random allocation of a measure to prevent disease are possible in
theory but are seldom practicable for they cannot be carried out until people are already
convinced that the proposed measure is likely to be beneficial, and if they are, it may be
unethical to conduct the study. In these circumstances, we have to make up our minds on
the basis of epidemiological observations combined with the results of animal experiments.
The latter are. however. less helpful in relation to cigarette smoking than they are in
relation to many other putative agents of human disease. partly because it is difficult to
make animals smoke in the way that humans do. partly because of different anatomical
features which modify the distribution of inhaled smoke droplets, and partly because
cigarette smoke interacts with other aspects of human disease. such as diet-induced
atheroma. that are not easily reproducible in laboratory experiments. The epidemiological
evidence alone is. however, sometimes so clear that there is no difficulty in concluding that
the factor being studied is a cause of the disease. just as Snow was able to conclude that
water polluted with human faeces was a cause of cholera, before the cholera vibrio was
discovered. Proof of causation, in the strict logical sense. is not, in these circumstances,
obtainable, although the range of evidence that has accumulated about the relationship
between smoking and some of the diseases with which it is associated — lung cancer, for
example - is now sufficient to provide proof of causation., in the legal sense (i.e., proof
beyond reasonable doubt).

Before reaching a conclusion that cigarette smoking actually causes many of the diseases
with which the habit is associated. however, we have to consider not merely the fact of the
association, but many other features as well. These include the strength of the association
(a ten-fold increase in risk being, for example, much less easily explained on other grounds
than an increase of, say, only 50%), the existence of a graduated risk proportional to the
amount smoked. a reduction in risk following the cessation of smoking, the correspon-
dence between the incidence of the disease in the two sexes. in different populations, and
at different times with group figures for the consumption of cigarettes, and the results of
laboratory investigations. In some cases, too, it has been possible to obtain biological
evidence that is almost impossible to explain on any grounds other than that cigarette
smoking causes the disease.

We have noted, for example, two such observations relating to lung cancer in the cohort
study of British doctors whose smoking habits were recorded in 1951 and subsequently
again at intervals of five to seven years. One showed that the mortality from lung cancer in
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the British doctors fell relative to that in the country as a whole, corresponding to the
relative reduction in the amount smoked, while the relative mortality from other cancers
remained the same (Doll & Peto, 1976). The other showed that, among those who stopped
smoking, the incidence of the disease hardly changed with the passage of time, something
that has never been observed to occur under any other circumstances (Doll, 1978).
Another example was recorded by Fletcher eral. (1976) and Fletcher and Peto (1977) when
they followed 800 men for eight years, taking detailed smoking histories and making
measurements of their respiratory function every six or 12 months. Their results showed
that the deterioration in respiratory function progressed with time more rapidly in
cigarette smokers than in non-smokers, but that when cigarette smokers stopped smoking,
the rate of deterioration slowed down and approximated to that in men who had never
smoked and whose deterioration was dependent on age alone.

These three observations, together with all the other human evidence, leave no room for
doubt that cigarette smoking is one of the principal causes of both cancer of the lung and
chronic obstructive lung disease and, in view of its relation to the latter, it must also be
regarded as a cause of respiratory heart disease. Nor can there be any doubt that cigarette
smoking contributes to the causation of several other diseases, including myocardial
infarction, which because of its importance as a cause of death has been sub ject to intensive
investigation in many countries, peripheral vascular disease (the clinical progress of which
is clearly dependent on the continuation of smoking), aneurysm of the descending aorta,
and half a dozen types of cancer, the relations of which to tobacco have recently been
reviewed by the IARC (1986). These include cancers of the upper respiratory and digestive
tracts and cancers of the bladder and pancreas.

For many of the other diseases that are associated with smoking, the conclusion that it
contributes to their causation or lethality is more fairly described as presumptive than
proved. This is unimportant for public heaith policy, as several of those diseases for which
smoking is sufficiently well established as a cause to justify its avoidance are so common,
and the death rate attributed to them so high, that it is immaterial whether anotherone or
two dozen less common diseases are added to them. A proper understanding of the role of
tobacco is, however, important medically, as, for some diseases, we need to know whether
the cessation of smoking improves the results of treatment (as in the case of gastric ulcer)
and, for all diseases, it helps our attempts to unravel the mechanism by which they are
produced - or hinders them if we have judged incorrectly.

QUANTITATIVE ASSESSMENT OF EFFECTS OF SMOKING

For some of the diseases which. it is agreed, smoking helps to cause, it is not possible to
say that the whole of the difference in incidence between smokers and nonsmokers is due
to the effect of tobacco, as smoking is confounded with other factors that contribute
independently to the aetiology of disease. This is certainly so for those cancers of the upper
respiratory and digestive tracts that are also due to the consumption of alcohol, and this

makes it very difficult to assess what proportion of the total incidence of these diseases can
properly be ascribed to the effects of either.
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Associations reflecting causation

For the other diseases that we can now confidently assert are caused by smoking, most or
all of the difference in mortality between smokers and nonsmokers can be attributed
directly to the habit. These are listed in Table 2. Three are among the most common causes
of death in developed countries, as is shown in Table 2 by the proportion of deaths
attributed to them in three of the countries for which detailed enumeration of deaths by
cause are regularly published (that is, Denmark, England and Wales, and the USA).
Reasonable proportions to attribute to smoking, taking into account that smaller propor-
tions are attributable to smoking in women than in men, would be about 85% for the
combined group of deaths due to cancer of the lung, chronic obstructive lung disease and
aortic aneurysm, and 25% for the combined group of deaths due to cancers of the pancreas
and bladder and ischaemic heart disease. This leads to the conclusion that 14-17% of all
deaths in the three countries referred to in Table 2 would be caused prematurely by
smoking, as a result of the contribution of smoking to these nine causes of death alone.

Positive associations of mixed or uncertain character

Table 3 lists 18 other diseases (or groups of diseases) that have nearly always been
associated with smoking, whenever they have been examined separately. Five are specific
types of cancer, one is a group of cancers of the upper respiratory and digestive tracts, and
one consists of cancers of unspecified types, composed of a variety of cancers that are
associated with smoking in different ways. Smoking and alcohol are both causes of cancers
of the tongue, mouth, pharynx and larynx and of cancer of the oesophagus, and both act
independently and synergistically. The attribution of risk is, moreover, complicated by the
fact that smoking and the consumption of alcohol tend to be associated in the same
individual so that very large numbers of people would have to be studied before it was
possible to make any accurate estimate of the proportion of these cancers that would be
avoided in the absence of smoking. In many countries it would certainly be large. Inothers,

Table 2. Proportion of deaths due to diseases the excess of which in smokers
is attributable to smoking (three countries)

No. of deaths as % of total

Cause ol death

Denmark England & Wales  USA
1982 1983 1979
Cancerof ip <0.1 <0.1 <0.1
Cancerofiung 5.2 6.1 5.1
Cancer of pancreas 1.4 1.0 11
Cancer of bladder 0.9 0.8 0.5
Ischaemic heart disease 29.9 27.0 28.8
Respiratory heartdisease <0.1 <01 <01
Aortic aneurysm 0.5 1.2 0.7
Peripheral vascular disease 01 0.2 01
Chronic obstructive lung disease 341 40 2.4

Total 411 40.3 38.9
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Table 3.  Proportion of deaths due to diseases the excess of which in smokers
may be attributable to smoking in whole or in part (three countries)

No. of deaths as % of total

Cause of death

Denmark England & Waies USA

1982 1983 1979
Cancer of oesophagus 0.4 0.7 0.4
Cancer of tongue, mouth, pharynx
and larynx 0.5 0.4 0.6
Cancerof stomach 1.4 1.8 0.7
Cancer of iver 0.3 0.2 0.3
Cancer of kidney 0.6 0.4 0.4
Cancerof cervix uteri 0.5 0.3 0.3
Cancerof unspecified site 09 1.4 1.3
Respiratory tuberculosis <0.1 <0.1 <0.1
Hypertension 0.7 1.0 1.7
Myocardial degeneration 0.2 1.0 3.7
Arntenosclerosis 1.7 11 1.5
Cerebral thrombosis 1.5 LT 2.0
Other cerebrovascular disease 8.1 10.0 6.8
Pneumonia 29 9.6 2.3
Other respiratory disease 1.0 1.3 1.1
Gastnc ulcer 0.4 0.3 0.2
Duodenal ulcer 0.2 0.4 0.2
Hernia 0.1 0.1 <0.1
Total 21.4 315 236

where other and as yet unknown factors cause extremely high risks of cancer of the
oesophagus (as in parts of the USSR, China and South and East Africa) and where chewing
various mixtures of tobacco, betel and lime are responsible for high risks of cancers of the
buccal cavity, the proportion of deaths from these causes that are attributable to smoking
may be relatively low.

Whether any cancers of the stomach. liver. kidney and cervix uteri are attributable to
smoking is still uncertain. Cohort studies have regularly shown higher rates in smokers
than in nonsmokers, but the possibility of confounding with other factors exists — specially
for cancers of the liver and cervix uteri — and the IARC (1986) was unable to come to a
conclusion about them. It seems likely, however, that some cancers of the renal pelvis can
be attributed to smoking, along with cancer of the bladder, even if adenocarcinomas of the
body of the kidney cannot.

The relationship between smoking and the other 11 causes of death has not yet been
studied in great detail. The excess mortality in smokers is generally relatively small (though
sometimes absolutely large) and may, perhaps, be attributed to smoking on the grounds of
analogy with, or misdiagnosis of, a disease that smoking is known to cause. On these
grounds. for instance, some deaths from cerebral thrombosis may be attributed to smoking
because of the known effect of smoking on the development of atheroma, and some deaths
attributed to myocardial degeneration or nonspecifically to arteriosclerosis may also be
due to smoking because they were really due to undiagnosed ischaemic heart disease.
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For others the evidence is confused. Gastric uicer, for example, has become less
common as smoking has increased, yet controlled trials have shown that gastric ulcers heal
more quickly when smoking is stopped and it seems very unlikely that the grossly increased
mortality in smokers that has been found consistently in cohort studies does not reflect, at
least in part, the inhibitory effect of smoking on an ulcer’s healing. In part, too, it may
reflect the greater liability of smokers to die of postoperative complications following
haemorrhage or perforation.

Other diseases, such as pulmonary tuberculosis and inguinal hernia, can hardly be said
to be caused by tobacco in the ordinary sense; but they may be aggravated by the cough
that accompanies chronic productive bronchitis (which is certainly due to smoking) and
they may. consequently, have a higher fatality in those who smoke than in those who do
not. Some of the excess mortality from respiratory tuberculosis in smokers could, how-
ever. be due to confounding with alcoholism.

Associations reflecting confounding

For a few other causes of death that are more common in smokers than in nonsmokers,
the difference in mortality can be attributed wholly to confounding. These are listed in
Table 4. In people who die from these causes, smoking is presumably confounded with the
consumption of alcohol, personality features, psychological stress, or even with all three.

For these causes of death, cultural differences that affect the nature and prevalence of
the factors that are truly responsible for them may well also affect their confounding with
tobacco. and it need not be assumed that similar relationships would be observed instudies
in other countries. In any case. none of the deaths due to these causes need be attributed to
tobacco — unless perhaps it proves that toxic chemicals in cigarette smoke make a small
contribution to the grossly increased mortality from cirrhosis of the liver that is regularly
observed in heavy cigarette smokers.

Associations possibly reflecting protection

Against the large number of diseases caused, or aggravated, by smoking there are some
that smoking may help to prevent or ameliorate. That this should be so is hardly surprising,
since tobacco smoke contains some 3000 chemicals with many different pharmacological

Table4. Proportion of deaths due to diseases the excess of
which 1n smokers 1s attributable to confounding (three countries)

No. of deaths as % of total

Cause of death

Denmark Englang & Wales  USA

1982 1983 1979
Alcoholism 0.1 <0.1 0.3
Cirrhosis ot liver 1.0 0.4 1.6
Paisoning 0.3 0.2 0.2
Suicide 27 0.7 1.4

Total 4.1 1.3 3.4
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Table 5. Proportion of deaths due to diseases that smoking may help
to prevent or ameliorate (three countries)

No. of deaths as % of total

Cause of death

Oenmark England & Wales USA

1982 1983 1979
Cancer of endometrium 0.4 0.2 0.1
Parkinsonism 0.3 0.4 0.2
Ulcerative colitis <0.1 <0.1 <01
Pre-eclampsia <0.1 <0.1 <0.1
Total 0.7 0.6 04

effects. Four diseases that may fall into this category are listed in Table 5. Only parkinson-
ism has been studied intensively (Godwin-Austen et al., 1982). The evidence that has been
obtained from both case-control and cohort studies is strong, and suggests that the
mortality attributable to it may be reduced by at least a half. Less data are available for
ulcerative colitis, but those that have been obtained certainly suggest that smoking may
help to prevent relapse (Jick & Walker, 1983). Itis probable, too, that it reduces the risk of
some hormone-dependent diseases, particularly cancer of the endometrium, as it reduces
the level of oestrogens in the blood and lowers slightly the age of menopause (Baron,
1984), and it may (perhaps because of the hypotensive effect of thiocyanate) reduce the
risk of pre-eclampsia (Palmgren er al., 1973; US Surgeon General 1979a). It may also
protect against post-operative venous thrombosis (Emerson & Marks, 1977), but this has
not been included in Table 5, as the evidence is too incomplete.

Diseases generally unrelated 10 smoking

There remain. of course, many diseases that are unrelated to smoking. Few, however,
are common in the three countries represented in Tables 2-5 and, in these countries, they
account, in total, only for between a quarter and a third of all deaths.

Involuntary (or passive) smoking

In addition to the many effects on the smoker, smoking may also affect others, either by
releasing smoke into the ambient atmosphere, where it is inspired involuntarily by non-
smokers or by causing the absorption of toxic products into the circulation which, in
pregnant women, may cross the placenta and affect the fetus.

The sidestream smoke that is not directly inspired by smokers differs in composition
from the mainstream smoke that is directly inspired and from the remains of the main-
stream smoke that is eventually exhaled. The differences are, however, differences in
quantity rather than quality, so that involuntary smoking may have similar effects on non-
smokers as voluntary smoking has on smokers, although the chance of the effects occurring
will be very much less. Whether it represents a hazard or not will depend on whether the
effect is one that occurs in proportion to the dose received down to the lowest levels, as is
believed to be the case with the production of cancer, or whether there is a threshold dose
for the effect, below which none is produced. How great the risk is for individual non-
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smokers will be discussed later in this Symposium, but it is generally too small to have any
measurable effect nationally in comparison with that produced by smoking voluntarily. An
exception is the effect on young children. who have been found to have more respiratory
symptoms and twice as many attacks of bronchitis and pneumonia when their parents
smoke as when they refrain (Colley er al., 1974: Leeder et al., 1976).

The fetus. as would be expected, responds differently from the child and adult, the
principal effect of the mother’s smoking being a reduction in weight at each stage of
gestation with, in consequence. a small increase in perinatal mortality (US Surgeon
General. 1979b). Whether any of the chemicals in smoke are absorbed in sufficient
amounts to be teratogenic is still in dispute: but if any malformations are produced, the
increase in incidence over the background rate in children born to nonsmoking mothers is
certainly small (see Landesman-Dwyer & Emmanuel. 1979 and Johnston, 1981, for
reviews). The fetus might also be affected if smoking had damaged the germ cells in either
parent. No such effect has, however, yet been observed.

CONCLUSION

The smoking of tobacco. it is now clear. has many gross effects on health which, insome
countries. lead to premature death in a substantial proportion of the whole population. For
the three countries for which data are given in Tables 3-5. the proportion must be at least
one in seven and mav be materially greater. depending on the proportion of the excess
mortality from the diseases listed in Table 3 which occurs in smokers that is attributed to
smoking. and the proportion that is attributed to the confounding of smoking with other
ctiological agents.

In many other countries the proportion must be much the same. while inothers it is likely
to be less. depending on the amount of iliness due to other causes, the prevalence of
etiological agents that interact with smoking in the production of disease, and the smoking
habits of the population, both now and in the past.

In countries where infectious diseases are common, particularly tropical countries where
a great deal of illness is due to parasitic infections. the proportion of illness attributable to
smoking is small; and, as the consumption of tobacco in these countries tends also to have
been small in the past. the proportion of all illness that is now attributable to smoking is, in
some of these countries, very small indeed at present, although in those where large
increases in the habit have emerged recently, large increases in smoking-related disease
are likely to follow eventually.

In other countries smoking may be common and may have been so for many years, yet
the effects may be different, because of variation in the prevalence of other agents with
which it interacts. It interacts. for example, with alcohol in the production of cancer of the
oesophagus and with asbestos in the production of cancer of the lung. The former
interaction results in a grossly increased risk of cancer of the oesophagus in north-west
France. where the consumption of alcohol is both common and heavy, and the latter
grossly increases the amount of lung cancer attributable to smoking in some occupational
groups. It is. however. relativelv unimportant everywhere at the national level, as the
proportion of the population exposed to material amounts of asbestos is generally small.
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Smoking interacts, too, with the level of blood cholesterol, approximately multiplying
the effect of high levels (Mann etal., 1976) and, in countries where these levels are low, the
amount of myocardial infarction it produces, though still absolutely large, can be relatively
small. This is so, for example, in Japan and some other parts of Eastern Asia, where low
levels of blood cholesterol are due to a diet that includes relatively little fat, much of which
is polyunsaturated. How far smoking interacts with other factors to increase the risk of
many other smoking-related diseases is still unclear. It is, for example, uncertain how far
the effect of smoke in producing chronic obstructive lung disease is modified by back-
ground levels of atmospheric pollution and by social conditions that lead to respiratory
infection in childhood.

The third factor - the variation in smoking habits — is obviously important as the amount
of disease produced by smoking cannot be large when smoking is uncommon. The effect is,
however. much more complex than may appear at first sight, not only because of the
importance of the method of smoking and the type of cigarettes ( particularly the amount of
tar that they deliver) but also because heavy consumption is associated with little disease
until smoking has been common for many years. The relationship between the risk of
disease and the duration of smoking has been worked out most clearly for cancer of the
lung and chronic obstructive lung disease, but a similar relationship probably holds for the
other smoking-induced cancers and may hold for many other smoking-induced diseases as
well. The importance of the relationship between risk and duration of smoking has been
shown most clearly in the trends in mortality from lung cancer in the UK, Finland and the
USA. which will be discussed later in this Symposium. Because duration of smoking is so
important, it not infrequently happens that the amount of tobacco consumed may be much
greater in one country than in another while the lung cancer mortality rate may be
temporarily much lower, as is the case in Japan in comparison with the UK.

All these factors combined make it very difficult to estimate the contribution of smoking
to morbidity and mortality in different countries. It certainly cannot be estimated solely
from knowledge of current smoking habits, and the figures for each country can be
determined only after detailed study of the local conditions.
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SUMMARY

Lung cancer risks depend far more strongly on the duration than on the daily dose-rate
of cigarette smoking. For example, a three-fold increase in the daily dose-rate may
produce only about a three-fold increase in effect, while a three-fold increase in duration
might produce about a 100-fold increase in effect. Hence, a few decades after cigarette
smoking becomes widespread. national lung cancer rates may remain very misleadingly
low. even though they will eventually become extremely high.

INTRODUCTION

Worldwide, lung cancer already kills more people than any other neoplastic disease
does, and the annual number of deaths it causes is still rising rapidly in many countries. For
example, in the USSR, the number of men diagnosed each year as having lung cancer was
about 40000 in 1970, but it will be about 80 000 in the mid-1980s and well over 100 000 by
the early 1990s, and still rising rapidly (Zaridze & Gurevicius, this volume, p. 87). These
increases are due partly to increases in the numbers of older men and partly to increases in
the thoroughness of detection of the disease, but chiefly they are due to the delayed effects
of past increases in cigarette usage. This delay between cause and full effect may mean that
the main increase in cigarette usage in a country takes place over a decade or two during
which no large absolute increase in lung cancer incidence occurs, and that later on a vast
increase in lung cancer incidence then takes place over the course of a few decades during
which no large further increase in smoking is occurring. Obviously, without a quantitative
understanding of the relevance of dose and of time in tobacco carcinogenesis, there would
be plenty of scope for misunderstandings to become established during the decades while
tobacco smoke exposure is approximately constant but lung cancer rates are increasing
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rapidly. Hence, the present chapter is on dose and time relationships for tobacco-induced
lung cancer, although some other aspects of the epidemiology of lung cancer will also be
drawn in. The first section discusses the time relationships, and then other aspects of the
effects of smoking are reviewed.

THE NEED FOR PROLONGED EXPOSURE

There are a few key features of the effects of tobacco on lung cancer incidence that are
slightly counter-intuitive. Chief among them. and the key to any proper understanding of
tobacco carcinogenesis. is the extraordinary relevance of the duration of smoking to lung
cancer onset rates. For example, after 45, 30 and 15 years of cigarette smoking, the excess
annual incidence rates of lung cancer might be about 0.5%, 0.1 % and under 0.01% (Table
1). The annual lung cancer incidence rates to be expected among smokers may be
estimated by adding up a background (i.e.. nonsmoker) rate, which, like the onset rates of
many other types of cancer, depends strongly on age (but not, by definition, on tobacco
exposure), plus an excess rate, which depends strongly on duration of regular tobacco
exposure (but not otherwise, at leasttoa first approximation, on age). Typical background
and excess rates for males are depicted in Figure 1 (from Doll, 1971), and those for females
might be about two-thirds as great.

Thus. a three-fold increase in the duration of regular tobacco use can increase the annual
incidence of lung cancer about 100-fold. This particular relationship, which has been
derived from detailed epidemiological studies on defined populations. may apply quite
widely. even though in other populations the absolute risks may differ slightly. For
example. in the entire adult male population of England and Wales in the 1970s. the

Table 1. Approximate? effects of various durations of cigarette
smoking on annual incidence of lung cancer

Annual ? excess incigence

Years ot

cigarette smoking Madarate smokers Heavy smokers
15 0.005% 0.01%
30 0.1% 0.2%
45 0.5% 1%

(60) (1.5%7) (3%7)

* Estimated from data reported by Doll and Peto (1978) for male Brilish doctors. The cumuiative
nsks would be far greater than these annual risks. of course. soan eventual total of over 10% of
requiar cigarette smokers may Gie of tobacco-induced cancer. depenging on the number and
type of cigarettes smoked

>The cumulative incidence will. of course, be far greater than the annual incidence  For
example. at the above lung cancer rates (and in the absence ot other causes ot death), menwho
smoked cigarettes regularly from earty adult ke onwards would have aboul a 10% (it moderate)
or 20% (it heavy) probability of developing lung cancer at or betore their mid-seventies. Since.
in addition. smoking kills more people Dy diseases other than lung cancer than It kills by lung
cancer. a miimai statement of the total nsks associated with the nabit would be that about &
quarter of all young adults who smoke cigarettes reguiarty wiil be killed betore their time by the
habit. (Some of those killed would have died 00N anyway, but others warid have ived on for
another 5. 10, 20. 30 or more years, the average amount of Iife lost beng 1015 years.)
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-
oii’ﬁduced Fig. 1. Background and excess nsks. Lung cancer death rates among nonsmokers (lower line) in relation to age,
. and among regular cigarette smokers (upper line) in relation to approximate years of smoking (from Doll, 1871).
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proportions of smokers at various ¢ ificrent ages were not very different, but the male lung
cancer death rate at 80 years of age was about 100 times that at 40 years of age. This is
probably because the 80-year-old smokers had been smoking cigarettes for about three
times as long as the 40-year-old smokers (and not chiefly because of the frailty of the old;
Peto. 1985).

The most surprising consequence of the overwhelming effects of the duration of smoking
is illustrated. using real data'. in Figure 2. which shows how strongly the annual excess risk
of death from lung cancer at 60 years of age depends on whether men started smoking at 15
or at 25 years of age (i.e.. on whether by the age ot 60 they had smoked for 45, or for only
35. years). Failure to appreciate the relationship illustrated in Figure 2 has led to a variety
of unjustifiable conclusions. e.g., that cigarettes do not cause lung cancer or, less per-
versely. that low-tar cigarettes have at least as great an effect as high-tar ones (National
" Academy of Sciences/National Research Council. 1982), that air pollution is of com-

' The data utitized are from the third largest prospective survey vet reported. and are similar to the findings of
the larger two surveys: the corresponding results from all three of these surveys are presented in the US Surgeon-
General’s 1982 report (US Department of Health and Human Services. 1982).




Fig. 2. The relevance of smoking in early adult life
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Fig. 3. Trends in US cigarette consumption
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parable importance to tobacco (but see. however, Cederlofetal., 1978), or that new causes
of lung cancer (rather than the delayed effects of past changes in tobacco usage) are chiefly
responsible for the rapid increase in lung cancer in recent years. In each case, the point that
is often overlooked is that current patterns of lung cancer mortality in late middle age or in
old age depend strongly not only on current patterns of tobacco usage, but also on the
patterns of cigarette usage among young adults as much as half a century ago.

Thus. current trends. current urban/rural differences and current international differ-
ences in lung cancer reflect, among other things, past trends, past urban/rural differences

Fig. 4. Recent trends in US cancer mortality
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and past international differences in cigarette usage by young adults. Consider, for
example. the extent to which current trends in US lung cancer mortality rates among men
now aged 70 might be affected by the large trends in cigarette consumption 50 years ago
among people then aged 20. (For details, see Appendix E of Doll & Peto, 1981.) In 1930,
US cigarette consumption was increasing rapidly among young men, and national sales
rose from 1 cigarette/adult per day in 1915 to about 10/adult per day in 1945. The effects of
those increases are only now becoming fully apparent, and largely or wholly as a delayed
result of them US lung cancer rates in men in late middle and old age are still rising steeply,
despite the fact that cigarette sales per adult have remained at a fairly steady 10-12/day
ever since 1945. and that tar levels per cigarette have fallen substantially (Fig. 3). Contrary
to various suggestions. the *discrepancy’ that has been seen for the past 25 yearsin the USA
between rising lung cancer rates (see Fig. 4) and falling tar levels does not imply, or even
suggest. that Americans are exposed to increasing levels of carcinogenic pollutants other
than tobacco, nor, as a recent report (National Academy of Sciences/National Research
Council. 1982) suggested, that tar-level reductions in cigarettes have been ineffective.
(Indeed. but for tar-level reductions, the current increases in US lung cancer mortality
rates would probably be appreciably more rapid.)

Likewise. in many countries, the smoking of manufactured cigarettes by young adults
may have tended to become widely established in towns before it became so in the

Fig. 5. Lung cancer and smoking in the same generation
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surrounding countryside. If so, then half a century ago cigarette smoking was probably
more prevalent among young men in towns than among young men in the country.
Disparities in recent years between urban and rural lung cancer rates among today’s old
smokers may therefore be chiefly due not to air pollution. but rather to a delayed effect of
past urban/rural differences in cigarette usage among the people who were then young but
who are now old.

Finally. it is wholly wrong to suggest that the poor international correlation between
current smoking habits and current lung cancer rates indicates that smoking is not the chief
determinant of worldwide lung cancer mortality. For. such a correlation effectively relates
the lung cancer rates of the grandparents to the smoking habits of their grandchildren. if
instead the national lung cancer rates for one generation are related to national cigarette
consumption rates when that generation consisted of young adults, a moderately close
relationship does emerge (Fig. 5).

OTHER FEATURES OF THE EPIDEMIOLOGY
OF SMOKING AND LUNG CANCER

Dose-response relationships

In Table 1, it may be seen that doubling the dose may approximately double the excess
risk at each age. Partly because of difficulties of dosimetry?. it is not really known whether,
as Doll and Peto (1978) tentatively suggested, a doubling of the true dose-rate produces an
approximately four-fold increase in the age-specific effect, or whether. as is suggested by
much other data. it produces merely a two-fold increase. (Whatever the exact truth,
however. it is clear that smoking two packs/day for 20 years is far less hazardous than
smoking one pack/day for 40 years, so any analyses based on inappropriate concepts such
as 'pack-years’ should be treated warily.)

Time course of the effects of stopping smoking

If smoking ceases. the annual excess risk remains roughly (perhaps to within a factor of
two?) constant thereafter. Referring to Table 1, it may be seen that the annual excess risk
after 30 years of smoking is about 0.1%, so if a smoker stops after 30 years then approxi-
mately this annual excess risk may persist indefinitely. Thus, forexample, 15 years later the
annual excess risk might still be about 0.1% instead of the 0.5% that it would have been
had smoking continued. so about 80% of the excess risk is being avoided. (It is not,
however. true that the annual absolute excess risk decreases substantially, and still less is it
true that it decreases to zero after 10 years; only one prospective study has suggested that,

* The ettective dose may not be simply proportional to the number of cigarettes smoked per day, for the carbon
monoxide uptake per cigarette appears to be less tor heavy than for moderate smokers. Also, since the chief
target area is the main airways, rapid inhaiation may deposit less on them than slow inhalation does (a suggestion
reinforced by reports. e.g., Doll & Peto, 1976. thatin some. aithough not all, studies heavy smokers who describe
themselves as 'not inhaling’ get more lung cancer than do comparably heavy smokers who *do inhale’!).



30 PETO
and the others clearly refute it.) Because the large increases in annual risk that would
otherwise develop are avoided by stopping smoking, from a practical public health view-
point this means that cessation works, since people who stop smoking before they have
cancer thereby avoid most of the risk of getting cancer from the habit. The time course of the
effects of changes in smoking that fall short of complete cessation will be discussed in the
chapter on the effects on national mortality rates of changes in cigarette manufacture that
reduce the amount of ‘tar’ delivered per cigarette (see p. 211).

The importance of cigarettes as opposed to pipes

In the UK and the USA. cigarettes appear to have a far greater effect than pipe or cigar
tobacco did. and so the switch earlier this century from pipes to cigarettes has produced
vast increases in lung cancer rates. The reasons for this difference are not adequately
known. especially as the smoke from pipes and cigars is about as carcinogenic for laborat-
ory animals as that from cigarettes. One suggestion is that the difference depends chiefly
on the greater alkalinity of the smoke from pipes and cigars, which might make inhalation
less pleasant and facilitate the transport of nicotine across the oral mucosa, thereby
obviating the need to inhaie (see Wald eral., 1981). This suggestion might not be difficult to
test, and. if confirmed, might point to an important way of diminishing the hazards of
cigarettes. although at present this remains speculative.’ A related suggestion is that the
rair-cured’ tobacco of, for example, certain French cigarettes somewhat resembles pipe
tobacco and is therefore substantially less carcinogenic than the ‘flue-cured’ tobacco
typical of British and American cigarettes: but the international differences in lung cancer
rates on which this suggestion rested were not reliable. because they owed so much to
differences in duration of cigarette smoking. (During the 1930s and 1940s, for example.
British cigarette consumption was four times that in France.) Recently, evidence has
emerged from a large case-control study (Benhamou et al., 1985) that, if anything, the
converse is likely to be true - that is. that regular use of cigarettes made of dark French
tobacco may be early twice as hazardous as similar use of cigarettes made of ‘light’ tobacco.

‘Interaction’ with other causative factors

A variety of other causative factors for lung cancer are known, of which the best studied
are asbestos. ionizing radiations and urban air pollution. All these have a far-greater
absolute extra effect on smokers than on nonsmokers (illustrated, for asbestos, in Table 2),
as may various other causative factors. Some of the benefits of control of certain other
causes of lung cancer may therefore be attainable indirectly by reducing exposure to
tobacco. Since. however, effective exposures to tobacco are currently increasing in many
countries (and, even where they are decreasing, the immediate decreases are unlikely to be

" In the study of Cederléf eral. (1975), in Sweden, pipe smokers had the same ten-fold excess risk of lung cancer
that cigarette smokers had. which rather suggests that the smailness of the effects in the UK or the USA might be
due more to traditions of pipe smoking than to the pharmacology of the smoke - and. it is unlikely that such
traditions are themselves wholly determined by pharmacological factors.
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Table 2. Multiplicative effects of heavy exposure to asbestos and of
smoking on lung cancer risks?

Relative risk of lung cancer for

Nonsmokers Smokers
No known asbestos 1 11
exposure (reference category)
Heavy asbestos exposure 5 53

(proionged employmentas a
lagger before 1968 US dust
controls were introduced)

20ata from Selikoff (1981). Note that aithough sucn heavy exposure 10 aspestos 18 no longer
permited 1n many countnes. places where heavy occupalional exposures do shll occur may
olter excelient opporturities for limited disease prevention. since even i the workers do not
smoke (50 the excess nisk of bronchiai carcinoma 1s low) the risk of mesothekoma. which does
not depend on synergy with tobacco, will still be high.

enormous), the theoretical possibility of avoiding exposure to tobacco clearly does not
justify inaction when other substantial causes of lung cancer can be materially reduced.*

Miscertification of lung cancer deaths

People. and especially old people. dying of lung cancer may never have their disease
recognized. and may be miscertified as dving of some other condition. Progressive rectifi-
cation of such errors produces large, purely artefactual, increases in lung cancer death
certification rates. In middle-aged people. such effects were substantial during the first half
of the century, even in developed countries — for example, when diagnostic radiology was
introduced during the 1920s it produced about a three-fold increase in British lung cancer
death certification rates. Now, for middle-aged people, such effects are chiefly limited to
the developing countries. In people in old age, however, large (e.g., two-fold) artefactual
increases have continued to emerge since 1950, even in various developed countries, while
among old people in many developing countries lung cancer death certification rates are
still grossly unreliable [as are ‘age-standardized’ lung cancer death certification rates,
unless standardization is to the truncated age-range 35-64 recommended by the IARC
(Waterhouse er al., 1976) to circumvent such difficulties]. :

Effects of age

The effects of the duration of smoking are so strong. and so closely correlated with age,
that it is virtually impossible to determine exactly whether ageing per se has any indepen-
dent effect on excess lung cancer rates among people of different ages who have all smoked
similarly for a similar number of years. or whether it has no material effect. If age has any

products. the other reliably established

4 Apart from smoking, asbestos. ionizing radiations and combustion ably
ertain compounds or oxidation states of

causes of lung cancer are bis(chloromethyl) ether. mustard gas. and ¢
arsenic. chromium and nickel (Doll & Peto. 1981).
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independent effect. however, this is small compared with the effect of duration of smoking
(e.g.. Peto. 1985). For practical purposes, of course, the reason smoking in the teenage
years produces high risks (see Fig. 2) is immaterial: it does not matter whether it acts
merely through increasing the total duration of smoking by a few extra years, or whether in
addition the teenage lung is slightly more, or slightly less, vulnerable than the adult lung.
What chiefly matters from a public health viewpoint is that damage to the body accumu-
lates so those who start to smoke in their teens will be at much greater risk of being killed by
tobacco in middle or old age than those who start later in life.

CONCLUSION

Among regular cigarette smokers. the excess lung cancer risk depends strongly not only
on smoking habits during the past few years, but also on smoking habits during early adult
life. Hence. current lung cancer rates in countries where smoking among young adults
became widespread less than half a century ago may be serious underestimates of the
eventual magnitude of the tobacco-induced lung cancer hazard.
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SMOKELESS TOBACCO AND CANCER: AN OVERVIEW

C.S. MUIR & D.G. ZARIDZE'

International Agency for Research on Cancer,
Lvon, France

Tobacco is used in many ways other than smoking. This communication describes briefly
those habits associated with the use of smokeless tobacco and reviews the key evidence
linking most of them to an increased risk of cancer of the mouth and pharynx.

SNUFF: INHALED

In 1761. Hill described two patients with nasal cancer which was ascribed to heavy snuff
inhalation (Redmond. 1970). However Harrison (1967). describing antral lesions in a
series of confirmed snuff users. remarked that the use of commercial snuffs available in the
UK did not appear to be associated with an increased risk of sinus cancer. Brinton et al.
(1984) in a case-control study in North Carolina and Virginia (1970-1980) found an
increased relative risk ot 3.1 for adenocarcinoma of the nasal cavity and sinuses and of 1.9
for squamous-cell carcinoma in snuff users in the USA, but the snuff was ‘dipped’ (see
below) rather than inhaled.

The snuffs currently used for inhalation in Europe and North America, denoted as dry
(Scotch) snuff, comprise powdered tobacco and a variety of additives which blenders guard
secret. In South Africa. the snuffs used by the Bantu peoples comprise tobacco leaves
admixed with the ash of aloes (Liliaceae family), oil, lemon juice and a variety of herbs.
Keen et al. (1955) obtained a history of prolonged and heavy use of these snuffs in 80% of
patients with cancer of the maxillary sinus compared to 34% in persons with cancer at other
sites. It has been suggested that the relatively high nickel and chromium content of these
snuffs. as well as their benzo[a]pyrene content may explain part of their carcinogenic
action (Baumslag et al.. 1971).

SNUFF: ‘DIPPED’

Snuff ‘dipping’ is the name given in the southern USA to the habit of placing snuff
between cheek and gum. The highly alkaline snuff used for this purpose is termed wet. The

| Present address: All-Union Cancer Research Center of the Academy of Medical Sciences of the USSR,
Kashirskove shosse 24, Moscow 115478, USSR,
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Table 1. Relative risk (RR)forcancers of oral cavityand pharynx associated
with snuff use and smoking by 196 white womenin North Carolina?

Numbers

Habit RA

Cases Cantrois
Snuffonly 4.2 79 80
Smoking only 29 70 101
Snuff and smoking 33 11 14
None 1.0 36 153

' Adapled trom Winn et a/ . (1981)

snuff so deposited. usually many times a day. is chewed or sucked. a proportion being
eventually expectorated. Asearly as [915. Abbe had reported on a case of tongue cancer in
a woman who habitually rubbed powdered tobacco along the lingual edge. In 1957,
Wilkins and Vogler reported on persons with gingival cancer in Georgia in the USA: 23 of
44 women patients dipped snuff and 12 of 37 men either snuffed or chewed tobacco,
frequencies considered much higher than expected.

The US Cancer Mortalitv Atlas (Mason et al., 1975) revealed an unexpectedly high level
of oral cancer in females in several southern and eastern states (Blot & Fraumeni, 1977).
Investigations showed that many women employed in the textile industry. unable to smoke
at work for safety reasons. had recourse to snuff.

A case-control study (Winn eral., 1981) of females in North Carolina with cancers of the
tongue. gum. floor of mouth. other mouth. oropharynx. hypopharynx and pharynx
unspecified ({nternational Classification of Diseases, 8th revision, codes 141, 143—146 and
148-149: WHO. 1967) showed considerable excess of risk for snutf dippers (Table 1). For
snuff dippers only. use for 1-24 years, 2542 years and 50 years and more carried relative
risks of 14. 13 and 48 respectively for the gum and buccal mucosa. One third of snuff
dippers had developed the habit by the age of 10 years; the average duration of use was 435
years.

The results for a large prospective study of about 250 000 US veterans holding Govern-
ment insurance policies followed up from 1954 to 1982, whose use of chewing tobacco and
snuff is known. are expected in 1986 (Winn, personal communication).

CHEWING TOBACCO

Tobacco. whether cut from a roll or plug, twist. or in the commoner loose-leaf form, is
still chewed in parts of the USA and elsewhere. Few of the published studies have taken
smoking into account and many of the chewers probably had both habits. Williams and
Horm (1977) conducted a population-based case-control study based on the interview of a
random sample of patients from the Third National Cancer Survey of the USA. Controls
were persons with other cancers — lung. larynx and bladder excluded. Among men. use of
chewing tobacco and snutf was strongly associated with cancer of the gum and mouth, but
not with cancer of the lip or tongue. Controlling for age, race and smoking, a highly
significant relative risk of 3.9 was observed for moderate use: for heavy use. the relative
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risk was 6.7 (not significant). Brinton et al. (1984) found. however. a relative risk of 0.7 for
tobacco chewing in a case-control study using hospital and death certificate controls.
In recent years. tobacco chewing and snuff-dipping habits have increased among US
college students. especially athletes. For example, inasurvey of 1119 high-school students,
Greer and Poulsen (1983) found that 117 (11%) used ‘smokeless tobacco’; among these,
43% had oral mucosal lesions in the labial groove in the form of hyperkeratotic or
ervthroplakic areas. The tobacco was kept in the mouth for from one to three hours daily.

NASS

The word nass means a state of oblivion. The use of nass is widespread in Soviet Central
Asia. northern Iran. and parts of Pakistan and Afghanistan (nasswar). Nass is a mixture of
variable composition and usually contains tobacco (509%). wood ash (20-30%), lime
(9-10%) and oil (10~15%) (Table 2). In some areas. lime is not added to nass (Paches &
Milievskaya. 1980). In Afghanistan. cardamom oil and menthol are added to the mixture.

Akin in many ways to Bantu snuff, nass is placed in the oral cavity. In Chimkent (Kazakh
SSR). 60% of users place the nass under the tongue and 40% between the lower lip and the
gums (Nugmanov & Baimakanov, 1970). In Djambul in the same republic, 96% are said to
place the nass between the lower lip and the gums (Alexandrova, 1970), whereas in
Samarkand (Uzbek SSR). most place the mixture under the tongue (Zaridze et al., 1985).
Depending on the republic. sex and age. some 3-50% of the population are nass users.

The habitual use of nass is associated with oral leukoplakia (Table 2).

Table2 Frequency of oralleukoplakiain nass users and
smokers. Diambul. Kazakh SSR

~aon No 29 with teukoplakia
Nass* 289 7.3
Smoking* 243 2.1
Neither habit ¢ 1480 0.5
Nass® 1510 6.5
Neither habit ® 4674 0.3

’Data Irom Alexandrova (1970)
" Data trom Crasanov & Fasiev (1970)

Zaridze er al. (1985) presented data in which the relative risk for oral leukoplakia in
smokers. nass users. and nass users who also smoked was examined (Tabie 3). Relative
risks were significantly elevated in nass users and in smokers: the combined habits were
accompanied by an additive increase in risk.

Leukoplakia usually occurs more frequently at the sites within the oral cavity that are in
direct contact with nass (Zaridze et al.. 1985). There seems little doubt that this habit not
only increases the risk of leukoplakia. as does betel-quid chewing (see below), but is also
associated with oral cancer. In a study of 93 oral cancer cases and 247 controls, Nugmanov
and Baimakanov (1970) found that 309 of cancer patients were nass users, compared to
only 8¢ of controls. Chasanov (1963). in a series of 248 oral cancers in Bukhara (Uzbek
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Tabie 3. Relative risks (95 % confidence intervals) for oral
leukoplakia associated with use of nass with and without smoking
in 1569 men aged 55-69 years in Samarkand, Uzbek SRR #

Relative nsx
Habit
Nonsmoker Smoker
Non-userof nass 1.0 7.8(4.4-142)
Nass user 5.6(3.4-9.5) 11.5(5.4-24.3)

‘Data trom Zandze et at 11985}

SSR). noted that their distribution followed that of the use of nass. namely: tfloor of mouth,
25%; tongue. 49 palate. 17%: cheek. 17%: and alveolar ridge, 1 %.

BETEL QUID

The chewing of the betel quid. with or without tobacco. is a very widespread habit in the
Indian sub-continent. South-East Asia and parts of Oceania. The habit is of great anti-
quity. tobacco being added from the sixteenth century onwards. The basic quid comprises
the leaf of the betel vine ( Piper betle), sliced or shaved areca nut from the so-called betel
palm ( Areca catechu), and powdered slaked lime. to which are added one or more of a wide
variety of additives (gambier. catechu. cardamom, cloves. aniseed. etc.) which frequently
depend on locality (for an exhaustive review see Peeters. 1970). The method of prepara-
tion of ingredients varies and this may entail differences in chemical composition. For
example. the uncured areca nuts used in Assam have a much higher content of tannin and
arecoline than those used elsewhere.

The leaf contains the essential oil eugenol (a weak animal carcinogen), terpenes and
potassium nitrate. but the main pharmacological effect comes from the alkaloids in the
areca nut. mainly the arecoline present at a level of 0.1%. It is this alkaloid which induces a
sensation of well-being as well as sweating and a considerable increase in saliva output.

There is still debate as to whether the habit as outlined above is carcinogenic. However
when tobacco (usually of the sun-dried variety) is added to the chew, the risk of oral and,

Table 4 Relative nisks of oral cancer in chewers and nonchewers
in the case-control studies of Orr (1933) and Hirayama (1966)

Relative nsk
Frequency of chewing
Crrstuav Hirayama study

Never 19 1
QOccasional 5 8
3-5times per day 18 15
>5umes per day 34 18
Sieeps with guid in mouth 200 63

'Risk estimate based On two Cases
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probably. oropharyngeal. hypopharyngeal and oesophageal cancer is substantially in-
creased.

One of the first case-control studies ever conducted. that by Orr (1933) in Travancore,
South India, showed not only very large increases in the relative risk for oral cancer but
also a strong dose-response. It is of interest to compare the results of Orr, who contrasted
the habits of 100 cases of oral cancer with those of 100 controls (how these were chosen is
not stated) without cancer. with those obtained by Hirayama (1966), who interviewed 545
cases and 440 controls. over 30 years later — the similarity is quite remarkable (Table 4),
suggesting that Orr's controls were properly chosen.

Unfortunately Orr (1933) did not distinguish between chewers who included tobacco in
the quid and those who did not. nor did he mention whether smoking was prevalent at the
time. let alone by those in his study. Hirayama (1966) addressed this question and the
salient findings are presented in Table 3.

Table 5. Relative nsk and attributable nsk % due to betel-quid chewing,
with or without tobacco. in smokers and nonsmoxkers *

Hao rFllse‘l(auve ﬁ:‘:lg::lable
No habit 1 -
Smoking only (S) 4 67
Betel-quid chewing only (B) 3 22

B+S 4 50

Betel guid chewed with tobacco (T) 15 89
B+T~S 22 92

ata trom Hirayama (19661

From Table 5 it is clear that smoking and chewing of the tobacco-less betel quid are
associated with modest increases in risk of about the same order. Addition of tobacco to
the quid increases risk very substantially and if this category of chewers also smoke there is
a small incremental risk.

The data of Sanghvi et al. (1955) can be interpreted as showing that the combined habit
of chewing and smoking is somewhat more carcinogenic for the oropharynx and
hypopharynx than for the mouth. In this pioneering paper. however, betel-quid chewers
who included tobacco in the quid were not separated from those who did not.

The findings are thus consistent: oral use of smokeless tobacco. whether prepared
industrially or by artisanal means, increases the risk of oral cancer (IARC, 1985).

OTHER HABITS

There are numerous other ways in which tobacco is used - several are mentioned below.
In general. their carcinogenicity has not been formally studied.

Mishri

Mishri is prepared by heating sun-dried Indian tobacco on a heated metal plate until it
turns black. The powder prepared thereatter is used for cleaning the teeth. The habit is
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usually practised by women and may give rise to habituation. users applying and retaining
mishri in the mouth several times a day.

Khaini

Powdered sun-dried Indian tobacco and lime are the main ingredients of khaini. The
powder, like snuff, is placed between cheek and gum and allowed to dissolve away rather
than being chewed. This habit has been linked with oral cancer (Khanolkar & Suryabai,
1945).

Zarda. kiwan

During zarda manufacture tobacco leaf is first broken into small pieces and boiled in
water with lime and spices. The residue is dried and coloured with vegetable dyes. To
prepare kiwan, the leaves are soaked and boiled in rose-water and spices. The mixture is
allowed to macerate and pills or granules prepared.

Gudakhu

This is a paste consisting of sun-dried tobacco. molasses and other ingredients used
mainly for cleaning teeth in Orissa and southern Bihar. India.

Shammah

This mixture of powdered tobacco leat. carbonate of lime and ash is used in parts of
southern Saudi Arabia. Some 685 of shammah users have feukoplakic lesions at the point
of contact and in a series of 29 biopsies of such lesions squamous-cell carcinoma was
diagnosed in seven (Salem er al., 1984).

DISCUSSION

The foregoing brief review” outlines the evidence linking most of the habits involving the
use of smokeless tobacco to cancer. cancer which usually arises at the point of contact.
Unfortunately, many of the epidemiological studies do not separate such tobacco habits
from smoking and a proportion do not define the sites of cancer studied precisely. Thus itis
not always easy to decide what is meant by ‘oral cancer’.

These habits are far from being esoteric curiosities in that they are very widely practised
by large numbers of people. possibly as many as 400 million. and give rise to an estimated
100 000 and 50 000 cancers each year in males and females respectively (Parkin ef al.,
1985).

* For further details. including manufacture. consumption statistics. particulars of other epidemiological
studies. the chemistry of the substances mentioned. the results of animal testing for carcinogenicity and of
mutagenicity assavs. cte.. see Volume 37 of the /ARC Monographs (1ARC. 1985).
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The preparation of snuff and chewing tobacco in the USA isonan industrial scale, some
40 million Ib of snuff being produced in 1980. Estimates of the number of current users of
smokeless tobacco range from 7-22 million (Squier, 1984). In the Orient, however, much
of the preparation of the betel quid and its components is at the artisan level and
production figures are difficult to obtain. Nonetheless, the sums spenton the habit must be
relatively very large.

Perusal of a series of records of the Bombay Cancer Registry, which collects information
on selected habits from all cancer patients, indicates that the average daily expenditure on
the betel quid is stated to be 50 paise or 15 rupees a month. This represents a very high
proportion of income as the monthly family cash income is frequently given as 150 rupees.
The poor man's luxury is expensive. (Permission to examine these records was kindly given
by Dr D. Jussawalla, Director of the Bombay Cancer Registry.)

For control measures to have a chance of success the motives underlying adoption ofa
habit should be understood. Much work has been done in this area for smoking but very
little for the oral use of tobacco.

Schonland and Bradshaw (1969) examined these questions in Indian betel-quid chewers
in Natal Province, South Africa. The effects as perceived by habitués (tobacco is not a
common ingredient in the chew) are listed in Table 6. The results are of the greatest
interest in that over one-third were chewing by force of habit. More females considered the
habit good for health than considered it pleasurable. Paradoxically. health reasons were
often advanced to explain diminution or cessation of habit.

Burton-Bradley (1979) writing from Papua New Guinea, where tobacco is rarely added
to the chew. although concomitant smoking is common. refers to arecadainism or addic-
tion to the areca nut atkaloids. and is of the opinion that to give this habit up may lead to
others which are more harmful.

However. arecoline may not be without its dangers. as in-vitro nitrosation yields
3-methylnitrosaminopropionitrile which is highly carcinogenic for the experimental ani-
mal (Wenke & Hoffmann, 1983).

Mehta er al. (1982) have shown that, in the setting of the Indian village, it is possible to
influence behaviour and reduce the frequency of betel-quid chewing, and War-
nakulasuriya et al. (1984) have shown in Sri Lanka that paramedical personnel can be
trained to reliably identify leukoplakia and other oral lesions with a view to referral for

Table 6. Effects of betel-quid chewing as perceived by chewers, by sex,
in Natal Province, South Africa®

% observing effect

Effect

Men women
Soothing 40 30
Stimutating 9 12
Both above effects 12 15
No effect 39 32

1 Data trom Schoniand & Bradshaw (1969). Numbers in sample: 77 men. 479 women
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treatment. It remains to be seen whether these pioneering efforts are applicable on a wider
scale and at what cost.

Improvement of diet is likely to reduce risk as Notani and Sanghvi (1976) and Jafarey
et al. (1977) suggest. However, in many parts of the world it is the poorest who are most
likely to have an oral tobacco habit and least likely to have an adequate diet. Winn et al.
(1984) noted that fruit and vegetable consumption reduced risk in cigarette smokers and
those without tobacco habits, but not, apparently, in snuff dippers.

The tobacco companies. faced with lower sales of cigarettes in the developed countries
are now. despite clear evidence of the carcinogenicity of the habit, promoting the use of
chewing snuff. the product being sold in the form of sachets for oral use (Cameron, 1985).
If the sale of these products. which do not carry any health warning, is allowed to continue,
the toll of periodontal disease and oral cancer will be high.
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SUMMARY

That cigarette smoking is causally associated with development of cardiovascular dis-
ease is recognized unequivocally. Epidemiological studies worldwide have documented
the many pathways of influence and synergism by which this ubiquitous but artificial habit
exerts its ill effects on cardiorespiratory and other body systems. leading not only to
cardiovascular disease but to cancer and other ailments. Current investigations among
college alumni, women, elderly, and other subgroups provide data on how various inde-
pendent influences combine with smoking to establish risk and promote pathogenesis of
cardiovascular disease. Their findings also confirm that cigarette smoking is one of the
strongest instigators. All of this knowledge has implications for the design and implemen-
tation of effective intervention programmes.

INTRODUCTION
Cigarette smoking is a major cause of cardiovascular disease among both men and

women. Numerous investigations since the mid-1950s have documented higher rates of
disease and earlier mortality in cigarette smokers than in nonsmokers. Reports of the US

' This is Report No. XXXII in a series on chronic diseases in former college students.
* To whom requests for reprints should be sent.
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Surgeon General (US Department of Health, Education and Welfare, 1964; US Depart-
ment of Health and Human Services, 1983) have strongly urged that concerted actions be
taken to reduce the causes and incidence of cardiovascular disease throughout all levels of
society. Cigarette smoking contributes to development of atherosclerotic lesions, the
predominant underlying cause of cardiovascular disease, and to the clinical manifestations
of atherosclerotic vascular disease — coronary, cerebral, aortic and peripheral vascular
disease. and sudden unexpected death. Although understanding of the precise pathophy-
siological basis of these clinical manifestions is incomplete, it may relate to several
deleterious effects of cigarette smoking on cardiovascular health. accelerating the
atherosclerotic process. promoting myocardial oxygen insufficiency. inducing an abnor-
mal plasma lipoprotein-cholesterol protile. disrupting the haemostatic system, and lower-
ing the threshold for ventricular fibrillation. While nicotine and carbon monoxide are the
constituents of tobacco smoke most prominent as agents, hydrogen cyanide, oxides of
nitrogen, and carbon disulphide also are highly suspect in the pathogenesis of coronary
heart disease.

Recognition of the seriousness of the cigarette smoking problem leads to questions as to
what to do about it. Strategies of intervention are becoming prominent topics of research
and debate. Epidemiological studies may be of value to the establishment of realistic
directions and goals for action. The present report seeks to explore some of these contribu-
tions.

So much has been published on smoking and cardiovascular disease in the past two
decades that a brief initial review of several representative reports from various nations
seems appropriate. Consideration will be directed to the effects of cigarette smoking, in
combination with other intluences. on the risks of cardiovascular disease. as revealed in
current studies. These and other recent investigations have implications for intervention
strategies. A few comments on trends and perceptions will compilete the discussion.

REPRESENTATIVE WORLD STUDIES

Cigarette smoking and incidence of specific clinical manifestations of coronary heart
disease were studied among men in the Framingham Heart Study in 1950-1968 (Kannel &
Gordon, 1974). Age-adjusted rates for total coronary heart disease increased in a gradient
from nonsmokers. to exsmokers, to light smokers, to more than double for smokers ofa
pack or more of cigarettes per day. About one-fifth of the events recorded were sudden
deaths. which displaved a similar gradient. Heavy smokers had higher rates of coronary
insufficiency, angina pectoris and myocardial infarction than nonsmokers. The parallel
trends corroborate a real association between the level of cigarette smoking and develop-
ment of coronary heart disease. Similar parallels noted in other populations lend further
credence to that causal hypothesis (Friedman er al., 1979; Keys, 1980; US Department of
Health and Human Services. 1983; Kuller er al.. 1985).

Table | shows that studies throughout the world have implicated cigarette smoking in
exacerbating the risk of coronary heart disease everywhere. The study of 290 000 US
militarv veterans (Dorn, 1959: Kahn. 1966: Rogot & Murray. 1980) spans a time,
1917-1940. when cigarette smoking and coronary heart disease were rising. Coronary
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Table 1. Relative nsks? of death from coronary heart disease among selected popuiations, by cigarette

smoking habit

Relative nsk of death

Population S'OSTL%(;S"'O'." vearsol No of
stugied {age nyears) fallow-up deatns N @Foka? -
USA veterans 290 000 men 16 34 874 1.00 1.58
(Rogot & Murray, 1980) (35-84)
American Cancer 188 000 men 4 5297 1.00 1.70
Society (9 states) 150-70)
{Hammond & Horn, 1958)
Japanese 122 000 men 13 3 351 1.00 1.71
(29 health districts) (40+)
(Hirayama &Hamano. 1981) 143 000women 13 2653 1.00 1.78

(40+)
Amencan Cancer Society 358 000 men 4 10771 1.00 1.24-2.81
(25 states) (35-84)
(Hammona, 1966, 483 000women & 4048 1.00 1.19-2.00 :"
Hammond & Garfinkel, 1969)  (35-84) g
Canadian veterans 78 000 men 6 3405 1.00 1.60 | \
(Best. 1966) {30-90) vy
British physicians 34 000 men 20 3191 1.00 1.62 ty
(Doll & Peto, 1976 6 194 women 22 179 1.00 2.00 n‘!
Doil etar.. 1980) W
Swedish random sample 27 D00 men 10 916 1.00 1.70 ’
{Cederlof eral 1975) (18-69) Yy

28 000women 10 457 1.00 1.30 ' k

(18-69)
Calforma 68 000 men 8 1718 o) 1.60 f
19 occupations) 135-64) !
(Weir & Dunn. 1970) '
Swiss physictans 3 749men 18 280 1.00 1.33-2.18

(Gsell etai.. 1979)

4 Age-adiusied

heart disease mortality data on these men for the 16-vear follow-up. 1953-1969, showed
that the risk was 589 higher for smokers than for nonsmokers.

The American Cancer Society studies of huge populations of volunteer study subjects
followed for four years vielded detailed information on types of tobacco used., number of
cigarettes smoked daily. age at which smoking began. inhalation practices. and other
variables that might influence mortality (Hammond & Horn. 1958: Hammond. 1966).
Compared with death rates among nonsmokers. more than 11 500 excess deaths were
attributable to smoking, amounting to 46% in men and 41% in women.

Canadian veterans (Best. 1966) and Californians in a wide selection of occupations
(Weir & Dunn. 1970) experienced similar hazards of smoking.

Among 122 000 men and 143 000 women followed in Japan for 13 years (over 3 million
person-vears of risk), coronary heart disease mortality ratios for smokers were 1.7 for men
and 1.8 for women (Hirayama & Hamano. 1981). After adjustment for predisposing
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influences of social class and consumption of meat, milk and alcohol, the risk of death from
coronary heart disease remained higher for smokers than for nonsmokers. The proportion
of smokers was 76% in men and 10.5% in women, and their proportions of coronary heart
disease mortality attributed to cigarette smoking were 34.3% and 9.5%, respectively.

When 34 400 male British physicians were followed for 20 years, 1951-1971, coronary
heart disease accounted for 3191 of 10 072 deaths (Doll & Peto, 1976; Doll et al., 1980).
Risk of coronary heart disease mortality was 62% higher for the cigarette smokers. Risk
was doubled over nonsmokers for British women physicians who smoked 15 or more
cigarettes daily.

Among 55 000 Swedish men and women followed for ten years through 1972 (Cederléf
et al., 1975), overall coronary heart disease mortality was 70% higher for male cigarette
smokers. and 30% higher for women smokers, than for nonsmokers. A sub-sample
queried in 1969 revealed that smoking habits were unchanged since 1963.

Data on 1212 deaths among 3749 Swiss physicians during an 8-year follow-up,
1955-1973, showed that coronary heart disease mortality rates increased with dosage in
cigarettes smoked per day, being up 33% for use of ten or fewer, and up 118% for 35 or
more smoked per day, over the rate for nonsmokers (Gsell et al., 1979). This pattern is
corroborated in each of the studies listed in Table 1.

MECHANISMS OF RISK

Dosage effects are consistent as indicated not only by cigarettes smoked per day but by
data on inhalation. use of filters. age at beginning to smoke. years of smoking, cessation of
smoking. and risks to nonsmokers in the vicinity of cigarette smokers (passive or secondary
exposure). The dose-dependent influence of cigarette smoking on coronary heart disease
risk is considered strong evidence that the relationship between the cigarette habit and
coronary heart disease is causal.

Cigarette smoking and atherosclerosis

The epidemiological evidence linking cigarette smoking and cardiovascular diseases is
reinforced by pathological findings that smoking aggravates and accelerates development
of the underlying lesions and occlusive events in coronary, cerebral, aortic and peripheral
arteries (Auerbach er al., 1965, 1976; Strong & Richards, 1976; McMillan, 1978; McGill,
1979). A variety of studies have shown more severe atherosclerotic change in smokers than
in nonsmokers, and a concomitant increase in the degree of both macroscopic and
microscopic pathological change with the amount of cigarette smoking. In addition, some
evidence exists to incriminate smoking in altering the serum lipoprotein profile in ways that
increase the development of atherosclerosis, e.g., reduction of the high-density lipopro-
tein cholesterol. Smoking affects the haemostatic system by decreasing platelet survival
time and increasing platelet stickiness and tendency to aggregate. The manifold gaseous
constituents in cigarette smoke have complex pharmacological and toxic effects that alter
metabolism, reduce oxygen transport, lower the threshold of ventricular fibrillation, and
promote the atherosclerotic process (Astrup & Kjeldsen, 1979).
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COMBINED INFLUENCES ON RISK

College alumni health study

A study of cigarette smoking habits, other ways of living, and health status among male
college alumni (former college students) in the USA has shown how past and present
characteristics relate to risk of cardiovascular disease in middle and later life (Paffenbarger
et al., 1978, 1984). Data on 16 936 former students aged 35-74 years and initially free of
coronary heart disease, who had entered Harvard University in the period 1916-1950,
were reviewed for personal characteristics, including the cigarette habit. These had been
recorded in college student health archives and in post-college, mailed questionnaires
returned by alumni in 1962 or 1966. Follow-up data were obtained from repeat question-
naires in 1972 for nonfatal coronary heart disease and from official death certificates
through 1978 for fatal cardiovascular disease. The overall experience represented by this
study population spans the twentieth century from 1900 to the present, as in 1978 the ages
of surviving study subjects ranged from 45-85 years.

During the follow-up interval of six or ten years (1966 or 1962 to 1972), there were 572
first attacks of coronary heart disease. 357 nonfatal and 215 fatal. Incidence rates for
coronary heart disease were computed per 10 000 man-years. Overall, the risk for smokers
was 68% higher than that for nonsmokers. Mortality rates for fatal cardiovascular diseases
were computed similarly for the 12-16-year follow-up from 1966 or 1962 to 1978, in which
there were 640 deaths from some form of cardiovascular disease. Excess mortality risks for
smokers over nonsmokers were 77% for total cardiovascular disease. 78% for coronary
heart disease. 52%% for stroke. and 100% (double) for other cardiovascular diseases.

Table 2 shows age-adjusted rates and relative risks of total coronary heart disease and
fatal cardiovascular disease. for their respective follow-up intervals. by level of cigarette
smoking habit. Prevalence for smoking categories, given as the percentage of man-years,
shows a distribution of about one-quarter heavy smokers, one-third nonsmokers, and one-
quarter exsmokers. For coronary heart disease, as the number of cigarettes smoked per

Table 2. Age-adjusted rates and relative risks of coronary hearnt disease and cardiovascular deathamong
Harvard College alumni, by cigarette smoking habit

No. of cigarettes Prevaience in No. of Cases per 10 000 Relative nsk p fortrend
smoked per gay man-years (%!} cases man-years of disease

Coronary heart disease {nonfatal and fatat), 1962—-1972

20+ 28 179 70.9 1.82

10-19 6 40 67.2 1.72
1-9 5 26 48.4 1.24 <0.0001
0 37 178 39.0 1.00

Former 25 90 429 1.10

All cardiovascular disease (fatal), 1962-1978

20+ 27 214 49.2 1.91

10-19 6 38 359 1.39
1-9 5 29 30.7 1.19 <0.0001
0 38 208 25.8 1.00

Former 24 84 22.1 0.86
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day increases from none to a pack or more, a gradient increase in risk to smokers over
nonsmokers is seen ranging steadily upward to nearly double (82%) in an evidently dose-
dependent trend. Exsmokers have a slightly higher risk (10%) than nonsmokers. The
pattern is similar for fatal cardiovascular disease. If the difference for exsmokers is
meaningful. it may imply that some may have improved their lifestyle in other respects
also.

Figure | presents a series of graphic cross-tabulations of cigarette smoking habit with
other alumnus characteristics (blood pressure status. physical activity, body weight-for-
height. and history of parental coronary heart disease ) for which cardiovascular mortality
rates were computed (shown as numbers on tops of bars). Numbers of deaths are given ina
corresponding key beneath each cross-tabulation. Breakpoints were chosen to provide
three levels of each characteristic for comparison. Relative risks were established by
assigning 1.00 to the death rate for the presumed highest-risk combination. represented by
the back corner bar in each cross-tabulation. Mortality trends are sought as the influence of
each characteristic is assessed. holding constant the influences of age and the paired
characteristic. This permits identification of any confounding of influences, or any gradient
effect of contemporary cigarette habit with these other alumnus characteristics.

Three categories of cigarette smoking level were set: nonsmoker (61% of man-years of
observation). smoking less than one pack a day (11%), and smoking one or more packs a
day (28%). Blood pressure categories consisted of normotensive alumni with student
systolic blood pressure below 130 mm Hg (70%), normotensive alumni with student
systolic blood pressure of 130 mm Hg or higher (21%). and alumni with physician-
diagnosed hypertension (9%). Physical activity was expressed in kilocalories per week,
calculated as an estimate of leisure-time energy expended in walking, stair climbing, and
sports play: then groups were established as alumni expending 2000 or more kilocalories
per week (40% of man-vears). 500~1999 kilocalories per week (45%). and less than 500
kilocalories per week (15%). Weight-for-height groups were determined by body mass
index (Quetelet's index; 1000 X weight in pounds divided by height in inches squared) and
classified as men with an index below 34 units (38% of man-years), 34-35 units (25%), and
36 units or more (37%). The three categories for parental history of coronary heart disease
identified alumni having neither parent with such a history (64% of man-years), those
having one parent with coronary heart disease (33%), and those having both parents
afflicted (3%).

Figure |1 A gives rates and relative risks of fatal cardiovascular disease by alumnus
cigarette habit cross-tabulated with student and alumnus blood pressure status. For
normotensive alumni. risk was 10-20% lower with decreasing amounts smoked, irrespec-
tive of whether student systolic blood pressure was below 130 mm Hg or higher. Among
alumni with physician-diagnosed hypertension. however. the relative risk of fatal car-
diovascular disease was reduced by nearly one half (relative risk.0.55) when smoking level
was decreased from heavy (a pack or more per day) to none. The effect of the cigarette
habit on risk of fatal cardiovascular disease is strong and independent of the influence of
hypertension, which is even stronger.

At each level of cigarette smoking in Figure 1B there was a decline in cardiovascular
disease mortality as leisure-time exercise increased and when the data were adjusted for
the influence of smoking, exercise continued to be inversely related to death. Cigarette
habit is directly related to cardiovascular disease mortality when exercise is held constant.
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Fig. 1. Death rates and relative risks of cardiovascular disease per 10 000 man-years of observation among
Harvard University alumni, by cross-tabulations of cigarette smoking habit and (A) blood pressure status, (B)
physical activity index (kilocalories per week), (C) body mass index (1000 x weightin pounds divided by heightin
inches squared), and (D) history of parental coronary heart disease. Death rates are given on top of bars, and
corresponding numbers of deaths in the diamond keys. A relative risk of 1.00 is assigned to the paired
combination with presumed highest risk (each back-corner bar)
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The most physically active nonsmokers had only 30% as much fatal cardiovascular disease
as the sedentary heavy smokers, and the least physically active nonsmokers 52%.
Figure | C shows that cardiovascular disease mortality is related directly to the cigarette
habit when body mass index is held constant. If smoking is held constant, risk of fatal
cardiovascular disease is related directly also to weight-for-height, but less strongly thanto
smoking. The most lean nonsmokers (men no more than 10% over ‘ideal’ weight, having a
body mass index below 34) had only 43% the risk of their heavy-smoking, more obese
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classmates. 20% or more overweight (smoking a pack or more of cigarettes per day and
having a body mass index of 36 or higher). The figure shows substantial benefit from
reduced smoking patterns in each weight-for-height group, but among heavy smokers
there was no benefit for reduced weight-for-height.

Cross-tabulation of cardiovascular disease mortality risks by cigarette smoking and
history of parental coronary heart disease is shown in Figure 1 D. To the extent that such
parental history reflects a familial or hereditary tendency toward fatal cardiovascular
disease in alumni. the risk implied by that tendency is cut nearly in half (0.60) even among
nonsmoking alumni with a double parental history of coronary heart disease. The trend of
lower cardiovascular disease mortality with reduced cigarette smoking is substantial. and
the intluence of parental coronary heart disease status is similarly strong. Throughout this
cross-tabulation. as in each of the others. there is a consistent lowering of cardiovascular
disease mortality rates as alumnus cigarette smoking declines trom heavy to light to none.

Table 3 gives relative and attributable risks of total coronary heart disease in ten years of
follow-up and of fatal cardiovascular disease in 16 vears of follow-up. by selected charac-
teristics known to predispose to these outcomes. The risks are derived from a multivariate
analysis (Cox, 1972) and computed for the presence versus the absence of each adverse
characteristic, with adjustments for age and each of the other characteristics listed. After
allowance for each other variable. it is evident that cigarette smokers were at a 67% greater
risk of coronary heart disease. nonfatal or fatal. than nonsmokers; hypertensive men had
twice the risk of normotensives: sedentary alumni were at a 38% higher risk than men more
physically active: heavier men were at a 23% greater risk than men more lean; and alumni
with an adverse parental history of coronary heart disease had a 20% greater risk of

~able 3 Relative and altributable risks “ of coronray neart disease and cardiovascular aeath among Harvard
Coliege aiumni. by selected adverse charactensucs

Alumnus Prevelance in Retative nisk of disease P Atiributable risk
charactenistic man-years (%}  (95%CLI° (%)

Coronary heart disease (nontatal and fatal), 1962-1972

Cigarette smoking © 40 1.67 (1.43-191) <0.0001 21
Hyperension ¥ 9 199 (1.71-2.27) <0.0001 8
Sedentary Ifestyle ¢ 61 1.38 (1.12-1.64) 0.0015 19
Qverweight for height ! 37 1.23 (0.99-1.47) 0.0755 8
History of parental CHD ¢ 37 1.20 (0.96-~1.44) 0.1185 7
All cardiovascular disease (fatal), 1962-1978
Cigarette smoking ~ 39 184 (164-2.04) <0.0001 25
Hypertension ¥ 9 218 {1.94-2.42) <0.0001 9
Sedentary lifestyle © 62 131 (1.09-1.53) 0.0172 16
Overweight for hetght ! 37 1.18 (0.98-1.38) 0.1081 6
History of parentai CHD ¢ 37 133 (1.13-1.53) 0.0062 "

 Adjusted for difterences in age and each of the other characteristics hsted
“CL. conhdence hmits
Any amount
‘Physician-gdiaanosed
" Energy expendiure of < 2000 kilocalornes/week 1n walking. star-clrmbing. and sponts play
" 20% or more over ideat weight for height (1959 Metropolitan Life Insurance Company stangaros). 1 e . body mass index 36+
‘CHO coronary heart disease n enher ar both parents
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developing coronary heart disease themselves than classmates whose parents were free
from such affliction. Attributable risk estimates for the corresponding characteristics
suggest that cigarette smoking might account for 21% of the coronary heart disease among
alumni; hypertension. 8%: sedentary living, 19%: overweight, 8%; and the genetic or
familial tendencies implied by parental coronary heart disease, a further 7%. If all of these
adversities for alumni could have been avoided there might have been half as many attacks
of coronary heart disease.

Relative and attributable risks of cardiovascular disease mortality for these same alum-
nus characteristics are of the same general order of magnitude as for coronary heart disease
(Table 3). They indicate that there might have been 65% fewer cardiovascular disease
deaths during the study interval 1962-1978 in the absence of all five characteristics, or a loss
of only 224 alumni instead of the observed 640 decedents from underlying cardiovascular
disease causes.

Women smokers

Current study of the relation of cigarette smoking and nonfatal myocardial infarction in
women aged 25-49 years living in the north-eastern USA provides new evidence on dose-
response and interaction with other personal characteristics known or suspected to predis-
pose to infarction (Rosenberg et al.. 1985). This case-control study contrasted 555 women
who survived first attacks with 1864 women of similar age hospitalized for a variety of
conditions judged to be unrelated to cigarette smoking. The proportion of current smokers
among myocardial infarction patients was 80% . as contrasted with 50% among control
patients. Relative risk estimates of myocardial infarction increased steadily from 1.4 for
smokers of 1-14 cigarettes per day to 2.4 for those using 15-24 cigarettes. to 5.0 for use of
25-34. to 7.0 for smokers of 35 or more cigarettes daily. Among former smokers who had
abstained for at least one year, relative risks were the same as for women who had never

smoked.
As shown in Table 4, risk of myocardial infarction among current oral contraceptive

users was increased 23-fold for heavy smokers over nonsmokers. Women heavy smokers
with a serum cholesterol level below 200 mg/dl had a five-fold increased risk of myocardial
infarction over comparable nonsmokers; with higher levels the risk for smokers over non-
smokers was ten-fold greater. Furthermore. the risk of myocardial infarction was higher
for smokers than nonsmokers among these women with and without such predisposing
characteristics as hypertension, angina pectoris, diabetes. obesity, a tendency to time-
urgency and competitiveness (so-called type A behaviour). and an adverse history of
cardiovascular disease in a parent or sibling.

Elderly smokers

Among elderly (65-74 years) white males from an impoverished urban setting, current
cigarette smokers were at 52% higher risk of fatal coronary heart attack in five years of
follow-up over nonsmokers, exsmokers. and pipe or cigar smokers (Jajich et al., 1984).
The excess risk of mortality in this population of 2674 persons declined within one to five
years of cessation of smoking. Smokers of all ages should be encouraged to quit (see
Table 5).
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Table 4. Relative nsks estimates® of nonfatal myocardial infarction among
women aged <50 yearsin north-eastern USA, by cigarette habit and selected i

charactenstics ®
Relative sk of nontatat i
Charactenstic Level myocardial nfarction
Nonsmokers Smakers (95% CL) ¢ .
3
Oral contraceptive use Current 1.00 23 (6.6-82) :
Past 1.00 6.8 (4.5-10)
Never 1.00 4.8 (3.5-6.6)
Serum cholesterol (mg/di) <200 1.00 46 (2.5-8.7)
200-249 1.00 12 (6.4-21)
250+ 1.00 10 (4.0-25)
HOL-cnolesterol (mgrdi)? <40 1.00 4.7 (2.7-8.2)
40+ 1.00 14 (8.3-25)
Type A personaliity Present 1.00 6.8 (3.3-14)
Absent 1.00 1" 6.7-17)
Family history CVD ¢ Present 1.00 71 (3.9-13)
Absent 1.00 11 (6.5-18)
Hypertension Yes 1.00 4.0 (2.4-6.7)
No 1.00 8.0 (6.0-11)
Angina pectoris Yes 1.00 5.1 (1.5-17)
No 1.00 6.2 (4.8-8.0)
Diabetes mellitus Yes 1.00 3.2 (1.2-8.7)
No 1.00 6.7 (5.2-8.7)
Pre-menopausal 1.00 8.3 6.1-11)
Post-menopausal 1.00 39 (2.5-6.0)
Body mass ingex 40+ 1.00 55 (3.6-8.6)
<40 1.00 7.1 (5.3-9.7)
4 Age-adjusted

¢ From Rosenberg ot al. (1985) ;
- Smokers of 25+ cigarenes per day. CL. confidence imits i
3 HDL-chalesterol. high-density popratein-chotesterol

¢ CVO. cardiovascular disease

Filter cigarette risks

In the Framingham study (Castelli et al., 1981) men were classified as to whether they
smoked filter or nonfiiter cigarettes. The 58% of men who used filtered brands had been
smoking for a shorter period than the comparison group, but despite this more favourable
cigarette-smoking history. their incidence rates of coronary heart disease (myocardial
infarction, coronary heart disease death, or total coronary heart disease) in 14 years of
follow-up showed no differences from those of nonfilter cigarette users. Findings were
unchanged when rates were adjusted for differences in levels of blood pressure and serum
cholesterol. Thus there was no evidence that filter cigarettes of the 1960s and 1970s
conferred any protection against coronary heart disease for Framingham men. Perhaps
this is not unexpected, since smokers may alter their smoking behaviour when they switch
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to low-yield brands to compensate for nicotine. This altered behaviour may induce
accelerated atherogenesis through increased uptake of carbon monoxide, hydrogen
cyanide and nitrous oxides (Astrup & Kjeldsen, 1979).

Passive smoking

The effects of passive (involuntary) smoking on nonsmokers are receiving increased
attention. Aronow (1978) demonstrated that nonsmoking patients with angina pectoris
exposed in a confined space to the cigarette smoke of others experienced an increase in
serum carboxyhaemoglobin levels, coronary symptomatology, and electrographic changes
indicative of myocardial ischaemia at lower levels of exercise testing than when not so
exposed. Garland et al. (1985) studied 695 nonsmoking women from a retirement com-
munity in California who were classified according to their husbands’ cigarette-smoking
status as wives of those who had never smoked, and former and current smokers. In ten
years of follow-up. nonsmoking wives of current or former smokers experienced an
elevated death rate of coronary heart disease compared with nonsmoking wives of those
who had never smoked. A dose-response relationship was shown for the quantity of
cigarettes smoked by the husband. These findings held when adjustments were made for
multiple characteristics predisposing to coronary heart disease. Although the added risk of
disease among exposed wives was 14.9. the experience was small and not statistically
significant (p <0.10).

The issues relative to coronary heart disease are unsettled. but when passive smokers
protest. their complaints against heavy smoking at close quarters often are based on more
immediate irritations than remote fears of heart attack. Difficulties of determining atmos-
pheric concentrations of toxic substances are likely to complicate the epidemiological
problem of studying the patterns and intensities of involuntary exposure to cigarette smoke
and of assessing any influences of subtle exposures of long duration.

TRENDS

Cessation of smoking

Table 5 summarizes several studies in which influence of cessation of cigarette smoking
on risk of total coronary heart disease among men is examined in terms of interval since
quitting the habit, age at time of cessation, intensity of cigarette use. and duration of use
(Hammond. 1966; Hammond & Garfinkel. 1969: Cederlofetal., 1975; Doll & Peto, 1976).
There is a consistent gradient of reduction in risk as the interval since cessation increases,
so that men who have abandoned cigarettes for a decade or more have little if any excess
risk over men who have never smoked. The risk-reduction benefit is seen in all age groups
and for both light and heavy smokers who have dropped the habit. Among men aged 65
years or older. percentage reduction appears less impressive than for younger men aged
30-54 but, in view of age-related rates of coronary heart disease mortality, the numbers
spared would be substantial. In general, the greater the relative risk attached to cigarette
smoking, the greater the benefit or reduction in risk achieved by quitting the habit.
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Table 5. Relative risks of death from coronary heart disease among selected
populations, by years since cigarette smoking cessation

Poputation Years since Relative risk af death
stugied cessauon
Attained age (years)
30-54 55-64 65+
British physicians None 3.5 1.7 1.3
(Men who smoked cigarettes 14 1.9 19 1.0
onty for 5+ years: 5-9 1.3 1.4 1.3
20-year follow-up) 10-14 1.4 1.7 1.2
1Doll & Peto, 1976) 15+ 1.3 1.3 1.1
Nonsmoker 1.0 1.0 1.0

No. of cigareltes smoked per day

1-19 20+
Amencan Cancer Society (25 states) None 1.90 2.55
(Men who smoked cigarettes only; <1 1.62 1.61
6-year follow-up) 14 1.22 1.51
(Hammond, 1966; Hammond & 5-9 1.26 1.16
Garfinkel, 1969) 10-19 0.96 1.25
20+ 1.08 1.05
Nonsmoker 1.00 1.00

Years of smoking ctgarettes

- 20 20+ Total

Swedish random sample None - - 17
(Men; 10-year follow-up) 1-9 0.9 1.6 1.5
(Cederiof etal., 1975} 10+ 0.9 1.1 1.0
Nonsmoker 1.0 1.0 1.0

In five worldwide intervention trials (Puska er al., 1979; Hjermann ez al., 1981; Multiple
Risk Factor Intervention Trial. 1982; Rose er al., 1982; World Health Organization
European Collaborative Group. 1982), cigarette smoking was reduced 10-15% more in
the intervention group than in the control group. The intervention group had some 10%
fewer coronary heart disease deaths than the comparable control group, but the differ-
ences within the individual trials were not significant. When the results of four of these
trials were combined. however. coronary heart disease deaths were significantly less
common in the intervention group than in the control group.

Chapman (1985) reports that small stop-smoking encounter groups and clinics are inept,
expensive and hopeless approaches to the problem of effective intervention. He recom-
mends massive education programmes and dedicated medical collaboration to reach the
millions of smokers who must be persuaded to kick the cigarette habit. In the meantime
recidivism and prevarication by subjects tend to limit the credibility of data on cessation
and weaken results of many studies based on them. Nevertheless. the findings on benefits
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of smoking-behaviour modification are meaningful because they do echo strong evidence
from other nonexperimental studies of cardiovascular disease and may forecast eventual
success for broad, long-range intervention programmes.

Mortality and other patterns

Cardiovascular disease mortality has declined in the USA by 38% since 1950, while
deaths from all other causes were declining by about 21% (Epstein, 1984; Feinleib, 1984).
Since 1968, coronary heart disease mortality has fallen 27%, as mirrored by 280 000 fewer
deaths in the following decade than would have been expected on the basis of 1968
mortality rates. The decline in cigarette smoking since the first Surgeon General’s Report
(US Department of Health, Education, and Welfare, 1964), 25% among men and 14%
among women aged 20 years and over, together with improvement in other lifestyle habits
and better blood pressure control, may explain a large segment of the decline in cardiovas-
cular disease mortality. Feinleib (1984) has translated trends in cigarette smoking, blood
cholesterol patterns and blood pressure levels into equations and related them to risk of
cardiovascular death. From these he made the following predictions: (1) a 20% reduction
in numbers of smokers would have induced a 10% decline in mortality; (2) a 5 mg/dl
average reduction in serum cholesterol would have induced a 4% drop in mortality; and (3)
a 2 mm Hg decrease in diastolic blood pressure would have induced a 9% decline in
cardiovascular mortality. Together, such trends might account for a 22% reduction in
cardiovascular disease death rates, very similar to the observed decline over the period
concerned.

DISCUSSION

The existence of a strong adverse relationship between cigarette smoking and cardiovas-
cular disease is no longer a topic for debate. This report has presented new data and
summarized findings that may offer important contributions to the planning of effective
large-scale programmes of intervention designed to minimize the cigarette habit as an
element of lifestyle. Knowledge of how cigarette smoking promotes disease can be used to
educate against it, and no other intervention strategy is likely to be as successful. These
aspects have been considered directly or by implication throughout the report. In sum-
mary, they reveal that the potential benefits from solving the problem are as manifold as
the array of hazards associated with it. Whenever cigarette smoking is abandoned to
reduce risk of cardiovascular disease, cancer will be reduced, and other chronic diseases as
well. After all, cigarette smoking is an artificial enemy that was created by man himself,
and he has the power to destroy it.
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SMOKING AND RESPIRATORY DISEASE
EXCLUDING LUNG CANCER

H. PEACH

Department of Community Medicine,
United Medical and Dental Schools, St Thomas' Campus
London SE1 7EH, UK

INTRODUCTION

This paper is concerned with a group of diseases which, in the 1950s, would have been
called ‘chronic non-specific respiratory disease’ (Ciba Foundation Guest Symposium,
1959) namely. chronic obstructive lung disease. chronic mucus hypersecretion and asthma.
Specific airway diseases such as tuberculosis. sarcoidosis. pneumoconiosis and diseases of
the pulmonary interstitium are excluded. Chronic obstructive lung disease. often referred
to as chronic obstructive airways disease or chronic obstructive pulmonary disease, is an
important burden in terms of morbidity and mortality in many economically developed
countries. Chronic mucus hypersecretion. which describes a chronic productive cough
independent of airflow limitation and was previously called simple and mucopurulent
bronchitis (Thurlbeck, 1977), may not itself lead to mortality (Peto er al., 1983) but is
important in terms of morbidity.

Table 1 shows the deaths and admissions to hospital in the UK due to ‘chronic bronchitis
and emphysema’, a term which embraces both chronic mucus hypersecretion and chronic
obstructive lung disease. There is little doubt that death rates from bronchitis and emphy-
sema are related to the number of cigarettes smoked. However. the increase in cigarette
smoking over the decades before 1956 did not result in correspondingly more deaths from
bronchitis. as happened with lung cancer. In the 25 years before 1956, death rates from
bronchitis in men remained fairly constant. while in women there was a steady decline.
Since then. the death rates in men have shown an accelerating decline. Since 1978, the
decline in death rates among men and women have appeared to accelerate even more (Fig.
1), but this may be a recent certification artefact. Generally, diagnosis and methods of
certification for respiratory disease have probably been more stable in the UK than in most
countries, and the marked drop in mortality rates over time probably reflects a real fall in
disease incidence. This fall is probably due to improvements in living standards. improve-
ments in the control of air pollution, and possibly decreasing tar delivery from cigarettes.
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Table 1. Mortality and hospital discharges for chronic bronchitis and emphysema in England and

Wales, 1981¢
Rates per 10 000 population
Allages 25—44 years 45-64 years 65-74 years 75+ years
Mortalty
Men 53.03 0.73 31.29 198.32 647.00
Women 18.60 0.28 10.92 43.46 141.74
Hospital discharges
Men 97 27 394 83.44 371.82 729.91
Women 40.59 4.01 46.14 96.18 167.81

f-am Uthce of Population Censuses ang Surveys (1981a. o1

MUCUS HYPERSECRETION

Surveys from many countries show that cigarette smokers cough more often and pro-
duce more phlegm than do nonsmokers. Even teenagers who smoke more than five
cigarettes a day cough almost as much as adult cigarette smokers (Addington et al., 1970;
Seely e al.. 1971). The risk increases with number of cigarettes smoked, earlier age of
starting to smoke. and depth of inhalation. That cough and phlegm usually disappear or
diminish when cigarette smoking is given up shows that smoking is the main cause of these
svmptoms. At all ages. cigarette smokers have more chest illnesses than nonsmokers
(Finklea er al.. 1971 Colley eral., 1973). Cough. expectoration. and recurrent respiratory
infections lead to much absence from work and are often treated with expensive antibio-
tics. Airwavs obstruction is often more severe during an infective episode but recovery is
usual. and these episodes do not seem to accelerate the progression ot chronic obstructive
lung disease (Fletcher & Peto. 1977). Pipe and cigar smokers are much less affected than
are cigarette smokers by cough. phlegm and recurrent chest infection (Boudik et al., 1970;
Comstock er al.. 1970: Mueller et al.. 1971). Morning phlegm has been found to be
commoner in smokers of nonfilter cigarettes than in smokers of filter-tipped cigarettes
(Rimington. 1972).

OBSTRUCTIVE LUNG DISEASE

Obstructive lung disease is as specifically related to smoking as is lung cancer. Forced
expiratory volume in one second (FEV),) falls gradually and irreversibly over several
decades among both nonsmokers and smokers. The range of rates of loss of FEV, is much
wider among smokers than nonsmokers. Some smokers suffer such unusually rapid rates of
loss of FEV, that. if they continue to smoke. they will first become disabled, once their
FEV, falls to about one litre. and then killed by their obstructive lung disease. If such
people stop smoking their FEV, will not recover but their subsequent rate of loss of FEV,
will usually revert to about that seen in nonsmokers. Thus. if susceptible smokers stop well
before they are disabled. they will not die from chronic obstructive lung disease.

That there was no rise in death rates from chronic bronchitis and emphysema following
the rise in tobacco consumption indicated that extrinsic factors must exist that alone or in
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Fig. 1. Age and age-specific mortality rates for chronic bronchitis and emphysema in England and Wales,
1953-1983 (from Hotland. 1984)
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conjunction with smoking are responsible for some of the mortality from chronic bron-
chitis and emphysema. Studies in the UK and elsewhere have shown that chronic obstruc-
tive lung disease is more common among poorer groups in a population than among the
economically better off (Reid, 1963). This appears to reflect general environmental
exposures rather than specific occupational factors. since married women classified by
their husband’s socioeconomic status also have an excess of chronic bronchitis and emphy-
sema (Fig. 2). Such factors might include poor housing conditions. domestic overcrowd-
ing. or indoor and outdoor air pollution. but they have never been precisely identified.
Acute episodes of high-level particulate air pollution can exacerbate symptoms in suscep-
tible groups in a population such as the elderly, the chronically ill. and, possibly also. young
children. Similarly, the long-term chronic effects of exposure to high levels of air pollution
have been well documented. Both these aspects of air pollution were thoroughly reviewed
by Holland er al. (1979). In many countries. the introduction of measures to control
particulate air pollution has meant that this is now a less important factor than it wasinthe
past. except in particular populations occupationally or otherwise exposed to high levels of
local pollution. It must be emphasized that. at present, only the effects of tobacco are
reliably known to be of substantial importance and amenable to change.
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Fig. 2. Mortality among men (OJ) and women (@) aged 15—64 years from chronic bronchitis and emphysema by
social class in England and Wales, 19701972 (from Holland, 1984); N, nonmanual; M, manual
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CHILDREN, RESPIRATORY DISEASE AND SMOKING

Although cough and phlegm usually disappear or diminish when cigarette smoking is
given up, and the rate of loss of FEV, will usually revert to about that seen in nonsmokers,
priority in prevention should not be given to persuading adults with chronic mucus
hypersecretion or chronic obstructive lung disease to stop smoking. It is better to dissuade
children from ever taking up the habit or at least from becoming regular smokers.
Traditionally, smoking has been the habit of adults, but, since the late 1950s, it has been
established that a measurable proportion of school children smoke regularly. Estimates of
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Table 2. Annualincidence (per 100 infants) of ‘bronchitis’ or pneumonia inthe
firstyear of life?

Parentai asthma Parentat smoking habit

orwheeze

Neither One Both Habit changed
Neither . 6.7 9.6 13.7 8.7
One 8.9 18.0 223 74
Both 143 13.6 39.3 30.0

*Fram Leeder ef al (1976)

the prevalence of smoking one or more cigarettes per week among school children, vary
from 7% of boys aged 10-11 years to over 16% in two populations of boys aged 11-14 years
and up to 2040% in youths of 14-17 years (Bewley et al., 1973). The role of cigarette
smoking in the development of respiratory disease in childhood has more relevance to
attempts to persuade children from ever taking up the habit than has rates of decline of
FEV, in middle age.

Holland er al. (1969a) followed a cohort of 2000 children born between 1963 and 1965 in
Harrow. a suburb in north-west London. A one in three random sample had ‘crying’
ventilatory function tests performed using a pneumotachograph. Of the original 623 who
had these initial tests, ventilatory function measured each year was available for 487 at the
age of five. No events before. during or immediately after pregnancy had an effect on
incidence of respiratory illness or on ventilatory function up to six weeks of age, and
ventilatory function was not affected by any other environmental or familial factors. No
large or consistent differences in ‘crying’ ventilatory function were found between children
who subsequently suffered from pneumonia or bronchitis and those who did not (Colley e
al., 1976), which suggests that children who suffer from pneumonia or bronchitis in early
life do not start life with a defective respiratory system.

The factors which appeared to be most closely associated with ‘bronchitis’ or pneumonia
in the first year of life were a history of asthma or wheeze in the parents and parental
smoking habits. If both these factors were present, the annual incidence of ‘bronchitis’ and
pneumonia per 100 infants was 39.3, compared to 6.7 where neither existed (Table 2). A
higher incidence of *bronchitis’ and pneumonia was also associated with parental cough or
phlegm. This association may have resulted from shared genetic susceptibility to respirat-
ory disease, parents and children living in the same home environment, or tO Cross-
infection within the family. Work in France (Liard et al., 1982) showed that wheezy
bronchitis was strongly related to mother’s cigarette consumption but simple bronchitis
was not. This supports the hypothesis that passive inhalation of cigarette smoke irritates
the child’s lung and facilitates the spread of infection to the lower respiratory tract.

In the Harrow study, the main factors influencing the incidence of ‘bronchitis’ and
pneumonia and other respiratory symptoms during the first five years of life were similar to
those which affected disease incidence in the first year of life. However, ventilatory
function. measured as peak expiratory flow rate (PEFR) using the Wright Peak Flow
Meter. at the age of five was related to past history of bronchitis and pneumonia (the
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earlier the onset of disease, the greater the effect of past history) and also to the history of
asthma, but not to parental smoking habits (Leeder et al., 1976).

The normal practice of school medical examinations at the ages of five, 11 and 15 years
was utilized in the Kent studies, which began in 1964 (Holland ez al., 1969a,b). The parents
of 4707 children were interviewed. Examination of the children included PEFR measure-
ments. Older children answered questions about respiratory symptoms and smoking
habits. Re-examinations. when parents were asked about their child’s respiratory illnesses
over the preceding 12 months, took place at the age of 11 years for those aged five at the
start of the study. and at 14 for those aged 11 at the start of the study. Prevalence of
respiratory tract symptoms was found to be influenced by area of residence. parent’s social
class. age and sex. and particularly smoking habits; even exsmokers had more symptoms of
cough and phlegm production than those who had never smoked. In contrast, PEFR was
significantly influenced by area of residence. parent’s social class, number of siblings and
past history of bronchitis, pneumonia and asthma but not smoking.

Only 1978 children could be traced at the time of the first re-examination, and because
the percentage loss varied between area and social class groups it was not possible to use
the data to draw conclusions about the relationship between respiratory disease and social
and environmental factors. However. it was possible to establish that children with a
history of *bronchitis’, pneumonia or asthma before the age of five years (partly caused by
parental smoking) were more likely to have *bronchitis’, wheezy chest and phlegm produc-
tion at the age of 11. Children with reported symptoms at 11 also had on average a lower
PEFR at 11 and at five. Those who had had low ventilatory function at the age of five were
more likely to have respiratory symptoms and low ventilatory function at 11.

The most recent follow-up of the children in the Kent cohort was in 1974-1975. The
relative risks of reporting respiratory symptoms in children with an early history of
‘bronchitis’. asthma or pneumonia was unchanged for those at ages five, 11 and 15. Thus,
once a child’s respiratory system has been compromised by early disease, there appears to
be a lasting increased risk of having persistent symptoms.

Further evidence is needed to link factors experienced in early life with the development
of chronic disease in much later life. It is unlikely that a single birth cohort could be
satisfactorily followed from birth to old age. For example, a 1946 cohort was difficult to
follow because the numbers remaining in 1966 had dwindled so that the reliability of
conclusions was reduced (Douglas & Waller, 1966). Nonetheless, the study showed that a
relationship between lower respiratory tract infection and air pollution levels exists until at
least the age of 15. In 1966 it was only possible to collect data from 3899 of the original
sample. then aged 20 (Colley er al., 1973). The major finding of the 20-year follow-up was
that prevalence of cough during the day or night was most closely related to current
smoking habits and to a history of lower respiratory tract illnesses before the age of two. In
the most recent tollow-up, it was possible to collect data from 2088 men and women aged

25 (Kiernan et al., 1976). At this age certain changes in the factors affecting respiratory
symptom prevalence appeared to have taken place, namely that the association of cough
prevalence with past history of respiratory illness and current smoking was even stronger.

Studies of respiratory disease in childhood have thus demonstrated that the environmen-
tal factors which are associated with respiratory disease in adults, for example air pollu-
tion, past respiratory illness and smoking, are also present amongst children. The relation-
ship of respiratory disease in childhood to that developed in adults is more tenuous. No
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good prospective studies have yet been completed or undertaken to demonstrate the link,
and merely showing that the same factors are responsible for disease at both ages is
insufficient to prove that there is any real association. From a prevention viewpoint, it is
not necessary to wait until such a link is demonstrated. because respiratory disease in
children is more relevant than respiratory disease in adults to persuading children not to
take up smoking. Smoking habits are associated with bronchitis and pneumonia in teen-
agers, and young adults and antismoking campaigns could emphasize this. However,
respiratory disease in childhood is also related to infection in earlier years. It is quite
possible that we may be able to treat respiratory infection in the early years better and thus
perhaps avoid some of the troubles of later childhood. But also. if it could be shown that
those children with respiratory infections were susceptible to chronic bronchitis and
emphysema in later life, campaigns directed toward preventing those children from taking
up cigarette smoking may be even more effective.

The Medical Research Council Derbyshire smoking study was the first longitudinal
study of children’s smoking to be performed in the UK (Banks et al., 1978). At the start of
the study in 1974, questionnaires were administered to children aged 11-12 years. These
children were followed up until 1978. Factors which induce children to take up smoking are
many and varied. but considerable importance seems to be attached to parental and sibling
smoking, especially for the same sex. The fact that parental smoking is also associated with
bronchitis and pneumonia among children under five years of age and that children’s
smoking habits are associated with bronchitis and pneumonia in teenagers and young
adults suggest that antismoking efforts could be directed at the family rather than at adults
or children separately.

LESS HAZARDOUS SMOKING

If children cannot be dissuaded from taking up smoking, the next best thing is to
persuade adults to stop smoking. Various surveys of British men carried out in the 1950s
and early 1960s have recently yielded sufficient data on deaths from chronic obstructive
lung disease to show that the single original forced expiratory volume in one second
(FEV,) measured when these men were in their fifties can be used to predict reliably which
men would have a high risk of death from chronic obstructive lung disease during the
subsequent 20 years (Peto eral., 1983). Antismoking campaigns directed toward these-men
could be very effective. However, the age-standardized chronic obstructive lung disease
death rates per 100 000 British doctors who smoked 1-14, 15-24 and 25+ cigarettes a day
were 51, 78 and 114 respectively, suggesting that if people cannot cease smoking, diminu-
tion of the dose might produce diminution of the effect (Doll & Peto, 1976).

Because of this dose-response relationship, it has also been suggested that the smoking
of cigarettes in a lower tar group would be less deleterious to the lungs. Several studies
have suggested that there might be a direct relationship between reduction in the tar yield
of cigarettes and a reduced prevalence of cough (Comstock et al., 1970; Freedman &
Fletcher. 1976; Fletcher et al., 1976; Dean et al., 1978; Schenker et al., 1982), and phlegm
production (Rimington, 1972; Hawthorne & Fry, 1978; Higenbottam et al., 1980). Fewer
studies have examined the potential importance of tar yield for change in pulmonary
function. One prospective study (Comstock et al., 1970) found that smokers of nonfilter
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cigarettes, compared to those smoking filter-tipped cigarettes, had a lower FEV, at entry
into the study but a smaller reduction of FEV, after five years. However, in another
longitudinal survey, multiple regression analysis did not show any significant association
between tar yield and lung function (Sparrow et al., 1983). Cross-sectional surveys also
indicate no relationship between pulmonary function and the use of filter-tipped versus
nonfilter cigarettes (Beck et al., 1981) or cigarette tar yield (Higenbottam et al., 1980).

It has been suggested that mucus hypersecretion and chronic airflow obstruction are
essentially distinct lung diseases (Fletcher et al., 1976; Peto et al., 1983), and it is possible
that they might differ in their susceptibility to tar intakes. However, it would be premature
to conclude that tar intake might not be an important factor in chronic airflow obstruction.
Firstly. cross-sectional studies cannot define the natural history of a disease. Secondly,
Fletcher er al. (1976) suggested that approximately eight years are necessary to establish
rates of change of FEV, with sufficient confidence even to distinguish between smokers
and nonsmokers. Thirdly, there is usually no information on the lung function of smokers
at the time they change from high- to low-tar cigarettes. It is possible that similar function
differences may exist in subjects who choose between high- and low-tar cigarettes as have
been observed in adults choosing to smoke or not (Tashkin er al., 1983).

Government tables of the tar yields of cigarettes in the UK advise committed smokers to
choose a cigarette in a lower tar group. In 1971-1973, data on smoking habits including
cigarette brand smoked, phlegm production and lung function were recorded on factory
workers as part of the Heart Disease Prevention Project (HDPP) (Rose er al., 1980).
Assessment of their 1984 smoking habits, phlegm production and lung function permitted

Table 3. Charactenstics of cigarette smokers at the start of the Heart Disease Prevention

Project?

Type of cigarette smoked 1971-1984: mean (SE}
Vanable

Same tar group Droppedonetargroup Dropped two tar grougs
Age (years) 475 (0.44) 48.0 (0.27) 48.3
Social class® [-IIINM (%) 28.2 21.8 27.3

HIM-V (%) 71.7 78.3 72.8

Cigarettes/day 17.4 (0.73) 17.7 (0.56) 185 (0.79)
Taryleld (mg/cigarette) 19.7 (0.20) 225 (0.23) 23.0 (0.39)
Nicotine yield (mg/cigarette) 1.28 (0.02) 1.44 (0.02) 1.47 (0.03)
inhale (%) 87 86 94
Morning phiegm usuaily (%) 28 32 37
FEV, % FVC*© 775 (0.59) 77.2 (0.40) 78.0 (0.66)
FEV.? (Iitres) 3.1 (0.05) 30 (0.03) 3.1 (0.05)
FVC* (Iilres) 40 (0.05) 39 (0.04) 4:0 (0.03)
Number 145 322 132

* From Peach et al (1986}

¢ Social class inthe UK (s divided into six categortes 1. (I, il nonmanual (NM), Ill manual (M), IV and V. on the
basis of present occupation

"FEV.. forced expiratory volume in one second: FVC. forced vital capacity; FEV, % FVC. the ratio of FEV, to
FVC expressed as a percentage
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Fig. 3. Mean prevalence of bronchial reactivity according to age, atopic status and smoking history; (=-=-)current
smokers, 3-mm mean skin-weali diameter; (------ } nonsmokers, 3-mm mean skin-weal diameter; (—) current
smoker, 0-mm mean skin-weal diameter; (-« } non-smoker, 0-mm mean skin-weal diameter
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a comparison between cigarette smokers who had changed tar groups with those who had
not.

Table 3 shows the age, social class, smoking habits. phlegm production and mean
pulmonary function levels of men at the start of the HDPP. Smokers who subsequently
changed to a lower tar group smoked cigarettes with higher tar and nicotine yields in 1971.
If high-tar cigarettes were particularly deleterious. men who smoked them might have had
more phlegm and poorer lung function before they changed tar groups. A comparison
between men changing and not changing to a cigarette in a lower tar group would then be
biased. However. there was no difference in mean pulmonary function levels (forced
expiratory volume in one second [FEV,], forced vital capacity [FVC] and the ratio of
FEV, to FVC expressed as a percentage) between these types of smoker in the HDPP.
There was a tendency for the prevalence of phlegm at the start of the study to increase from
28% among men who alwavs smoked a cigarette in the same tar group to 37% among those
who subsequently dropped two or more tar groups. but this trend was not significant.
Although smokers who changed tar groups did not differ in phlegm production and
pulmonary function before they changed. a comparison with non-changers could still be
biased if the effects of smoking the higher-tar cigarettes were long-term. Only a controlled
trial in which ‘middle’-tar cigarette smokers. who are unwilling to stop smoking, are
allocated at random to smoke a cigarette of the same or a lower tar group will provide
definitive evidence of the potential benefit of changing tar groups on respiratory disease.
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ASTHMA

Bronchial reactivity is beginning to appear as an important cause of continuing deterio-
ration in patients with chronic obstructive lung disease. Barter et al. (1974) and Barter and
Campbell (1976) showed that the deterioration in FEV, over a four-year period was
related to the degree of bronchial reactivity. Mann (1976) related the improvement in
FEV, of patients who stopped smoking to the bronchial reactivity measured by a bronchial
challenge with 0.15 mg methacholine. Patients with the most bronchial reactivity had the
best response. suggesting that increased bronchial reactivity is an important factor in
lowering FEV,. This bronchial reactivity is not in the asthmatic range and does not appear
to be related to atopic status. However. the role of tobacco products as allergens is only just
beginning to be assessed. Burney and his colleagues (personal communication) carried out
tests of bronchial reactivity to histamine in 511 subjects randomly selected from a popula-
tion who had returned questionnaires on respiratory symptoms. Bronchial reactivity was
associated with positive skin tests to common allergens and with smoking history (Fig. 3).
Both of these effects were in turn affected by the age of the subjects, the skin sensitivity
being the more important determinant of reactivity in the young, and smoking the more
important in older subjects. If bronchial reactivity is to be taken as the defining characteris-
tic of asthma, it must follow that cigarette smoking is commonly associated with this
condition.
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CHEMICAL CONSTITUENTS AND BIOACTIVITY
OF TOBACCO SMOKE

D. HOFFMANN & E.L. WYNDER

Navlor Dana Institute for Disease Prevention,
American Health Foundation,
Valhalla, NY 10595, USA

INTRODUCTION

The occurrence of cancer of the respiratory tract and of the upper digestive tract is
causally reiated to smoking of cigarettes. cigars, pipes and bidis. while malignant tumours
of the bladder. renal pelvis and pancreas are causally related to smoking of cigarettes
(IARC. 1986). Epidemiological studies have demonstrated an association of tobacco
chewing with cancer of the oral cavity (IARC, 1985). These conclusions have been
supported by a large number of bioassays. The application of tobacco extracts, the
inhalation of tobacco smoke and the application of tobacco smoke condensate induce
cancer in laboratory animals (Wynder & Hoffmann, 1967; Hoffmann et al., 1983; IARC,
1985. 1986). It has been the joint task of chemists and biologists to identify those compo-
nents in tobacco and tobacco smoke that contribute to their carcinogenic effects. However,
it would be an insurmountable task to evaluate each of the more than 2500 constituents in
tobacco leaf and more than 3900 compounds in tobacco smoke for possible tumorigenic
effects (Table 1). Therefore, the research programme has to be limited to the identification
of those tumorigenic and carcinogenic agents that can account for most of the carcinogenic
activity of tobacco products. Despite this limitation, remarkable progress has been made
by the laboratory scientists. This progress is well reflected in the reduced carcinogenic
potential of ‘low-tar’ cigarettes (TARC. 1986). In evaluating the carcinogenic risk of
environmental tobacco smoke exposure (passive smoking), the knowledge of the phys-
icochemical nature of sidestream and mainstream smoke and the principles of chemical
carcinogenesis were the primary data bases which led the IARC (1986) to conclude that
‘passive smoking gives rise to some risk of cancer.’

THE PHYSICOCHEMICAL NATURE OF TOBACCO SMOKE

The combustion of tobacco products leads to the formation of mainstream smoke (MS)
and sidestream smoke (SS). MS is generated during puff-drawing in the burning cone and
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Table 1. Estimates of constituents in tobacco
smoke (=3900 known compounds)

Major classes of compounds ¢ No

Amides, imides, factones 240
Carboxylic acids, anhydrides 240
Lactones 150
Esters 475
Aldehydes 10
Ketones 520
Alcohols 380
Phenols 285
Amines 200
N-Nitrosamines 22
N-Heterocyciics 920
Hydrocarbons 755
Nitriles 105
Carbohydrates 45
Ethers 310
Total 4865

'Some compounads contain multiple tunchional groups. thus this
1St exceeas 3900

hot zones of cigarettes and cigars: it travels through the tobacco column and out of the
mouthpiece. SS is formed between putfing and is emitted from the smouldering coal into
the ambient air.

The data presented throughout this review are derived from machine-smoking under
standardized laboratory conditions (Brunnemann er al., 1976a; International Committee
for Cigar Smoke Study, 1974). However, it has to be realized that machine-smoking
parameters can differ substantially from the puff-drawing parameters of smokers, espe-
cially in the case of cigarettes with low nicotine delivery (Herning er al., 1981).

About 30% of the total effluents of MS originate from the tobacco. the remainder comes
from the air drawn through the cigarette. When leaving the mouthpiece. undiluted smoke
from a nonfilter cigarette contains about 5§ x 10¢ particles per millilitre, with a median
particle size of about 0.4 xm (Keith & Tesh, 1965; Carter & Hasegawa. 1975).

The pH of tobacco smoke is of major significance. since it influences the degree of
protonation and. therefore. the proportion of nicotine and other basic components in the
vapour phase. This determines the inhalability of MS (Armitage & Turner, 1970). At
about pH 5.4, all nicotine in tobacco smoke is monoprotonated and resides in the particu-
late phase (Fig. 1). The pH of the MS of air-cured tobaccos and of cigars increases with
ascending number of putfs. Consequently, the smoke of these products contains propor-
tionately larger amounts of nicotine in the vapour phase. The smoke pH of cigarettes filled
with flue-cured tobaccos or with tobacco blends. on the other hand. decreases slightly or
remains rather constant (Fig. 2; Brunnemann & Hoffmann, 1974).

The total MS of a cigarette weighs about 400-500 mg. More than 929% of the total is made
up of 400-500 individual gaseous components with nitrogen (=58%), oxygen (=12%),
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g. 1. Degree of protonation of nicotine n relation to pH (pH = pKa log 1 — a/a (Henderson-Hasseibach))
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Fig. 2. pH of total mainstream smoke of various tobacco products: (1) little cigar 1: (2) little cigar 11; (3) cigar;
(4) Kentucky reference cigarette (84 mm); (6) blended cigarette without filter (84 mm)
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Fig. 3. Approximate chemical composition of mainstream smoke (from Norman, 1977)

STRONG
ACIDS

carbon dioxide (=13%7) and carbon monoxide (~3.5%) as major constituents. The
remainder is comprised of other vapour phase components and of compounds constituting
the particulate phase (Fig. 3; Norman, 1977).

VAPOUR PHASE

Bioassays with total smoke have indicated that the majority of the genotoxic and
cocarcinogenic agents reside in the particulate phase (Dontenwill et al., 1973; Hoffmann et
al., 1979). Thus. specific methods have been developed for the quantitative determination
of smoke particulates. The most widely applied technique is the Cambridge filter method,
utilizing a glass fibre filter pad which retains 99.7% of all particles with diameters of >0.1
um (Dube & Green, 1982). This manner of trapping does not effect a strict separation of
the solid and gaseous components in the physicochemical sense. nevertheless. it permits
reproducible. quantitative determination of the particulate matter in the smoke of cigaret-
tes. cigars and pipes and analysis of the major vapour phase components by gas chromatog-
raphy. In addition to nitrogen, oxygen, carbon dioxide and carbon monoxide, the vapour
phase contains hydrogen. methane and other hydrocarbons, volatile aldehydes and
ketones. nitrogen oxides. hydrogen cyanide and volatile nitriles and at least an additional

400450 minor constituents (Keith & Tesh, 1965: Wynder & Hoffmann, 1967; Brun-
nemann & Hoffmann, 1982).
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Table 2. Major toxic and tumorigenic agents in the vapour of
freshly generated smoke of a nonfilter cigarette?

Agent Conc /cigarette Biot. effect ©
Carbon monoxide 10-23mg T
Acetaldehyde 0.5-1.2mg CT
Nitrogen oxides (NO,) 50600 ug T
Hydrogen cyanide 150-300 1g CT.T
Ammonia 50—170 1 T
Acrolein 50—100 g CT
Benzene 20-50 ug HC
Formaldehyde 5-100 ug C
2-Nitropropane 0.2-2.2.ug C
Hydrazine 24—-43ng c
Urethane 20-38ng C
Vinyt chionde 1.3-16ng HC

4 Does nat include volatle N-mitrosamines
© Abbreviations: T. loxic agent; CT. ciliatoxic agent: HC, human carcinogen:
C. carcinogen

Fig. 4 Hamburg Il smoke inhalation device for Syrian golden hamsters
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Table 2 presents a listing of the major known toxic and tumorigenic agents in the vapour
phase of cigarette smoke. Each of the volatile smoke constituents was quantitatively
assessed by analytical methods that had to be specifically developed for their determina-
tion in the smoke of cigarettes or cigars. Despite the presence of volatile carcinogens in the
vapour phase of tobacco smoke. currently available bioassays ~ and here mainly inhalation
experiments with hamsters (Fig. 4) — have not been sensitive enough to induce tumours by
administering the vapour phase as such. aside from the induction of lung adenoma in mice
(Mohr & Reznik. 1978).

PARTICULATE PHASE

While the vapour phase by itself is not tumorigenic in most of the inhalation assays, and
the total smoke induces benign and malignant tumours in the upper respiratory tract of rats
and hamsters (Dontenwill ez al.. 1973: Hoffmann er al., 1979), evidence from contact
carcinogenesis studies indicates that the particulate phase contains most of the known
tumorigenic and carcinogenic agents of tobacco smoke. Tobacco smoke particulates

Fig. 5. Fractionation of cigarette 'tar': C. relative carcinogenic actvity; P, relative lumour-promoting activity
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Fig. 6. Tumour-initiating activities of 80 end-fractions from Bl subfractions. Each end-fraction was tested on
20 mice, negative control, no initiator: 1% croton oit as promoter; line a, fractions with activities significantly above
those In negative control group (p <0.05); line b, fractions with strong tumour-initiating activity (p <0.05 above
those In line a)

9

80 h {& = controll

Percent of tumours-bearing mice [ICR.

(ICR. 9

~ v v T )

0 0 20 30 L0 50 60 70 80
Subiractions Bih, 1-Bih, 80

Average number of tumours per mouse

(‘tars’) have consistently and in a dose-related response. induced benign and malignant
tumours in the skin of mice and rabbits. and in the connective tissue and bronchial
epithelium of rats (Wynder & Hoffmann. 1967. Mohr & Reznik. 1978; Hoffmann et al.,
1979: IARC. 1986).

Tumour initiators and cocarcinogens

The findings from bioassays with tobacco "tars’ have led to more detailed and systematic
testing on mouse skin of the various fractions and subfractions of the particulate phase
(Fig. 5: Hoffmann & Wynder, 1971). The only fractions found to have significant activity
as complete carcinogens were the neutral fraction and its subfractions B and BI. A further
breakdown of subfraction BI, which amounted to 0.6% of the total particulate phase, led
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Table 3. Major compounds identified in neutral subfractions Blh 5666 of the particulate phase of

cigarette smoke

Chlorinated hydrocarbon insecticides
DDD
o0,p-DDD
DDT
0,0-DDT
DDM(DDD-HCH
DDE (DDT-HClH
Trans-4,4'-Dichlorostiibene

N-Alkylcarbazoles
9-Methyicarbazoie
3-Ethylcarbazole
1.9-,2,9-.3,9- and 4.9-Dimethylicarbazole
Fluoranthenes
Fluoranthene
1-.2-,3-, 7- and 8-Methylifluoranthene
X-Ethytfluoranthene(s)
x,x’-Dimethylfluoranthenes
Benzo(mno]fluoranthene

Benzofluorenes
11H-benzo{a]lfluorene
11H-benzo[b]fluorene

7H-benzo{clfluorene

17H-cyclopenta[alphenanthrene
17H-cyclopenta{alphenanthrene
x-Methyl-17H-cyclopentaf{a]phenanthrene
x-Ethyi-17 H-cyclopenta(a]phenanthrene

x-Phenylindene

Pyrenes
Pyrene
1-,3-and 4-Methylpyrene
x,x"-Dimethyipyrene(s)

Table 4. Major compounds identified in neutral subfractions Blh 71-78 of the

particulate phase of cigarette smoke

Chrysenes
Chrysene
1-.2-.3-.4-.5-ana 6-Methyichrysene
x.x'-Oimethylchrysene(s)
x-Ethylchrysene(s)

Benz[a)anthracenes
Benz[a}anthracene
x-Methytbenz{a)anthracene

Benzo[c)phenanthrenes
Benzo[c]phenanthrene
x-Methylbenzo(c|phenanthrene

Benzopyrenes
Benzo(a)pyrene
x-Methylbenzo(a]pyrenes
Benzole]pyrene

Benzofluoranthenes
Benzo(b]fluoranthene
Benzo[y}flucranthene
Benzo[k]fluoranthene
ldeno(1, 2, 3,-cd]pyrene

Dibenzopyrenes
Dibenzo(a, h]pyrene (?)
Anthanthrene

Perylene
Benzo{ghi/]perylene

to a highly carcinogenic concentrate, Blh (representing 0.09% of the 'tar’) and this, in
turn, was chromatographically separated to yield 80 end fractions. Upon testing as tumour
initiators on mouse skin (Fig. 6). end fractions BIh 56-66 and BIh 71-78 were found to be
highly active. Their chemical analysis revealed that they consisted primarily of polynuclear
aromatic hydrocarbons, many of which are known carcinogens in laboratory animals
(Tables 3 and 4; Hoffmann & Wynder, 1971). Application to mouse skin of these highly
active end fractions in doses proportionate to their occurrence in the total particulate
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Table5. Carcinogens and cocarcinogens in the smoke of a nonfilter cigarette

Relative carcinogenic

Agent activity ng/cigareite
Carcinogens
Benzo{a]pyrene +++ 10-50
5-Methyichrysene +++ 0.6
Dibenz(a,h]anthracene ++ 40
Benzo[b]fluoranthene ++ 30
Benzo(;]fluoranthene ++ 60
Dibenzofa,/]pyrene ++ present
Indeno(1, 2, 3-cd]pyrene + 4
Benz{a]anthracene + 40-70
Chrysene + 40-60
Benzo[e]pyrene ? 5-40
Dibenz[a,jlacridine ++ 3-10
Dibenz[a, hlacridine + 0.1
Dibenzo{c.g]carbazole + 0.7
Cocarcinogens
Pyrene 50-200
Fluoranthene 100-260
Benzo{g hi]perylene 60
4 4’-Dichlorostilbene 1 500
Catechot 25 000360 000
3-Methylcatechol 11 000-20 000
4-Methylicatechol 15 000-21 000
4-Ethylcatechol 10 000-24 000

matter did not lead to tumour induction. Yet, co-application of the active neutral subfrac-
tions with the inactive phenolic fraction of the particulate matter led to a tumour yield
which accounted for approximately 65-75% of that induced with the total ‘tar’. This
indicated that the phenolic fraction had cocarcinogenic activity, and further studies
showed that catechols were the major cocarcinogens in the phenolic portion (Hecht e al.,
1981). Catechol itself is the most abundant phenol in tobacco smoke, amounting to 26-360
ug per cigarette (Wynder & Hoffmann, 1967; Brunnemann et al., 1976b). Table 5 lists the
major epithelial carcinogens and cocarcinogens identified in the smoke of a non-filter
cigarette.

Organ-specific carcinogens

Tobacco smoke contains. in addition to contact carcinogens and cocarcinogens, several
organ-specific carcinogens. This supports the epidemiological observation that cigarette
smoking is an important factor in the etiology of cancer of the oesophagus, pancreas, renal
pelvis and urinary bladder (IARC, 1986). Table 6 lists the known organ-specific carcino-
gens in cigarette smoke. Polonium-210 (0.03-1.0 pCi/cigarette) has been incriminated as a
possible contributing factor for the increased risk for cancer of the lung in cigarette
smokers (Radford & Hunt. 1964; Harley er al., 1980). The presence of aromatic amines in
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Table6. Organ-specific carcinogens in cigarette smoke

Carcinogen ng/cigarette
N-Nitrosodimethylamine 1-180
N-Nitrosoethyimethylamine 1-40
N-Nitrosodiethylamine 0.1-28
N-Nitrosopyrrohdine 2-110
N-Nitrosopiperndine 0-9
N-Nitrosodiethanolamine 040

N’ Nitrosonornicotine 120-3700
4-(Methylnitrosamino)-1-(3-pyndyl)-1-butanone (NNK) 120-950
N'-Nitrosoanabasine 40400
2-Toluidine 30-160
2-Naphthylamine 4.3-27
4-Aminobiphenyl 2446
Nickel 20-3000
Polonium-210 0.03-1.0pCi

Table 7. Estimated exposure of US residents to nitrosamines?

oo Niosamnase [ erosue atpereon
Beer NODMA Ingestion 0.34
Cosmetics NDELA Dermai absorption 0.41
Cured meat; cookedbacon  NPYR Ingestion 0.17
Scotch whisky NOMA Ingestion 0.03
Cigarette smoking VNAS Inhalation 0.3
NDELA Inhalation 0.5
NNN Inhalation 6.1 ‘
NNK Inhalation 2.9 16.2¢
NAT+NAB Inhalation 7.2

*From National Research Council {(1981)
©NDMA. N-nitrosodimetnylamine. NOELA, N-ndrosodiethanotamine: NPYR. N-nitrosapyrrohdine:
NNK. 4-{methylnitrosamino)- 1-(3-pynidyl)- 1-butanone: NAT, N-nirosoanatabine: NAB. N*nilrosoanabasine
<VNA. volatie niirosamines (NDMA+ N-nitrosomethytethylamine + N-nitrosodiethyiamine + NPYR)
I Tobacco-speciic nitrosamines

smoke has been associated with the increased risk for bladder cancer in cigarette smokers
(Doll, 1972).

The N-nitrosamines are the major group of organ-specific carcinogens in tobacco
products. They are formed during the processing of tobacco and during smoking by
N-nitrosation of secondary and tertiary amines. Tobacco smoke contains volatile, non-
volatile and tobacco-specific N-nitrosamines (TSNA: Table 6). It has been estimated that
US residents receive the highest degree of exposure to nitrosamines from cigarette smok-
ing (Table 7). In fact, the concentration of these compounds in tobacco smoke exceeds by
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Fig. 7. Tobacco alkaloids and nitrosamines which can be formed from them. With the exception of NNA, all of
these compounds are present in tobacco and tobacco smoke
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{3-PYRIDYL) i+ BUTANONE (3-PYRIDYL) BUTANAL (NNN) (NAB) (NAT)
(NNK) INNA)

Table8. N-Nitrosamines in cigarette smoke from different varieties of tobacco (ng/cigarette) ?

wosnes -, s e
N-Nitrosodimethylamine 11-180 0.5-13.2 29-143
N-Nitrosomethylamine 9.1-13 >0.1 2.7-12
N-Nitrosodiethyiamine 4-25 nd-1.8° 066
N-Nitrosopyrroiidine 52-76 6.2 25-110
N Nitrosonarnmicotine 3700 620 590
4-(Methylnitrosamino)- 1 -(3-pyndyl}-1-butanone 320 420 220

N~ Nitrosocanatabine 4600 410 200

N Nitrosoanabasine 400 40 nd-150°

?From Holtmann er a/. 1984a
®nd. not detected

2
¥
at iast two orders of magnitude the levels of nitrosamines reported in any other consumer

prdduct or respiratory environment, except for a few, very limited occupational settings
(National Research Council. 1981).

The most abundant nitrosamines in tobacco smoke are the TSNA. They are formed
from nicotine and the minor tobacco alkaloids ( Fig. 7). In the smoke. 25-45% of the TSNA
originate by transfer from the tobacco, the remainder is formed by pyrosynthesis during
smoking (Adams et al., 1983: Hoffmann & Hecht. 1985). The single most important factor
for the smoke vields of nitrosamines is the nitrate content of tobacco (Adams et al., 1984),
thus the smoke of air-cured tobacco is significantly richer in the nitrosamines (Table 8;
Hoffmann et al.. 1984a). Utilization of cigarette blends with stems and ribs. which are the
portions of the tobacco leaf with the greatest abundance of nitrate, can substantially
elevate the nitrosamine content of the smoke (Brunnemann et al., 1983).

The nicotine-derived N-nitrosamines. N -nitrosonornicotine (NNN) and 4-(methylni-
trosamino)-1-(3-pyridyl)-1-butanone (NNK). are by far the most powerful carcinogens in
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Table 9. Carcinogenicity of tobacco-specific nitrosamines

Nitrosamine® Species and strain ?::l::ac::on g;lgnacr:‘s)al target Dose
NNN A/J mouse 1.p. Lung 0.12 mmol/mouse
F344 rat s.C. Nasal cavity, 0.2-3.4 mmoi/rat
oesophagus
oral Oesophagus. 1.0-3.6 mmol/rat
nasal cavity
Sprague-Dawley rat oral Nasal cavity 8.8 mmol/rat
Syrnan goiden hamster s.C. Trachea, 0.9-2.1 mmal/hamster
nasal cavity
NNK A/J mouse 1D Lung 0.12 mmoil/mouse
F344 rat S:C: Nasal cavity, 0.2-2.8 mmol/rat
lung, hver
Synian golden hamster s.C. Trachea. lung, 0.9 mmol/hamster
nasai cavity 0.005 mmoi/hamster
NAT F344rat s.C. None 0.2-2.8 mmol/rat
NAB F344 rat oral Oesophagus 3-12mmol/rat
Syrnan golden hamster 5.C. None 2 mmot/hamster
NNA A/J mouse 1.p. None 0.12 mmol/mouse

i From Hoftmann and Wynder 1985
> NNN, N~ nitrosonorricoting, NNK. 4-(methyintrasaming)-1-(3-pynidyl)-1-butanone: NAT. N* nitrosoanatabine: NAB. N nitrosoanabasine:
NNA. 4-(methytrutrosaminol-4-(3-pyndyilbutanal

Fig. 8. Scheme linking nicotine, the major tobacco alkaloid and habituating factor in tobacco. to formation of the
promutagenic DNA adduct O*-methylguanine

@Lj TOBAGCO/PROCESSING @,L:—L N-Nx0 “E:Ii.__.i‘::: [CHaN sNOH] —— 7:METHYLGUANINE

l ACTIV (5]

N  CHy o AORRETTE N CH3 METHYLDIAZO- O -METHYLGUANINE
% HYDROXIDE IN ONA

NICOTINE SMOKING NNK_

tobacco smoke. inducing carcinoma in mice. rats and Syrian golden hamsters (Table 9).
Perhaps the most important observation is that NNK induces benign and malignant
tumours in laboratory animals not only in the upper respiratory tract but also in the lung. In
hamsters. a single application of 1 mg of NNK sutfices to induce lung tumours. In rats.
NNK induces also liver tumours, nasal cavity tumours. and a high incidence of squamous-
cell carcinoma and adenocarcinoma in the lungs of males and. at a significantly lower rate,
in females (Hoffmann er al., 1984b; Hoffmann & Hecht. 1985). Although we are presently
lacking definite evidence. it may be presumed that NNN and NNK are also formed
endogenously when a smoker inhales the precursors. nitrogen oxides and nicotine, as
smoke constituents. The inhalation of smoke from a single cigarette provides up to 600 g
of nitrogen oxides and up to 2 mg of nicotine. The known catalytic effects of thiocyanate for
N-nitrosation (Bovland et al.. 1971) favour these reactions in smokers who have elevated
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levels of thiocyanate in the saliva and in blood (IARC. 1986), owingto the detoxification of
hydrogen cyanide. inhaled as a smoke constituent in amounts of up to 500 ug per cigarette
(Brunnemann et al., 1977).

A most stimulating observation lies in the fact that NNK is metabolically activated by
a-hydroxylation. yielding methyldiazohydroxide. This unstable compound is known to
alkylate guanine in DNA to 7-methylguanine and O°-methylguanine in vitro as well as in
vivo. Thus. we know today. that nicotine is not only the major habituating agent in tobacco
but that it is also a precursor for the powertful carcinogen NNK. Figure 8 depicts the
pathway of NNK formation from nicotine. Metabolic activation leads to a-hydroxylation
of NNK which gives rise to methyldiazohydroxide. The latter methylates DNA to the pro-
mutagenic DNA adduct. O®-methylguanine (Hoffmann & Hecht. 1985).

ENVIRONMENTAL TOBACCO SMOKE

Since 1981 . a number of epidemiological studies have indicated a possible correlation
between uptake of environmental tobacco smoke (*passive smoking’) and an increased risk
for cancer. The IARC concluded: "The observations on nonsmokers that have been made
so far are compatible with either an increased risk from “passive " smokingor an absence of
risk. Knowledge of the nature of sidestream and mainstream smoke. of the materials
absorbed during “passive” smoking, and of the quantitative relationships between dose
and effect that are commonly observed from exposure to carcinogens leads to the conclu-
sion that passive smoking gives rise to some risk of cancer.” (JARC. 1986).

A comparison of the constituents of mainstream (MS) and sidestream (SS) smoke
reveals that these combustion effluents are similar but not the same (Table 10). The
differences become particularly apparent when one compares the chemical composition of
undiluted MS and SS. Considering that 35—0% of the tobacco is burned during puff-
drawing and the remainder during smouldering, one would expect. in the case of a non-
filter cigarette. that the release of smoke compounds in the SS would be 50-100% greater

Table 10. Comparisons of mainstream (MS) and sidestream (SS) smoke of cigarettes
(physicochemicai data)

Parameters MS SS

Peak temperature during formation {°C) ~900 ~600

pH (total aerosoi) * 6.0-6.2 6.4-6.6

Particle size (um) 0.1-1.0 0.01-0.1
Median glameter 04

Smoke dilution {vol. %) °
Carbon monoxide 3-5 =1
Carbon dioxide 8-11 =2
Oxygen 12-16 16-20
Hydrogen 15-3 =0.5

185 mm nonhilter cigarette
7 At a distance of 10 mm Irom the burning coal
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Table 11. Distribution of compounds in mainstream smoke (MS) and sidestream smoke
(SS) of nonfilter cigarettes

Compound MS SS/MS

Vapour phase
Carbon monoxide 10-23mg 2547
Carbon dioxide 20-40mg 8-11
Benzene 20-50 g 10
Formaidehyde 5-100 ug 0.1-~50
Acrolein 50-100 pg 8-15
Acetone 100-250 ug 2-5
Hydrogen cyanide 400-500 ug 0.1-0.25
Hydrazine 24-43ng 3.0
Ammonia 50-170 ug 40-170
Methylamine 11.5-28.7 ug 4264
Nitrogen oxides 50—600 ug 4-10
N-Nitrosodimethylamine 10-180ng 20-100
N-Nitrosopyrrolidine 2-110ng 6~-30

Particulate phase
Particulate matter 15—-40mg 1.3-19
Nicotne 1-2.5mg 26-33
Phenol 60—-140 19 1.6-3.0
Catechol 100-350 ug 06-09
Hydroquinone 110-300 ug 0.7-0.9
Aniline 360ng 30
2-Toluidine 30-160ng 19
2-Naphthylamine 4.3-27ng 30
4-Aminobipheny! 24-46ng 31
Benz(a]anthracene 40-70ng 24
Benzo[alpyrene 10-40ng 2.5-35
N'-Nitrgsonarnicotine 120~3700ng 0.5-3
4-(Methylnitrosaming)-1-(3-pyndyi)-1-butanone 120-950ng 14
Cadmium 100 ng 7.2
Nickel 20-3000ng 13-30
Polonium-210 0.03-1.0pCi ?

than in the MS. However. this is not the case. As seen in Table 11. compounds generated
by reduction reactions are formed in significantly higher yields and those formed by
oxidation occur in lower yields during smouldering (SS formation) than during puff-
drawing (MS formation). These differences are primarily due to the depletion of oxygen
inside the burning cone during smouldering as opposed to only a partial oxygen deficiency
during puff-drawing. Excessive formation of SS compounds is greatest for ammoria,
amines including aromatic amines and, especially. for the volatile carcinogenic N-nitro-
samines (VNA).

The high yields of VNA in SS explain the fact that they are detectable in smoke-polluted
environments in spite of extensive dilution by air. The qualitative and quantitative differ-
ences of MS and SS composition and the effects of ageing of SS constituents in the
environment make it clear that smoke polluted indoor-air cannot be regarded as “diluted
mainstream smoke’.
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REDUCTION OF SMOKE CONSTITUENTS

One of the earliest and yet most important observ
and smoking was that of a dose-response relationship

159

ations in the association of cancer risk
(Wynder & Graham, 1950; Doll

& Hill, 1954;: Hammond & Horn, 1958). Therefore, during the last two to three decades, a
reduced exposure to tobacco smoke by modifying the smoke yields of cigarettes was

Fig. 9. US sales-weighted average tar and nicotine yields (adapted from No

tobacco: ET, expanded tobacco: F, cigarettes with filter ips; numbers, iengths of filter tips
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regarded as one significant step towards diminishing the cancer risks associated with
smoking. Measures to reduce the smoke yields included changes in the cuitivation of
tobacco, breeding and selection of new varieties, homogenized leaf curing, incorporation
of stems and ribs into the tobacco blends, use of reconstituted and expanded tobaccos, and
modification of wrappers and filter tips.

The most obvious results of these changes in the make-up of cigarettes have been
reflected in a trend of declining sales-weighted average ‘tar’ and nicotine levels in the
smoke of cigarettes since 1955. This trend has been observed in many countries.

In the USA. sales-weighted average ‘tar’ and nicotine values have dropped from 38 mg
and 2.7 mg, respectively. in 1956 to 13 mg "tar’ and 1.0 mg of nicotine (Tobacco Institute.
1984). Figure 9 graphically documents the decline in ‘tar’ and nicotine while denoting the
technical modifications that have contributed to the reduction of smoke yields of cigarettes
(Norman, 1982).

For our own studies (Wynder & Hoffmann, 1967; Hoffmann & Wynder, 1976) and for
studies by the US National Cancer Institute (1980), experimental cigarettes were made in
which specific parameters were changed. The smoke of these cigarettes was analysed and
the resulting ‘tars’ were assayed for carcinogenicity and tumour-promoting activity on
mouse skin. The most encouraging results in respect to a selective reduction of
tumorigenicity were observed for cigarettes made entirely of reconstituted tobacco, of
stems and ribs, of expanded tobacco and of expanded stems and ribs (Table 12). In smoke
inhalation studies with modified cigarettes, significant declines in activity were also
observed in respect of tumours in the larynx of hamsters (Dontenwill, 1974).

We consider these changes in the make-up of cigarettes and a significant reduction of the
tumorigenic potential of the resulting smoke as significant progress, although we need to
acknowledge that the smoker of cigarettes with a low nicotine content tends to compensate
by smoking more intensely (Herning er al.. 1981).

The IARC (1986) concluded that ‘in a few countries, in which smoking has been
established for many years, a substantial reduction in mortality from lung cancer has been
observed in young and middle-aged men, which is greatest in the youngest age groups. This
has occurred at a time when the number of cigarettes smoked by young men in these
countries has remained approximately constant. No substantial cause (or cofactor) has so
far been identified that offers a plausible explanation for the observed magnitude of the
reduction of risk for lung cancer, other than changes in cigarette design which include
reduction in tar content.’

SUMMARY

Tobacco smoke contains more than 3900 constituents. In this presentation we have
summarized our present knowledge as to the physicochemical nature of tobacco smoke
and specific agents therein. Emphasis has been placed on the discussion of formatien and
identification of toxic and, especially, of tumorigenic agents in tobacco smoke. In the
concluding Table 13 we have listed those smoke constituents in the mainstream smoke of
cigarettes that we regard as important contributors to the toxic and carcinogenic potential
of tobacco smoke. This judgement is based on extensive laboratory studies. Finally, data
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Table 13. Biologically active agents in mainstream smoke?

Smoke constituent Cork./cigarette Biological effect
Total particulate matter 15-40mg T,HC
Carbon monoxide 10-23mg T
Nicotine 1.0-2.5mg T
Acetaidehyde 0.5-1.2mg CT
Acetone 100-250 ug CcT
NO, 50-600 ug T
Formic acid 80600 ug CcT
Hydrogen cyanide 400-500 ug CT.T
Catechot 140-500 ug CoC
Ammonia 50-130 ug T
Benzene 20-50 ug HC
Acrolein 50—-100 ug CT
Acrylonitrite 3.2-15.0.9 C
Phenot 60—140 19 TP
Formaldehyde 5-100 wg C
Carbazole 1 ug c?
2-Nitropropane 0.2-2.2 19 C
N*-Nitrosonornicotine 120-3700 ng o}
4-(Methylinitrosamino)-1-(3-pyndyl)-1-butanone 1 20-950ng C
N*- Nitrosoanabasine 120 ng c?
N-Nitrosodiethanolamine 0—-40ng C
N-Nitrosopyrrolidine 2-110ng C
N-Nitrosodimethylamine 2-180ng C
N-Nitrosomethylethylamine 0.1-40ng &}
N-Nitrosodsethylamine 0.1-28ng C
N-Nitrosodi- ri-propyiamine 0-1ng C
N-Nitrosodi- n-butylamine 0-3ng C
N-Nitrosopipendine 0-9ng C
N-Nitrosopyrrolidine 2-42ng C
Hydrazine 24—-43ng C
Urethane 20-38ng c
Vinyi chioride 1.3-16ng HC
Benz[a]anthracene 40-60ng cC
Benzo(a]pyrene 10-50ng o}
5-Methylchrysene 0.6ng c
Dibenz|a, j]lacndine 3-10ng C
2-Naphthylamine 4.3-27ng HC
4-Aminobiphenyl 24-46ng HC
2-Toluidine 30-160ng o}
Polonium-210 0.03-1.0pCi

4 Quantitative data reter lo nontilter cigarettes
2 Abbreviations T toxic agent; HC . human carcinogen: CT . ciiatoxic agent; CoC. cocarcinogen: TP tumour promoter . C, amimal
carcinogen

are presented in support of the concept that product modification can reduce the car-
cinogenic potential of cigarettes. However, it must be emphasized that the only safe way to
avoid the cancer risks associated with smoking is to refrain from smoking.

[
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