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Washington, D. C.
20515
Dear Mr. Speaker:
I hereby submit to you the Health Consequences of Smoking The Changing Cigarette.
This report is in response to two
Congressional requirements.
The Public Health Cigarette Smoking
Act of 1969 calls upon this Department to issue annual reports on
the health consequences of smoking and to submit legislative
recommendations.
Section 403 of the Health Services and Centers
Amendments of 1978 asks for a
study or studies of (1) the
relative health risks associated with smoking cigarettes of
varying levels of tar, nicotine, and carbon monoxide; and (2) the
health risks associated with smoking cigarettes containing any
substances commonly added to commercially manufactured
cigarettes.
.
In preparing this report, the scientists and scientific
agencies of this Department have reviewed all current scientific
evidence and have concluded that the search for less hazardous
cigarettes has not yielded a product which can be considered
safe.
The person who changes to a cigarette with lower measured
yields may reduce certain hazards of smoking, but the benefits
will be small compared to the benefits of quitting entirely.
The most important conclusion of this report is that
government and the private community alike must intensify their
efforts to remind the public of the hazards of smoking and to
assist those who do smoke to quit.
We must step up our programs
to persuade young people not to take up the habit in the first
place.
This report also notes that we mist continue to monitor the
changing cigarette to insure that when new cigarette products
appear they do not bring with them new hazards to health.
Throughout this report the need to know about substances added to
clgarettes is stated repeatedly.
At present, there is no
mechanism by which government or the scientific community can
require disclosure of these additives, which must obviously be a
firet step in assessing their health effects.
This needs to be
corrected by voluntary action or, if necessary, by legislation.
On a number of occasions previous Secretaries of this
Department have called for new and stronger health warnings, the
establishment of maximum levels of tar" and nicotine and the
disclosure of more information about cigarette products.
This
1981 report establishes the need to move forward on these
recommendations.
In particular, I believe the manufacturers
should list yields of "tar", nicotine and other hazardous
components on their packages and in their advertising with
appropriate explanatory information on the health significance of
these measurements.
This would be a minimum first step in giving
cigarette consumers full and adequate information about the
products they are buying.
incerely

:

a Ix Me
Patricia Roberts Harris
Enclosure

PREFACE
This is the fourteenth report on the health consequences of smoking
which the Public Health Service has issued since 1964 and the third to
be issued during my term as Surgeon General. By Congressional
directive it considers the relative health effects of cigarettes with
varyinglevels of tar and nicotine andthe relative health effects of
cigarette additives.
At the present time,a third of all smokers, some 18 million persons,
are smoking cigarettes with measured yields of less than 15 mg tar,
and this number is increasing by approximately 5 percent per year.
Most of these persons have changed to loweryield cigarettes in the
expectation that this will somehow reduce the hazards of their
smoking. It is in the interest of these persons, and in the public
interest, to know to what extent these expectations are justified.
In 1966, the Public Health Service held that The preponderance of
scientific evidence strongly suggests that the lower the tar and
nicotine content of cigarette smoke, the less harmful would be the
effect.
In 1979, the Public Health Service confirmed this statement, citing
new evidence, but was more cautious. In presenting information to
the public, I wrote in the Preface to the 1979 Report, three caveats
are in order: consumers should be advised to consider not only levels of

tar and nicotine but also (when the evidence becomesavailable) levels

of other tobacco smoke constituents, including carbon monoxide. They
should be warned that, in shifting to a less hazardous cigarette, they
may in fact increase their hazard if they begin smoking more
cigarettes or inhaling more deeply. And, most ofall, they should be
cautioned that even the lowest yield of cigarettes presents health
hazards very much higher than would be encountered if they smoked
no cigarettes at all, and that the single most effective way to reduce
the hazards associated with smoking is to quit.
In this 1981 Report, the Public Health Service has reviewed the
question again and in far greater depth than before. Overall, our
judgment is unchanged from that of 1966 and 1979: smokers who are
unwilling or as yet unable to quit are well advised to switch to
cigarettes yielding less tar and nicotine, provided they do not
increase their smoking or change their smoking in other ways. But our
v

new review raises new questions and suggests an even more cautious
approachto the issue.
Hereare the basic findings of this Report:
1. Thereis no safe cigarette and no safe level of consumption.
2. Smoking cigarettes with loweryields of tar and nicotine reduces
the risk of lung cancer and, to some extent, improves the smoker's
chance for longerlife, provided there is no compensatory increase
in the amount smoked. However, the benefits are minimal in
comparison with giving up cigarettes entirely. The single most
effective way to reduce hazards of smoking continues to be that of
quitting entirely.
8. It is not clear what reductions in risk may occur in the case of
diseases other than lung cancer. The evidence in the case of
cardiovascular disease is too limited to warrant a conclusion,noris

there enough information on which to base a judgmentin the case
of chronic obstructive lung disease. In the case of smoking s

effects on the fetus and newborn, there is no evidence that

changingto a lower tar and nicotine cigarette has any effect at
all on reducingrisk.
4. Carbon monoxide has been impugned as a harmful constituent of
cigarette smoke. There is no evidence available, however, that
permits a determination of changes in the risk of diseases due to
variations in carbon monoxide levels.
5. Smokers may increase the numberof cigarettes they smoke and
inhale more deeply when they switch to lower yield cigarettes.
Compensatory behavior may negate any advantage of the lower
yield product or even increase the health risk.
6. The tar and nicotine yields obtained by present testing methods
do not correspond to the dosages that the individual smokers
receive: in some cases they may seriously underestimate these
dosages.
7. A final question is unresolved, whether the new cigarettes being
produced today introduce newrisks through their design,filtering
mechanisms, tobacco ingredients, or additives. The chief concern is

additives. The Public Health Service has been unable to assess the
relative risks of cigarette additives because information was not
available from manufacturers as to what these additives are.
In evaluating the public health significance of the finding of reduced
risk of lung cancer, it is important to recognize that the largest
component of excess mortality caused by smoking is cardiovascular
disease deaths. There is not sufficient evidence to conclude that use of
lower tar and nicotine cigarettes causes any reduction in this burden.
The same is true of the other major diseases caused by cigarette
smoking, most notably chronic obstructive lung disease and adverse
effects on pregnancy.
vi

These findings raise important questions of public policy. Some
appear to be easily resolved. It should be possible to work out
procedures so that cigarette manufacturers can disclose the additives
they use while still protecting their legitimate interest in trade secrets;
an effort to accomplish this is now underway.It should also be possible
to develop better methodologies to measure smoke constituents,
although no machine will ever be able to duplicate human smoking
behavior exactly. And longitudinal surveys are now being carried on in
an effort to monitor smoking behavior, and to help answer someof the

behavioral questionsraised in this Report.
Other questions pose greater difficulty. A common thread running
throughthesections of the Report is that too muchreliance in the past
has been placed on the nonselective measure of tar as a measure of
risk to the neglect of other constituents and approaches to risk
assessment. Additional epidemiologic and bioassay work is required, as
is a better definition of the fundamental mechanisms of smokingrelated disease. Further study is necessary to examine the addictive
nature of smoking and its impact on initiation, maintenance, and
cessation, especially in light of the recent statement of the National
DrugAbuse AdvisoryCouncil that cigarette smoking is addictive. These
questions cannot be answered quickly or without expenditure of
scientific resources.
The questions raised by this Report suggest action in both the public
and private sector.
In the research community,a research plan is needed to enable us to
monitor the changing cigarette and to answer the many research
questions put forth in this Report, with special emphasis on the issues
of initiation and cessation. New measures and markers of relative
toxicity are needed to supplement tar and nicotine. As stated, a
voluntary disclosure and testing program needs to be developed with
cigarette manufacturers to assess the relative health risks of cigarette

additives and to protect against new hazards.
In the regulatory area, this Report suggests the need to increase the
public s access to information about the product it buys. Advertisements and packages alike should display yield figures more prominently, including measures of carbon monoxide and possibly other hazardous ingredients. Marketing terms such as low-low and ultra-low
need to be standardized.
In the area of public information and education, much more needs to

be done both by the Government andby private health and educational
agencies. The overriding objective must be to persuade young people
not to take up smoking and to encourage present smokers to quit.
Smokers of the lower yield cigarettes should be warned not to begin
smoking more cigarettes or inhaling more deeply. Pregnant women

should be cautioned that lower yield cigarettes are not an alternative
to quitting.

vii

Since 1964, when the first Public Health Service Report was issued,

smoking has declined in the United States from 40.3 percent of the

population to 32.5 percent. Per capita consumption of cigarettes is now
at the lowest level since 1957. There is less smoking by boys than in
many years, and smoking bygirls has declined from the higherlevels
of the mid-1970s. This is a tribute to the educational efforts of our
teachers, of our health professionals, and of our educational and health
agencies. There is every reason to hope andbelieve these trends will

continue.

Yet 54 million Americans continue to smoke, unwilling or unable to
quit. This population is at extra risk of lung cancer, heart disease,
chronic lung disease, and other diseases; it is a population with a life
expectancy months andyears less than the population of nonsmokers.
The evidence presented in this Report shows that there is no safe
cigarette available to these smokers, but that some cigarettes may be
less hazardous than others, reducing the risks of smoking in a limited
and selective fashion.
Julius B. Richmond, M.D.

January 12, 1981
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Assistant Secretary for Health and
Surgeon General
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Introduction

Great changes have taken place in the cigarette product in recent
decades. In 1954, the average tar yield of the sales-weighted average
cigarette was 37 mg and average nicotine yield was 2 mg. In 1980, the
comparable figures are expected to be less than 14 mg of tar and less
than 1 mgof nicotine. No cigarette marketed in the United States in
1979 yielded more than 30 mg of tar.
Smokers have turned to these new products because of health
e
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Thereafter, Government and

tobacco industry scientists conducted studies of cigarette engineering
and tobacco cultivation that could lead to lower tar and nicotine
yields. Later, when new products appeared, cigarette manufacturers
aggressively promoted them through advertising.
The request by Congress for an assessment of the relative health
risks associated with smoking cigarettes of varying levels of tar,
nicotine, and carbon monoxide,

and the health risks associated with

smoking cigarettes containing any substances commonly added to
commercially manufactured cigarettes has come at an appropriate
time. In the 2 years since Congress called for the present study,
manufacturers have marketed cigarettes that yield as little as 0.01 mg
of tar when measured by present Federal Trade Commission
technology.
The technology of producing lower tar cigarettes has progressed
well beyond a simple reduction in the amount of tobacco in the
cigarette or the removalof a portion of the tar byfiltration. Present
technology has achieved tar reduction by alterations in plant
genetics, changes in the cultivation and processing of the tobacco leaf,
and changesin cigarette paperandfiltration of the cigarette.
The methods used in testing cigarettes by machine may not
correspond to the way persons actually smoke. There is evidence to
suggest that the cigarette yields measured by machine are very
different from the yields that the consumer actually obtains by
of
smoking the cigarette, due in part to the difference in patterns
smoking between testing machines and individual smokers. Therefore,
tar measurements of current cigarettes may not reflect the same
Tar

a Cambridge filter pad
term given to the particulate matter of cigarette smoke thatis retained by

tar is placed in quotation marks to emphasize that
after extraction of nicotine and water. In this Report, the term
constituents and classes of constituents.
tar is not a single constituent but consists of manydifferent chemical

estimate of risk provided by the tar measurement of cigarettes
manufactured at the time of the 1966 Public Health Service Review.
Another closely related concern about lower tar and nicotine
cigarettes is the use of flavorings and other chemical additives. In
order to enhance consumer acceptability, flavoring substances are
added to cigarettes; it may be that the lower the tar yield, the more
flavoring additives are used. It is impossible to make an assessment of

the risks of these additives, as cigarette manufacturers are not

required to reveal what additives they use. No agency of the Federal
Government currently exercises oversight or regulatory authority in
the manufacture of cigarette products. Further, no agency is empowered to require public or confidential disclosure of the additives
actually in use by the cigarette manufacturers.
At the same time that changes have occurred in the cigarette,
marked changes have occurred in the smoking patterns of the U.S.
population that may have substantially altered the risk of smoking
lower tar cigarettes. Over recent years, smokers have been taking up
regular smoking at younger ages, and the number of women who
smoke currently far exceeds the number from several decades
previously. The multiplicative risks of smoking and oral contraceptive
use is an example of how changes in the population of smokers can
make both quantitative and qualitative changes in the nature of the
risk. The proportion of the population that smokes has declined, but the
average numberof cigarettes smoked by each smoker appears to have
increased over several decades. Changes have occurred in the environ-

ment, dietary habits, and behavioral patterns of the population, which

may alter the interaction between cigarette smoking and other risk
factors for disease. Thus, we have a continually changing population of
smokers who smokea continually changing cigarette in a continually
changing manner.
Dose-Response Relationship

A clear dose-response relationship has been established between

cigarette smoking and a numberof disease states; this constitutes a

majorpart of the evidence suggesting that lower tar cigarettes may
be less hazardous. It is important to understand this dose-response
relationship and the limits of the data.
The major prospective studies on smoking and disease show that the
risk of coronary heart disease and lung cancerincreases in a roughly
linear manner with increasing numbers of cigarettes smoked per day.
Thereis also a marked increase in the risk of death from chronic lung
disease with the numberof cigarettes smoked per day, but problems in
classification of this disease makeit unclear whether the relationship is
linear. There is no clear evidence of a threshold effect in any of these
studies. The relationship between numberof cigarettes and disease is
strengthened by showing that the risk increases with longer duration
6

of the smoking habit and with younger age at initiation of regular
smoking. Risk is thus closely related to smoke dose as measured by
numberof cigarettes consumed. The relationship may result from the
effect either of repetitive doses or of cumulative smoke dosage. The
effect on risk of the time interval between cigarettes has not been
thoroughly examined, but there is evidence to suggest that risk is
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dose of cigarette smoke to the smoker would be accompanied by
reduction in the risk of developing heart and lung disease.
Tar is a major portion of the total particulate matter of cigarette
smoke. To the extent that the machine measurements of tar yield of
cigarettes reflect the actual smoke exposure resulting from use of that
cigarette, a lower tar cigarette should be less hazardous. In order for
a
the measured tar yield of a cigarette to reflect smoke exposure,
met.
be
to
have
would
ons
numberof conditi
First, changing the tar yield should not change the pattern, or
style, of cigarette use. If the smoker compensates for reduced yield by
increasing the number of cigarettes, the depth of inhalation, or the
volume or frequencyof puffs, a reduction in tar might not result ina
reduced smoke exposure. The possible increase in the average number
of cigarettes smoked by each smoker and the possibility that the depth
of inhalation and puff volume may also have increased as the average
tar yield of the cigarette has declined raise a real concern that the
shift to the use of lower tar cigarettes may not have resulted in a
proportionate drop in smoker exposure.
A second assumption in equating lower tar yield per cigarette with

lower smoke exposure, and therefore lower risks of disease, is that the

reduction in tar is accompanied by a similar reduction in all of the
constituents of smoke, or at least all of those constituents related to
disease. As long as the lowering of the tar yield was largely
secondary to a reduced amount of tobacco in the cigarette or a
filtration of the smoke, a reduced tar yield could be assumed to
represent a lower smoke exposure. Prior to 1971, the reduction in tar
yield was very similar to the reduction in weight of tobacco per
cigarette (see Figure 8, Section 8), but since that time the reduction in
tar has been proportionately somewhatgreater than the reduction in
weight of tobacco per cigarette, and this difference appears to have
increased since 1975. As discussed in this Report, the recent reductions
in tar yield have been accomplished by altering tobaceo growth and
processing and by changes in cigarette manufacture. These changes
may have produced a tar with a different composition from that of
7

old higher tar cigarettes, and may have changed the concentrations

of some of the constituents contained in the gas phase of the smoke.

Anadditional concern is that the production of cigarettes with lower
tar and nicotine yields may involve the increasing use of additives
for tobacco processing or flavoring. Some additives available for use
are either known or suspect carcinogens or give rise to carcinogenic
substances when burned. The use of these additives may negate
beneficial effects of the reduction of tar yield, or might pose

increased or new anddifferent disease risks. Therefore, the tar yield

of cigarettes currently being manufactured probably cannot be used as
a precise measure of current smoke exposure risk, nor be compared
quantitatively with the smoke exposurerisk of the older higher tar
cigarettes. The major prospective studies that provide the data for our
assessment of smoking-related health risks examined persons who
smokedthese older, higher tar cigarettes.
A third assumption in equating tar yield with smoke exposure is
that the tar yield of a machine-smoked cigarette be equal to or at
least proportional to the yield of the same cigarette when it is
consumed by the smoker. Later sections of this Report clearly establish
that the tar yield of the current cigarette may vary markedly with
style of smoking, with much higher yields being produced by higher
puff volumesorocclusion of the perforations in the cigarette wrapper.
Thus, the manufacturing changes that have resulted in low tar yield
measurements may not have resulted in a comparable reduction in the
exposure of the individual cigarette smoker.
Relative Risks of Lower

Tar

Cigarettes for Specific Diseases

Having examined the nature of the dose-response relationship and
someof the limitations of using tar measurements as the measure of
dosage, we can now examinethe evidence available that assesses the
relative risk of lower tar cigarettes for specific disease processes. An
understanding that the different health consequences of smoking may
be caused by different smoke constituents is pivotal to these assessments of relative risk. Our understanding of the specific etiologic
mechanisms by which cigarette smoke constituents cause different
diseases remains incomplete at this time.
The individual sections of this Report review in detail evidence on
the relative health hazards of lower tar and nicotine cigarettes.
Assessment of the relative risk of these cigarettes requires the

integration of this information; final assessment of the overall relative

health hazard of these cigarettes has not been reached. The major issue
is the potential and actual health impact of the introduction of these
cigarettes into the marketplace. Assessment of this requires understanding of the changes that have taken place in the cigarette product,

the effects of those changes on smoking initiation, cessation, and

patterns of cigarette use, and the probable health effects of the net
8

g of
change in cigarette smoke dose. It also requires an understandin
tar
lower
to
ng
switchi
to
ary
the changes in risk that occur second
cigarettes distinct from the risks of lifelong use of these products.
Lungcanceris the disease process in which the relative risk of lower
tar and nicotine cigarettes has been mostclearly evaluated. Approxi
y
directl
be
can
cancer
lung
of
ce
mately 85 percent of the inciden
ms
proble
few
ely
relativ
are
there
attributed to cigarette smoking;
is
with changingcriteria for classification of cause of death, and there
portion
tar
the
er,
Moreov
ship.
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of the smoke probably contains most of the carcinogenic activity of the
whole smoke. If the reduction in machine-measured tar yield is
accompanied by an actual reduction in smoker exposure dose, then
there should be a relatively proportionate reduction in lung cancer risk.
Lower tar cigarettes are associated with a reduction in the risk of
developing lung cancer, although the proportionate reduction in risk is
substantially less than thatof tar yield.
A smaller percent reduction in lung cancer risk versus that of
measured cigarette tar yield could result from several factors,
including compensation (such as an increased depth of inhalation or a
greater number of cigarettes smoked per day), or from a lack of
comparable reductionsin other carcinogens.
For several reasons, it is difficult to extrapolate these risk reduction
data to the current very low tar cigarettes. Because the lower tar
yield of the cigarettes evaluated in the published studies probably was
accomplished predominantly by reducing the weight of tobacco in the
cigarette and by removing tar through filtration, use of these
cigarettes might reasonably be expected to result in a lower smoke
exposure if compensation did not occur. It is not clear, however, that
the alterations in the techniques of tobacco processing and cigarette
manufacture that have produced the very low machine-measured tar
yields can be expected to result in similar reductions in actual smoker
exposure to toxic smoke constituents. In addition, the potential

not
carcinogenic effect of the substances added to these cigarettes has

been evaluated. The demonstrated reduction in mouse skin tumorigen-

icity of tar has not, however, been accompanied by a reduction in the
incidence of or mortality rates due to lung cancer among humans.
Cigarette smoking is an independent risk factor for coronary heart

such
disease, one that interacts synergistically with other risk factors
as hypertension and hypercholesterolemia. The effect of cigarette
smoking in coronary heart disease risk is clearly dose related, and
of
cessation of smoking reduces the risk. Estimation of the impact
because
varying cigarettes on coronary heart disease risk is difficult,
the exact etiologic agent(s) have not been identified. A number of
agents have been suggested to be active in the development of
coronary heart disease, including nicotine and carbon monoxide. Any
change in risk that might occur because of switching to lower tar
9

and nicotine cigarettes might be expected to become evident more
rapidly for coronary heart disease risk than for cancerrisk, due to the
acute effects of cigarette smoke in causing adverse coronary heart
disease events such as sudden death.
As in the case of cancer, the expectation that a risk reduction for
coronary heart disease would accompany the use of lower tar and
nicotine cigarettes is based on the premise that the use of lower tar
cigarettes results in a reduction of exposure to the responsible smoke
constituents. This assumption is reasonable if nicotine is a major
etiologic agent, because there is a close relationship between the tar
and nicotine yields for individual cigarettes. That is, among the
cigarettes currently available in the United States, a lower tar
cigarette is also a lowernicotinecigarette.
The variations of the other constituents in the particulate phase of
the smokein relation to tar yield is largely unknown, especially in
those cigarettes specially formulated to produce very low machine
measurements of tar yields.
Carbon monoxideis one gas in cigarette smoke that may be closely
associated with coronary heart disease risk, perhaps through interference with myocardial oxygenation, enhancementof platelet adhesiveness, or promotion of atherosclerosis. The relationship between carbon
monoxide yield and tar yield, however, has not been as thoroughly
examined as that between tar and nicotine. The factors that
influence the carbon monoxide yield are closely related to the
manufacturing process (e.g., porosity of the paper, filter ventilation,
etc.), and therefore may vary somewhat independently of tar yield.
In addition, the absorption of carbon monoxide is more dependent on
depth of inhalation than is the absorption of nicotine and, if the use of
lower tar products results in a compensatory increase in depth of
inhalation, smoker exposure to carbon monoxide may remain unchanged oractually increase. Thereality of this concern is borne out by
those studies that show no lowering of carboxyhemoglobin levels in
smokers who switch to lower tar cigarettes. If carbon monoxideis an
active etiologic agent for cigarette-related coronary heart disease, and
if significant compensatory changes in thestyle of smoking occur with
use of lower tar cigarettes, then the risk of coronary heart disease
with lower tar cigarettes may be similar to, or possibly greater than,
the risk of smoking higher tar cigarettes.
Some other agents in the gas phase of cigarette smoke have also
been suggested as possible contributors to the development of coronary
heart disease. Little is known abouttherelationship between the yield
of the gas phase of the smoke and the tar yield. The change in
formulation that allows the reduction in tar yield of the new lower
tar cigarettes has not been examined forits effect on the yield of
individual gas phase constituents. The potential for creating new
substances and for increasing the yields of existing gas phase
10
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The loss of parenchymal lung units that is the hallmark of
emphysemais extremely difficult to measure duringlife, but there has
been substantial progress toward an understanding of how this disease
is produced by cigarette smoking. This work is reviewed in detail in the
section on chronic obstructive lung disease; it is suggested that
alveolar walls are destroyed by excess proteolytic activity. Cigarette
smoke may promote this excess activity through a combination of an
increased cellular release of proteolytic enzymes and the oxidative
inactivation of the inhibitor of these proteolytic enzymes. Since the
airwaysfilter out mostof the particulate matter in the smoke,it is felt
that the gas phase may be the component of smoke responsible for the
changes in enzymatic activity. The gas phase contains a number of

agents capable of oxidative inhibition of the enzymeinhibitor alphai-

antitrypsin. Therefore, the risk of developing emphysema may not be
related to the tar yield of the cigarette smoked. Even if the
reduction in tar yield results in a reduction in smoker exposure to
tar, a pattern of compensation that produces a deeper inhalation
may deliver a greater dose of the gas phase of that smoketo the alveoli
where it produces a pathologic effect. In addition, the techniques used
in formulation of the newer very low tar cigarettes may result in an
increase in the concentrations of etiologic agents in the smoke.
Therefore, the relative risk for lower tar cigarette usage in the
development of chronic obstructive lung disease is highly problematical. The lower tar and nicotine cigarettes may well produce less of
the symptomatic component ofthis disease, but even if they do result

in a reduction of total smoke exposure, the pattern of that smoke

exposure may negate any reductionin risk.
The relative risks for both the mother and the fetus of smoking
lower tar and nicotine cigarettes during pregnancy are of great
concern, both because of the numbers of young women who smoke and
because of younger women s more frequent use of lower tar
cigarettes. The increased use of cigarettes with lower tar yields has
not been investigated for its effect on changes in risk of adverse
effects of smoking on pregnancy. Accordingly, no reduction in risk
relative to higher tar and nicotine cigarettes has been demonstrated.
Of particular concern is the potential teratogenic effect of additives

and their combustion products. Thus, it is not possible to assumethat

switching to a lower tar cigarette would have an effect in reducing
risk during or after pregnancy.It is clear that the only recommendation that can be madeto reduce risk in the smoking motheris for her to
quit smoking.
The ultimate assessmentofrisk is, of course, overall mortality. One

study examined the effect of smoking lower tar and nicotine
cigarettes on overall mortality. Persons smoking cigarettes with lower
tar and nicotine yield exhibited a decline in mortality rate from any
cause of approximately 15 percent in comparison with that of smokers
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an understanding of the basic mechanismsof disease production and
must be correlated with changes in disease occurrence in human

populations. In this way the search can be, and is being, focused on

those areas and substances that may provide the best measure ofrisk.
A second method of assessing risk is through the use of bioassay
systems. The term bioassay is used broadly to include animal models
as well as cellular or organ responses. This approach can also rapidly
provide information on risk without human exposure and has the
additional advantage that whole smoke or major fractions of smoke
can be tested ratherthan individualconstituents. The limitation of this
method is that the estimate of risk is only as good as the bioassay
system. Unless the system truly approximates the disease process of
concern, changes in that system may not reflect risk of disease. A
number of bioassay systems exist for the study of cigarette risk.
Unfortunately, none of them can be said to exactly duplicate human
disease. At the present time, estimates derived from these systems
cannotstandalone, but mustbe interpreted in the light of information
derived from other methods.
The ultimate bioassay

is, of course, human exposure, The occur-

rence of disease in human populations would provide the most accurate
estimate of the relative risk of lower tar cigarette smoking. An
important drawback to this approach is that it permits the development of that disease in the population prior to measuring risk and
taking appropriate public health action. An additionallimitation of the
observational epidemiology is that the risk being measured is caused by
a product and a pattern of use that occurred in the past. Because of the
long time lag between regular exposure to smoke and the development
of most cigarette-related diseases, and the time lag between development of disease and diagnosis of that disease, the relative risk
determined by observational epidemiologic methods may lag many
years behind the current risk. It may take 20 to 30 years before
smoking-related disease is observed. With a rapidly changing cigarette
product, it is necessary to estimate the risks of current exposures
rather than those of past exposures. This assessmentis complicated by
the difficulty of defining and measuring any differences in individual
smoker exposure resulting from changes or individual variations in
styles of smoking. Nonetheless, despite these difficulties, the epidemiologic method remains the majortool in assessing the relative health

risks of differing cigarettes.

Some of the limitations of the observational epidemiologic method
can be overcome by incorporating information from the other approaches to risk assessment. Information on the toxicology of cigarette
smoke might allow epidemiologists to sharpen their measurement of
actual smoker dosage, and mightidentify earlier tests of toxicity than
the traditional end points of disease occurrence or death. Information
on the basic mechanisms of disease production could improve the
14

estimation of relative risk by directed measurement of the basic
pathophysiologic processes or their biochemical or metabolic sequelae.
An excellent exampleof this kind of potential interaction is the testing
of populations of smokers for the byproducts of elastin degradation
suggested in the section on chronic obstructive lung disease.
The fourth method of assessing relative risk is the definition of the
fundamental mechanismsof disease production. An obvious attraction
of this approach is its potential to provide information that would
permit the preventionor cure of the disease process.
The difficulty with this method of risk assessment is our limited
understanding of these fundamental mechanisms. It is important to
incorporate what understanding we do have into the risk assessment
produced by other methods, and equally important to incorporate
information from other methods into the search for disease mechanisms. As an example,it would be fruitless to examinethe effect of a
given substance on the cell function in alveoli if it has been learned
from absorption studies that the substance is absorbed in the upper
airway and neverreaches thealveoli.
Once the mechanism of disease is understood, however, an estimate
of relative risk might be made, not only by measuring the dose of
etiologic agents in smoke, but also those determinants of the disease
process pre-existing in a given individual.
Conclusion

In summary, the final estimation of the relative risk of smoking
lower tar and nicotine cigarettes must be based on a synthesis of the
information derived from several methodologies. Despite the lack of
comprehensive and conclusive evidence currently available, the Public
Health Service policy on lower tar and nicotine cigarettes must
remain unchanged. The health risks of cigarette smoking can only be
eliminated by quitting. For those who continue to smoke, some risk
reduction may result from a switch to lower tar and nicotine
cigarettes, provided that no compensatory changes in style of smoking
occur.
This Report of the relative risks of lower yields of tar, nicotine,
and carbon monoxide has defined the following more clearly: the

conclusions warranted by present evidence; the difficulties and

importance of defining and monitoring changes in cigarette yields and

actual smoker exposure; and the major questions remaining unanswered, which constitute the major areas for future research efforts.

Summaries of the available data on the relative risks of cigarette-

related diseases among smokers of differing cigarettes follow. They

are grouped by topic.
Following these summaries are the research recommendations from
the Working Meeting, Research Needs on Low-Yield Cigarettes.
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These recommendations are combined,reflecting the common underlying concerns amongdisciplines.
Summaries
Pharmacology and Toxicology

¥ Several thousand constituents have been identified in tobacco

and tobacco smoke. Of these, nicotine appears to be the most

important acute-acting pharmacologic agent. Nicotine s physiologic effects include increased heart rate and blood pressure.
Nicotine also can permit the formation of tobacco-specific
nitrosamines, which are potent carcinogens, and nicotine itself
may be a significant cocarcinogen. The carcinogenic potency of
cigarette smoke condensates appears to depend on the nicotine
content of the tar. This relationship may be duein part to the
conversion of nicotine to tobacco-specific nitrosamines or to the
coexistence of nicotine and some other unidentified carcinogen.
Whether the carcinogenic effects of nicotine as determined in
animal studies are directly applicable to humans is not known at
present.

2.In an important study to predict the carcinogenic activity of
cigarette smoke condensate, the amount of available nicotine
delivered to the mice was found to be a factor in every term but
one of the predictive model.
3. Polycyclic aromatic hydrocarbons and tobacco-specific nitrosamines are two prominentclasses of tumorinitiators found in the
smoke condensates of commercial cigarettes. Of the polycyclic
aromatic hydrocarbons formed during combustion, benzo[alpyrene (BaP) may be the most important and has been
studied the most extensively. A correlation has been found
between benzo[a]pyrene levels and the carcinogenic activity of
smoke condensates from several types of cigarettes, but other
studies have failed to show that carcinogenic potential is
significantly dependent on benzo[a]pyrene content. However, the
interaction of BaP with nicotine does appear important in
carcinogenesis.
4. The tobacco-specific nitrosamines (TSNA) are formed during
curing and fermentation of tobacco leaves and combustion of
cigarettes. TSNAs induce cancer in the lungs and trachea of
hamsters and maybe of particular importance in the induction of
human laryngeal cancer. They maybe active as contact carcinogens, or their metabolism at distant sites may produce carcinogens that are then transported to a targetsite.
5. It is not known whether the unidentified mutagens in cigarette
smoke are an important cause of lung cancer in humans, but
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according to standardized parameters. However, the most widely
used parameters were established in 1967, and the type of
cigarettes generally smoked today are substantially different
with respect to length, paperporosity, tar andnicotine content,
and concentration of gas phase constituents. Evaluation of the
toxicological and pharmacological properties of smoke from new
types of cigarettes requires detailed knowledge of the mannerin
which those cigarettes are smoked, as well as of how smoking
patterns affect smoke composition.
Cancer

1. Today s filter-tipped, lower tar and nicotine cigarettes produce
lowerrates of lung cancer than do their higher tar and nicotine
predecessors. Nonetheless, smokers of lower tar and nicotine
cigarettes have much higher lung cancerincidence and mortality
than do nonsmokers.
2. Smokers of lower tar and nicotine cigarettes may tend to
smoke larger numbers of cigarettes, to inhale more deeply, to
have relatively higher amounts of carboxyhemoglobin than
predicted from machine measurements of carbon monoxide yield,
and to have higher than predicted carbon monoxide in exhaled
alr.

8. In attempting to develop a less hazardous cigarette, singular
emphasis has been placed on reducingthe tar yield of cigarette
smoke because of the early demonstrationof a causal relationship
between tar and lung cancer. Comparable data on changesin
yield of constituents in the gas phase of smoke are not publicly
available.
4.The occurrence of laryngeal cancer hasbeen reported to be
reduced among smokers who use filtered cigarettes, compared
with those whouse nonfilteredcigarettes.
& There is no epidemiologic evidence to prove or to disprove a
decreased occurrence of cancers of other sites in humans who
smokelower tar and nicotine cigarettes.
6. In evaluating the effect of smoking lower tar and nicotine
cigarettes on histologic changes in the bronchial epithelium,it
was determined in one autopsy study that male smokers who died
between 1970 and 1977 had fewerhistological changes than those
smokers whodied between 1950 and 1955.
7. Even among those who do not develop cancer, histologic changes
in the tracheobronchial tree are more advanced at autopsy in
smokers of cigarettes with higher tar and nicotine than among
smokers of cigarettes with loweryields.
8. The tar content of smoke condensate of today s cigarettes is
less tumorigenic to mouseskin thanthat of cigarettes of 30 years
ago. Levels of the known carcinogen benzo[a]pyrene are lowerin
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5. Carbon monoxidehas a negative inotropic effect on the myocardium of patients with angina pectoris. When combined with
hemoglobin in the form of carboxyhemoglobin, carbon monoxide
may increase the permeability of the blood vessel walls to lipids,
thereby promoting atherosclerosis.
6. Cigarettes with unperforated filters yield lower tar and
nicotine levels than unfiltered cigarettes, but they yield more
carbon monoxide than do unfiltered cigarettes at the same tar
yield. Carbon monoxide yields are lower in cigarettes with
perforated filters, but as the composition of cigarettes has
changed, carbon monoxide yields have decreased much less in
proportionto the decrease in tar and nicotineyields.
7. In studies of patients with angina pectoris, increased carboxyhemoglobin levels significantly shorten exercise time until the

onset of angina pectoris.
8. Myocardial ultrastructural changes have been found in rabbits
exposed to carbon monoxide.
9. Most cardiovascular studies have focused on nicotine and carbon

monoxide rather than on tar, which has not been shown to have

a major acute role in cardiovascular disease. Even less is known
about otherconstituents of cigarette smoke.
10. Not all cigarettes that produce a lower yield of one substance
necessarily provide a loweryield of other substances.
11. Evidence onthe association between CHDandfilter cigarettes is
somewhatconflicting. One major study showed a reduction of 10
to 20 percent in coronary deaths among persons smoking lower
tar and nicotine cigarettes as compared with those who smoked
higher yield cigarettes, but other surveys have shown slightly
increased risk of coronary mortality in people who smoked filter
cigarettes relative to those who smoked nonfiltered cigarettes.
Recent unpublished data from the Framingham Study do not
show a lower CHDrisk among smokers offilter cigarettes.
Chronic Obstructive Lung Disease

1. The relationship between cigarette smoking and chronic obstructive lung disease (COLD)is well documented. The constituents of
cigarette smoke that are responsible are currently not known.
Whether a difference in risk of COLD has occurred with lower
tar and nicotine cigarettes as compared with higher tar and
nicotine cigarettes is currently unknown.
2. Cigarette smoking is associated with the release by alveolar
macrophagesof an increased amount of the elastolytic enzymes,
which degrade alveolar tissue, and with reduced activity of
alpha:-antitrypsin, the primary elastase inhibitor. This mechanism has not yet been directly related to the development of
human emphysema. To date there are no published studies that

compare the effects of higher versus lower tar and nicotine
cigarettes on elastolytic enzymes andinhibitoractivity.
3. Cigarette smoke also contains relatively high levels of oxides of
nitrogen. The nitrogen oxides produce lung damage in animals
that is similar to that induced in humansby cigarette smoke. The
oxides of nitrogen may be responsible for the early lesions of
human emphysema.
4. An individual s smoking pattern is one of the most important
determinants of the relative concentration of smoke constituents
that reach the lungs and of the subsequent response of the
airways to smoke inhalation. Holding smoke in the mouth before
inhaling it into the lungs produces less response of the airways
than direct inhalation, which causes spirometric changes indicative of bronchoconstriction. This effect is independent of the
tar content of the cigarette.
5. Pulmonary mucous hypersecretion and symptoms of cough and
phlegm appear to be affected by the tar content of cigarette
smoke. The development of airway obstruction is closely related
to the numberof cigarettes smoked. Smokers of lower tar and
nicotine cigarettes who compensate by smoking more or inhaling
more deeply might thereby increase their risk of developing
obstructive airway disease.
6. Population studies that have examined the rate of decline of lung
function in relation to the number of cigarettes smoked have
shown variable results, and most of the available data do not
relate lung function to cigarette yield. Overall, the mean
difference between the rate of decline of FEV: in asymptomatic
smokers and nonsmokers is very small, but there is a subgroup of
the smoking population that shows more rapid decline and is
apparently more likely to develop significant pulmonary disease.
Pregnancy and Infant Health

1. Cigarette smoking during pregnancy has been shown to have
adverse effects on the mother, the fetus, the placenta, the
newborn infant, and the child in later years. There is no evidence
available that lower tar and nicotine cigarettes decrease or
increase these health risks, relative to those posed by higher tar
and nicotine cigarettes.
2. Problems that have been linked to smoking during pregnancy
include placenta previa, abruptio placentae, vaginal bleeding, and
reduced average birthweight of newborn infants.
3. Smoking by pregnant women increases the risk of spontaneous
abortion, premature delivery, fetal death, and perinatal death.
Parental smoking is associated with the sudden infant death
syndrome.
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4. The fetuses of smoking mothers have higher blood carboxyhemoglobin levels and lower fetal arterial oxygen levels than do the
mothers.
5. Children of smoking mothers appear to show a greater susceptibility to some adverse health effects, such as bronchitis, pneumonia, and respiratory disease, during early childhood. Slight
differences in physical growth and other forms of behavioral and
intellectual development may be found in children as old as 11
years of age.
6. Although

tar,

nicotine, carbon monoxide, and some other

constituents of cigarette smoke produce deleterious effects, the
specific etiologic agents and their mechanisms of action for
adverse effects on pregnancy are not clearly determined. Thus,
the relative importance of tar and nicotine, or carbon monoxide
and other constituents of tobacco smoke in the etiology of
adverse gestational and fetal events is not known.

Behavioral Aspects

1. Nicotine appears to be the primary pharmacological reinforcer in
tobacco, but other pharmacological and psychosocial factors may
also contribute a reinforcing effect.
2. It appears that some smokers make compensatory adjustments in
their smoking behavior with cigarettes of different yields that
might increase the amounts of harmful substances entering the
body. The frequency and amount of spontaneous compensatory
changes in smoking style with different cigarettes require
further investigation.
3. Additional information is needed on the role of lower tar and

nicotine cigarettes in the initiation, maintenance, and cessation

of smoking.
4, Rigorous comparative behavioral studies involving animals are
needed to provide comprehensive, experimentally valid results on
behavioral aspects of smoking.
5. Laboratory techniques developed for study of opioids and alcohol
should be adapted for studies of tolerance and dependence on
nicotine.
6. Improved laboratory facilities are necessary for more tightly
controlled behavioral research. A particular need exists for
clinically acceptable cigarettes with standardized ingredients.
7. Smoking-machine measurements that more closely simulate the
practices of human smokers must be developed.
Lower Tar

and Nicotine Cigarettes: Product Choice and Use

1. Public awareness of the dangers of smoking has steadily
increased since 1965. In 1978, more than 90 percent of all
Americansbelieved cigarette smoking to be hazardousto health.

2. Cigarette product choice has shifted dramatically since the 1950s.

In 1979, 91.7 percent of U.S. smokers used filter-tipped cigarettes, compared with 1.4 percent in the early 1950s.
3. Lower tar cigarettes conventionally have been defined as
yielding 15 mgof tar or less per cigarette. The proportion ofall
cigarettes consumed in the United States that are lower tar
has increased from 3.6 percent in 1970 to almost 50 percent in
1979. In 1979, 58.5 percent of all cigarette brands marketed in the
United States yielded 15 or fewer mgof tar.
4. Since 1968, the tar content of the average cigarette in the
United States has declined by 32.2 percent, and nicotine content
has fallen by 25.6 percent. These declines may be partially
accounted for by lower tobacco weight per cigarette down 23.8
percent from 1968 to 1978 and by the greater length of the
filter and overwrap of the average cigarette, which could result
in a declining numberof machine puffsper cigarette.
5. The prevalence of smoking in the U.S. adult and adolescent
populations has continued to decline. In 1979, 32.5 percent of the
adult population smoked cigarettes (36.1 percent of men and 29.4
percent of women). However, evidence suggests that the average
daily number of cigarettes consumed by those adults who
continue to smoke has increased over several decades. The
availability and use of lower tar cigarettes have increased over
recent years.

6. In 1979, 33.3 percent of adult regular smokers used cigarettes
yielding 15 mg tar or less. Studies show that women smokers
are more likely to use lower yield cigarettes than men are, and
white smokers use lower yield cigarettes in greater proportions
than do blacks. Smokers of higher income and education also
select loweryield cigarettes in a higher percent of cases.
7. A large national survey found that smokers in older aged cohorts
choose both the lowest and highest yield cigarettes in higher
proportions than do youngercohorts.
8. Although black smokers choose cigarettes of higher tar and
nicotine in greater proportions than do whites, the lower daily
number of cigarettes smoked by blacks suggests that their
average daily intake of tar and nicotine may be lower than that
of white smokers.
9. In 1979, 38.5 percent of adolescent smokers (age 12 to 18) used
lower tar cigarettes, compared with 6.7 percent in 1974. Boys
and girls smoke cigarettes of about the samelevel of tar
content.
10, Adult smokers started smoking regularly at the average age of
18 years. One survey showed thatthe higherthe tar level of the
cigarette currently smoked, the younger the reported age of
beginning smoking.
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11. Evidence from a large national survey does not support a
correlation between a greater mean numberof cigarettes smoked
per day by users of lower tar and nicotine cigarettes than by
higher tar users.
12.In a national survey, smokers of lower tar and nicotine
cigarettes more frequently reported having attempted to quit at
least once, and among these smokers, a higher proportion report
having attempted unsuccessfully to quit multiple times. The
applicability of these data to defining the role of tar or nicotine
yields of cigarettes in quitting behavioris not clear in the absence
of more detailed longitudinal data.
18. Although a greater proportion of unsuccessful quitters reported
smoking the lowest tar and nicotine products than did recent
successful quitters in one large survey, interpretation of these
data is made difficult by the noncomparability of brand reported
(i.e., unsuccessful quitters reported the brand smoked after an
attempt, successful quitters reported the brand smoked prior to
the attempt).
14.In a large national survey, the mean duration of the latest
unsuccessful attempt to quit showsnoclear relationship to tar
or nicotine yields.
Research Recommendations From the Working Meeting

Research Needs on Low-Yield Cigarettes

The following list is an overview of research recommendations
submitted as a result of the working group reports from the June 1980
conference Working Meeting: Research Needs on Low-Yield Cigarettes. No attempt has been madeto place them in orderof priority.
It must be determined whether lower tar and nicotine
cigarettes change smoking behavior. For instance, compensatory
adjustment, such as deeper, longer, and more frequent puffs,
may turn a nominally lower yield cigarette into a higher yield
cigarette. Studies are needed to determine whether adjustments
made by smokers of lower tar and nicotine cigarettes may
inadvertently increase their exposure to tar and carbon
monoxide beyond that expected from a less intensively smoked
higheryield cigarette.
Because of changesin cigarette composition, further retrospective and prospective epidemiologic studies are needed to assess
the health effects of these changes. A primary need is to
establish whether there are measurable differences in morbidity
between smokers of higher tar and nicotine cigarettes and
smokers of lower tar and nicotine cigarettes. Efforts should
include ongoing long-term studies that are adaptable to such
epidemiologic inquiry.

The increased use of nonhuman primate models might permit
comparison of the effects of lower tar and nicotine cigarettes
with those of higher tar and nicotine cigarettes under
controlled conditions.
More indepth studies on the mechanisms of cardiovascular and
pulmonary disease are needed to assess new brands of lower
tar and nicotine cigarettes. With improved noninvasive techniques, scientists will be better able to determine how a
particular cigarette affects cardiac function and other physiological activities. Genetic markers should be explored as a
possible method of identifying high-risk groups who are more
likely to develop tobacco-related diseases if they smoke.
Additional emphasis should be given to both human and animal
research models for the developmental mechanism of chronic
obstructive pulmonary disease and its possible alteration by
lower tar and nicotine cigarettes. The elastase-inhibitor
imbalance hypothesis of emphysema pathogenesis needs confirmation for human disease. Recently developed tests that
measure lung elastin degradation products in plasma and urine
need rapid clinical evaluation.
Emphasis should be placed on studies that determine the
character and magnitudeof the health hazards that lower tar
and nicotine cigarettes pose for pregnant women and their

offspring. Specifically, the smoking habits of pregnant women
should be analyzed in prospective epidemiologic studies to
determine the effect of varying cigarettes on the course and
outcome of pregnancy. Careful laboratory measurements of
various physical capacities and functions of newborn infants and
pregnant women should be performed in case-control and
prospective studies to determine the influence of smoking on
pregnancy outcome. Clinical and experimental studies using
animals should be conducted to evaluate the effect of individual
constituents of cigarette smoke on tissues and physical responses. Direct intervention strategies should be aimed at
pregnant adolescents who smoke.
Another research need is routine, frequent surveillance of
current and future lower tar and nicotine cigarettes for
specific chemical constituents and biological activity. In addition
to tar, nicotine, and carbon monoxide yield, new types of
cigarettes should be monitored regularly for delivery of other
potentially harmful constituents, such as benzo[a]pyrene, phenols, catechols, nitrosamines, nitrogen oxides, volatile aldehydes,

and radionuclides. More frequently updated ratings of tar,
nicotine, and carbon monoxide content would permit more
accurate studies on the potential impact of cigarette components
on health.

More data are also needed on cigarette flavor additives and their
combustion products. Flavoring agents and additives should be
studied by cigarette companies for carcinogenicity and toxicity
before their commercial use is permitted, and the results of such

studies should be madeavailable.

Research should be done on the distribution, partitioning, and

penetration of lower tar and nicotine cigarette smoke in the
lung, with consideration of potential changes in smoking
patterns by those who smoke lower tar and nicotine cigarettes. Cigarette smoking-machines currently in use and the

techniques by which animals inhale cigarette smoke in research
models may not be representative of the human situation
because human smokers areable to take larger, more frequent,
and higher velocity puffs. To conduct meaningful assays of
cigarette yields and the biological activity of cigarette smoke,it
must be determined how smokers actually smoke various types
of commercial cigarettes. When this information is available, it
will be possible to design smoking-machines that yield more
accurate estimates of humanrisk.
Controlled studies are needed to determinethe role of nicotine
as a primary reinforcer in cigarette smoking and to determine
whether there are other chemicals in addition to nicotine that
may contribute to or reinforce the smoking habit. By analyzing
the mechanisms wherebynicotine reinforces smoking behavior,
it may be possible to design more efficacious methods of
smoking cessation.
Research should be conducted to define what effects modifications of the physical and chemical properties of leaf tobaccos
have on the pharmacology of cigarette smoke. Since tobacco
culturing and curing practices are continually changing, it is
important to determine whether such changes as the use of new
pesticides also alter the composition and biological activity of
cigarette smoke.
Standardized experimental cigarettes have frequently proved
unpalatable and unacceptable for behavioral research. Prototype cigarettes should be especially designed to deliver a wide
range of constituent concentrations, particularly those that
approximate commercial cigarettes. This would allow research-

ers to predict the behavior of smokers of new types of cigarettes
more accurately.
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Introduction

Tobacco and tobacco smoke are very complex mixtures. In 1968,
Stedman (155) reported that they contained more than 1,200 clearly
identified substances in addition to a number of polymerclasses, such
as pigments, resins, and proteins, that were not resolved into specific
compounds. Since that time, many additional compounds have been
isolated; at least a thousand additional constituents were found in

tobacco and tobacco smoke in the following 10 years (67). Cigarette
smoke components arise throughdistillation of volatile and semivolatile materials from the leaf and from the pyrolytic decomposition of
leaf constituents. In addition, nonvolatile components of tobacco leaf
can be transferred to the smoke without degradation. Thus, the
components of smoke are very diverse. Many suspected or proved toxic
agents have been identified in the gas phase (Table 1) or in the
particulate matter (Table 2) of smoke (190). It is not surprising that
chronic exposure to such a complex mixture will lead to a variety of
pharmacologic and toxicologic responses.
TABLE 1. Major toxic agents in the gas phase of cigarette
smoke (unaged)*
Agent

Biologic
activity*

Dimethylnitrosamine

Cc

Ethylmethyinitrosamine
Diethylnitrosamine
Nitrosopyrrolidine
Other nitrosamines

Concentration/cigarette
Range
Us.
reported
cigarettes»

1-200 ng

13 ng

Cc
Cc
Cc
Cc

01-10
0-10
242
020

ng
0ong
ng
ng

18 ng
15 ng
ll ng
?

Hydrazine
Vinyl chloride
Urethane
Formaldehyde
Hydrogen cyanide

Cc
Cc
Tl
CT, CoC
CT, T

24-430
1-16
10-35
20-90
30-200

ong
ng
ong
ng
pg

82
1
30
30
110

ng
ng
ong
ng
ag

Acetaldehyde

CT

18-1400 ug

800

ag

10-600
10-150

ug
ug

350
60

ng
pg

2-20

mg

(4 compounds)

Acrolein

cT

Nitrogen oxides (NO)
Ammonia

T
TM

Carbon monoxide

T

Pyridine

TH

25-140

998

ng

ag

7 ng

10 ng

17 mg

*Cigarettes may also contain such carcinogens as arsine, nickel carbonyl, and possibly volatile chlorinated olefins
and nitro-olefina.
*C denotes carcinogen; TI, tumor initiator; CoC, cocarcinogen; CT,cilia toxic agent; and T, toxic agent.
»85 mm cigarettes withoutfilter tips bought on the open market 1973-1976.
¢NO, >96% NO; rest NOx.
Not toxic in smoke of blended U.S.cigarettes because pH <6.5, and therefore ammonia and pyridines are present
only in protonated form.
SOURCE: Wynder and Hoffmann (190).

TABLE 2. Major toxic agents in the particulate matter of
cigarette smoke (unaged)*
Agent

Biologic

activity*

Benzo[a]pyrene
5-Methylchrysene
Benzo{j}fluoranthene
Benz{a}janthracene
Other polynuclear aromatic hydrocarbons (>20 compounds)
Dibenr{a,jJacridine
Dibenz{a,hJacridine
Dibenzo[c,gjearbazole
Pyrene
Fluoranthene
Benzo{g,h,iJperylene
Other polynuclear aromatic hydrocarbons (>10 compounds)
Naphthalenes
1-Methylindoles
9-Methylearbazoles
Other neutral compounds
Catechol
3 & 4Methyicatechols
Other catechols (>4 compounds)
Unknown phenols and acids
N -Nitrosonornicotine
Other nonvolatile nitrosamines
8-Naphthylamine
Other aromatic amines
Unknown nitro compounds
Polonium-210
Nickel compounds
Cadmium compounds

Phenol

inogen;

BC, bladd

?
3-10
?
07
50-200
50-250
10-60

inogen;

ng
ng
ng
ng

US

cigarettes
DD
0.6
10
40

ng
ng
ng
ng

6ng
ng
ng
ng

?
ng
?
0.7 ng
150 ng
17 ng
30 ng

?
1-10
03-09 sg
0,005-0.2 ug
1

?
6 wg
08 ag
0.1 ug
?

40-460
3-40
1?
?
100-250
?
0-25
?
?
0.03-1.3
10-600
970

ng

8

ng
ng

270
32

pCi
ng
ng

mg
ag
?
?
20 ng
?
2 ng
?
?
1
?
?

0.1-20 mg

15 mg

1-2

ng
ng

og

T

0.01-0.2 mg

CT

10-150 pg

cT

Cresols (8 compounds)

"Cd

TI
TI
TI
TI
CoC
CoC
CoC

T

Minor tobacco alkaloids

* Incomplete list.

850
05-2
540
5-80

c

Nicotine

reported

TI
TI
TI
TI

CoC
Cot
CoG
CoC
CoC
CoC
CoS
CoS
Cot
Cc
Cc
BC
BC
BC
Cc
Cc
Cc

Arsenic

Concentration/cigarette

Range

10-200 ug

TI, tumor initiator; CoC,

toxic agent.
>85 mm cigarettes withoutfilter tips bought on the open market 1978-1976.
SOURCE: Wynder and Hoffmann (190).

1

0.1 mg

8

70

inogen;

ug

ug

CT,cilia toxic agent; and T,

Experimental Systems for Assay of Relative Risks of Cigarette

Smoking

Lung Cancer
Animal Models

The mouse skin carcinogenesis assay is thus far the most fruitful
method of evaluating smoke condensates from different types of
cigarettes for carcinogenic potency for the humanlung(46, 51, 89, 106).
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This model for the development of cancer dates back to 1915 (191). A
large body of laboratory experience has provided consistent evidence
for the quantitative validity of this relationship. Procedures providing
good dose-response relationships are in use in many laboratories.
Assays can be standardized to give relatively consistent results within
a laboratory, and probably amonglaboratories (62, 68, 64, 65).

The assay depends on a number of similarities between the
laboratory model and human experience. The epithelium of both the
skin and lung is directly exposed to the presumptive carcinogenic
agent in this case, cigarette smoke or cigarette smoke condensate.
Rabbit and mouse skin develop tumors after exposure to coal tar, a
known occupational carcinogen. Mouse skin assays have predicted
occupational induction of human lung cancer by bis-chloromethy] ether

(148, 177).

It is conceivable that the mouse skin carcinogenesis assay may give a
misleading measure of the relative risk of various types of cigarettes.
Skin is covered with a lipid film, and the pilo-sebaceous apparatusis
particularly suited for penetration of lipid materials into the skin. In
contrast, the airway surface is covered by an aqueous film and might
be less readily penetrated by fat-soluble materials. There is no
evidence, however, that such a difference is important. Indeed, the

response of mouse skin to different types of experimental cigarettes is
roughly parallel to the response of hamster larynx to the same

materials (49, 50, 189).

The hamster larynx has been used for comparative studies of
different types of cigarettes (17, 50, 52). Invasive carcinomas of the
larynx were induced in 37 percent of inbred hamsters exposed to
cigarette smoke for 59 to 80 weeks. Both the cancer incidence and the
incidence of other epithelial changes were dose related. Exposure of
rats and mice to cigarette smoke for up to 214 years resulted in a small
incidence of respiratory tract tumors, primarily pulmonary adenomas
(44, 68, 72). Cigarette smoke produced changes in cultured human
gastric epithelial cells suggestive of malignancy (158).
Lung Carcinogens in Cigarette Smoke
Experience in man and with the mouse skin system indicates that
two or more distinct classes of carcinogenic stimuli lead to the
occurrence of tumors (16, 26, 48). Tumorinitiators appear to alter the

genetic constitution of the cell; tumor promoters accelerate and

enhance the neoplastic expression of previously initiated cells. Both
may play a role in the induction of tumors. Other types of cocarcinogens may also play a role in the induction of mouse skin tumors by
cigarette smoke condensate (16, 74, 89, 176). If similar mechanisms act
in man, it may not be possible to differentiate between a human
carcinogen in the conventional sense and a cocarcinogen or tumor
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promoter acting on a diverse population already exposed to low levels
of a variety of tumorinitiators.
Two prominent classes of tumor initiators are found in smoke
condensates of commercial cigarettes polycyclic aromatic hydrocarbons (PAH) and tobacco-specific nitrosamines (TSNA). Other carcinogens or tumorinitiators are present in cigarette smoke as well;
however, they appear to be less significant because they either are less
potentor are present at lower concentrations than are PAH or TSNA.
Polycyclic Aromatic Hydrocarbons

A large variety of PAH molecules are formed by the pyrolytic
process during combustion of the cigarette (87, 105). Of the PAHs,
benzo[a]pyrene (BaP)is the most prominent and has been studied most
intensively. Chemical assays for BaP in smoke condensates are well

established, and it has been suggested that such assays can serve as

indicators of production of all of the PAHs. This appears to be
generally true. Among smoke condensates from 98 experimental
cigarettes, the correlation coefficient between BaP and
benzjaJanthracene content was 0.78 (15). Although highly significant,
the valueis sufficiently low to indicate that real differences do exist in
the ratios of these cyclic molecules in the various cigarette smokes.
Nevertheless, BaP appears to be the most important single member of
this class of compounds, taking into consideration both its concentration andits relative carcinogenic potency.
The contribution of BaP or PAH in general to mouse skin
carcinogenesis by cigarette smoke condensate cannot be fully measured at this time. Wynder and Hoffmann (188) found a correlation
between BaP levels and carcinogenic activity of smoke condensates
from several types of cigarettes. A much larger series of experimental
cigarettes was studied in the smoking and health program of the
National Cancer Institute. No significant dependence of carcinogenic

potency on BaP content was observed (62, 63, 64, 65). The relationship

between chemical composition of the experimental smoke condensates
and the biological activity of this series was examined extensively by
Bayne (15). He employed the linear terms, squared terms, and all
interaction terms between any 2 of 10 independent variables. Starting
with a 66-term regression equation, he searched for simpler prediction
models that would provide useful estimates of carcinogenic activity.
The simplest model (Table 3) that retained good predictability
contained nine terms. The interaction of BaP with the nicotine term
was one that appeared important.
BaP and other tumorinitiators are particularly important because
humans are already exposed to a number of initiators in the
environment. The effect of initiators is cumulative and irreversible.
Hence, any additional exposure to initiators such as the PAH might be
expected to increase tumorincidence in smokers.
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TABLE 3. Coefficients and standard deviations of coefficients
for Prediction Model 10
Terms*
1 Intercept
2¢
3 CG
4 pH
5 VWA
6NxN
7 pH x pH
8 Nx pH
9 N x BAP

Coefficients
2.687
3.798 E-2
4.688 E-4
4434 E-1
1.242 E-1
2450 E-5
3.668 E-2
-7.078 E-A4
1.770 E-3

Standard deviation
of coefficients
0.292
0.274
0.408
0.980
0.565
0.588
0.875
1.664
0.877

E-2
E-4
E-1
E-1
E-5
E-2
E-4
E-3

*C=Concentration (mg/day); VWA=very weak acids (mg/g); N=nicotine (mg/g); and BAP =benso{a)pyrene

(seg).

SOURCE:Bayne (15).

Tobacco-Specific N-Nitrosamines
During tobacco curing, fermentation, and burning, nornicotine gives
rise to N -nitrosonornicotine (NNN), nicotine to NNN and to 4(Nmethy]-N-nitrosamino)-1-(3-pyridil)-1-butanone (NNK), and anatabine
to N -nitrosoanatabine (NAT). NNNis a moderately active carcinogen,
inducing tumors in the respiratory tract of mice, rats, and hamsters.
NNKis a strong carcinogen, inducing lung carcinoma in each of the
three animal species (75, 84, 86). The concentration of these carcinogens in cigarette smoke is very high in comparison with usual
environmental exposures, being 1 to 85 ppm in tobacco and 1 to 9 yg in
the smoke of a cigarette (57). These tobacco-specific N-nitrosamines
mayplay a role in the developmentof several types of human cancer.
NNNis metabolically activated by human liver microsomes (76) and,
together with NNK and NAT,may be formed in vivo from the tobacco
alkaloids.
Other Mutagenic or Co-mutagenic Agents
It is generally believed that tumorinitiators are mutagens that can
be detected by one or more short-term biological assays (2, 103). A
number of fractions of cigarette smoke condensate are positive in the
Ames assay system (98, 101). The agents responsible for this activity
have not been fully identified, but probably include products of protein
pyrolysis (119). Ames test activity, however, does not predict the
activity of fractions in the mouse skin carcinogenesis assay. Fractions
of smoke condensate that show activity as complete carcinogens (89) or
in a promotion assay that would detect skin carcinogens as well as
tumor promoters (24) are not correspondingly active in the Ames
system (Table 4). It cannot be determined whether the unidentified
mutagensin cigarette smoke are an important cause of lung cancer in
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TABLE 4. Comparison of mutagenic and tumor-promoting

activity of fractions of cigarette smoke condensate
Mutagenic
activity

Sample

Promoting activity*
tumor yield

as a percentage

as a percentage

of whole
condensate
(Kier et al. (102))

of that seen with
whole condensate
(Bock et al. (24))

Whole condensate
Reconstituted
Bases before, insoluble

100
89
21

100
15°
4

Bases after, insoluble

26

u

Bases, water soluble

1

Bases, ether soluble

Weak acids, insoluble
Weak acids, ether soluble
Strong acids, insoluble
Strong acids, ether soluble
Strong acids, water soluble
Neutrals, 80% methanol soluble
Neutrals, cyclohexane soluble
Neutrals, nitromethane soluble

ll

80
5
2
<1
<2
2
<1
2

4
2

8
80
1
3
8
7
BB
23

*From tests of fractions, equivalent to 30% condensate.

humans; however, added exposure to any tumorinitiators probably
carries an incrementalrisk of cancer.
Weak Acids

Cigarette smoke contains weak organic acids that exhibit tumorpromoting or cocarcinogenic activity (24, 74, 176). The concentration of
very weak acids in cigarette smoke condensates was one of the terms
predictive of the skin carcinogenic activity of smoke condensates
(Table 3). Of the weak acids, catechol appears to be the most important
on the basis of concentration and activity (74, 176).

It is probable that the weakly acidic constituents of smoke act as
tumor promoters or cocarcinogens rather than as tumorinitiators. This
is true for phenols and for catechol (27, 176). There is no reason to

believe that tumor promoters or other types of cocarcinogens exhibit

either a cumulative or an irreversible effect. Indeed, for tumor

promotion in mouse skin bycrotonoil, clear thresholds for frequency of
application and for the amount of promoter in each applied dose are
apparent (26). If this is also true for man, the risk of very small doses
of weak acids might be negligible. Phenol (126, 188), but not catechol
(29), can be selectively removed by filters. The extent to which the
cocarcinogenic weak acids are reduced byselective filtration cannot be
determined at this time.
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Nicotine

Nicotine exhibits neither complete carcinogenic activity nor tumorpromoting activity. The nicotine content of cigarette smoke condensate
did not affect its carcinogenic activity when suspended in beeswaxtricaprylin pellets implanted in rat lungs (43); however, in mouse skin
bioassays, this alkaloid is an important cocarcinogen (20). Not only is
nicotine active in models with other compounds such as BaP and 12-0tetradecanoylphorbol-13-acetate (TPA), but also the measured carcinogenic potency of cigarette smoke condensates appears to depend on the
nicotine content of the tar. Of all of the individual compounds of
smoke condensates assayed in the smoking and health program of the
National Cancer Institute, nicotine was most closely related to
carcinogenic activity (62, 68, 64, 65). In the simplest predictive model
developed by Bayne, every term but one involved nicotine concentration, pH, or the concentration of crude condensate (Table 3). The
availability of nicotine to the tissues depends on the pH and concentration of condensate. Hence, available nicotine was a factorof all but one
term of the prediction model.
Nicotine may also play a role in the development of oral cancer in
tobacco chewers. Aqueousextracts or unburned tobacco exhibit tumorpromoting activity when tested on mouse skin. This activity depends
on the presence of nicotine acting together with a fraction having a
molecular weight greater than 13,000 daltons (21). In addition, nicotine
gives rise to carcinogenic N-nitrosamines during tobacco chewing (84).
Data of Morosco and Goeringer (122) suggest that nicotine reduced
serum alphai-antitrypsin activity and elevated pancreatic elastase
levels in dogs exposed to cigarette smoke. These workers believe that
interference with the protease protease inhibitor balance may be a
factor in carcinogenesis (123).
It must be pointed out that the relationship between carcinogenic
activity of smoke condensates and their nicotine contents may be
caused in part by the conversion of nicotine to tobacco-specific
nitrosamines or to the co-occurrence of nicotine and some other
unidentified carcinogen. For example, the nicotine level of tobacco is
dependent on the amountof nitrate fertilizer used in tobacco culture
(166). High levels of tobacco-specific nitrosamines were found in the
unburned tobaccos usually raised with high levels of nitrogen fertilizer
(77). The level of volatile nitrosamines in cigarette smoke also depends
on nitrate fertilizer (170). One may postulate that the nicotine level of
cigarette smoke condensates is an indicator of such nitrogenous
carcinogens that were not measured directly. At present, however,
there is no direct evidence that this is the case. In any event, the
carcinogenic activity of mixtures of pure BaP and TPA are enhanced
by the concomitant application of nicotine under conditions such that
nitrosamine formation would not be expected (20).
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Whether the cocarcinogenic effects of nicotine are important for
man is a matter of speculation. Tumor-promoting activity of croton oil
exhibits a threshold both for frequency of application and for the
quantity of agent present with any given treatment (26). The animal
studies in which nicotine acts as a cocarcinogen employ nearly lethal
levels of nicotine administered once or twice a day. In contrast,
smokers are exposed to a large numberof low doses of nicotine daily. If
a threshold amount of nicotine per dose is required for cocarcinogenic
activity, human smokers may not be affected in a mannersimilar to
that of the mouse skin system.
Polonium 210

There have been repeated suggestions that 2°Po might contribute to
the carcinogenic activity of cigarette smoke in man (187). Polonium
levels in tobacco result primarily from the use of phosphate fertilizers
that are contaminated with radium decay products, particularly Pb,
a precursor of 2°Po (162, 168). Very little 2°Po is found in tobacco leaf,
but some is transferred to the smoke. Yields of 10 to 15 fCi of alpha
emitters were recently reported for experimental cigarettes and 490
fCi/gm for commercial cigarette smoke condensate (36). Most of the
radioactivity was due to insoluble forms of 2°Po. Cancer may arise
from a single affected cell. It has been suggested that small amounts
of insoluble 2°Po concentrated in small areas might deliver an effective
carcinogenic dose to a target cell (112). Harley et al. (71), however,
found very few hot spots in the lungs of deceased smokers. Based on
human experience with radon daughters, they assumed lifetime risk
of lung cancer of 1 x 102 for a dose of one rad/year. At most, the
radioactivity they detected was estimated to explain only 10 percent of
the lung cancers suffered by cigarette smokers. They consider
polonium 210 a questionablerisk factor in human carcinogenesis.
Polonium 210 contamination of tobacco can be effectively reduced by
selection of plant types and sources of phosphate fertilizer, and by
removal using chelating agents (71, 171).
Volatile N-Nitrosamines

Tobaceo smoke contains a numberof secondary andtertiary amines.
These amines, together with nitrogen oxides, may give rise to the in
vivo formation of nitrosamines. Although the formation of most
nitrosamines is favored at low pH (110), a small amount of volatile

nitrosamines is found in cigarette smoke and may be formed in the

lungs under normal conditions (30, 84, 170). The volatile N-nitrosa-

mines are organ-specific carcinogens, which in mice give rise to tumors
of the liver and kidney. At present, there is no reason to assume that
volatile nitrosamines cause lung cancer in smokers. Nevertheless,it is
prudent to limit the presence of any carcinogen in cigarette smoke.
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Volatile nitrosamines in smoke can be reduced byselective filtration
and bylimiting the nitrate content of tobaccos (30, 121).
Bladder Cancer

The induction of bladder cancer in animals has been studied
intensively over the past several decades. The bladder appears to be a
particularly sensitive target for agents that are metabolized in the
liver and excreted in the urine. Among the compounds known to
produce bladder cancer in both man and animals is B-naphthylamine.
The presence of 8-naphthylamine in cigarette smoke has been demonstrated (85), along with other carcinogenic aromatic amines (129). The
yield was so low, however, that they did not believe these agents
contributed significantly to the risk of bladder cancer in smokers.
The urine of 10 smokers and 21 nonsmokers was examined by
Yamasaki and Ames (192) for mutagens or for substances that were
converted to mutagens by rat liver microsomes. Increased levels of
mutagens were found in the urine of seven smokers, but in none of the
nonsmokers. If promutagens in urine are responsible for the bladder
cancers occurring in cigarette smokers, it is possible that certain
individuals are particularly sensitive to bladder carcinogenesis by
cigarette smoke. If true, this sensitivity may be exploited for disease
prevention. Large quantities of mutagen-containing urine can be
collected from sensitive individuals. Isolation and identification of the
promutagens might permit removal of the precursors from cigarette
smoke.
Laryngeal Cancer
Hamsters develop laryngeal cancer after long-term inhalation of

diluted cigarette smoke (17, 50, 52). The effect is dose related and has

been used to compare different cigarettes. Tobacco-specific nitrosamines induce cancer in the trachea and lungs of hamsters and may be
of particular importance in the induction of human cancer of the
larynx (84). Other carcinogens and cocarcinogens of cigarette smoke
that are active in the mouse skin bioassay system mayalso contribute
to induction of laryngeal cancer. Both organ systems involve epithelial
tissue directly exposed to the carcinogenic mixture.
Other Cancers

Cigarette smoking is also associated with cancer of the kidney,
pancreas, oral cavity, and esophagus (173). No animal model of these
cancers has been developed to the point where it could be used for
quantitative comparisons of different types of cigarettes. Oral cavity
and esophageal tumors may be induced by direct exposure to smoke
carcinogens. NNN, when given in the drinking water of rats, induces
cancer of the esophagus (84). This finding suggests that tobacco41

specific nitrosamines maybe active as contact carcinogens. Alternatively, the carcinogens might be produced through metabolism at
distant sites, such as the liver, and then transported to the targetsite,
where they can be further activated. Pancreatic cancer was induced in
hamsters with diisopropylnitrosamine (134). This observation suggests
the possibility of a similar action of smoke nitrosamines. Any
carcinogen in cigarette smoke might contribute to induction of cancer
distant from the exposure site. To this extent, elimination of the
carcinogens causing lung cancer or bladder cancer would reduce the
induction of cancerin other organsas well.
Alcohol usage and cigarette smoking show synergistic effects in the
induction of cancer in the upper digestive tract (113, 172). The effect of
alcohol in this circumstance may result from the induction of
microsomal enzymes, which are believed to metabolize carcinogens to
their active forms (113).
Early End Points Suggestive of Carcinogenic Potential
It is generally considered that the induction of cancer requires a
specific genotoxic event that may be preceded or followed byilldefined andless specific epigenetic changes that enhance the manifestation of the genetic event (182). In the two-stage carcinogenesis
system of mouse skin, the first step initiation appears to be
genotoxic, and the second step promotion appears to be epigenetic.
Several other forms of cocarcinogenesis have been described (16).
Tobacco smoke owesits carcinogenic activity to several carcinogens

and cocarcinogens (24, 87, 176, 188).

Agents capable of producing genetic change can often be detected
by mutagenesis assay systems (2). Most carcinogens are mutagens.
Conversely, agents capable of inducing mutations are suspect as
possible carcinogens. Cigarette smoke condensates and someof their
fractions are mutagenic in the Ames salmonella assay systems (98,
119). These fractions are clearly of interest because they possess the
capability of inducing genetic changes that might lead to tumor
formation. Mutagenesis assays may provide a basis for the quantitative comparisons of new cigarettes when therelative importance of the
genetic and epigenetic factors in smoke-induced cancer is understood.
The Amestest gives poor results for fractions of smoke condensate
that appear to be most active in systems designed to detect tumor-

promoting activity (Table 4). Furthermore, mutagenesis assays of a

series of experimental cigarettes have not provided consistent results
(167). The complexity of carcinogenesis by tobacco smoke condensates
renders mutagenesis assays of uncertain value for quantitative
comparisons of relative carcinogenicity.
Several in vitro systems measure the transformation of normal cells
into malignant cells after exposure to carcinogens. These systems are
sensitive to both genetic and epigenetic processes (90, 186). Such assays
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mayprove to be useful short-term indicators of the relative potency of
different types of cigarette smoke. Thetoxicity of most experimental
smoke condensates may interfere with the conduct of such studies,
however. Experimental cigarettes that yield smoke condensates with a
wide range of carcinogenic activity are now available. It should be
possible to determine the usefulness of in vitro systems with this
material. For organ-specific carcinogens, the DNArepair test is a good
predictor of relative carcinogenic activity (186).
Most chemicals that are carcinogenic to mouse skin selectively
destroy the sebaceous glands of the treated skin (23). The sebaceous
gland suppression assay is a good predictor of the activity of
experimental smoke condensates as carcinogens in mouse skin (22).
Chronic Obstructive Lung Disease

No animal models for chronic obstructive lung disease are
available to measure the potency of smoke from various types of

cigarettes. Long-term inhalation studies with hamsters, dogs, and

primates havenot givenrise to disease states comparableto emphysema observed in humans (17, 50, 52, 114). In two experiments, SpragueDawley and CD rats exposed to cigarette smoke for 6 to 26 months
developed emphysematous changes (104, 124). Similar results were not
reported in other long-term studies with rats (44, 68).
A number of pulmonary function tests have been evaluated as
measures of early lung disease in man (31, 61, 78, 100, 185, 154). Thus
far, similar tests have not proved useful as animal assays. They might,
however, be useful in comparing the effects of different types of
cigarettes on human smokers. Exposure of CD rats to whole tobacco
smoke for 6 months led to a loss of lung parenchymaltissue distal to
the terminal airways (124). This was indicated by a 21 percent decrease
in parenchymal tissue and 12 percent decrease in alveolar surface area.
Recent evidence suggests that emphysemaresults from shift in the
balance of elastase production andelastase inhibition in the lung (97).
A few individuals with genetically determined very low levels of
alpha:-antitrypsin, an elastase inhibitor, are particularly prone to
develop the disease (53). When purified elastase is instilled into the
lungs of dogs, emphysematous changes appear in as little as 90 minutes
(96, 98).
Cigarette smoke can act on this system in two ways. In vitro tests
with cigarette smoke condensate show that this material suppressed
the antiprotease activity of human serum, pulmonary lavage fluid, and
purified human alpha:-antitrypsin (94). The suppression of protease
inhibitors by cigarette smoke is blocked by the presence of phenolic
antioxidants, suggesting that oxidants or free radicals of the smoke

were responsible for the effect (107). In one study, the serum levels of

alpha:-antitrypsin in smokers were higher than in nonsmokers (76).
Another study found, however, that immediately after smoking, serum
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alpha:-antitrypsin activity was reduced in smokers (95). Likewise, the
activity of alphai-antitrypsin in lung lavage fluid from SpragueDawley rats was reduced by 30 to 40 percent after 3 to 6 puffs of
cigarette smoke. Similar reductions were observed in lavage fluid from
the lower respiratory tract of asymptomatic smokers (58). Even
greater differences were seen between smokers and nonsmokers with
idiopathic pulmonary fibrosis. Cigarette smoke also stimulates the
release of elastase from macrophages in vitro and in vive and from

polymorphonuclear leukocytes in vitro (19, 148, 185). Thus, smoke may

increase the elaboration of elastase in the lung and at the same time
suppress its inactivation. The techniques used in these studies could be
applied to smoke from various types of cigarettes; they might then
serve as short-term endpoints to evaluate relative cigarette risk.
Dogs exposed to cigarette smoke through tracheostomies for 600
days had significantly higher levels of pancreatic elastase than shamsmoked controls (122). The greatest effects were seen in animals
exposed to higher nicotine cigarettes, although the blood carboxyhemoglobin levels were the same for both higher and lower nicotine
smokers (Figure 1). The lower nicotine cigarettes in this study were
produced by removal of the alkaloid by a commercial process (65). It
cannot be stated with confidence that other constituents were not
removed as well.
Sudden Death Due to Cardiovascular Disease
Animal Models

No animal model permitting the quantitative comparison of death
rates due to cardiovascular disease induced by different types of
cigarettes is presently available. Long-term inhalation studies using
smoke-exposedrats, hamsters, dogs, and primates have been conducted

(17, 44, 50, 52, 68, 104, 114). None has provided an end point comparable
to sudden death observed in human smokers. There are, however,

several avenues of investigation whose intermediate experimental
observations might indicate a mechanism for mortality caused by
cardiovascular effects. Much attention has been given to changes
induced by nicotine-induced catecholamine release (188, 156, 160).
Methods to follow these effects in animals are well established. Other
short-term end points being studied include lipoprotein levels (79),
alteration of arterial morphology (9, 10, 32, 111), and changes in
arachidonic acid metabolism (12, 82). These procedures might be

adapted for estimation of the relative potency of various types of
cigarettes, but there is no direct evidence that any of these changes are
either necessary or sufficient indicators of the risk of sudden death due
to heart disease.
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FIGURE 1. Effect of cigarette smoke differing in selected

chemical components on pancreatic elastase levels in beagle dogs
after a 600-day exposure protocol of 12 cigarettes per day, 7 days
per week. Bars indicate mean +SD. Animals exposed to code 32
(high-nicotine) and code 13 (low-nicotine) cigarettes differed

significantly (p<0.05) in pancreatic elastase levels from
corresponding sham-exposed controls. Significant differences were
also observed (p<0.05) between code 32 and code 13 cigarette
smokers (Student t-test).
SOURCE: Moroaco and Goeringer (122.

Nicotine
It has long been known thatnicotine elevates blood pressure and
heart rate and may increase the onset of angina pectoris attacks. These

effects were summarized in the 1976 report, The Health Consequences

of Smoking (175). Nicotine readily passes through biological membranes. The level in the breast fluid of smoking womenis similar to
that found in the plasma (81). The heart rate of fetuses of smoking
women is elevated, apparently caused by transplacental passage of
nicotine (127, 186). Thus, nicotine causes widespread effects in the
smoker.
An estimate of the relative potency of various cigarettes with
respect to the acute cardiovascular effects of nicdtine can be determined by direct chemical assay of relative levels of nicotine in the
smoke. By measurementof urinary excretion of nicotine andits major
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metabolite, cotinine, it is possible to estimate the individual
smoker s
actual exposure to nicotine.
Nicotine appears to have measurable effects on perfor
mance by
smokers (149, 188). This may account for the apparentrol
e of nicotine
in the reported tendency of some individuals to compen
sate when
switched from higher to lower tar and nicotine cigarettes
(60, 189,
142, 146, 147).
Carbon Monoxide

The effects of carbon monoxide in reducing the oxygen
-carrying
capacity of the blood are well known. More recently a
body of evidence
has linked carbon monoxide directly to disease states and
to early end
points that might be predictive of disease (11, 109). Arono
w has shown

that carbon monoxide, along with nicotine, decrea
sed the duration of

exercise achieved before angina(6,7, 8). In his studies,
a non-nicotine
cigarette made of Indian herbal leaves was employed.
Smoke from
these cigarettes was more active than expected on the
basis of its
carbon monoxide content. Aronow (6) attributed this
effect to a
tobacco component other than nicotine or carbon monoxi
de. The
effect, however, could well have been caused by a specifi
c herb
constituent. Models using pigeons, rabbits, pigs, and primat
es have
been employed to study early end points for carbon monox
ide effects
(4, 11, 114). To the extent that carbon monoxideis respon
sible for
cardiovascular disease, determinationoftherelative potency
of various
cigarettes in affecting cardiovascular disease can be made by
chemical
assay of cigarette carbon monoxideyield.
Other Agents

It has been suggested that agents of tobacco smoke other
than
nicotine and carbon monoxidecontribute to its cardiovascular
effects
(4, 116). Until these agents are identified or an alternative explan
ation
for tobacco effects is established, animal models predictive of
cardiovascular death in smokers will be important.
Complications of Pregnancy and Early Childhood
A full understanding of the potential effects of smoking on
pregnancy and early infancyis still being developed. Most
of the
current information available was reviewed in the 1980 report,
The
Health Consequences of Smoking for Women (174). Maternal smokin
g
causes changesin the vascular structure of the placenta and increas
ed
fetal heart rate (9, 10, 127, 196). Maternal carboxyhemoglobin (HbCO)
is elevated in smokers, leading to an elevated fetal HbCO and thus
to a
reduced oxygen contentof the fetal blood (108).
Some,if not all, of the smoking-related complications of pregnancy
are attributed to nicotine and carbon monoxide (108). The
relative
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hazards of lower tar and nicotine cigarettes with respect to these
agents can be determined by chemical assays of carbon monoxide and

nicotine. Actual disease risk, however, will be affected by the delivered

dose of these constituents, which in turn depends upon the individual s
style of smoking. Other constituents of smoke might also contribute to
complications of pregnancy. Comparisons of various types of cigarettes
should be possible through epidemiological study, coupled perhaps with
evaluation of the vasculature of humanplacenta (9, 10).
Recent reports indicate that cigarette smoke might contain active

transplacental carcinogens (54, 125, 140). The importance of this in

humancancerwill probably not be determined soon. No animal assays
have yet been applied to assess the relative health hazard of varying
cigarettes in transplacental carcinogenesis.

Nonspecific End Points of Toxicologic Significance
Cigarette smoke and its components cause several conditions that
may relate to human disease in nonspecific ways. Using assays with
these end points may provide useful measuresof potential risks due to
smoking.
Reduction of Lung Defense Mechanisms
Vapor-phase constituents of cigarette smokeinhibit ciliary motility
and mucous flow in experimental animals (18, 14). With ciliary
paralysis, removal of other toxic materials from the lung will be
inhibited. Animal models suffer some limitations in attempts to
duplicate the humansituation. For example, many of the ciliastatic
agents in the gas phase of smoke are absorbed in the upper airways of
man and may not reach areas in the lung where they could affect
bronchialcilia (45). Furthermore, the concentration ofciliatoxic agents
in cigarette smoke will depend on the amountof dilution of smoke by
air that occurs during inhalation. Accordingly, the interpretation of
animalstudies requires care. Similar effects occur in humans, however.
Clearance of FesQ. dust from the lungs of smokers is dramatically
slower than from the lungs of nonsmokers ($7).

Induction of Microsomal Oxidase
Cigarette smokers metabolize several compounds more rapidly than

nonsmokers (88, 39, 99, 187). This effect is believed caused by the

induction of microsomal oxidases, which include aryl hydrocarbon
hydroxylase (AHH). The level of AHH itself is much higher in
placentas from smoking women than from nonsmokers (130, 131, 178).
Activation of these enzymes has also been observed in the lungs of
rats, hamsters, and mice exposed to cigarette smoke (1, 59). Guinea
pigs, in contrast, showed a reduction in pulmonary AHHafter smoke
exposure (18). Induction of AHH activity appears to result from
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systemic exposure to the smoke compounds themselves or to the
metabolites of those compounds. Some carcinogens, including PAH,
induce AHH (88). More important, the AHH system is involved in the
metabolic formation of ultimate carcinogens from procarcinogen
precursors (118). Cigarette smoke may play an indirect role in
carcinogenesis among smokers through this mechanism. Assay of the
inducibility of AHH as a measure of individual sensitivity to cigarette

smoke has not proved useful (115, 128); however, screening of enzyme

activity in tissues of human or animal smokers of different types of

cigarettes might prove useful for indicating therelative potency of the
different cigarettes.
Changes in Genetic Status

To the extent that an early step of carcinogenesis involves genetic
change, one would expect that exposure to cigarette smoke might
cause detectable changes in genetic material. It is reported that heavy
smokers have higher incidences of chromosomal aberrations and higher
rates of sister chromatid exchange than do nonsmokers (91). Animal
models with such end points are feasible, but have not been applied to
assays of the toxicity of various cigarettes.
Changes in Immune Status

Recent reports suggest that smoking causes changes in immune
function (56, 69, 144), but the contribution of these effects to major
disease states is unclear. Men with malignant melanoma who smoke
are more likely to develop metastases than are nonsmokers, perhaps as
a consequence of impaired immunesystems (153).
Composition of Smokes From Various Types of Cigarettes
Smoking-Machine Design
Laboratory smoking-machine parameters historically have been
standardized to permit interlaboratory comparisons and to provide
reproducible baselines with which modified cigarettes can be compared. Somewhatdifferent parameters are used in different countries
(28). In the United States, the most widely used standards are those
employed by the Federal Trade Commission (18). The machines
deliver a 35 ml puff from the cigarette over a 2-second period with a
bell-shaped puffprofile. The cigarettes are puffed once each minute to
the defined butt length of 23 mm (nonfiltered cigarettes), or to a butt
length 3 mm longerthanthefilter overwrap(filter-tipped cigarettes).
The butt length is different from cigarette to cigarette, according to
the length of the overwrap.
These parameters were established in 1967 when the great majority
of cigarettes consumed in the United States were nonfiltered and 70 or
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85 mm in length. They were based, in part, on observed smoking
patterns in a limited number of human smokers. The types of
cigarettes smoked today are substantially different with respect to
length, paper porosity, pressure drop, tar and nicotine yield, and the
concentration of gas phase constituents.
Cigarette smoking-machines can be designed, however, to control
puff volume, frequency of puffing, duration of puff, the profile of puff
pressure over time, butt length, position of cigarette during and
between puffs (e.g., horizontal or vertical), and restricted or free
smoking between puffs(i.e., whether the butt end is closed or open).
The puff volume can be measured in terms of the air entering the
cigarette or the air plus combustion gases leaving the cigarette.
Smoking-machinescould be designed to change the puff frequency and
the nature of the puffs during the course of smoking a single cigarette

(41, 42).
Human smoking patterns are diverse and span a wide range from
one individual to another(40, 78, 189). Some individuals compensate for
lower yield cigarettes by changing their style of smoking (80, 139, 142,
146, 180). These changescan include increasing puff volume, duration,
or frequency, or changing the puff pressure profile. In summary,
human smoking behavior may be quite different from standard
smoking-machine behavior. Furthermore, the average smoker may
have a different smoking pattern for each different type of cigarette.
The chemical composition of smoke is affected by smoking-machine
parameters. Tar yield per puff depends on puff volume, puff
frequency, butt length, and the frequency of puffing at different
stages of cigarette consumption (188, 193, 194). The concentrations of
several specific chemical constituents of tar are controlled by the
puff frequency, volume, and duration (Chortyk, O.T., and Schlotzhauer, W.S.S., personal communication). If the human smoking
pattern varies systematically with the type of cigarette, the relative
yield of various chemical constituents delivered to the smoker may
vary substantially from that measured by machine. Accordingly,
evaluation of the toxicological and pharmacologic potential of the
smokes from new types of cigarettes will require knowledge of the
manner in which those cigarettes are smoked by the consumer and of
the effect of smoking patterns on the composition of smoke.

Dependence of Smoke Composition on Cigarette Design

The composition of smokes from different types of cigarettes can be
described by absolute yields per cigarette or per puff, or by the
concentration of constituents per unit weight of tar or per unit

volume of smoke. Modifications of cigarette design can affect yield
(quantitative change) or composition of the smoke (qualitative
change). Information with respect to individual constituents is available for many modifications. However, modifications affecting the
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concentration of one substance will
also affect the levels of other
substancesas well.
Because of the complexity of cigarett
e smoke,the full impact of any
cigarette modification on the comp
osition of the smoke in either
absolute or relative terms can neve
r be ascertained. For this reason,
bioassays with appropriate end poin
ts are essential to determine the
relative toxicities of new types of
cigarettes. Several modifications
of
cigarettes reduce the mouse skin
carcinogenic activity of the smoke
condensate. These include choice
of leaf variety, use of reconstitute
d
sheet, and use of tobacco substitutes.
Filters

The design characteristic of commerci
al cigarettes that most affects
the cigarette yield is the filter. In 1980
, the tar yield of cigarettes, as
ranged from 30 mg for unfiltered,
king-size cigarettes to as low as 0.1
mg for some filter-tipped brands
(55). Filters selectively remove
nitrosamines and semivolatile phen
ols from the smoke (88, 120, 126,
188). Thus, not only the absolute deli
very of these constituents but also
their relative concentration in ciga
rette tar depend on thefilter.
Ventilation

A second major influence on the
composition of cigarette smoke is
ventilation of the cigarette by the
use of paper with a high degree of
porosity or by the presence of hole
s in the mouthpiece. When more air
is drawn through the paper or thr
ough the mouthpiece, the amount
of
air drawn through the burning coal
of the cigarette is reduced. This
effect will reduce the quantity
of tar. By altering the burn
temperature, it will also change the
combustion process and thus the
composition of the smoke. Ventilation
also dilutes the gas phase of the
smokewithair, causing a marked redu
ction in the concentration of gas
phase constituents in the smoke (66, 83,
126).

Tobacco Variety
A substantial collection of toba
cco lines is available to plant
geneticists. These include 68 species
related to tobacco and about 1,000
different tobacco varieties (164). The
wealth ofthis material permits
genetic manipulation of the leaf,
which could be used selectively to
enhance or to reduce the content of
specific constituents. Amongflue-

cured tobacco lines available at
present, the

nicotine concentration
varies from 0.2 to 4.75 percent (34).
Among various burley lines the
concentration varies from 0.3 to
4.58 percent. The ranges could be
extended by agronomists, should that
be desired. Changes in yield of
manyother smokeconstituents migh
tbe achieved by genetic modification.
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Agricultural Practice

The chemical composition of tobacco leaf is also affected by
agricultural practice and by curing methods (161, 163). High levels of
nitrogen fertilizer increase nicotine and nitrate levels of the leaf.
Growing plants more closely together reduces the nicotine content of
the leaf. Flue-cured tobaccos are harvested, leaf by leaf, as each is ripe,

but the entire plant of burley tobacco is harvested at once. Changes
associated with leaf maturity depend on the harvesting practice.
Enzymatic degradation of leaf constituents is halted by heat during
flue curing. In contrast, burley, Maryland, and oriental tobaccos are
not heated to this extent, so that more extensive enzymatic changes
occur. As a consequence, there is a markedly lower sugar content in
burley tobacco along with a markedly higher content of pigment
polymers. Homogenized leaf curing (HLC), if commercially developed,
could permit better control over these chemical changes. Furthermore,
specific leaf constituents such as soluble proteins may be removed
during homogenized leaf processing. Cigarettes made with HLC
tobacco yielded smoke containing significantly less dimethylnitrosamine and condensate having significantly less sebaceous gland suppression activity (165, 169).
Reconstituted Sheet and Modified Tobaccos

The composition of cigarette smoke is also affected by the use of
reconstituted tobacco sheet and modified tobaccos (62, 68, 64, 65).
Reconstituted sheet can contain substantial amounts of the tobacco
stem, which has a different composition from thatof the leaf lamina.
The stem is noteworthy for having a low nicotine content. In addition,
the physical nature of reconstituted sheet can be controlled to change
its burning characteristics and hence the composition of the smoke.
In recent years, some cigarette tobacco has been expanded or
puffed. Using this material, less tobacco is required to fill the
cigarette. The mannerin which the tobacco is shredded also affects the
burning rate and therefore the composition of the smoke (47).
Cellulose-based substitutes have been used as a replacement for
tobacco (17, $5). These materials cause substantial differences in the

total yield and chemical composition of the smoke.
Additives

Humectants and flavoring agents have long been used as additives
in cigarette manufacture. The advent of reconstituted tobacco sheet
(RTS) technology expanded the possibilities for the addition of
substances to the sheet during the processing of tobacco for the
manufacture of cigarettes (174, 188). It is possible to add substances to
the tobacco slurry or suspension for extraction of specific constituents,

for dilution of the sheet, for burn rate acceleration or retardation, for
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ash cohesion, and for enhancement of flavor (smoke aroma andtast
e)
(65, 151). Additionally, one process for curing tobacco leaf calls
for the
addition of exogenous enzymes to tobacco (1 69), and as noted
above,
artificial tobacco substitutes are also available. In recent
years,
cigarette manufacturers advertisements have focused on the flavor
of
new lower tar and nicotine cigarettes, enhanced presumably by
the
addition of tobacco constituents or by the addition of new flavori
ng

materials, such as natural or synthetic chemicals. The identities and

amounts of the additives actually used in the manufacture of
U.S.
cigarettes are not known. Systematic information has not been
published or madeavailable on the influence of these additives on
the
composition or biological activity of cigarette smoke.
Variations in Human Smoking Behavior
It does not appear possible to fully monitor smoking behavior
in
humans without the subjects knowledge. Butt lengths can be
measured in a variety of settings, and puff frequency can be observe
d
without distorting smoking behavior. Measurement of puff volume and
duration andof intensity of inhalation, however, requires instrumentation that maylead to alteration of usual smoking behavior. Nevert
heless, despite these limitations in objectivity, recent studies provide
better data than those available in the past.
Smoking measurements reported from England, Germany, and
Canada differ from those used for smoking-machines in the United
States (139, 141, 150). If the average American smoker, as well,
is
taking larger puffs with a greater frequency than is the machine, the
absolute yields of smoke constituents are under-reported in the United
States. This is not to say that the relative yield of tar between
cigarettes is compromised; however, if smokers puff different types
of
cigarettes in different ways, the relative yields may be grossly
distorted. For example, some smokers block the perforations in
the

mouthpiece of ventilated cigarettes (102). These smokers
receive

substantially more tar, nicotine, and gas phase constituents than
would be predicted from machine-smoked cigarette yields. Because
this
action would affect the yield only of ventilated filter cigarettes,
the
relative ranking of cigarettes by yields would be affected. Similarly,
smokers behavioral compensation for low nicotine delivery can affect
therelative yields of filter-tipped cigarettes (80, 142).
Research Needs

Many gaps in our assessment of the pharmacological properties of
cigarette smoke can be filled by a coordinated, well-directed research
program. In comparison with the economic and medical costs of
cigarette smoking, the size of the required program is modest.
Resources sufficient for implementation of a meaningful program are
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available. For example, except for assays of tar, nicotine, and carbon
monoxide yield, new types of cigarettes are not being monitored
regularly for the delivery of potentially harmful smoke constituents.
Scientists currently conducting sophisticated assays of cigarette delivery of various smoke constituents could serve as resource personnelin
the design of an appropriate approach to assays of new cigarettes for
suspected toxic agents. Other scientists are investigating short-term
end points indicative of long-term risk from many diseases. These
laboratories could assist in modifying these procedures specifically for
cigarette smoke andits constituents.
Surveillance of New Cigarettes

The chief research need for the study of reduced tar and nicotine
cigarettes is the routine and frequent surveillance of current and new
cigarettes for specific chemical constituents and biological activity.
The chemical constituents should include nicotine, benzo[a]pyrene,
phenols, catechols, nitrosamines, carbon monoxide, nitrogen oxides,
volatile aldehydes, and radionuclides. The biological assays should
include sebaceous gland suppression assays, mutagenesis assays,
studies of the effects of smoke on airway andciliary function and on
the increase of urinary metabolites related to the activity of elastase,

and such other biological assays as may appear predictive of human
disease in the future.
Inherent in this recommendation is the use of quantitative shortterm end points for various conditions associated with humandisease.
We do not have proven animal models for quantitative evaluation of
risks of chronic obstructive pulmonary disease, sudden death due to
cardiovascular disease, or complications of pregnancy and infancy.
Emphasis should be given to developing short- and long-term bioassays
aimed particularly at these diseases.

Determination of Parameters of Human Cigarette Smoking
Smokers may smoke different types of cigarettes differently with
respect to puff volume, duration, and frequency, inhalation profiles,
and the mannerin which the cigarette is held by the fingers and in the
mouth. To conduct meaningful assays of cigarette yields and of the

biological activity of cigarette smoke, it is important to know how

smokers consume each type of commercial cigarette. Only when this
information is available can smoking-machines be designed to yield the
most accurate estimate of human dose. We must know both the
average andthe range of variation in smoking pattern.
The available studies compare smokers behavior with commercial
cigarettes found to deliver different amounts of tar or nicotine.
Other changes that occur in the product are often unknown. A second
type of study should use prototype cigarettes specifically designed to
deliver a wide range of concentrations of a desired constituent; for
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example, with high or low nicotine to tar ratios. Such a study
would
define the behavior of smokers of new types of cigarettes
before or as
they are marketed. These studies, however, would require a particu
lar
resource that is not accessible to most investigators. There are a
large
number of experimentalcigarettes differing widely in several respect
s
(62, 63, 64, 65). Unfortunately, they were developed without concer
n
for smoker acceptability and cannot be used to evaluate human
response to design changes. A coordinated program should be established to develop a series of clinically acceptable experimental cigarettes that resemble a reference standard as closely as possibl
e,
differing only in one or two well-defined characteristics. These should
then be madeavailable to appropriate investigators for the study
of
human smoking behavior.
Evaluation of Health Effects of Nicotine

Nicotine has pharmacological significance for man and animals (92).
The alkaloid is suspected of playing a role in sudden death due
to
cardiovascular disease, to the complications of pregnancy and infancy
,
and possibly to chronic obstructive pulmonary disease. Nicotin
e in
cigarettes leads to the formation of tobacco-specific nitrosamines
in
the smoke. These are potent carcinogens. Nicotineitself is a signifi
cant
cocarcinogen in mouse skin carcinogenesis assays of smoke condens
ate.
It is important to determine whether nicotine acts as a cocarcinogen
under the conditions of dosage achieved by cigarette smokers and
whether the levels of nicotine-derived nitrosamines play a role
in
human malignant disease. Resources for such study are available
and
should be employed in a comprehensive evaluation of the potenti
al
carcinogenic effects of new typesof cigarettes.
Nicotine should be tested alone, and in the presence of other noxious
agents such as carbon monoxide, in animal systems designed to serve
as models for nonmalignant diseases associated with cigarette smoke.
Experimentalcigarettes with a range of nicotine content have
been
produced for studies of carcinogenesis. Manyof these cigarettes
are
still available. Those experimentalcigarettes that might be needed
for
pharmacological studies of nicotine should be identified and distrib
uted
to appropriate laboratories as the need develops.
The Effects of Smoking-Machine Parameters on Relative and
Absolute Yields of Smoke Components From Various Types of
Cigarettes

Smoking-machine assays of cigarettes fulfill two needs. The FTC
ratings of tar and nicotine yields measure an implied risk to the
smoker. Smoking-machine data guide experimenters in elucidating the
mechanisms of induction of smoking-related disease. Absolute levels
of
smoke constituents may be very important for experiments, so the
experimenter musthavereliable information about the comparability
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data to monitor
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indicate
to
ate
present smoking-machine standards will be adequ

that the relative
relative risk of new cigarettes. We know, however,

frequency,
yield of many constituents is affected by butt length, puff
variations in
and degree of ventilation. We need to determine how the
several subthese smoking parameters affect relative yields of the
stances in smokethat are of toxicologicalinterest.
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Some or all of the new lower tar and nicotine
cigarettes are
manufactured by processes that involve the use of chemi
cals or flavor
additives to improve consumer acceptability. The natur
e of these
additives, and their combustion products, that are
currently used in
marketed cigarettes is not available to the public or to
the Government. Likewise, there are no published data on the biologie
effects of
these additives or their combustion products.
Very low yield cigarettes may add to present concerns
with respect
to sidestream smoke(5, 157, 184). While these cigarettes
may deliver

such low levels of

tar,

nicotine, and gas phase constituents that

smokers cannot compensate completely, the delivery of
sidestream

smoke may not be reduced. Indeed, the sidestream smoke
might

contain more of some substances (e.g., pyrolytic produ
cts of flavor
additives) than does the sidestream smoke of higher yield
cigarettes.
For very low yield cigarettes, the risk of the sidestream
smoke may
equal that of the mainstream smoke. The chemical and
physical nature
of sidestream smoke should be determined on new cigare
ttes.
Development and Validation of Analytical Metho
ds

Methods for determining tar and nicotine yield were
developed
before very low yield cigarettes were an important
segment of the
market. It is questionable whether existing procedures
can measure
accurately the tar delivery of the cigarettes yielding 0.1
mg of tar.
Other techniques giving acceptable results must be develo
ped. Procedures for determining tar yields of low magnitude throu
gh measurement of fluorescence have been recommended (159).
These methods
mustbe validated by determining intra- and inter-labora
tory reproducibility. Furthermore, fluorescence measurements may
be compromised
by additives that interfere with fluorescence,either direct
ly or through
the behavior of their pyrolytic products. Fluorescence
measurements
maynotbe satisfactory for use with new commercial cigare
ttes.
Analytical procedures must also be validated for a
number of
chemical constituents in smoke such as aldehydes, nitrog
en oxides,
phenols and catechols, aromatic hydrocarbons, and
nitrosamines.
Several laboratories are conducting such assays with favorab
leresults.

However, coordinated comparisons amonglaboratorie
s to measure the

degree of intra- and inter-laboratory variability have
not been

reported.

Other Research Needs

A number of other research needs of lesser priority should
be
addressed:
1.It is necessary to study the interaction of smoki
ng with
occupational and environmental exposure to other noxious materials. The incidence of lung canceris greatly increased
in asbestos

workers or uranium miners who smoke cigarettes (8, 70, 117).
The

risk of using contraceptive hormones
is also greater in cigarette
smokers (132, 174). Laboratory models
of cocarcinogenesis should
be used to measure the potential effect
of combined smoking and
exposure to other environmental toxins.
Animal models should be
developed to investigate the possible
synergism of smoking and
the environmentin causing other diseases
.
2.It is necessary to determine the thre
shold, if any, for carbon
monoxide with respect to cardiovascul
ar effects, pregnancy, and
psychological performance. Carbon mono
xide delivery of cigarettes can be controlled by ventilation
(66, 126). To determine the
carbon monoxide risk of lower tar
and nicotine cigarettes, we
need to know whether thresholds for
carbon monoxide activity
exist and whether these thresholds
vary for individuals of
different ages, medical histories, or gene
tic backgrounds. Evaluation of risk due to carbon monoxide
must take environmental
exposure into consideration (152).
3. It is necessary to define the extent
of smoker compensation for
differences in nicotine delivery of ciga
rettes. To the extent that
smokers compensate for lower nico
tine delivery, they will
probably obtain more of other constitu
ents from lower nicotine
than from higher nicotine cigarettes.
For example, the smoker
might take
more puffs to obtain the same dose
of

nicotine, and
thus receive a greater dose of carb
on monoxide (80, 145). It
should be determined at what poin
t smokers can no longer
compensate for lower nicotine levels and
whether compensation
is a permanent behavior change of smok
ers who switch to lower
tar and nicotine cigarettes. To carry
out such studies, standardized noninvasive procedures to indi
cate smoke uptake from
cigarettes yielding various amounts of
tar, nicotine, and carbon
monoxide
should be validated. Analyses of
blood,

urine, and
expired air have been used for thes
e purposes (25, 179, 181).
Analysis of saliva for nicotine might
also be useful. With any
procedure, inter-laboratory comparis
ons using standardized
methodsare needed.
4. Many gas phase components of cigarett
e smoke are ciliatoxic in
the experimental setting. They may
overcome physiologic de-

fense barriers against pulmonary toxi
ns. To som

e extent, the
ciliatoxie agents are absorbed in the
mouth and upper airways
and do not reach the deeper portions of
the lung. Experimental
systems may not be capable of dupl
icating the anatomic and
behavioral factors that may affect hum
an response to ciliatoxic
agents. Nevertheless, short-term sequ
ellae of smoking can be
measured in human smokers of diff
erent types of cigarettes.
Further evaluation of these effects in mans
hould be undertaken.
5. Attention to chemical habituation evok
ed bycigarette smokingis
centered on nicotine, which is the most
active acute pharmacolog57

ic agent in cigarette smoke.It is necessary to determine whether
there may be other chemicals present in cigarette smoke that
contribute to cigarette smoking reinforcement.
6.A variety of short-term animal models with quantitative end
points predictive of the development of tobacco-associated diseases should be developed. Except for cancer, long-term animal

models suitable for quantitative comparisons of disease risk are

not adequate. Even if successful long-term animal models are
developed, the costs in time and resources may prevent the timely
evaluation of new cigarettes.
7. It is necessary to develop methods for dissemination of information regarding the delivery of various noxious agents by cigarettes. The smoke content of tar, nicotine, carbon monoxide,
phenolic constituents, volatile aldehydes, nitrogen oxides, aromatic hydrocarbons, and nitrosamines mayall contribute to the
risks incurred by smokers. The Federal Trade Commission
releasesits findings of tar and nicotine yields of cigarettes and
has announced its intention to assay carbon monoxide delivery.
As additional monitoring assays are conducted, it will be
necessary to present the new information to the public and to
health professionals in a meaningful way.
8. It is necessary to evaluate the health hazard posed by passive
inhalation by nonsmokers of the sidestream smoke from new
types of cigarettes. Lower tar and nicotine cigarettes are
designed to reduce the mainstream smoke received by the
smoker. There is no evidence that the amount of sidestream
smokeor its quality is improved by these design changes. Indeed,
if additives are used to insure acceptability of the cigarettes by
the smoker, their pyrolytic products may occur in the sidestream
smoke. New types of cigarettes should be monitored for the
qualitative and quantitative risks they might impose on the
nonsmoker.
9. It is necessary to evaluate cigarettes with lower tar to nicotine
ratios than are currently found in the market place. Compensation by smokers of lower tar and nicotine cigarettes appears to
be based on nicotine delivery. The tar to nicotine ratio may
limit the delivery of smoke constituents to the smoker. A low
ratio might be a desirable strategy for lower risk cigarettes. It
should be determined whether smoke from cigarettes with
unusually low tar to nicotine ratios has unusual pharmacologic
or toxicologic properties.
10. It is necessary to develop a low tar and nicotine reference
cigarette. Several laboratories will need these reference cigarettes as a standard for comparisons of lower tar and nicotine
commercial cigarettes. Commercial products cannot serve as a
reference because design changes are made without announce-

ment and because the identity of additives is not disclosed.
Without a stable reference, intra-laboratory comparisons conducted at different periods of time and manyinter-laboratory
studies will be compromised. Reference cigarettes are available
for a limited range of tar and nicotine deliveries. A reference
cigarette delivering very low levels of tar, nicotine, and gas
phase constituents is needed. To produce a reference of sufficient
quality, large numbers of cigarettes must be made. Because an
effort of this magnitude cannot be undertaken by individual
researchers, a centralized facility to provide reference cigarettes
to appropriate scientists is desirable.
Summary

1, Several thousand constituents have been identified in tobacco
and tobacco smoke. Of these, nicotine appears to be the most
important acute-acting pharmacologic agent. Nicotine s physiologic effects include increased heart rate and blood pressure.
Nicotine also can permit the formation of tobacco-specific
nitrosamines, which are potent carcinogens, and nicotine itself
may be a significant cocarcinogen. The carcinogenic potency of
cigarette smoke condensates appears to depend on the nicotine
content of the tar. This relationship may be due in part to the
conversion of nicotine to tobacco-specific nitrosamines or to the
coexistence of nicotine and some other unidentified carcinogen.
Whether the carcinogenic effects of nicotine as determined in
animalstudies are directly applicable to humans is not known at
present.

2.In an important study to predict the carcinogenic activity of
cigarette smoke condensate, the amount of available nicotine
delivered to the mice was found to be a factor in every term but
one of the predictive model.
8. Polycyclic aromatic hydrocarbons and tobacco-specific nitrosamines are two prominentclasses of tumorinitiators found in the
smoke condensates of commercial cigarettes. Of the polycyclic

aromatic hydrocarbons formed during combustion, ben-

zo[a]pyrene (BaP) may be the most important and has been
studied the most extensively. A correlation has been found
between benzo[a]pyrene levels and the carcinogenic activity of
smoke condensates from several types of cigarettes, but other
studies have failed to show that carcinogenic potential is
significantly dependent on benzo[a]pyrene content. However, the
interaction of BaP with nicotine does appear important in
carcinogenesis.
4.The tobacco-specific nitrosamines (TSNA) are formed during
curing and fermentation of tobacco leaves and combustion of
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cigarettes. TSNAs induce cancer in the lungs and trachea of
hamsters and may be ofparticular importance in the induction of
humanlaryngeal cancer. They may be active as contact carcinogens, or their metabolism at distant sites may produce carcinogensthat are then transported to a targetsite.
5. It is not known whether the unidentified mutagens in cigarette
smoke are an important cause of lung cancer in humans, but
added exposure to any tumor initiators probably carries an
increased risk of cancer.
6. Cigarette smoke contains oxidants that have been shown
to
reduce the activity of alpha:-antitrypsin in animals and man.This
inhibitory function is distinct from the effect whole smoke has on
increasing levels of elastolytic enzymes released by neutrophils
and macrophages.
7. The great variety of tobacco types makes it possible to manipulate the plant genetically to change the content of the constituents of the leaf. The chemical content of the leaf is also affected
by agricultural practices and curing methods. The nicotine
content of tobacco, for example, is related to the amount
of

nitrate fertilizer used in cultivation. Modification of tobacco as
reconstituted sheet incorporates substantial amounts of tobacco
stemsthat contain less nicotine than the leaf. The physical nature
of reconstituted sheets can be controlled to change their burning
characteristics and smoke composition.
8. Vapor-phase constituents of cigarette smoke inhibit ciliary
motility and mucousflow in experimental animals.
9. Cigarette smokers metabolize several compounds more rapidly
than do nonsmokers. This effect is believed to be caused by the
induction of microsomal oxidases, which include aryl hydrocarbon
hydroxylase (AHH). Induction of AHH activity appears to be
caused by systemic exposure to the smoke compounds themselves
or to the metabolites of those compounds. The AHH system may
be involved in the metabolic formation of ultimate carcinogens
from procarcinogen precursors.
10. In recent years, a number of flavoring additives or cellulosebased tobacco substitutes may have been included in manufactured cigarettes. The nature and amounts of such additives as
actually used are not known,noris it known whatinfluence these

additives may have on the chemical composition or subsequent
biological activity of cigarette smoke.
11. Cigarette design has a major effect on smoke composition. The
filter is the design characteristic that has the most impact on
tar yield; it can also selectively remove nitrosamines and
semivolatile phenols from smoke. The porosity of cigarette paper
and the presence of holes in the mouthpiece influence smoke

composition because ventilation reduces the quantityof tar and
dilutes the gas phase of smoke.
12. Because of the complexity of cigarette smoke,the total impact of
any cigarette modification on smoke composition will probably
neverbe fully known.
13. Many laboratory studies of the effects of smoke constituents
have been carried out using smoking machines that control puff
volume, frequency and duration, butt length, and other factors
according to standardized parameters. However, the most widely
used parameters were established in 1967, and the type of
cigarettes generally smoked today are substantially different
with respect to length, paper porosity, tar and nicotine content,
and concentration of gas phase constituents. Evaluation of the
toxicological and pharmacological properties of smoke from new
types of cigarettes requires detailed knowledge of the mannerin
which those cigarettes are smoked, as well as of how smoking
patterns affect smoke composition.
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Introduction

Research indicates that cigarette smoking causes cancerof the lung,
larynx, oral cavity, and esophagus,andis significantly associated with
pancreas, urinary bladder, and kidney cancer in both men and women
(102, 103, 104). This conclusion is based on epidemiologic, pathologie,

and experimental evidence collected over the past half-century.
A quarter-century ago lung cancer was found to be related
quantitatively to cigarette tar cumulatively inhaled. This finding,
along with much other evidence, led to the production and widespread
use of today s lower tar and nicotine cigarettes.
The evidence summarized in this section demonstrates that lower
tar and nicotine cigarettes produce lower rates of lung cancer than
do their higher tar, higher nicotine predecessors, but smokers of
lower tar and nicotine cigarettes still have much higher cancer
morbidity and mortality rates than do nonsmokers, as well as a higher
incidence of other diseases associated with smoking.
One important research concern is to identify the human carcinogenic chemical or chemicals in the particulate and gas phases of cigarette
smoke. Multiple metabolic transformations are available in the human
body for the several thousand chemicals in cigarette smoke, a number
of which could lead to carcinogenic activity in model animal systems.
Another important research concern is that changes in cigarette
composition to reduce tar, nicotine, and possibly even total smoke
exposure may inadvertently increase, or fail to decrease, those
chemical constituents still largely unidentified that contribute to
cardiovascular and pulmonary diseases, pregnancy complications, and
fetal and perinatal deaths.
A third area of concern is that the animal model systems used to
predict human disease from cigarette smoking require additional study
and correlation with the humansituation, if these models are to serve
as a basis for modifying cigarette composition. When disease-producing chemicals are identified, their reduction or elimination should be
associated in the animal models with a decrease in the disease(s)
predicted and without untoward effects.
This section summarizes data on the human cancers associated with

lower tar and nicotine cigarettes, as compared with the standard

cigarette of the 1930s or 1940s. In addition, it compares pathologic
(autopsy) studies on bronchi of cigarette smokers of a quarter-century
ago with bronchi of lower tar and nicotine cigarette smokers.
Further, the section describes the identification, metabolism, and
possible mechanisms of action of certain carcinogenic chemicals in both
the particulate and the gas phases of cigarette smoke. Finally, the
43 Editor's note: The members of the Working Group preferred the expression filter-tipped, lower tar, lower
nicotine cigarettes. However, the editors have shortened this expression to lower tar and nicotine cigarettes because,
while all lower tar and nicotine cigarettes are filtered, not all filter-tipped cigarettes are lower tar and nicotine
products.
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section presents a series of conclusions and recommendations for
research.
Epidemiologic Studies
Background
It has been established that cigarette smoking causes cancer of
various organs including the lung, oral cavity, esophagus, and larynx,
as well as exhibiting a significant association with cancer of the pancreas, bladder and kidney (102). Epidemiological studies, both retrospective and prospective, have shown a dose-response effect; that is, risk
increases with the length of time the individual has smoked and with
the numberof cigarettes consumed. Such studies have demonstrated
that, upon cessation of the smoking habit, risk for developing these
cancers declines; the slope of the decline depends on the duration and
extent of the former habit. For an individual who has smoked more
than 20 cigarettes per day for more than 20 years, no reduction in risk
of cancer developmentis noted for at least 3 years; however, the risk

decreases thereafter and, after 10 years of cessation, begins to

approach that of one who has never smoked.
From these epidemiological observations, it has been predicted that a
smoker s cancer risk would be reduced if the tar yield of a cigarette
were reduced, provided that the individual does not compensate by
more frequent and deeperinhalation of lower tar cigarettes.
The trend toward cigarettes with lower tar and nicotine started
more than 25 years ago with the introduction of a numberoffilter
brands. This trend continued over the years with a greater numberof
filter brands on the market. Since the early 1970s there has been a
rapid increase in production of cigarettes with 15 mg or less tar and
1.0 mg or less nicotine. By 1980, brands with these characteristics are
expected to account for more than 40 percent of total sales (70). In
1950, the average cigarette had 40 mg tar and 2.2 mg nicotine.
Today's filter cigarettes average about 14 mg tar and 1.0 mg

nicotine. The downward trend, particularly in terms of tar in filter

cigarettes, is continuing. There are increasing numbers of cigarettes
yielding 10 mg tar or less, and these have only one-fourth the tar
yields common30 years ago. Although total consumption has increased
from 365 billion cigarettes in 1950 to 620 billion cigarettes in 1979,
consumption per capita by persons 18 years of age and over has
decreased by 5 percent in recent years from 4,148 cigarettes in 1973
to 3,924 cigarettes in 1979 (101), reflecting the 30 million smokers who
have quit (75). On the other hand, the proportion of smokers who
reported that they smoke 25 or more cigarettes per day increased from
23 percentin 1970 to 28 percent in 1978.
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Epidemiologic Studies

Three epidemiologic studies by the American Cancer Society, the

American Health Foundation, and the National Cancer Institute

have evaluated the effect of lower tar and nicotine cigarettes on
lung cancer mortality.
The American Cancer Society conducted a prospective study in
which more than a million men and women in 25 States were enrolled
in 1959 and traced for 13 years. Subjects completed a questionnaire on
smoking habits upon enrollment, and the survivors completed another
questionnaire in 1965. An analysis of mortality from lung cancer was
made for two 6-year periods: July 1960 to June 1966 and July 1966 to
June 1972. The analysis included males and females who, in 1959-60
and in 1965, reported either that they had never smoked regularly or
that they smoked cigarettes regularly but never smoked cigars or pipes
regularly (36).
On each questionnaire, subjects reported the brand that they usually
smoked. From this information and from various reports of tar and
nicotine published in the years in which the questionnaires were
completed, subjects were classified as high tar and nicotine (T/N)

smokers, medium T/N smokers, and low T/N smokers. In the first

period, high T/N brands were definedas cigarettes with 25.8 or more
mg of tar and 2.0 or more mgof nicotine. Low T/N was defined as
brands with less than 17.6 mg tar and less than 1.2 mg nicotine. The
medium T/N category was between these two groups. By the time the

second questionnaire was distributed, there had been anincrease in the

numberoffilter brands on the market and a general lowering of T/N
levels. Low T/N was defined in the same wayas in thefirst period, but
the high T/N category had to be reset at a somewhat lowerlevel.
Smokers in the three groups were compared by a matched groups
analysis. In this procedure, the groups were matched by age and other
factors, including numberof cigarettes smoked per day, age at which
smoking began,race, urbanorruralresidence, occupational exposures,
education, income, and prior history of lung cancer or heart disease.
To be counted in the study, at least one person in each of the three
T/N groups had to be matched on all the variables mentioned above.

The adjusted number of lung cancer deaths was obtained by dividing
the numberof deathsin each triad by the lowest numberin eachof the

three groups. The adjusted numbers of deaths were then summarized
for each of the three T/N groups.
Table 1 shows the number of subjects and the unadjusted and
adjusted number of lung cancer deaths in the high, medium, and low
T/N groups by sex and time period. In both sexes, deaths were fewest
in the low T/N group.
Figure 1 shows the lung cancer mortality ratios based upon the
adjusted numberof lung cancer deaths. The numberof adjusted deaths
for high T/N smokers was set at 1.00, and the adjusted numberof lung
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TABLE 1. American Cancer Society Matched Groups Study
Sex

Numi
Male
Male

Male
Male

Female

Female

T/N

63,068
29,157

Medium
f

Low

T/N

T/N

54,999

15,360

period

40,090

6,882

44,187
22,909
i
a

59,750
49,198
jeat}

32,708
16,208

1960-1966
1966-1972

567
BT

459
566

108
3

1966-1972

89

149

1960-1966

Adiusted

Female

subj

1960-1966
1960-1966
1966-1972
Unadiusted

Male
Male

¢

1966-1972

Female
Female

Female

High

Period

1960-1966
1966-1972
1960-1966

1966-1972

65

}

1

1224
99.6
48.3

58.1

82

jeath

117.4
845
414

422

30
4

101.0
70.6
2A

36.2

SOURCE: Hammond et al. (36).

cancer deaths for medium and low T/N smokers was compared with it.
The mortality ratio for male low T/N smokers was 0.88 and 0.79 in the
two time periods; for females, it was 0.57 and 0.62. The mortality from
lung cancer in low T/N cigarette smokers for both sexes over the
combined time periods was 26 percent lower than for high T/N
smokers. The mortality ratio for smokers of medium T/N cigarettes
was lower than for high T/N, but greater than for the low T/N
smokers.
Low T/N smokers had mortality ratios considerably higher than men
and women who had never smoked. In men, the mortality ratio of
nonsmokers for lung cancer was only 9 percent of that of the low T/N

smokers; in women, the nonsmokerrate was 43 percent as high in the

first 6-year period and 22 percent as high in the second 6-year period.
It is important to note that the T/N level of the brand of cigarettes
smoked was notas significant as the number ofcigarettes smoked. The
adjusted number of deaths in men and women who smoked fewer than
20 high T/N cigarettes per day was compared with those who smoked
20 or more low T/N cigarettes per day. Figure 2 shows the mortality
ratios. The less-than-20-cigarettes-per-day high T/N smokers had
mortality ratios from 67 percent to 27 percent lower than the men and
women who smoked 20 or more low T/N cigarettes per day.
A retrospective study of lower tar and nicotine cigarettes was
conducted by the American Health Foundation (111). Data on lung

cancer cases in white males and females were collected, and interviews

were conducted in hospitals in six U.S.cities between 1969 and 1976.
Control cases were selected from patients in the same hospitals on the
basis of an absence ofa history of tobacco-related diseases.
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TAR AND NICOTINE IN CIGARETTE SMOKE

FIGURE 1. Lung cancer mortality ratios, by amount of
and nicotine in cigarette smoke

tar

NOTE: H= high; M~ medium; L=low.
SOURCE: Hammond et al. (36).

Cigarette smokers were classified as long-term filter smokers (those
who smoked filter cigarettes currently and for at least 10 years) and
nonfilter smokers (current smokers of nonfilter brands).
Relative risks for filter smokers and nonfilter smokers were
computed by numberof cigarettes smoked per day. Figure 3 shows the
relative risk of the male filter smokers as a percent of the risk for
nonfilter smokers. The percentages ranged from 61 to 89. Females
showed the samepattern, with the relative risk for long-term filter
smokers ranging from 38 to 79 percent of the nonfilter group. Only in
the heaviest smoking category (a small number of cases) were the
relative risks the same.

This risk ratio of filter smokers to nonfilter smokers remained low

when the data were adjusted for factors such as duration of smoking,
amountof cigarette smoking, age, and alcohol consumption.
The American Health Foundation study also analyzed the risk of
larynx cancer for long-term filter smokers versus that for nonsmokers.
There were many fewercases of larynx cancer than of lung cancer, but
the same general pattern was observed. In men,the relative risk for
long-term filter smokers was between 50 percent and 75 percent of the
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risk for nonfilter smokers in various number-of-cigarettes-smoked-perday categories. Women showed the samepattern.
A third epidemiologic study was conducted in Austria (63). This
project, part of an international study of smoking by the National
CancerInstitute, analyzed data on a sampleof 414 lung cancer patients
and 828 controls. Cigarettes were categorized into three groups by T/N
level: GroupI, cigarettes with tar yields below 15 mg; Group II, 15 to
24 mg tar ; and Group IH, 25 mg or more tar. These groups were

assigned values of 1, 2, and 3, respectively, to indicate average

exposure.
The average tar exposure in cancer patients (2.596) was signifi-

cantly higher than for controls (2.026). Scores for total tar exposure
were computed as the product of the number of cigarettes smoked per

day, the number of years smoked, and the
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FIGURE 3. Relative risks of lung cancer in long-term filter

smokers (LTF) compared with nonfilter smokers (NF) by number

of cigarettes smoked per day, males
SOURCE:Wynder and Stellman (111).

.

Relative risks were then computed by these scores. These risks
increased directly with tar exposure scores, from 1.6 for scores lower
than 500 to a relative risk of 6.1 for scores higher than 5,000.
Discussion
Cigarette smoke condensate of present cigarettes produces fewer

tumors on mouse skin than did that of cigarettes tested some 30 years

ago (109). This difference is probably because today s cigarettes
contain more tobacco stems and more reconstituted tobaccos and have
cigarette paper with higher porosity, all contributing to smoke
condensate that is less tumorigenic to the experimental animal.
Changes in chemical composition of the smoke may be a factor. Using

just one chemical component as a carcinogenic indicator, researchers

have shown that benzo[a]pyrene (BaP) contentis significantly lower in
today s cigarettes than in cigarettes of 30 years ago (Figure 4) (49).
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Many brands ofcigarettes classified as lower tar and nicotine were
introduced in the 1970s and had a remarkable growth in sales. The
average tar in lower tar and nicotine brands in 1978 was about 10
mg. Many brands of cigarettes classified as lower tar and nicotine in

studies reported in the 1960s and early 1970s would be classified as

medium tar and nicotine cigarettes in the 1980s. Therefore, it might
be assumed that cigarettes with lower tar and nicotine yields afford
even lower cancer risks. But this is not necessarily true. Studies of
smoking patterns suggest that smokers of the lower tar and nicotine
cigarettes tend to inhale more deeply (44, 98), have higher amounts of
carboxyhemoglobin than predicted (106), and have higher than expected carbon monoxide in their exhaled breath (54). On the other hand,
the lower tar and nicotine cigarettes of 1980 have as little as one-

fourth the

tar

and nicotine of the cigarettes of 1950, and even if

some compensation takes place, actual net smoker exposure is probably
muchlower.
There is evidence that machines that measure tar and nicotine
content are not suitable for measurements of smoke from lower tar
and nicotine cigarettes with perforated filter tips (62) and that the
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tar and nicotine in the inhaled smoke may be more than indicated by
the test procedures.
Epidemiological studies thus far have only studied cohorts who
began their smoking careers with the old nonfilter, high tar and
nicotine cigarette. Only in the years to come can we determinethe risk
of those individuals who began smoking with lower tar and nicotine
cigarettes, and it is important to study thisrisk.
As the tar yields of cigarettes decrease further, it is probable that
flavor additives will be increasingly used. Their potential biologic
activities need to be investigated and monitored on an ongoing basis.
Epidemiological data in addition to chemical and biological findings
show the reduced risk among lower tar and nicotine cigarette
smokers, which was predicted because of chemical and biological data
previously known. No such clear demonstration of effect exists,

however, for cardiovascular disease, chronic obstructive pulmonary

disease, or pregnancy. The character and mechanisms of smoke
components causing these diseases probably differ significantly from
those acting in carcinogenesis..
Pathologic Studies

Histological changes in the tracheobronchial tree in noncancer
patients can be observed at autopsy in direct proportion to the number
of cigarettes smoked per day during life. Lung cancer patients have
the most advanced histological changes in their remaining epithelium
(4, 6). Ex-smokers who quit for at least 5 years show greatly reduced
histologic changes. This finding, together with the observationof cells
with disintegrating nuclei in the epithelial lining, suggests that a
healing process has takenplace in these cases (5).
To evaluate the effect of smoking lower tar and nicotine
cigarettes on histologic changes in bronchial epithelium, male patients
who died of causes other than lung cancer in 1970-77 were compared
with those who died in 1955-60 (3). None of the men whodied in the
later period could have, in the last 5 to 10 years of their lives, smoked

cigarettes that were as high in tar and nicotine content as the
cigarettes smoked by men whodied in the earlier period. Sections from
the tracheobronchial tree of 211 men whodied in theearlier period and

of 234 men who died in the later period were put in random order for

microscopic study. A total of 20,424 sections were read, an average of

46 sections per patient. Histologic changes studied included basal cell
hyperplasia, loss of cilia, and occurrence of cells with atypical nuclei.
Smokers had these changes far more frequently than did nonsmokers,
and within each group the percent with these changes increased with
the reported numberof cigarettes smoked per day. Nonsmokers in both
time periods had about the same proportion of these changes. But in
each smoking category (adjusted for age), the men whodied in 1970-77
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had far fewer histological changes than those who died in 1955-60.
Figure 5 shows the percentages with the most advanced histologic
change recorded (carcinoma-in-situ) in the 1955-60 and 1970-77 groups.
These changes were not found in nonsmokers in either group, and they
were found far more frequently in smokers in the 1955-60 cases than in
the 1970-77 cases. In two-pack-a-day smokers, 22.5 percent of the
1955-60 group had this advanced change, compared with only 2.2
percent of the two-pack-a-day smokers in the 1970-77 group.
Discussion
Epidemiologic and experimental pathologic studies yield some
evidence thatfilter, lower tar and nicotine cigarettes produce fewer
neoplasmsthan the nonfilter cigarettes of 25 to 30 years ago. While it
is not always possible to directly extrapolate data on animal experimental carcinogenesis studies to man, the data summarized in this

section show the predicted lower mouse skin tumorigenesis offiltered,
lower tar and nicotine cigarette tar on an equal weight basis. Post88

mortem studies of the human lung further support the finding that the

filter, lower tar and nicotine cigarettes are less oncogenic than the

nonfilter cigarettes of 25 to 50 years ago.

Experimental Chemical Carcinogenesis

While epidemiologic, pathologic, and experimental studies all point
to polycyclic hydrocarbons within the tar moiety of inhaled cigarette
smoke as potential carcinogens for man, additional work is needed to
determine whether nicotine plays a major role as a cocarcinogen.
Further, nicotine and nornicotine give rise to two carcinogenic
nitrosamines that are found only in tobacco products. Tables 2, 3, 4, and
5 list known carcinogenic agents in both the particulate and the gas
phases of cigarette smoke.
Russell (90) recently suggested that a lower tar, medium nicotine
cigarette would be more attractive to smokers and tend to promote
their use while minimizing health risk. This action cannot be supported
without further research on nicotine s effects in carcinogenesis.
Studies should address not only nicotine carcinogenesis, but also the
chemical s effects on the cardiovascular, gastrointestinal, endocrine,
and central nervous systems. Nicotine has been found to have potent
physiologic effects on these systems.
The following discussion briefly considers the probable routes of
metabolism and binding to critical cellular components of the chemicals in the particulate and gas phases of cigarette smoke thought most
likely to be carcinogenic for man.
Most procarcinogens are metabolized through a mixed function
oxidase system, which is composed of the hemoprotein cytochrome P450, NADPH-dependent cytochrome P-450 reductase, and phospholipid. Various forms of P-450 have been characterized immunologically
(99), and some have been separated electrophoretically (78). The amino
acid composition and partial sequences of some forms of P-450 have
been elucidated recently (15). A treatise on the physicochemical
characteristics and physiological function of P-450 has also appeared
(78). The different forms of P-450 may havedifferential effects in the

production of metabolites (38, 81, 91). Metabolic activation of most
carcinogens by the P-450 mediated oxygenases is considered to afford

structures that are strong electrophiles and thus prone to attach to
cellular nucleophiles, including proteins, nucleic acids, and other
macromolecules (21, 72, 78).

Polycyclic aromatic hydrocarbons present in tobacco smoke are
typified by benzo[a]pyrene (BaP). BaP is found in the soil and
atmospheric particulates of cities, with relatively high concentrations
around highways, airports, factories, and similar installations (52).

Since it occurs in pyrolysis products, such materials as soot, tar, and
charcoal-broiled or thoroughly roasted foods all have measurable
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levels. BaP also has been identified in forest soils, in volcano effluents
(50), in marine sediments, and even in the deeperlayers of soil from the
permafrost regionsof the earth (52).
BaP was amongthefirst polycyclic aromatic hydrocarbons isolated
from coal tar and has been used for various experimental] purposes for
50 years.
On the basis of metabolic studies with phenanthrene, Boyland (16)
hypothesized that hydrocarbons were metabolized through arene oxide
or epoxide intermediates. Such intermediates could account for the
identification of phenols, dihydrodiols, premercapturic acids, and
mercapturic acids as metabolites of phenanthrene or naphthalene,all
depending on whether the epoxide reacted with water or glutathione
or rearranged nonenzymatically.
The information gathered from various experiments 2m vitro with
metabolites of BaP, DNA adducts, and presumed intermediates led to
the conclusion that both the dihydrodiol and epoxide moieties were
required for carcinogenic activation of BaP and other polycyclic
hydrocarbons. In the case of BaP, the potent carcinogenicity of the 7,8dihydrodiol indicated that it was probably an intermediate toward the
final activated carcinogen (57).
A numberof studies have substantiated the concept that a bay
region is involved in transformation of most polycyclic hydrocarbons to
the activated intermediate (74, 96, 108).
The diol epoxide of BaP thus appears to be the metabolically derived
strong electrophile that is capable of reacting with critical constituents
in the cell. The reaction of this activated intermediate with nucleic
acids has been followed both iz vivo and in vitro (59, 61, 76).

P,-450 is also a component of the enzyme system called aryl
hydrocarbon hydroxylase (AHH) (2). The major phenolic detoxification
product, 3-hydroxybenzo[a]pyrene, results from nonenzymatic rearrangement of the initial 2,3-epoxide formed by the P1-450 (112). The
phenols are amenable to conjugation by glucuronyl transferase or
sulfotransferase, leading to solubilization and more rapid excretion.
The available evidence suggests that in different strains of mice high
AHH inducibility leads to increased susceptibility to hydrocarboninduced tumors. The genetics of AHH inducibility in mice have been

thoroughly discussed (77, 78, 79). Attempts have been made to extend

some aspects of the AHH work to humans, despite the variability in
results noted in human populations (2).
Although there is currently more emphasis on the reactions of the
electrophilic species from carcinogens with nucleic acids, the binding of
carcinogens to proteins had been noted many years earlier (71). More
recent efforts have shown that ligandin, a hepatic protein that binds
anionic metabolites of glucocorticoids (67), also binds some carcinogens
such as polycyclic aromatic hydrocarbons and aminoazo dyes but not
aromatic amides (68).
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Aromatic amines are found in tobacco smoke. These compounds are
formed during the burning of tobacco, including toludines, 2-naphthy]amine, and unknown aminofluorenes. These compounds are also
activated through the P-450 system similar to that for the aromatic
hydrocarbons. Ring-hydroxylated products of aromatic amines apparently are detoxification products. For most of the carcinogenic
aromatic amines or amides investigated, N-hydroxylation apparently
was the activation route.
Further reaction of the N-hydroxy compounds was found necessary
to afford forms capable of reacting with nucleic acids or proteins.
Acetate, glucuronide, sulfate, or even phosphate esters of the Nhydroxy amide had the required characteristics; the products from in
vitro reactions with nucleic acid were the same as those isolated from
reactions in vivo. In some but notall cases, the carcinogenicity of the
parent amide or amine roughly correlated with the enzymelevels in a
target organ.

One of the most readily obtained of the activated esters, N-acetoxyN-2-fluorenylacetamide (N-AcO-FAA) has been employed in many
model experiments to study effects on the structure and function of
nucleic acids. N-AcO-FAA forms a major adduct with DNA where
approximately 84 percent of the fluorene residue was linked to the C-8
of guanine by arylamidation, affording N-deoxyguanosin-8-yl)-2fluorenylacetamide, which retained the N-acetyl group (28).
An additional means for activation and adduct formation of
aromatic amine derivatives has been investigated by C.M. Kinget al.
(58). An enzyme termed N-O-acyltransferase forms derivatives that
are quite reactive and readily form adducts with RNA.
More recent work points toward attachment by the activated
aromatic amines and amides to still other positions on the bases of
nucleic acids (10, 55, 56).

Numerous model studies with N-AcO-FAA modified nucleic acids
have shown a changein functionof the altered nucleic acid. However,
none has shown the exact role in the process of carcinogenesis; this
remains an area for further investigation (94).

Although the aminoazo dyes and aromatic amines or amides are
activated in a similar fashion and both bind to proteins, the proteins
involved differed somewhat(8, 9, 68, 97).
Relatively less emphasis has been placed recently on carcinogenprotein interactions than on carcinogen-nucleic acid interactions. In
view of the essential function of the proteins, it seems their interactions with carcinogens require more investigation.
N-Nitroso compounds found in tobacco smoke include those derived
from nicotine, nitrosonornicotine and related compounds, N-nitrosodiethanolamine, and nitrosodimethylamine. Metabolic activation of
dialkylnitrosamines is necessary for expression of their toxic and
hepatocarcinogenic effects. Oxidative metabolism of dimethylnitrosa91

mine, for example, is accomplished by the liver
microsomal P-450
system yielding an unstable (a-hydroxymethy!)met
hylnitrosamine,
which forms formaldehyde and an unstable
methylnitrosamine. In
turn, this molecular species collapses with releas
e of nitrogen and
formation of the methyl carbonium ion, CHs+,
which alkylates
proteins, nucleic acids, and probably othercellul
ar constituents. The
intermediacy of the (a-hydroxymethyl)methylnitrosa
mineis substantiated by the potent mutagenicity and outstanding carcin
ogenicity of
the more stable (a-acetoxymethyl)methylnitrosamine
(11). More recent
studies suggest that other oxidation pathways mayal
so be involved
(66).
Tobacco andits resultant smoke contain two carcinogen
ic N-nitrosamines that are formed from nicotine and nornicotine
(Table 2) (46, 47).
N-Nitrosonornicotine (NNN) gives rise to a-hydroxy
N-nitrosamines,
which are unstable and decompose finally to oxoca
rbonium ions, the
suspected ultimate carcinogenic forms of NNN. Most
of the oxocarbonium ions react with water, yielding a keto alcoho
l and a hydroxyaldehyde (19). The other carcinogenic and tobacco specif
ic N-nitrosamine
is 4-(N-methyl-N.-nitrosamino)-1-(3-pyridyl)-1-butanone
(NNK), which
is also a-hydroxylated. The methy! hydroxylation produ
ct gives rise via
an oxodiazohydroxide to the same carbonium ion
as the 2 -hydroxyl-

ation of NNN (42).

Alkylnitrosoureas afford alkylating moieties without
the need for
metabolic activation; spontaneous decomposition occur
s at alkaline pH
values. However, the organs affected by alkylnitroso
ureas may vary,
dependingon the route of administration and the anima
l model.
Nitrosomethylurea, most widely used in model exper
iments, can
cause tumors in brain, breast, stomach, liver, heart,
skin, kidney,
intestinal tract, bladder, trachea, and peripheral nervo
us system (107);
administration to pregnant animals often leads to
tumors of the
nervous system in the offspring many months later (60).
The alkylating moiety (carbonium ion) formed from
a nitroso
compound may attach to a variety of positions in
the nucleic acids
bases, on the phosphate backbone,or on the ribose portio
n of the RNA.
Environmentally, nitrosamines and related structures
represent a
problem, since they may be formed endogenously from
secondary or
tertiary amines, amides, or ureas and nitrite, availa
ble from reduction
of nitrate by bacteria of the salivary plaque. Nitrate
has a widespread
distribution in dietary vegetables and grains. Although
each individual
has therefore the capacity to form nitroso compounds,
endogenous
nitrosation can sometimesbe inhibited by ascorbicaci
d, propyl gallate,
or other compoundsthat compete with the amine or
amide for nitrous
acid. This is not a panacea,for ascorbic acid may enhance
nitrosation of
certain amines (18). Furthermore, innocuous nitroso compo
unds, such
as nitrosoproline, or even some aliphatic nitro alcohols,
can provide a
nitroso group to form carcinogenic nitrosamines or amide
s by transni92

trosation (26, 95). Although certain bacteria are instrumental in
formation of nitrosamines within the organism (40), bacteria also
degrade nitrosamines (89), leading to a balance between endogenous
formation and decomposition of nitroso compounds. During the
chewing of tobacco, N-nitrosonornicotine is formed in the oral cavity
(41). Although it has not been demonstrated, it may be assumed that
under certain conditions the carcinogens NNN and NNKcanalso be
formed from nicotine in other organs or sites in man.
Another carcinogen, vinyl chloride, has also been identified in
tobacco smoke. Metabolically, vinyl chloride is activated through the P-

450 system by formation of a halogenated epoxide(7, 48, 118). Such an

epoxide may yield halogenated aldehydes or alcohols through rearrangement (45, 118) or through derivatives of glutathione through Stransferase (45).
In summary, most of the identified carcinogens found in tobacco
smoke are activated through the P-450 system to electrophilic compounds, which react with proteins, nucleic acids, perhaps lipids, and
other cellular constituents. Since there are many constituents of
tobacco smoke,only the activation pathways of BaP, typical aromatic
amines, nitrosamines, and vinyl chloride have been presented here. The
activation pathways of the other carcinogens found in tobacco smoke
maybe similar.
Although the pathogenesis of several types of cancer, chronic
obstructive pulmonary diseases, and cardiovascular diseases is linked to
different tobacco smoke constituents, the epidemiologic associations
with cigarette smoking are dose related for each of these diseases (34,
36, 37, 88, 102). Thus, the first goal in production of a less hazardous
cigarette was to reduce total smoke delivery. Because the causal
relation between smoking and lung cancer was thefirst established,
primary emphasis was placed on reducing the carcinogenic tar of
cigarette smoke (710).
Tumor Initiation and Cocarcinogens

Inhalation studies with Syrian golden hamsters and bioassays on
mouse skin, rabbit ears, and the connective tissue of mice and rats have
clearly indicated that the major carcinogenicity of cigarette smoke
resides in its particulate phase (23, 48, 109). Although the presence of
volatile carcinogens in the gas phase has been well established (Table
2), the models available at present do not allow detection of a
carcinogenic effect of the gas phase because of the low sensitivity of
the systems (23).
Extensive fractionation studies combined with bioassays have
supported the concept that the concentration in cigarette tar of
certain polynuclear aromatic hydrocarbons (PAH), which are known
human carcinogens (35, 69, 86), is too low to account for their activity
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TABLE 2. Known carcinogenic agents in the gas
phase of
cigarette smoke*

Concentration in one cigarette

Agent

Range reported

Dimethyinitrosamine
Ethylmethylnitrosamine
Diethylnitrosamine
Nitrosopyrrolidine
Other nitrosamines>
Hydrazine
Vinyl chloride

1
0.1
0
2
0
2
1

2-Nitropropane
Urethane

O73
20

Acrylonitrile

82
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- 200
ng
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mg
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- ©
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ng
- 6
ww
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ong
18 ng
15 ng
nag
?
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ong
2
we

124
124
124
124
124
5,6
3,7

-

0.92 pe
8
ong

-

og

121 pg
8
ng

10

og

89

10,11
12,18

cn ie 2 ot complete, since the gas phase may
also contain such carcinogens as arsine, nickel carboayi,

Leading U.S. cigarette (85 mm)withoutfilter tip.

The four N-nitrosamines identified on occasion only in
the amoke of special cigarettes were

di-n-propyl-nitr

ine,

methyl-n-butylni

ine, and N-nitrosopiperidine.

di-n-butyinitrosamine,

as complete carcinogens. These PAH, however, are
active as tumor
initiators and thus contribute to the induction of
tumors by tobacco
tar, which contains an abundance of cocarcinogens (20,
48). Tables 3
and 4 list the tumorinitiators and cocarcinogens in
cigarette smoke
known at this time. Large-scale model studies on
mouse skin and
inhalation studies with Syrian golden hamsters have
shown that a
significant reduction of tar and a selective reduct
ion of tumor
initiators and cocarcinogens will lead to a significant
reduction of the

carcinogenic potential of cigarette smoke (13, 28,
24, 29, 80, $1, 32, 48).

Recently, a study has indicated that nicotine (and possib
ly other
tobacco alkaloids) may be active as a cocarcinogen (14),
while another
study did not show acrolein to have cocarcinogenic proper
ties (27).
Further detailed investigations are required.
Organ-Specific Carcinogens
This approach toward the less hazardous cigarette has
been criticized
by several groups as one-sided because it has been conce
rned only with
tar, nicotine, and tumorinitiators such as PAH and
with cocarcinogens, rather than with organ-specific carcinogens (85, 88,
102).
Table 5 lists the known organ-specific carcinogens.
In the case of
polonium-210, a recent indepth study raises doubts on
the significance
of 2Po as a factor contributing to lung cancer in smoke
rs. Nevertheless, it may be prudent to reduce the 2°Po contentof tobac
co products
($9).
Among the aromatic amines, certain individual
compounds are

known humanbladder carcinogens (e.g., 2-naphthylamine

, 4-biphenyla-
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TABLE 3. Tumor-initiating agents in the particulate phase of
tobacco smoke*
Compound

Relative activity as
complete carcinogen*

Ng/cigarette

+++

10-50

Dibens{a,AJanthracene
Benzo[5}fluoranthene
Benzofj}fluoranthene

++
++
++

0
30
Ci)

Dibenz{ajjacridine
Indeno[1,2,$-c,d}pyrene
Benzo{c]phenanthrene
Benz{a]anthracene
Chrysene
Benzofe}pyrene

++
+
+
+
+?
+ 7?

Benzo[a}pyrene

5-Methylehrysene

Dibenzo{a,h]pyrene
Dibenzofa,iJpyrene

2-, 3-Methylehrysene

1-, 6-Methyichrysene
2-Methylfiuoranthene
$-Methy!fluoranthene
Dibenz{a,c}Janthracene
Dibenz{a,Ajacridine
Dibenzo[c,g}carbazole

+44

++
++

+?

+
?
(+)
(+)
(+)

0.6

pee
pee

3-10
4
pe
40-70
40-60
5-40

7

10
34
40
pr
0.1
0.7

Incomplete list; all listed compounds are active as tumor initiators on mouse skin.
mice; ?,
*Relative carcinogenic activity on mouse skin as measured in our laboratory on Swiss albino (Ha/ICR/Mil)
carcinogenicity unknown; (+), not tested in own laboratory.
Pr stands for present, but no quantitative data given.
SOURCE:Hoffmann etal. (48).

mine, and benzidine) (83). Doll (22) has discussed the aromatic amines
as likely contributors to the increased risk of cigarette smokers for
bladder cancer. These carcinogenic compounds are primarily pyrosynthesized from the tobacco proteins (84, 92). Except for the development
of a process to reduce the protein content of tobacco (100), no efforts
toward the reduction of aromatic amines in cigarette smoke have been
reported.
A major group of organ-specific carcinogens in cigarette smoke are
the N-nitrosamines. The volatile nitrosamines, for which protein and
nitrate are precursors, can be selectively reduced byfiltration (17). The
tobacco-specific N-nitrosamines in tobacco and in smoke are formed

during tobacco curing as well as during smoking. So far, N -nitrosonor-

nicotine (NNN), 4-(N-methyl-N-nitrosamine)-1-(3-pyridy])-1-butanone
(NNK), and N -nitrosoanatabine (NAT) have been identified. These
compounds are formed from the major tobacco alkaloids: nicotine
(NNN and NNK), nornicotine (NNN), and anatabine (NAT). The total
concentration of these three nitrosamines varies between 0.7 and 10.0
ug/cigarette (47). NNN is a moderately active carcinogen in mice,rats,
and Syrian golden hamsters, whereas NNKis a strong carcinogen in
the respiratory tract of all three species; NAT has so far not been
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TABLE 4. Cocarcinogenic agents in the partic
ulate matter of

tobacco smoke*

Compounds

Cocarcinogenic
activity>

I. Neutral fraction
Pyrene (~)
Methylpyrenes (7)
Fluoranthene (-)
Methylfluoranthenes (+ ;?)

+
?
+
?

Benzofy,k,i,Iperylene (-)

Benzofe]pyrene (+)

Other PAH's (+)

Naphthalenes (-)
1-Methylindoles (-)
9-Methylearbazoles (-)
4,4 -Dichlorostilbene (-)
Other neutral compounds (7)
Il. Acidic fraction
Catechol (-)

8-Methyleatechol (-)

4-Methylcatechol ( -)
4Ethyleatechol (--)

4-n-Propyleatechol (7)

Ng/cigarette

50-200
50-300
100-260
180

+

ao

+

30

?

r

+
+
+
+
?

360-6,300
830
140
1,500 (115)*
?

+

40,000-860,000

+
+

15,000--21,000
10,000-24,000

+
?

11,000--20,000
= 5,000

Other catechols and phenols (7)

?

?

Other acidic agents (7)

?

?

*Incomplete list.
In parentheses, complete carcinogenic activity on mouse skin;
(2, unknown.
+, active; ?, unknown.
*Value from 1968 U.S. cigarettes; today s values would
be lower, because DDT and DDD decreased in the U.S.
tobaccos.
SOURCE:Hoffmann et al. (48).

bioassayed. Although conclusive epidemiologic data are not availab
le,
NNN should be regarded for practical purposes as if
it were
carcinogenic to humans (53). Research programs on the reduct
ion of
these tobacco-specific carcinogens in cigarette smoke andtheir
possible
in vivo formation in the smoker from nicotine, nornicotine, anatabi
ne,
and other tobacco alkaloids need to be undertaken.
A neglected area may be the reduction of other organ-s
pecific
carcinogensin cigarette smoke, such as nitro-arenes and pestici
des that
may give rise to carcinogens such as maleic hydrazide dietha
nolamine
(MH-30).
Carbon Monoxide in Cigarette Smoke
Until a few years ago the reduction of carbon monoxide in cigare
tte

smoke had not beenseriously studied. In fact, in 1976
a report from the

United Kingdom demonstrated that unperforated filter cigaret
tes can
deliver higher carbon monoxide values (13-18 mg/cig) than
nonfilter
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TABLE 5. Organ-specific carcinogens in the particulate matter

of cigarette smoke

Carcinogen
I.

Concentration/cigarette

Esophagus
N -Nitrosonornicotine
4-(N-Methyl-N-nitrosamino)-1-(8-Pyridy]}-1-

butanone

N -Nitroscanatabine
Nitrosopiperidine
Unknown unsynmetrical
nitrosamines
Il. Lang
Polonium-210
Nickel compounds
Cadmium compounds
Unknowns
III, Pancreas
Nitrosamines
Unknowns
IV. Kidney and bladder
B-Naphthylamine
x-Aminofluorene
x-Aminostilbene
o-Toluidine
Unknown aromatic amines
o-Nitrotoluene
Unknown nitro compounds
Di-n-butyinitrosamine
Other nitrosamines

Carcinogenicity*

0.1-4.0 pg
180-5,500 ng

+
+

0.1-0.4 ug

+

02-46 ug
0-9 ng
?
0.03-1.3 pCi
0-600 ng
9-70 ng
?

+
+
+
+
+
?
?

?
?

+
?

22 ng
+
+
+
?
21 ng
?
0-3 ng
?

+
+
+
+
?
?
2
+
+

*+ Activity confirmed; ? Activity unconfirmed.
SOURCE: Hoffmann et al. (48).

cigarettes (9-16 mg/cig) (105). This finding has been confirmed in both
Germany and the United States (49). An increasing number of the
cigarette brands sold in the United States have perforated filter tips,
at present amounting to approximately 50 percent. Thefilter perforation leads to air dilution of the smoke and to changes in the burning

profile of the cigarette, and thus, to a significant reduction of the

carbon monoxide content of the smoke (Table6). Filter tip perforation
similarly reduces the nitrogen oxides in cigarette smoke (82).
Smokers

Compensation

Studies by Russell and his group (90, 98) and recently by Hill and
Marquardt (44) have demonstrated that many smokers who switch to
lower tar and nicotine cigarettes will compensate for the loss in
smokenicotine (and possibly other agents) by intensifying their smoke
intake, puffing more frequently, and drawing larger volumes per puff.
In the case of cigarettes with perforated filter tips, the occlusion of the
filter vents by the fingertips may be an additional compensation
97

TABLE 6. Carbon monoxide in smoke of cigare
ttes
Carbon monoxide (mg/cigarette)
Nonfilter

Regular
filter

Perforated
filter

US.

(90% of av 1977/1978

sales}

11.6-17.0

(N = 8)

14.4-20.0

(N = 9)

155-225

-

UE.
(1975)

9-16
(N = 9)

18-18
(N = 10)

(1975)

(N = 7)

(N = 17)

(N = 16)

(N = 15)

Germany
Germany

(1978)

16-21

14.5-19.9

28-128

(N = 2)

8.6-18.5

_

22-138

(N = 9)

Average values for nonfilter cigarettes, 149
mg; for regular filter cigarettes, 17.1 mg; for
perforated filter
Average values for nonfilter cigarettes, 12.5 mg;
for filter cigarettes, 16.1 mg.
N = number of brands tested.

cigarettes, 8.9 mg.

SOURCE: Hoffmann et al. (43).

technique that smokers may develop either inten
tionally or subconsciously (62). These factors of smoker compensati
on must be considered in the evaluation of lower tar and nicotine
cigarettes. Filtered,
lower tar and nicotine cigarettes that are
less vulnerable to
increasing the smoke andnicotine deliveries are neede
d. Such products
are envisioned byscientists in the tobacco healt
h field. Attempting to
minimize smoker compensation by selectively reduc
ing tar and other
smoke compounds while maintaining nicotine
yield may carry serious
disadvantages. First, maintaining nicotine
delivery may reinforce
physiologic habituation, and interfere with smok
ing cessation attempts
(98). Second, nicotine gives rise to the tobacco-sp
ecific carcinogenic Nnitrosamines, NNN and NNK, andnicotine itself
may be carcinogenic
(see Experimental Chemical Carcinogenesis withi
n this section). Finally, nicotine is suspected to be a major smok
e constituent correlated
with the increased risk of cardiovascular disea
se among cigarette
smokers.
Transplacental Carcinogenesis

The possible transplacental effect of cigarette smoki
ng on carcinogenesis should be investigated. Recently, it has
been shown that
cigarette tar is an active transplacental carcinogen
in Syrian golden
hamsters (80). Furthermore, a number of smoke consti
tuents are active
as transplacental carcinogens in the experimental
animal (25). These
include volatile N-nitrosamines, benzo[a]pyrene,
o-toluidine, ethyl
carbamate, and vinyl! chloride (87). Other major
tobacco carcinogens

including the benzofluoranthenes, NNN , and
NNK need to be bioas-

98

sayed for their transplacental activity and to be considered with
respect to lower tar cigarettes.
Flavor Additives

The developmentof lower tar and nicotine cigarettes has tended
to yield products that lacked the taste components to which the smoker
had become accustomed. In order to keep such products acceptable to

the consumer, the manufacturers reconstitute aroma or flavor. There

are several ways in which this can be achieved. Flavor extracts of
tobacco can be added to the lower-yield blends. Other plant extracts
can be used to supplement the flavor spectrum, synthetic flavors can
be added, or a combination of techniques can be applied (64, 65).
Powdered cocoa, one flavoring additive that is probably used in U.S.
cigarettes, has been foundto increase mouse skin tumorigenicity of the
tar from a standard experimental cigarette at each of two dose
levels (82).
The burning of cigarettes with flavor additives produced increased
and perhaps novel types of semivolatile agents, including traces of
mutagenic compounds. The mutagenic agents were found in the basic
fraction of the semivolatile portion obtained from heating the tobacco

mixtures. Chemically, the agents thus far identified were substituted

pyrazines and other aza-arenes with and without amino groups (64).

The exact delineation of the chemical structure of additives, their

pyrolytic products, the possible carcinogenic properties, and the
quantities found in smoke of lower tar cigarettes is urgently needed
in order to assure the consumerthatthefilter, lower tar and nicotine

cigarette does not carry additional or new health risks.
Conclusions and Recommendations

1. Both retrospective and prospective epidemiologic studies in man
have showna dose-response relationship between cigarette smoking and the occurrence of cancer of the lung, larynx, esophagus,
oral cavity, and bladder with a less clear quantitative relationship
to cancers of the pancreas and kidney. Smoke dose was measured
by various parameters, including numbers of cigarettes (daily or
lifetime), duration of habit, depth of inhalation, and number of
puffs per cigarette.

The highest priority in the field of public health is that
individuals who have not started smoking should not begin and

that those who currently smoke shouldquit.

2. Those individuals who start smoking with a filter-tipped, lower
tar and nicotine cigarette, or who switch after a period of time
from high tar and nicotine cigarettes to the lower tar and

nicotine cigarettes, will have a lower incidence of lung cancer, but
an incidence far in excess of the nonsmoker.
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Specifically, high priority should be given to continued and
long-term retrospective and prospective epidemiologic studies on
all tobacco-related diseases, with specific reference to brand of
cigarettes smoked, number of cigarettes, manner of smoking,
inhalation, etc., along with generation of data on tar, nicotine,
carbon monoxide, and other chemical content, as determined by
the most up-to-date scientific methods. This same epidemiologic
survey should include studies of individuals in high-risk occupations, of groups such as teenagers, minorities, and people of
varying socioeconomic status, of men compared with women, and
of different ages at which smoking began. Concern expressed by
the group was, because cigarette composition in the United States
is changing rapidly, without continued, well-planned, long-term
studies, it will be difficult to know what effect the changing
composition is having on the health of the American people.
3. An administrative mechanism to focus major interest on tobacco
and the diseases caused by smoking tobacco should be established.
Such a mechanism should include involvementof basic scientists,
epidemiologists, physicians, statisticians, social scientists, and
related experts concerned with smoking. There should be a stable
source of funding for both new andestablished investigators to
work together on tobacco and health problems over a period of
time, since the answers to the questions raised over the past
quarter-century will not come quickly, considering the magnitude
and duration of the problem in the United States.
Moreover,institutions and programs should be encouraged to
train scientists for smoking research and to maintain a core group
of physicians, scientists, and educators to consider various aspects
of smoking research issues.
4. Additional workin carcinogenesis should be performed:
a. It should be determined whether nitrosamines are formed from
cigarette smoke in the human bodyand, if so, whether they are
formedin significant concentrations. A key concern is whether
nicotine itself forms nitrosamines in biologically significant
quantities following reaction with nitrous oxides. The role of
nicotine in humancarcinogenesis should be identified.
b. Tobacco additives and flavoring agents should be studied by
appropriate methods for carcinogenicity and other toxicities,
before their commercial use is permitted, and study data should
be madeavailable to the appropriate agencies.
c, A continuing study of lower tar and nicotine cigarettes for
carcinogenicity might detect changes resulting from new or
different manufacturing practices or from new additives or
flavoring agents that might act synergistically.
d. The gas phase of cigarette smoke should be examined more fully
_ for carcinogenicity.
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e. Several carcinogens from cigarette smoke should be studied for
synergistic, additive, or antagonistic effects on carcinogenesis
because tobacco constituents are inhaled or swallowed as a
mixture, not individually.
f. Further investigations of promoters, cocarcinogens, and initiators of eancer in cigarette smoke are necessary.
g.New models for carcinogenicity should be developed with
emphasis on in vitro or short-term experiments.
h. Nicotine itself should be investigated for carcinogenic or
cocarcinogenic action in animals even thoughit is a very toxic
chemical. Similarly, acrolein should be tested for carcinogenic
and cocarcinogenic action.
. Anti-carcinogens or preventive compounds, such as vitamin A,
retinoids, or other chemicals that may prevent carcinogenesis
deserve further investigation.
j. There should be a registry for listing all the different chemicals
identified in cigarette smoke, along with known properties of
those chemicals.
5. Cooperative international epidemiologic studies should examine
different tobaccos, ethnic groups, diets, and smoking habits. Such
studies would describe the differences in development of tobacco-

related cancers and elucidate the etiologic roles of differing
cigarettes.
6. Genetic markers such as HLAorother indices should be sought to
identify high-risk groups prone to tobacco-related diseases if they
smoke. Genetically susceptible individuals should be counseled
about their high-risk status.
Summary
1. Today s filter-tipped, lower tar and nicotine cigarettes produce
lower rates of lung cancer than dotheir higher tar and nicotine
predecessors. Nonetheless, smokers of lower tar

and nicotine

cigarettes have much higher lung cancerincidence and mortality
than do nonsmokers.
2. Smokers of lower tar and nicotine cigarettes may tend to
smoke larger numbers of cigarettes, to inhale more deeply, to
have relatively higher amounts of carboxyhemoglobin than
predicted from machine measurements of carbon monoxideyield,
and to have higher than predicted carbon monoxide in exhaled
air.
3. In attempting to develop a less hazardous cigarette, singular
emphasis has been placed on reducing the tar yield of cigarette
smoke because of the early demonstration of a causal relationship
between tar and lung cancer. Comparable data on changes in
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yield of constituents in the gas phase of smoke are not publicly

available.
4.The occurrence of laryngeal cancer has been reported to be
reduced among smokers whouse filtered cigarettes, compared
with those whouse nonfiltered cigarettes.
5. There is no epidemiologic evidence to prove or to disprove a
decreased occurrence of cancers of other sites in humans who
smokelower tar and nicotine cigarettes.
6. In evaluating the effect of smoking lower tar and nicotine
cigarettes on histologic changes in the bronchial epithelium,it
was determined in one autopsy study that male smokers who died
between 1970 and 1977 had fewerhistological changes than those
smokers whodied between 1950 and 1955.
7. Even among those who do not develop cancer, histologic changes
in the tracheobronchial tree are more advanced at autopsy in
smokers of cigarettes with higher tar and nicotine than among
smokers of cigarettes with loweryields.
8. The tar content of smoke condensate of today s cigarettes is
less tumorigenic to mouse skin than that of cigarettes of 30 years
ago. Levels of the known carcinogen benzo{a}pyrene are lowerin
the smoke of today s cigarettes than in that of cigarettes of 30
years ago. Flavor additives used in lower tar and nicotine
cigarettes produce traces of mutagenic compounds.
9. Althoughstudies point to polycyclic aromatic hydrocarbonsin the
tar of inhaled cigarette smoke as potential carcinogens for
humans,additional work is needed to determine whethernicotine
plays a major role as a carcinogen. Definition of the role of
nicotine in carcinogenesis is necessary prior to advocacy of
cigarettesyielding less tar but more nicotine.
10. Animal studies have shown that a significant reduction of tar
and a selective reduction of tumorinitiators and cocarcinogens
can markedly reduce the tumorigenic potency of cigarette smoke.
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introduction

The expectation that a lower tar and nicotine cigarette would be
associated with less cardiovascular disease is based on two well-known
epidemiological findings: (1) the strong dose-related association between cigarette use and coronary heart disease (CHD) the largest
component of cardiovascular disease; and (2) the evidence that if one
quits smoking, the vascular consequences of smoking diminish. Table 1
shows that the more people smoke per day, the greater their risk of
coronary heart disease. Table 2 summarizes several studies indicating
that persons who quit have a lowerrisk of CHD.
These findings have been challenged (41) because the sample of
smokers who have voluntarily quit may be biased through selfselection. Indeed, even prior to quitting, persons who stop smoking
differ from those who continue smoking (15); however, their major
cardiovascular risk factors do not differ (18).
A multivariate analysis of the impact of smoking on CHDthat takes
into account all the major possible confounders shows smoking s
independent effect on CHDrisk (3). In some studies (18), the quitters
were more sick than those who continued to smoke, but none of the

known major factors involved in CHD risk (disregarding cigarette
smoking) explains the difference in CHD rates between smokers and
nonsmokers. None of the factors distinguishing quitters from continuTABLE 1. Coronary heart disease mortality ratios
Reference

NS

Hammond and

1.00

Horn (28)
Doyle et al. (14)
Doll and Peto
(18)
Pooling Project
(38)
Kahn (29)

cigarettes

10

10-20

129

1.89

1.00
1.00

<20

2.00
1.29

1.00

1.65

1.00

1.89

2

>

1.70
127

3.50
143

1.70

3.00

L8

20-40

>40

220

241

184

2.00

NOTE: NS = Nonsmokers.

TABLE 2. The effect of the cessation of cigarette smoking on
the incidence of coronary heart disease (CHD)

morbidity ratios in males
Reference
Hammond and Garfinkel (21)
Jenkins et al. (27)
Shapiro et al. (42)
Kannel et al. (30)

Never
smoked

Former
smokers

Smokers

1.00
1.00
1.00

1.16
2.15
0.76

1.62
236
1.87

1.00

0.80

1.70
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ing smokers clarifies why the risk of cardiovascular disease declines
rapidly following smokingcessation.
The effect of smoking on CHDrisk fulfills many epidemiological
criteria for a causal association: powerful, independent, dose related,
and reversible. When the association of smoking with CHDis adjusted
by the other major risk factors, the coefficients are strengthened,
rather than weakened (19).

At present only a few of the several thousand substances found in

cigarette smoke have been implicated in cardiovascular risk; others
have yet to be fully assessed. In orderto facilitate a complete analysis,
a study would have to measure the impact of each substance in
cigarette smoke and establish its independent contribution. However,
testing large fractions of cigarette smoke for cardiovascular risk might
allow the elimination of specific constituents.
Currently, one can define only part of the impact of smoking on
cardiovascular risk. What factors isolated in cigarette smoke are
knownto have cardiovascular consequences? What. is already known of
the cardiovascular impact of smoking cigarettes with some of these
factors removed? In view of the rapidly changing variety of cigarettes
found in the market, how can one keep pace with studying the

cardiovascular impact of each new lower tar, lower nicotine, lower

carbon monoxidecigarette?

The Relation of Cigarette Smoking to Cardiovascular Risk

Many exhaustive reviewsof this issue exist, and only a brief account
of the essential findings is presented here. The chapter on cardiovascular disease in the 1979 Surgeon General s Report on Smoking and
Health amply documents that cigarette smokingis a major, independent coronary heart disease risk factor in Western countries (46). There
is substantial evidence from autopsies that more atherosclerosis is

found in smokers than in nonsmokers (44). Hyaline thickening of

arterioles in the heart is more prevalent in smokers (6). Experiments

on atherosclerosis in animals, however, have not produced uniform
results.
In those parts of the world where serum cholesterol levels are low,

especially below 160 mg%, smokingis not as stronga risk factoras it is
in the United States (33). After the age of 65, smoking poses less of a
cardiovascular risk than it does in younger age groups ($1). Study
results differ on whether smoking is a risk factor in coronary heart
disease following a myocardial infarction (46). The relationship of

smoking to anginapectoris is uncertain (27, 31).

It is essential to emphasize these points because one could plan a
study of lower tar and nicotine cigarettes in developing countries,
with older subjects or with people who have already had a myocardial
infarction or angina pectoris and find that the excess risk of CHD
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among smokers had disappeared. To establish that lower tar

and

nicotine cigarettes cause less risk of CHD than higheryield cigarettes,

there should be studies of randomly selected American men, 40 to 60
years of age, for the development of sudden death, first myocardial
infarction, or peripheral vascular disease endpoints with which
cigarettes are associated at more than double the normalrisk.
All the other factors associated with CHD risk should be measured
simultaneously in a multivariate analysis so that any differences
caused by quitter self-selection can be eliminated as the explanation of
reduced risk. In this way, independent changein risk caused by the
change in smoking behavior could be accurately assessed.
In addition to its effect on coronary heart disease, smoking increases

the risk of arteriosclerotic peripheral vascular disease. Its impact on
cerebrovascular disease is less uniform (46).

Factors In Cigarette Smoke Related to Cardiovascular Function

Most of the studies on cardiovascular endpoints associated with
cigarette smoke have focused on nicotine and carbon monoxide rather
than on tar, which has not been demonstrated to have a major acute
cardiovascular effect. Less is known about the effects of cadmium,
zinc, chromium, carbon disulfide, carbon dioxide, tobacco antigens,

hydrogen cyanide, nitrous oxide, or polonium-210, among other
constituents of cigarette smoke.
Nicotine

Many studies have documented a dose effect of nicotine on
cardiovascular function (2, 45). Acute studies in humansindicate a rise
in heart rate, an elevation of systolic blood pressure, and cutaneous
vasoconstriction. Cardiac output generally rises, but not always. Since
stroke volume is generally not affected, or may fall, in patients with
angina pectoris (2), the observed rise in cardiac output has been
attributed to an increased heart rate.
Such changes have been attributed to a stimulation of sympathetic
ganglia by nicotine. This stimulation results in a rise in catecholamines,
which in turn produces variable degrees of positive chronotropic and
inotropic cardiac actions. Other effects include generalized peripheral
vasoconstriction and transient systemic (primarily systolic) hypertension (7).
Levels of free fatty acids rise in nicotine-treated subjects, possibly as
another consequence of the catecholamine release ($2). Whether free
fatty acids affect cardiac function adversely, as some researchers have
proposed (37), or aid in fatty deposition as others have suggested (10)
has not yet been fully established.
Nicotine increases the diurnal secretion of cortisol (26). Plasma
cortisol levels have been found to be elevated during myocardial
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infarction, but the increase may be an effect rather than a cause
of this
condition. On the other hand, the cortisol rise has been
implicated as a

precursor of ventricular arrhythmias (36).

Nicotine-stimulated release of catecholamines has also been
suggested as a cause of increased platelet stickiness and aggregation
(24); this
and other smoking-related hemostatic effects are potential
mechanisms by which smoking may contribute to increased cardiov
ascular
disease.
Although the evidence is meager, some of the acute
effects of
nicotine on cardiovascular function, such as elevation of
heart rate and
blood pressure, are dose related and apparently dimini
sh in some

lower-nicotine varieties of cigarettes (2, 45).
Carbon Monoxide

Carbon monoxideis inhaled in the form of a gas in cigare
tte smoke.
Its affinity for hemoglobin is approximately 210 times greate
r than
that of oxygen. The availability of oxygen to the myoca
rdium is
further decreased by the tighter binding of oxygen to hemog
lobin in
the presence of carboxyhemoglobin. Carbon monoxide also
combines
with myoglobin,impairing the availability of oxygen to the mitoch
ondria. In addition, carbon monoxide can combine directly with
cytochromeoxidase to slow the oxidation of reduced nicotinamide-adeni
nedinucleotide (55).
Carbon monoxide has a direct impact on cardiac function in patien
ts
with angina pectoris, including a negative inotropic effect
on the
myocardium. Aronow (1) demonstrated an increase in left ventri
cular
end-diastolic pressure, with a significant decrease in left ventri
cular
dp/dt and stroke index. Anginal patients with increased carbo
xyhemoglobin levels also experience significantly shortened exerci
se time until
the onset of angina pectoris (3). DeBias and co-workers (12)
have also
shown in monkeys that exposure to carboxyhemoglobin lowers
the
threshold for ventricular fibrillation.
Myocardial ultrastructural changes have been described in
rabbits
exposed to carbon monoxide. Among the changes are myofib
rillar
necrosis and mitochondrial degeneration(5).
Astrup (4) has proposed that carboxyhemoglobin increases hypoxi
a
of vessel walls. Because this condition may increase the permea
bility to
lipids, including cholesterol-laden lipoproteins, it may promo
te the
process of atherosclerosis. It has been shown that exposure of
humans
to carbon monoxide increases the rate of disappearance
of radioiodinated serum albumin (43). Wald and Howard (49) have shown
that
the carboxyhemoglobin level is more closely related to the preval
ence
of coronary heart disease than is smoking history. They emphasize
that
smokers who are physically active enhance their mecha
nisms for
releasing carboxyhemoglobin and have a much better CHD
prognosis
than do sedentary smokers.
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Other Components

MeMillan (35) has reviewed studies on a variety of other factors in
cigarette smoke and has concluded that much more data are needed.
He noted a possible association of cadmium with hypertension.
Smoking generally results in an acute rise in blood pressure, but has
not been proved to cause chronic hypertension. Whether tobacco
antigens playa role in increased endothelialcell damageis conjectural.
Finally, McMillan considered the hypothesis proposed by Benditt and
Benditt (18) that atherosclerosis is really caused by monoclonal smooth

muscle cellular proliferation. If so, one may be persuaded that tar,
which is mutagenic,is atherogenic afterall.
Studies of the Impact of Lower

Tar

and Nicotine Cigarettes

on Coronary Heart Disease
Not all cigarettes that produce a lower yield of one substance
necessarily provide a lower yield of other substances. Indeed, research
suggests that cigarettes with unperforated filters ( unventilated ),
which yield lower tar and nicotine levels than do nonfiltered
cigarettes, may increase exposure to carbon monoxide (58) and lead to
higher levels of carboxyhemoglobin (52). Cigarettes with perforated
( ventilated ) filters may produce lower carbon monoxide yields (52).
People who smoke lower

tar

and nicotine cigarettes do not

generally smoke substantially more cigarettes per day than smokers of
higher yield cigarettes (16, 40, 51); however, their intake of tar,
nicotine, and carbon monoxide is higher than would be predicted by
data from machine-smoked cigarettes. This suggests that these
cigarettes are smoked more intensively than higher yield cigarettes
(40, 51).
There is evidence from four studies of the association between
cardiovascular disease and the use of lower tar and nicotine
cigarettes. Hammond et al. (22), in their prospective study of

volunteers of the American Cancer Society, have shown reductions of

10 to 20 percent in observed coronary deaths among persons smoking
lower tar and nicotine cigarettes when compared with those who
reported smoking similar numbers of regular cigarettes per day.
Hawthorne and Fry (25), in three prospective surveys of over 18,000

persons in west-central Scotland, showed a slightly increased relative

coronary mortality in persons who smoked filtered cigarettes compared with persons who smoked unfiltered cigarettes. Dean et al. (12),
in a retrospective mortality study in northeast England published by
the Tobacco Research Council, showed relative risks of about 0.6 for
coronary heart disease and 0.4 for cerebrovascular disease in filter
cigarette users versus smokers of unfiltered cigarettes. Unfortunately,
smoking habits of cases and controls were obtained from different
sources and at different times, confounding the study design. Recent
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TABLE 3. Filter cigarettes and risk of coronary heart disease
in men
Reference

Plain

Filter

Hawthorne and Fry (25)
Hammondet al. (22)
«4.» Period 1

100

104

1.00

0.98

Low tar { period 2

1.00

Medium tar { period 2

1.00

qm Period 1

Dean et al. (11)

Castelli et al. (9)
< 55
55+

1.00

0.82
0.91

1.08

1.00

0.66

1.00
100

1.02
0.85

unpublished data from Framingham (9) have failed to show a lower
CHD risk among smokers of filter cigarettes, and in younger men
there was actually a slightly higher rate of coronary disease among

smokers of filtered cigarettes (Table 3).

This study took into account the other major CHD risk factors
(cholesterol, blood pressure, and age); the increased risk in filter
smokers is independent of effects attributed to these other factors.
Overall, use of lower tar and nicotine cigarettes has not produced a

consistent decrease in risk for cardiovascular disease; indeed, in some

studies a slight increasein risk has been seen. Additional studies will be
needed to assess the actual impact of any changes in the composition of
cigarettes on subsequent CHD rates. Terms like lower yield may
describe only part of the change; other additives and the overall use of
the cigarette might actually increase risk. Wald (54) has shown that,in
the United Kingdom, while lung cancer mortality fell in men from
1956-60 to 1969-78, with the changeto filter cigarettes, CHD mortality
increased. The author wondered whether the decrease in tar
accounted for the lower lung cancer death rates, and whether
unchangedlevels of carbon monoxide might have contributed to the
observed continuing rise in CHD death rates.
The Challenge of Future Research
In the United States, virtually no filtered cigarettes were smoked
before 1950; now 90 percent of the cigarettes sold are filtered. The
sales-weighted average tar composition per cigarette has decreased
from over 35 mg of tar per cigarette in the early 1950s to under 15
mg in 1979. Currently, nicotine has decreased from over 2.5 mg per
cigarette to about 1.0 mg percigarette. Ultra low nicotine and tar
cigarettes are now increasingly available, with levels of under 1.0 mg
tar and 0.1 mg nicotine. Unfortunately, the amount of carbon
monoxide delivered by cigarettes has not been studied as intensively as

the
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tar

and nicotine levels, although a recent United Kingdom

survey of old and current cigarettes indicates that carbon monoxide
yields have changed muchless than tar or nicotine yields. This may
be the case in the United States as well. Linking cigarette carbon
monoxide yields to possible toxicity is further complicated by the fact
that patterns of smoke inhalation for lower tar and nicotine
cigarettes may differ from patterns for higher tar and nicotine
cigarettes (51).
A technique should be developed to monitor the effect of changes in
cigarette composition, particularly in nicotine and carbon monoxide
content, on cardiovascularrisk.
Proposed Future Research

Descriptive Studies
Continued research into the changesin cigarette smoking is needed.
Surveys such as the National Health and Nutrition Examination
Survey (NHANES), prospective epidemiological field studies, and
prepaid hospital insurance group studies are needed to provide
comprehensive information on cardiovascular disease caused by
smoking. Such studies should include worldwide data surveillance.
Cohort Studies
Observational Studies

Observational studies are studies of large populations in which a
variety of factors related to cardiovascular disease are measured and
followed, permitting an independent analysis of variables such as a
given cigarette brand.
There are now a numberof studies that follow a given population
over a period of time to assess prospectively the impact of smoking.
Some of these are traditional single-town studies in which a random
sample of a given population is followed over varying time intervals,
often every 2 to 5 years. Examples of such studies are those in
Framingham, Tecumseh, Puerto Rico, Evans County (Georgia), Honolulu, and Goteborg and Stockholm, Sweden, where whole populations

or samples thereof are followed on a more orless continuous basis. In

addition, there are worksite studies, such as the Albanycivil servants,

People s Gas Company of Chicago employees, Western Electrie workers (Chicago), Minneapolis business executives, California longshoremen, and British doctors, which call for repeated observations.

Questionnaire studies, such as the American Cancer Society s 25-State
Study or the 9-State Study, the U.S. Veterans Study, the Canadian
Veterans Study, the Swedish Study, the Japanese 29 Health Districts
Study, and the Study of California Males, can observe as many as a
million subjects.
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In addition to measuring the risk for cardiovascular disease, most of
these studies also assess other consequences of smoking. They allow,
better than anyotherstudies, the calculation of the independent effect
of smoking.
The shortcoming of these prospective studies has been that the
average turnaroundtime has been approximately 10 years. Occasionally, a 4-year interval produces enough data for a meaningful analysis,
but with the rate of change in the composition of cigarettes, the
information could be outdated by the time the data are collected and

analyzed.

Clinical Trials
Several clinical trials of the effect of smoking intervention on
coronary heart disease are in progress. Perhaps the most promisingof
these is the Multiple Risk Factor Intervention Trial (MRFIT)(28), in
which high-risk men were randomly assigned to a special-intervention
group and a usual-care group. The study, now in its 6th year, avoids
self-selection bias by contrasting the overall disease experience of the
two randomlyassigned groups. Unfortunately, the inferences that may
be drawn about lower tar and nicotine cigarettes per se (which is
only a part of the intervention program) are somewhatlimited and do
involve self-selection. Another problem is that this study directs its
intervention to serum cholesterol and blood pressure control as well as
to smoking cessation. Nevertheless, long-term studies like the MRFIT
are recommended because the followup of cohorts may provide
findings that differ qualitatively from those available in strictly
observational studies and because the measurementof other majorrisk
factors permits the estimation of the independent effect of smoking
behavior changes. All such clinical trials should incorporate the
conviction of the medical and public health communities that current
smokers ought to quit and that nonsmokers should not begin to smoke.
Case-Control Studies

Case-control studies have the advantage of relatively short turnaround times and usually are less expensive than other studies.
Unfortunately, unless very carefully designed, they can suffer from a
partial and therefore less accurate assessment of the disease under
study. For example, in studying cigarettes, one must assess the death
endpoints of coronary disease. The problem in studies of this kind is
how to compile an objective smoking history of the deceased.
Obtaining information from a spouse or close associate introduces a

certain amountoferror, but this error may be controlled somewhat by

interviewing close associates of the members ofthe control group.
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In studies of nonfatal myocardial infarction, the survival of both the

cases and the controls allows more precise measures of the variables

under study.
Despite shortcomings, case-control studies represent the major
means for assessment of the relative cardiovascular risk of varying
cigarettes. Further, serial case-control studies, similarly designed,
performed, and analyzed, could provide information on changes in risk
over time. In such studies care must be taken to select appropriate

controls, to treat cases and controls alike, to avoid hospital-based

rosters, and to study well-defined and documented endpoints.
Studies of Mechanisms

In view of the difficulties involved in doing large population-based
studies and the need to know more about the mechanisms whereby
cigarettes cause damage, more studies are needed on the components
in cigarettes that affect cardiovascularrisk. It may be that nicotine
and carbon monoxide are the chief toxic agents, but until more is
learned of the other constituents, judgements are based on scanty
information.
Perhaps the main reason to pursue the study of disease mechanisms
is to shorten the turnaround time for assessing any new brand of
cigarette; studies could be designed to measure particular constituents
of the cigarette smoke and characteristics of the subjectat risk.
With better noninvasive cardiovascular techniques, studies of how a

particular cigarette affects cardiac function could be performed in
greater depth. Such studies would provide better measurementof the
biological effect of the cigarette smoke components in individual
smokers. Measurement of expired carbon monoxide, serum carboxyhemoglobin, thiocyanate, and cotinine would help resolve not only
differences in the composition of cigarettes, but also major differences
in the ways individuals smoke (47, 48). These more precise measurements of smoke exposure and dosage of smoke constituents could be
correlated with a host of biochemical and physiological parameters.

The numberof biochemical factors found to be affected by smoking
continues to grow. Lower HDL cholesterollevels are found in smokers
than in nonsmokers,an effect that is associated with an increased CHD

risk (17).
A variety of effects could be weighed to produce a multifactorial
analysis of how cigarettes produce atherosclerosis, sudden death, and
other cardiovascular problems.
Physiological studies using treadmill performance, scintillation
scanning including gated pool studies and Holter monitoring could
provide better clues to the action of cigarettes on cardiovascular
function. If such alterations in function could be more certainly tied to
later events, they might prove invaluable predictors of smokingrelated risk for a given individual.
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Animal Experimentation

Mostof the animal models used in studies of the effects of cigarette
smoke have been designed to test its carcinogenicity on the bronchial
epithelium or the skin of small animals, usually rodents. A few models
have been developed to examine the effects of inhalation on the
respiratory and cardiovascular systems of rodents, dogs, or nonhuman

primates (20). Very few animal studies have attempted to assess the
effects of different cigarette smokes in inhalation studies of experimental atherosclerosis or on the styles of inhalation that may be
intervening variables in the pathogenesis of atherosclerosis. It is

feasible to induce nonhuman primatesto inhale cigarette smoke (34).
Such primates frequently develop many of the physiologic changes
related to the atherosclerosis found in human smokers ($9). The
further utilization of such animal models would permit a comparison of
the effects of proposed lower tar and nicotine cigarettes with the
effects of conventional higher yield cigarettes under controlled
conditions. Subjects could be assigned randomly to different types of
cigarettes to eliminate the self-selection bias.
The primates could be examined for effects of smoke from different
cigarettes on response variables such as serum lipids and lipoproteins.
At this time, the augmentation of experimental atherosclerosis by
exposure to cigarette smoke has not yet been demonstrated; further
development of an animal model must occur before definitive studies
in atherogenesis will be practical.
Technical Resource Center

In addition to monitoring research evidence on the impact of
smoking on health, further activities should focus on developing tools
for the conduct of studies on the impact of smoking on health in
several areas. A standard questionnaire on smoking should be refined
for use by the various studies in the United States and in foreign
countries.
In addition, techniques for measuring actual exposures to carbon
monoxide, cotinine, nicotine, and many other substances could be

evaluated to determine the most effective analytic techniques. Where

debate continues on the merits of one test versus another, studies

should be designed to resolve the issue. Control of test quality should
be instituted and could be ascertained, even from widely disparate
groups. Not only could a hierarchy of useful tests be provided, but a
quality-control mechanism should be developed to ensure continued
high performance.
Finally, frequent updated ratings of tar, nicotine, and particularly
carbon monoxide yields would permit others to conduct better studies
of the impact of cigarette smoke components on cardiovascular
functions.
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Behavioral Ramifications

It is important to determine the effect of lower tar and nicotine
cigarettes on cardiovascular disease risk reduction. A key unknownis
whether efforts to persuade people to switch to lower tar and
nicotine cigarettes interfere with other efforts to persuade people not
to begin smoking or to quit. Activities to provide a less hazardous
cigarette should not interfere with efforts to eliminate cigarette
smoking.
Finally, given the limitation in research funds, priorities for research
must be drawn. The research proposals outlined above are of high
priority. The combination of results from a variety of studies can
provide a consensus on the impact of a given innovation in lower tar

and nicotine cigarette composition. Ultimately, the effect of lower

tar and nicotine cigarettes will be measured in terms of smoker
morbidity and mortality.
Summary

1. Epidemiological studies show that the incidence of coronary
heart disease (CHD) increases as the daily numberof cigarettes
smoked increases and that the incidence of CHD decreases among
those who quit smoking. These dose-related effects suggest that
lower tar and nicotine cigarettes might be associated with
lower risks of CHD. However, the overall changes in the
composition of cigarettes that have occurred during the last 10 to
15 years have not produced a clearly demonstrated effect on
cardiovascular disease, and some studies suggest that a decreased
risk of CHD may not have occurred.
2. Of the several thousand substances found in cigarette smoke,
only a few have been implicated in cardiovascular risk. A number
of substances have not yet been adequately assessed. Further, the
changesin smokeconstituents that have resulted from changes in
the cigarette product have not been documented.
3. Linking cigarette smoke yields to cardiovascular disease is
complicated by the evidence that smokers of lower tar and
nicotine cigarettes may smoke more intensively, although they
may not smokea substantially greater numberof cigarettes daily
than do smokers of higher tar and nicotine cigarettes. The net
result could be to decrease the actual intake of tar, nicotine,

and carbon monoxide less than that expected on the basis of
machine measurements.
4, Nicotine stimulates the sympathetic nervous system, producing a
rise in catecholamines that in turn increases heart rate, elevates

systolic blood pressure, constricts cutaneous blood vessels, and
increases levels of free fatty acids. The nicotine-stimulated
release of catecholamines has been suggested as the cause of
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increased platelet stickiness and aggregation, pointing to a
potential role in coronary disease. There is some evidence that
these physiological effects may be dose related and somewhat
diminished with lowernicotine varieties of cigarettes.
5. Carbon monoxide has a negative inotropic effect on the myocardium of patients with angina pectoris. When combined with
hemoglobin in the form of carboxyhemoglobin, carbon monoxide
mayincrease the permeability of the blood vessel walls to lipids,
thereby promoting atherosclerosis.
6. Cigarettes with unperforated filters yield lower tar and
nicotine levels than unfiltered cigarettes, but they yield more
carbon monoxide than do unfiltered cigarettes at the same tar
yield. Carbon monoxide yields are lower in cigarettes with
perforated filters, but as the composition of cigarettes has
changed, carbon monoxide yields have decreased much less in
proportion to the decrease in tar and nicotineyields.
7. In studies of patients with angina pectoris, increased carboxyhemoglobin levels significantly shorten exercise time until the
onset of angina pectoris.
8. Myocardial ultrastructural changes have been found in rabbits
exposed to carbon monoxide.
9. Most cardiovascular studies have focused on nicotine and carbon
monoxide rather than on tar, which has not been shown to have

a major acute role in cardiovascular disease. Even less is known
about other constituents of cigarette smoke.
10. Not all cigarettes that produce a lower yield of one substance
necessarily provide a loweryield of other substances.
11. Evidence on the association between CHD andfilter cigarettes is
somewhatconflicting. One major study showed a reduction of 10
to 20 percent in coronary deaths among persons smoking lower
tar and nicotine cigarettes as compared with those who smoked
higher yield cigarettes, but other surveys have shown slightly
increased risk of coronary mortality in people who smokedfilter
cigarettes relative to those who smoked nonfiltered cigarettes.
Recent unpublished data from the Framingham Study do not
show a lower CHDrisk among smokers offilter cigarettes.
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The Research Problem

The causal relationship between cigarette smoking and chronic
obstructive lung disease (COLD) (chronic bronchitis and chronic
obstructive pulmonary emphysema) is well documented (34). However,

the possible differences in the effects of higher versus lower tar and
nicotine cigarette smoke in the pathogenesis of chronic obstructive
lung disease are not known. COLD usually progresses slowly; physiologic and pathologic abnormalities may exist for an extended period of

time prior to the developmentof disabling clinical manifestations. The
latter are usually associated with severe lung damageor destruction.It
is uncertain which of the many ingredients in cigarette smoke has a
role in the production of COLD. Lower tar and nicotine cigarettes
may have no impact, or indeed an untoward impact, on the development of COLD. Therefore, it is urgent that research be carried out to

resolve this complex problem.
Cigarette-related chronic lung disease may be subdivided into three
major components: (1) uncomplicated chronic bronchitis, a disease of
mucous hypersecretion and cough; (2) chronic bronchitis and bronchiolar inflammation,similar to (1) but with airflow limitation caused by
intrinsic airway pathology; and (3) emphysema, a disease associated
with anatomical hyperinflation of the distal air spaces and destruction
of lung parenchyma.Because cigarette smoking is associated with all
of these conditions, they commonly coexist. The factors causing one or
more of these diseases to develop in response to cigarette smoke in
some individuals and not in others are unknown. Cough and mucous
hypersecretion are common symptoms amongcigarette smokers, while
evidence of airflow limitation is significantly less common. Recent
evidence suggests that the early stage of emphysemais associated with
cigarette smoking-related inflammation in airways less than two
millimeters in diameter (11).
Research on the response to inhaled irritants is usually focused on
one or more of the anatomical components of the lung:the airways, the
cellular and biochemical contents of the alveolar spaces, and the
contents and structure of the alveolar septa or interstitia. Responses in

the airways mayconsist of alterations in epithelial cell types, mucous
gland hyperplasia, hypersecretion of mucus, inflammation, impair-

ment of mucociliary function, abnormalities of immunologic factors or
other substances, smooth muscle hyperreactivity and hypertrophy, and
intrinsic narrowing fibrosis or destruction of small airways. Physiologie responses reflect airflow limitation, early closure of small airways,
and nonuniform distribution of inspired air.
In the alveolar spaces, free cells (including alveolar macrophages and
neutrophils), surfactant (a phospholipid secreted by the alveolar lining
cells), enzymesreleased or secreted by macrophages or neutrophils, and

protease inhibitors and other proteins that reach the alveolar spaces by

transudation from the circulation are all under study. The alveolar
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septum or interstitium, consisting of alveolarlining cells, basement
membrane,capillary endothelial cells, other alveolar interstitial cells,
and the connective tissue framework composed primarily of collagen,
elastin, and proteoglycans is the focus of much research. Physiologic
alterations reflect decreased surface area for gas exchange and

alterations in the elastic recoil of the alveolar structures,
The lung plays an active role in the production and metabolism of
various bioactive substances such as angiotensin, prostaglandins, and
serotonin. This anatomically, physiologically, and biochemically com.
plex organ is exposed to the external environment and its agents,
including cigarette smoke andairpollution. Complicating host factors
also affect this system: age; sex; inherent reactivity of the airways;
genetic factors that predispose to emphysema,such as alphai-antitrypsin deficiency; childhood infections; and as yet undefined familial
factors.
The design of experiments to determine the short- or long-term
effects of cigarettes on smokers is made difficult because the
composition of cigarettes and the population of smokers have been
changing over the past 10 to 15 years. Further complicating this
problem is the large number of tobacco smoke components with
varying solubility and interactive capabilities. There is also a lack of
knowledge of the topography of cigarette smoking. Individual differences in the mechanics of smoking such as the volume of puff, holding

time in the oral cavity, depth of inhalation, time of retention in the

lung, and length of butt significantly influence the composition,
distribution, penetration, andretention of cigarette smoke components
in the lungs. The topography of smoking may vary depending on the
nicotine content. The composition and concentration of the gas phase
components that reach the small airways and alveoli may have a
significant role in the production of emphysema, while the particulate
matter that deposits in the larger airways may be more involved in the

development of chronic bronchitis. The target tissues, cells, or ultra-

structural components may be different in chronic bronchitis and
emphysema. Thus it is extremely important to develop a better
understanding of the topography of smoking so that appropriate
experiments can be designed to determine dose-response relationships
of pertinent smoke components and the reactions to them in the
different regions of the lung. The problem is that of assessing the
effects of continually changing cigarette products on a continually
changing population of smokers. The ultimate concern is for the
effects on smokers. For chronic lung disease, this effect can best be
assessed by the combination of epidemiologic evaluations of populations at risk and laboratory evaluations of the effects of smoke on the
mechanism of disease production.
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Current Research Findings

Recent advances in research have led to a plausible hypothesis for
the etiology of pulmonary emphysema: If an imbalance between
endogenouselastolytic enzymes and protease inhibitors in the lungs
permits active enzymes to exist in the alveoli or alveolar walls,
degradation of the alveolar tissue components, primarily elastin, will
occur (25, 26). The sources of endogenous elastase are polymorphonuclear leukocytes and alveolar macrophages. The major source of the
inhibitor is the serum protein, alphai-antitrypsin, which reaches the
alveolar space by the process of transudation. This hypothesis is
reinforced by experimental data from a variety of sources. Humans
with a genetically transmitted deficiency of alphai-antitrypsin are
prone to develop emphysema (29). The instillation of elastolytic
enzymes into the lung, including human neutrophil elastase, will
produce experimental emphysemain animals (33). Cigarette smokeis
implicated in this process by mechanisms that may lead to the
development of emphysema.
Alveolar macrophages from smoke-exposed mice increase in number
and secrete significantly greater amounts of elastase than macrophages from control mice (35). Human alveolar macrophages from
cigarette smokers also secrete significantly more elastase than macrophages from nonsmokers (32). Alveolar macrophages exposed to
cigarette smoke produce a chemotactic substance for polymorphonucle-

ar leukocytes (17). Mild exposure to cigarette smoke also increases the
release of elastase from human polymorphonuclear leukocytes(5).
Cigarette smoke inhalation decreases the alpha:-antitrypsin activity
in the rat lung (22), and alveolar lavage from human smokers showsa
functional antiprotease deficiency (16). This effect of cigarette smoke
on alphai-antitrypsin is related to its oxidant effect (1, 8). The loss of
inhibitory activity of alpha:-antitrypsin is induced by oxidation of
methionine residues at the reactive center of the molecule (23). A

chemical oxidant, chloramine-T, administered to dogs, also induces a

reduction in the elastase inhibitory capacity of both the serum and
alveolar lavage fluid, and the animals develop morphologic changes of
mild 2mphysema (13). This animal model simulates the human alphaiantitrypsin deficiency state except that the deficiency is functional and
not in absolute quantity. Oxidants are also released when polymorphonuclear leukocytes are exposed to exogenouselastase (27).

This in vivo and in vitro experimental evidence indicates that
cigarette smoke both increases the amountof elastase in the alveolar
tissue or air spaces and simultaneously reduces the functional capacity
of the primary elastase inhibitor, alphai-antitrypsin, and links the
action of cigarette smoke to the possible production of disease in
humans. Although there is general acceptance of the protease-inhibitor
imbalance hypothesis, it has yet to be directly related to human
emphysema. There are no available studies in which smoke from
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regular and lower

tar

and nicotine cigarettes has been used to

determine if there are differences in their effects on elastas
e or
oxidant release or production, or concentrations of cigarette
smoke

oxidants that could affect the functional capacity of alpha:-antitryp-

sin.
Small airway inflammation and bronchiolar inflammation develo
p
much more frequently in smokers than in nonsmokers (11). Findings
in
the lungs of individuals 40 years of age or older who died sudden
ly of
nonrespiratory causes revealed inflammation, increased number
s of
goblet cells, and muscular hypertrophy in small airways. There
was
also an increase in airways under 400 microns in diameter and in the
occurrence of respiratory bronchiolar inflammation in the smokers
,
The lungs showing both the largest number of small (under
400
microns) airways and the most airway pathology had the
most
centrilobular emphysema, the predominant type found in cigaret
te
smokers, The respiratory bronchiolar inflammation was charact
erized
by infiltration with macrophages that extended into adjacent alveola
r
walls. Previous studies of resected lung from smokers showed that
the
severity of similar small airway pathology in excised human lungs
correlated with impairment in ventilatory function (10). The small
airway disease and severity of emphysema also correlated with
changes in small muscular pulmonary arteries that could be important
in the development of pulmonary hypertension (19). These studies
suggest that cigarette smoke produces small airway pathology, which
is a factor in ventilatory function impairment. The respiratory
bronchiolar inflammation mayinitiate an enzyme-inhibitor imbalance
in the centrilobular regions. The release of elastase from alveola
r
macrophages and from neutrophils brought to the alveoli by increas
ed
chemotaxis and the impairment of alphai-antitrypsin function could be
stimulated by cigarette smoke in the alveolar spaces. This leads to
destruction of alveolar wall elastin and then to the morphologic and
physiologic changes observed in emphysema.
The oxides of nitrogen occur at relatively high levels in cigarette
smoke and at lowerlevels as an ambient air pollutant. Exposure of
dogs to NOz and NO for 68 months resulted in pulmonary function
changes characteristic of emphysema (18) that continued to progress
after cessation of exposure. Long-term exposure to oxides of nitrogen
results in airway and alveolar epithelial changes and parenchymal
damage that suggest an emphysema-like disease (14). Evidence
suggests that the damageis induced by an oxidant-type mechanism. In
addition, the most severely affected tissues are the terminal bronchioles, alveolar ducts, and adjacentalveoli, which are infiltrated with
inflammatory cells. The latter are primarily macrophages with other
mononuclear cells and occasional granulocytes. Interruption and
thickening of elastic fibers in alveolar walls were observed. These
lesions are similar to those induced by cigarette smoke and suggest
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that the oxides of nitrogen may be one of the agents responsible for
the initiation of the early lesions of haman emphysema.
As an outgrowth of the elastase-inhibitor imbalance hypothesis for
the etiology of emphysema, new potential markers or indicators of
disease are being investigated. Since lung elastin appears to be the
target substance for degradation, several laboratories are seeking a
method to identify products of elastin breakdown that would serve as
markers for the development of emphysema. In one study, peptide
breakdown products of lung elastin were identified in the serum of
dogs in which experimental emphysema was induced by the administration of elastase (28).
Other investigators are measuring the urinary excretion of desmosine, the cross-linking amino acid of elastin that appears as a
breakdownproduct. If it can be demonstrated that elastin degradation
products are significantly elevated in the blood or urine of smokers
who have early emphysema, undetectable by other means, further
development and refinement of such tests may provide a sensitive
biochemical marker or screening test for the early detection of
emphysema. Such a measurement would simplify cross-sectional and
other epidemiologic studies in which the results in subjects who smoke
regular cigarettes could be compared with those of subjects who smoke
lower tar and nicotine cigarettes.
Studies of acute human responses to the different types of cigarettes, which may be important in the pathogenesis of chronic lung
disease, are beginning to appear. The type of cigarette and the amount
of smokeinhaled into the lungs, measured by changes in blood nicotine
level or carboxyhemoglobinlevel, are not related to the occurrence of
acute airway responses to smoke inhalation (21). The authors found
that individual susceptibility is a factor, but even more importantis
the smoking pattern. Holding the smoke in the mouth prior to
inhalation into the lungs reduced the response, whereas direct
inhalation from the cigarette into the lungs caused an increased
number of smokers to develop spirometric changes indicative of
bronchoconstriction. This was independent of tar yield and rein-

forces the importance of the cigarette smoking pattern in the dose-

response relationship. The study showed that the habitual cigarette

smoker avoids the direct irritant effect of cigarette smoke by

temporarily storing the smoke in the mouth before inhaling it into the
lungs and also demonstrated that the smoke inhalation pattern is
important in determining the relevant concentration of the constituents of smokethat reach the lungs.
There are few epidemiologic studies, either cross-sectional or
longitudinal, that deal with differences relating to the tar and
nicotine yield of cigarettes smoked. In a survey of over 18,000 civil
servants (20), the

tar

yield and the number of cigarettes smoked

daily were correlated to respiratory symptomsandspirometry. Sputum
139

production and air flow obstruction increased as
cigarette consumption
increased. Tar yield influenced sputum produ
ction, but not the
degree of air flow obstruction. When subjects
smoking lower tar
cigarettes smoked over 20 per day, their sput
um production was the
same as that of the higher tar cigarette smoke
rs. In this study of
asymptomatic men, the air flow obstruction was
related to the daily
cigarette consumption. Higher tar cigarette smoke
rs did not have a
greaterair flow obstruction than those using lower
tar cigarettes. If
there was a compensating increase in the numbe
rof cigarettes smoked
by the smokers of lower tar and nicotine cigar
ettes, the advantage of
reduced mucous hypersecretion was lost. Ex-smokers
had better lung
function than current smokers with comparable
total cigarette consumption. The authors conclude that mucous
hypersecretion depends
on the tar fraction of the cigarette s smoke
and that the development of air flow obstruction depends on the
number of cigarettes
smoked. They reason that the gas phase of the smoke
, particularly the
volatile compounds, was responsible for damage
leading to air flow
obstruction. They hypothesize that tar droplets
and soluble gases,
such as sulfur dioxide and hydrogen cyanide, are
more likely to be
deposited or absorbed in the larger bronchi where
mucusis produced.
The smaller bronchi, whichare the site of airwa
y obstruction, and the
alveoli are exposed to a lower concentration of
tar, but to a full

concentrationof insoluble gases, such as the nitro
gen oxides and ozone.
Higenbottam and co-workers (20) did not
differentiate between

emphysemaand chronic bronchitis as a cause of
airway obstruction.
The authors conclude that smokers of lower
tar cigarettes who
compensate by smoking morecigarettes or inhaling
more deeply may
increase the risk of obstructive airway disease. They
suggest that more
information is needed about the nature and conce
ntrationsofirritants
in the gaseous phase of smoke andtheirrelation
to concentrations of
tar and respiratory damage.
Another British study (15) indicates that filter cigar
ette smokers
report less cough. The difference between the group
s of smokers was
relatively small, however, and thefilter cigarettes
that were smoked
are probably dissimilar to those currently smoked in
this country. Dean
et al. (12) reported the results of two retrospective studie
s, separated
by an interval of 10 years but carried out in the
same area, to
determine whetherthe increasing use offilter cigar
ettes produced less
risk of dying of four diseases, including chronic bronch
itis. In the
second study, relatives of those who had died were
interviewed to
obtain the information about the smoking habits of
the deceased
individuals. The cause of death was determined from
death certificates. A living population was selected as the contr
ol sample. The
investigators found that mortality from chronic bronc
hitis was related
to age, to the numberof cigarettes smoked, and
to the level of
inhalation. The estimated risk of mortality from chron
ic bronchitis of
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the population who smoked filter cigarettes since 1954 was about half
that of the continuing regular cigarette smokers. Many featuresof this
study could cause bias or misinterpretation: information was collected

from relatives of deceased individuals; the information on the living

and the deceased populationsrelated to different points in time; and
changesin air pollution levels and in the population probably occurred
during the period of the study. From the epidemiologic standpoint,
firm conclusions cannot be drawn from this study.
In an ongoing study of a healthy population, the rates of decline of
pulmonary function in smokers and nonsmokers show only a very small
difference (6). However, 8 to 12 percent of smokers have a distinctly
more rapid decline in the FEV:. These are primarily male smokers and

may represent the group who will ultimately develop symptomatic
obstructive lung disease. In the entire population, the tests of small
airway function, such as closing capacity, show no difference in the
rate of change between smokers and nonsmokers. Thesetests tend to

be abnormal in those individuals who develop an abnormal FEV:, but
at the same time, a large number of subjects with abnormal!tests of

small airway function will not develop a rapidly decreasing FEV:. Data
about differences in the type of cigarettes smoked were not obtained,

but the extremely small difference between healthy smokers and
nonsmokers, except for the small group of rapid decliners, suggests
that studies of large populations with this objective may not be
revealing.
Anotherlongitudinal study suggests that a study of approximately 8
years is necessary to identify those asymptomatic smokers who will
show a significantly accelerated rate of lung function deterioration
(15). This study also finds that, in spite of frequent smoking-induced
cough and expectoration,only a relatively small percentage of smokers
show a greater than average decline in respiratory function. The
authors report that when a group of asymptomatic middle-aged
smokers who had subnormal FEV:levels and rapid decline stopped
smoking, the rate of deterioration reverted to that of nonsmokers
although there was no significant improvement: in the initially
determined abnormal lung function. This study did not distinguish

between the effects of lower tar and nicotine and regular cigarettes.
The traditional tests of airflow limitation such as FEV:are thought

to reflect changes relatively late in the course of disease. Some
investigators have demonstrated that flow measurements taken from
the near terminal part of the forced vital capacity tracing are more
sensitive, but these are not widely used to date (30). Newer tests of
small airway function such as slope of phaseIII, closing capacity, and
volume of isoflow with helium and oxygen have not been established
for their specificity in indicating the development of significant
chronic lung disease (4).
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A study carried out in two successive decades, in which successively
autopsied airways from lungs of smokers were studied for bronchi
al
epithelial changes, demonstrated a decrease in changes though
t to be
related to carcinogenesis (2). This favorable change was though
t to be
related to the increasing use of lower tar and nicotine
cigarettes.
Unfortunately, this study did not examine the lungs for evidenc
e of
chronic obstructive lung disease.
Future Research Approaches

Animal models in which emphysemahas been induced by elastol
ytic
enzymes have been reported by a number of authors (24), but
for
reasons that mayreflect a combination of factors, such as the shorter
life span of animals, the method of smoke exposure, and species
resistance, there are no published studies that acceptably show in
an
animal model that the development of emphysema is induced by
cigarette smoking. Thus, a successful animal model has not been
developed in which the relationship of different types of cigarettes
to
the development of emphysema can be studied. One study in
which
dogs received smoke directly through chronic tracheotomies report
ed
the development of emphysema (3). The lesions were not conclus
ive
and the results have not been confirmed by others. Therefore,
to
elucidate more clearly the differences between regular and lower
tar
and nicotine cigarette smoke exposure, it will be necessary
to study
otheraspects of lung function,either biochemical or physiological, that
may be altered by the cigarette smoke and that are project
ed to be
important pathogenetic mechanisms in humans.
As suggested in the preceding paragraphs, much new information
will be needed before conclusions can be drawn about the effect
of
lower tar and nicotine cigarettes on the development of COLD.
Acute and subacute responses could be measured by physiologic
studies, although such responses may not be relevant to the develop
mentof chronic, irreversible lung disease. The quantity and compos
ition of mucussecreted in the airways in response to different types
of
cigarettes may be studied in animals or humans. The histology of the
bronchial mucosa may be evaluated in human material from lobes
or
lungs resected for other reasons, from biopsy specimens, or from
post
mortem findings in which changes related to chronic bronchi
tis or
emphysemaarespecifically quantitated. In autopsy or resected lungs
from smokers of regular and of lower tar and nicotine cigarettes,
factors in the small airways such as lumen size, numberofairways,cell
types, goblet cells, muscle hypertrophy, and inflammation may
be
evaluated. Enzyme inhibitors produced in the tracheobronchial tree
could also be evaluated, as could the secretion of immune globulins.
Effects of cigarette smoke on the mucociliary function of the bronchi
al
mucosais another potential measurement.
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The response of the alveolar region of the lung could be determined
by biochemical, morphologic, and physiological techniques. The cellular
content of the air spaces, the functional status of alpha:-antitrypsin,
the presence of chemotactic factors, oxidant production by neutrophils
or macrophages, elastase production and inhibition, and degradation
products of lung elastin may be measured in response to smoke
exposure. Humanstudies would require bronchioalveolar lavage to
obtain these data, although the invasive nature of this technique may
preclude its use in large populations lacking other indications. Production and turnoverrates of lung elastin and collagen, the numbers and
types of interstitial cells, and the presence of free or bound elastase
maybe evaluated in theinterstitial tissue. Macrophage and neutrophil
responses to the whole smoke and selected fractions can be investigated. These include phagocytosis and elaboration of elastases, chemotactic factors, and oxidants. Surfactant production and alterations
might be evaluated. Many of these factors are deemed important in the
determination of the protease-antiprotease balance in the lungs. The
development of some measurements into standard biologic assays by
which the various types of cigarette smoke may be evaluated would be
a valuable advance. This research would not only aid in the development of techniques to assess the response to various types of smoke,
but also would add important information to our knowledge of the
pathogenesis of disabling chronic obstructive lung disease in humans.
Physiologic measurements of lung volumes,elastic recoil, and diffusing
capacity of the lungs may be studied in humansand animals, although
in published studies to date, the observed effect is minimal or negative.
The question of which fraction of cigarette smoke contains the
agent(s) that alter the lung defense mechanisms to induce chronic lung
disease must be resolved. It is not feasible to evaluate each of the
several thousand substances in cigarette smoke, but the major
fractions that contain the offending agents and the distribution and
penetration of these fractions should be studied. Gas phase constituents should be evaluated by category, and the method of exposure
must be related to the actual smoking habits of humans. Cigarette
smoking-machines that produce 35 ml puffs and the techniques by
which animals inhale cigarette smoke in research models may not be
representative of the humansituation. Research techniques must be
devised by individuals who are knowledgeablein the field of aerosol
distribution and deposition, in the chemistry of cigarette smoke, and in
the biophysics of the distribution of smoke in the airways. Patterns of
inhalation for the average smoker must be studied in more detail. If
individuals who switch from regular to lower tar and nicotine
cigarettes undergo a change in smoking pattern, such as deeper or
more frequent puffs, this must be taken into consideration because the
contents of the smoke, the size of the particulate matter, and the
distribution of smoke in the lung may change with the variations in
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inhalation patterns. Such information must be applied to dosime
try in
short-term in vivo and in vitro experiments as well as in
epidemiologic
or population studies.
Epidemiologic Studies

Studies of populations of smokers with well-defined
smoking
histories are a major tool in determining whether a
real difference
exists between smokers of regular cigarettes and smoke
rs of lower
tar and nicotine cigarettes. If, in well-planned epidemiologi
c studies,
there is no difference found in the human occurrence or
severity of
chronic obstructive lung disease between smokers of differ
ent types of
cigarettes, more basic research involving humans,animals,
or in vitro
systems to determine differences between the effect
s of smoke
products wouldbe less useful.
The design of epidemiologic research for this purpos
e raises a
number of issues. Determining the true dose of smoke
in crosssectional, retrospective, or prospective population studie
s is a difficult
problem. Most studies rely on patient histories to
obtain dosage
information. The accuracyof recall, the design of the
questionnaire,
and the skills of the interviewerall influence the accura
cy of smoking
history. The cigarette itself presents a problem in
studying the
significance of the lower tar and nicotine brands becaus
e changes in
the content and design of cigarettes have continued over the
past 10 to
15 years. This moving target makes evaluation of the
dose-response
in populations difficult, especially since a large proportion
of current
smokers began their smoking careers with regular cigare
ttes and
switched after varying periods of time. The comparison of
mortality
rates is a commonly used epidemiologic tool. There are wellknown
problems in obtaining accurate mortality data on chronic
lung disease,
particularly in retrospective studies in which death certifi
cates obtained 10 or more years ago are utilized. Morbidity, including
hospital
days and days lost from work because of respiratory illness
es, might
also provide useful information butis limited because of
the selective

nature of populations (31).

Population studies that investigate the rate of decline of
lung
function proportionate to the number of cigarettes smoked
have shown
variable results. Most of the available data apply to smoki
ng without
regard to cigarette yield. Environmentalfactors such as air
pollution
may change simultaneously, and corrections must be made
for these
factors.
The mean differences between the rate of decline of the FEV:i
n
populations of nondiseased smokers and nonsmokers are very
small. A
difference between the smokers of higher and of lower
tar and
nicotine cigarettes may be impossible to detect. However, the
subgroup
of the smoking population that shows a more rapid decline should
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receive special attention, since it is probable that this group of
smokers, for reasons yet unknown,is mostlikely to develop significant
disease. Random variations from year to year in the measured FEViin
individual patients require an extended period of time before valid
data can be obtained (7). Biochemical tests that may serve as new
markers for chronic lung disease are in the early research stage and
should be explored as soon as possible. Under the best of circumstances
they could replace the physiologic tests that measure air flow
limitation as the earliest practical mechanism to detect lung damage.
These measurements should be given high priority to determine their

ultimate usefulness. In the meantime, it would be reasonable to collect

and store for future use blood and/or urine samples from the screened
populations.
The lack of specific, detailed information about the human doseresponse to cigarette smoke and the mechanism that causes individual
susceptibility to more rapid deterioration of lung function results in
difficulty in predicting sample size and the length of time needed for a
population study to determine differences between the smokers of
higher and of lower tar and nicotine cigarettes. Current data suggest
that the time and effort required to mount new epidemiologic studies
may delay the acquisition of needed information. However, there are
several ongoing studies in which epidemiologic data, both crossto
sectional and longitudinal, are being collected with relevance
of
ion
utilizat
the
r
conside
to
iate
chronic lung disease. It is appropr
these current studies where populations are already identified. Data on
the history of brands smoked could be added. Available information
about the tar, nicotine, and carbon monoxide yield of the various
brands offers one measure of dosage. A recently developed radioimmu-

(9),
noassay for plasma nicotine levels may also be a helpful tool

although smoking patterns may be as important as the numberof
cigarettes smoked in determining the actual dosage.
Additional questionnaire material involving brand data and history
of morbidity related to respiratory symptomscould be superimposed on
ongoing studies. The accuracy of historical data on cigarette smoking
must be verified to the best possible extent. If new indicators serving
as a screening test, such as blood or urine analysis for lung elastin
degradation products, become available, they should be incorporated
into the studies. Depending on their diagnostic reliability, it might be
possible to study a considerably smaller population than that required
for studies of morbidity, mortality, and lung function deterioration. All
studies yet to be initiated should include questions on brand history.
This would require the revisions in the standard questionnaires of the
American Thoracic Society and Medical Research Council of Britain.
r
An ideal longitudinal study will require the enrollment of younge
lower
with
or
regular
with
careers
g
smokin
their
subjects who begin
in
tar and nicotine cigarettes and continue to smoke them. Changes
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other constituents such as additives will have to be considered as will
data obtained on patterns of smoking. If population studies enroll
subjects who have switchedto brands with varying smoke yields one or
more times, the probability of detecting differences in FEV; or other
parameters would be more difficult. Special efforts should focus on
observations made of asymptomatic and symptomatic individuals with
lung function abnormalities. It will probably be relatively easier to
detect differences in the rate of pulmonary function deterioration
between the regular and the lower tar and nicotine cigarette
smokers in this group.
Priorities for Research Recommendations

The primary public health concern is the effect of the lower tar
and nicotine cigarette on the individual s health. The second concern is
the mechanism of the effect, and the third is the specific agent
involved in stimulating the mechanism. Thefirst need is to establish
whether there is a measurable difference between smokers of regular
and of lower tar and nicotine cigarettes. The epidemiologic approach
to the problem mayyield the greatest amount of valuable information
in the most rapid manner, but population studies may not show

differences in the development of chronic lung disease, since it is not

known whether the etiologic component of smoke is altered in the
currently marketed lower tar and nicotine cigarettes. Therefore,
parallel research is necessary to a better understanding of the
pathogenesis of COLD and identification of the responsible smoke
component. A combination of epidemiologic studies designed to answer
broad questions and human, animal, and in vitro studies will be
required to define the entire problem. The epidemiologic studies will
determine whetheror not the lower tar and nicotine cigarettes have
a health benefit or whether a potential benefit is negated either by
changes in smokingpatternsor by ignoring the agents responsible for
inducing COLD. Topographic and dose-response information is required for the humanstudies. The final and perhaps most beneficial
aspect of the research would be the elimination of the offending agents
from cigarettes.
Investigation of the distal air spaces or lung parenchyma where the
destructive component occurs in emphysema has received recent
emphasis with new approaches and measurements. Therefore, investigation of this area mayoffer a greater possibility for significant new

data. To date, studies of air flow characteristics, airwayreactivity, and

morphology have provided data concerning the chronology of the
disease but have not pointed to the mechanism by which lung damage
in emphysema is produced. Much of the benefit of basic research
hinges on a better predictability of the topography of smoking and
dose-response relationships. Information learned in the basic studies
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can be translated into or used in epidemiologic studies, while the data
obtained from epidemiologic studies can offer directions for the finer
tuning of basic research. All of this would provide more information
about the pathogenesis of chronic obstructive lung diseases and their
potential alteration by lower tar and nicotine cigarettes.
The problem of passive exposure to cigarette smoke of different
types of cigarettes also needs consideration. However, determination
of the impact of lower tar and nicotine cigarette smoke on active
smoke inhalation presents difficulties significant enough to render to
low priority the passive smoking investigation at this time. Future
dose-response data, especially determination of thresholds, would offer
a lead into the area of passive smoking.
Research Recommendations

1. High priority should be given to a study of the distribution,
partitioning, and penetration of regular and lower tar and
nicotine smoke into the lung, including quantitation of and
adjustment for any changesin the pattern of smoking by smokers
of lower tar and nicotine cigarettes. Individuals in the specialized fields of aerosol physics, pharmacology, and toxicology should
be involved in answering this question.
2. Parallel priority should be given to epidemiologic studies, preferably by adding to ongoing longitudinal and cross-sectional studies
the data necessary to determine brand-related history. Higher and
lower tar and nicotine cigarette smokers should be comparedfordifferences in symptoms, morbidity, physiologic measurements,
and mortality relating to COLD. Special attention should be given
to people with identified disease or whose pulmonary functionis
deteriorating at an accelerated rate. New studies should be started
if it is not possible to supplement the ongoing studies.
Several ongoing epidemiological studies have been identified:
(1) the Tucson Epidemiologic Study of Obstructive Lung Disease
at the University of Arizona (Dr. Benjamin Burrows); (2) the
Emphysema Screening Center Study of smokers and nonsmokers

at the University of Oregon at Portland (Dr. Sonia Buist); (3) the
Johns Hopkins University study of risk factors in chronic lung
disease in Baltimore (Dr. Harold Menkes and colleagues); (4) the
study of smokers in the Kaiser Permanente Health Care Plan (Dr.

Diane Petitti); and (5) the Nurses Health Study at Harvard

University (Dr. Frank Speizer). Statistical data to be collected by

the National Center for Health Statistics, such as the Health and

Nutrition Examination Survey, should be oriented to thecollection
of a detailed history of smoking, and followup studies should
include spirometry. Data from the National Health Interview
Survey and the National Death Index mayalso be useful.
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3. The rapid clinical evaluation of the recen
tly developed biochemical
tests that measure products of lung elast
in degradation and that
can be detected in the plasma or urine
should be carried out. If
these prove both specific and sensitive,
the time involved in
carrying out the human epidemiologic research
could be shortened.
4. Human,animal, and in vitro research that
studies the mechanisms
responsible for COLD and their possible alter
ation by lower tar
and nicotine smoke should receive emphasis
. Although the elastase-inhibitor imbalance hypothesis is well
supported by experimental studies, confirmation of this mech
anism is required for
humandisease. Verified animal models of
emphysemainduced by
cigarette smoke exposurearenotavailable
at this time, but if such
a model can be identified, it should be explo
ited. Investigation
should involve airway factors, parenchy
mal alterations, and
alterations in defense mechanisms that
can be studied in shortterm or subacute experiments. Biochemica
l, histological, and
ultrastructural studies are required for corre
lation with exposure
to smoke products or components from regu
lar or lower tar and
nicotine cigarettes. Dosimetry or exposurele
vels for these studies
can be drawn from topographic and epidemio
logic studies. Research on both animal and human tissue, cells,
and lung lavage
fluid is required.
Much progress has been madein recent year
s in the study of the
mechanisms of lung damage relating to cigar
ette smoke. However,
chronic bronchitis and emphysemaarepotential
ly devastatingillnesses
that have no curative treatment. Eliminat
ion of cigarette smoking
would significantly reduce their public
health importance. It is
imperative that we define as soon as possi
ble any differences in the
effect of currently manufactured lower tar
and nicotine cigarettes in
the pathogenesis of these diseases.
Summary

1. The relationship between cigarette smoking
and chronic obstruc-

tive lung disease (COLD)is well document
ed. The constituents of

cigarette smoke that are responsible are curre
ntly not known.
Whethera difference in risk of COLD has occur
red with lower
tar and nicotine cigarettes as compared with
higher tar and
nicotine cigarettes is currently unknown.
2. Cigarette smoking is associated with the
release by alveolar
macrophages of an increased amount of the elast
olytic enzymes,
which degrade alveolar tissue, and with reduced
activity of alpha:
antitrypsin, the primary elastase inhibitor.
This mechanism has
not yet been directly related to the developm
ent of human
emphysema. To date there are no published studi
es that compare
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the effects of higher versus lower tar andnicotine cigarettes on
elastolytic enzymes andinhibitor activity.
3. Cigarette smokealso containsrelatively high levels of oxides of
nitrogen. The nitrogen oxides produce lung damage in animals
that is similar to that induced in humans by cigarette smoke. The
oxides of nitrogen may be responsible for the early lesions of
human emphysema.
4. An individual s smoking pattern is one of the most important
determinants of the relative concentration of smoke constituents
that reach the lungs and of the subsequent response of the airways
to smoke inhalation. Holding smoke in the mouth before inhaling
it into the lungs producesless response of the airways than direct
inhalation, which causes spirometric changesindicative of bronchoconstriction. This effect is independentof the tar content of

the cigarette.
5. Pulmonary mucous hypersecretion and symptoms of cough and
phlegm appear to be affected by the tar content of cigarette
smoke. The development of airway obstructionis closely related to
the number of cigarettes smoked. Smokers of lower tar and
nicotine cigarettes who compensate by smoking more or inhaling
more deeply might thereby increase their risk of developing
obstructive airway disease.
6. Population studies that have examined the rate of decline of lung
function in relation to the number of cigarettes smoked have

shown variable results, and most of the available data do not

relate lung function to cigarette yield. Overall, the mean difference between the rate of decline of FEViin asymptomatic smokers
and nonsmokers is very small, but there is a subgroup of the
smoking population that shows more rapid decline and is apparently more likely to develop significant pulmonary disease.
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Evidence on the Effects of Smoking in Pregnancy
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also is increased
(infection of the amniotic fluid and its membranes)

preceding
among women who smoke (/6). The occurrence of the
of cigarettes
complications appears to increase with the number
mothers who
smoked. For instance, the risk of placenta previa for
that of
smoke less than one pack per day is 25 percent greater than
one
smoke
nonsmoking women, butis 92 percent greater in those who
of
risk
the
or more packs of cigarettes per day (14). Additionally,
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abruptio placentaeis increased 23 percentand 86 percen
t, respectively,

in these two smoking-level groups compared with
nonsmokers (14).

Virtually all of the more than 50 studies published, involv
ing more
than half a million births from many countries and ethnic
groups, have
been consistent in demonstrating that maternal smoki
ng has an
adverse effect on birthweight (25). These newborn infant
s weigh on
the average 200 gramsless than babies born to comparable
women who
do not smoke, and the decrement in birthweight
varies with the
number of cigarettes smoked (25). In an analysis of
data from the
Ontario (Canada) Perinatal Mortality Study, the number
of newborns
weighing less than 2,500 grams was 52 percent greater
among women

smoking less than one pack per day and 130 percen
t greater among

women who smoked one pack or more per day, when compa
red with
the pregnancies of nonsmoking women (12, 13). The contri
bution of
this reduced birthweight to the occurrence of abruptio
placentae or
placenta previa is not clear (18).
Several studies have shown that the placental ratio
(placental
weight to fetal weight) is higher for the gestations
of mothers who
smoke(27). This increase in the placentalratio results
from a decreased
newborn birthweight and from a slight increase in absolu
te placental

weight in heavier smokers (25). Preliminary results from
the Columbia

University study fail to show either smaller weight decrea
ses in the
newborns of mothers who smoke lower tar and nicotine
cigarettes or
a return to nonsmoker values in the placental to fetal weigh
t ratios.
The risk of spontaneous abortion is 30 to 70 percent higher
among
pregnant smokers than among nonsmokers and increases
with the
number of cigarettes smoked (11). Rates of fetal deaths
(occurring
after 20 weeksof gestation)also increase significantly with
the levelof
maternal smoking (3). The risk of premature delivery is
36 to 47
percent greater in mothers who smoke during pregnancy
than in
nonsmoking mothers; about 13 percent ofall preterm
births can be

attributed to smoking(1, 3, 9, 13). This is an impor
tant factor in the

increased risk of neonatal mortality among the infants
of smoking
mothers. Infants of women who smoke experience a
mortality rate
ranging from less than 10 percent to almost 100 percen
t greater than

that among offspring of nonsmoking mothers. The
excess risk of

perinatal mortality varies, depending upon the numbe
r of cigarettes
smoked and upon the presence of other high-risk factor
s (e.g., low
socioeconomic group, a previous low-weightbirth, or anemi
a) (15).
Several abnormalities of infancy and childhood occur more
frequently amongthe offspring of mothers who smoke. Children of wome
n who
smoke during andafter pregnancy experience higher rates of
morbidity and mortality up to the age of 5 years. In Finland, smokers
children

had more hospitalizations, more visits to the doctor
, and more use of
specialized services (20, 21). Significantly more infant
s of smoking
parents are hospitalized for pneumonia and bronchitis
(5, 6, 10). The
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sudden infant death syndrome (SIDS) occurs more frequently among
the children of parents who smoke(2, 24). Other long-term sequelae of

maternal smoking during pregnancy are also of concern. Several
studies suggest that older children of mothers who smoke haveslight

but measurable deficits in physical growth, intellectual ability, emo-

tional development, and behavior (25). For instance, in Great Britain

the physical growth of smokers children remainedless than that of
nonsmokers offspring, at least until age 11 (4). Associations have been
reported between maternal smoking and deficits in neurological and
intellectual development of the child. These include minimal cerebral
dysfunction and abnormal or borderline electroencephalograms (8),
hyperkinesis (7), and abnormal infant behavior patterns (22). These
long-term effects of maternal smoking require attention because of

their potential seriousness.

Thus, an excess risk of several disorders or death face the fetus and

infant of the mother who smokes.

Although tar, nicotine, carbon monoxide, and some other constitu-

ents of cigarette smoke have been shown to produce various effects,
the specific etiologic agents and their mechanism(s) of action are not
clearly established for these adverse effects on pregnancy.
Health Effects of Lower

Tar

and Nicotine Cigarettes

Although use of lower tar and nicotine cigarettes has grown
markedly over the past decade, there are no data available that
suggest that the developing fetus, the infant, or the pregnant woman
are less harmed by cigarettes with lowerlevels of these constituents.
There has been no demonstration of decreased risk of complications of
pregnancy. There is no evidence of a decreased risk among smokers of
spontaneous abortion or preterm birth, nor of an increase in the
average weights of their babies. Newborn infants of smoking mothers
continue to have a mean weight of 200 grams less than those of

nonsmokers, a relation that is dose dependent. The risk of preterm
delivery remains much greater for smoking mothers. Further, thereis
no evidence to date that maternal smoking of lower tar and nicotine
cigarettes decreases the risk of perinatal mortality.

Most research reports to date have considered only the number of

cigarettes smoked per day in quantitating smoke exposure, without
adjusting for differencesin yield of different cigarettes.
Research Approaches

Investigation into the effects of maternal cigarette smoking on

pregnancy, the fetus, and the young child should include the following
types of studies: (1) prospective epidemiologic studies comparing the
course and outcome of pregnancy by maternal smoking habits; (2)
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case-control studies of pregnancy complications includ
ing laboratory
measurements of various body functions and consti
tuents and a

prospective study of pregnancy outcome; and (8)clin
ical and experimental research, often using laboratory animals,
in which tobacco

smoke or some of its constituents, commonly nicoti
ne and carbon

monoxide, are administered to the subject, animal
, tissue, cell, or

subcellular element, and the response quantified.

With numeroussystems to be considered (the pregn
ant woman, the

fetus, the newborn, the youngchild), and with variou
s organs, tissues,
cells, and subcellular elements potentially acted upon
by a myriad of
tobacco smokeconstituents, the selection of appropriate
study designs
is a complex process. Further, the design of such studies
is complicated
by continuous changesin the composition of cigarettes
over the past
two decades. The spectrum of cigarette types, compos
ition, and smoke
yield varies enormously. In addition, the individual smoke
r s lifestyle,
habits, and intake of other substances such as
alcohol, caffeine, and

drugs must be considered.
In view of the multiple variables involved, the recommenda
tions that
follow are those most likely to contribute significantl
y to an understanding of the character and magnitudeof adverse effect
s of smoking
cigarettes with varying levels of tar and nicotine
on pregnancy.
Research must define the relative importance of the
several constituents, the impact of dose variations, and the mechanisms
of action of the
toxins in cigarette smoke.

Recommendations for Human Studies

Studies of populations of individuals with defined smoki
ng histories
have made an important contribution to elucidating
the effects of
smoking on various aspects of pregnancy,childbirth,
and infant health.
To date, no epidemiologic data exist to indicate
lower risks of the

aforementioned conditions in the pregnant mother
, fetus, or infant

resulting from theuse of a lower tar and nicotine cigare
tte.
Present knowledge is sufficient that new,large prospe
ctive studies
specifically designed to evaluate smoking effects
are not necessary;
rather, the approach should be, first, to encourage
all prenatal care

facilities to record smoking information, preferably
with measurement
of exhaled carbon monoxide. Second, the major
source of information

should be centers where continuing prospective evalua
tion of pregnancy is already being carried out in a systematic way, such
as the Kaiser
Permanente Cohort Study.

These centers should adopt a uniform practice of keepi
ng detailed
records of their patients smoking habits, recording at
each prenatal

visit the number of cigarettes smoked, brands
, filters, tar and
nicotine content, and measured exhaled carbon
monoxide (to estimate
maternal and fetal COHb). Records of other expos
ures such as alcohol,

coffee, and other drugs should also be kept. These
and other relevant
160

personal, medical, and demographic factors should be analyzed or

controlled in evaluating the outcome of these pregnancies (spontaneous abortions, later fetal deaths, complications of pregnancy, preterm
deliveries, duration of gestation, birthweight, and neonatal and later
conditions versus normal, live births).

These comprehensive, continuing studies are needed to elucidate the
interrelationships of factors already known to affect pregnancy
outcomes. It would be desirable to have several centers with large
numbersof births follow a standard protocol for such studies.
Within the context of such a protocol, or possibly separate from it,
case-control studies of spontaneous abortions, fetal death, preterm
births, and particularly abruptio placentae, placenta previa, and
premature rupture of membranesshould be carried out. Patients who
have not delivered at the time of ascertainment should be followed
prospectively to delivery, together with their matched controls.
Biochemical tests should be included in these studies to elucidate the
mechanism of action of smoking in the increased incidence of these
events. Any possible modification of these outcomes that accompany
the use of lower tar and nicotine cigarettes should be examined.
A variety of other special clinical studies to test for differences in
adverse pregnancy outcome by use of different cigarettes during
pregnancy could be added to these larger monitoring operations or
could be set up independently, using infants of matched smokers and

nonsmokers. For example, (a) neonatal behavioral assessment (Brazelton scale), (b) auditory response testing of newborns, (c) neonatal and

post-neonatal growth measurement, (d) special studies among very
heavy smokers, and (e) placental studies could be performed.
Several epidemiologic studies now in progress might provide answers to some of these questions, for example, the study of spontaneous abortion at Columbia University in New York, or the Oakland
Kaiser Permanente Cohort Study, which prospectively links smoking
history and cigarette brand to all hospitalizations of approximately
50,000 women, manyof childbearing age.

Studies have indicated that maternal smoking during pregnancy
may be associated with impairment of physical and intellectual
development, hyperkinesis, and changes in the infant s responsiveness

(25, 26). The hypothesis that alterations in the constituents of cigarette
smoke might affect the risk of these conditions needs to be tested.

Differences in risk of long-term neurological consequences for a child

exposed to maternal smoking should continue to be examined in
existing data sets insofar as they contain appropriate information.
Data files include (a) the Collaborative Perinatal Project (U.S.), (b) the
1958 and 1970 British Perinatal Studies (U.K.), (c) the Kaiser

Permanente Cohort Study (Oakland), (d) the Finnish Perinatal Study

(Finland), and possibly (e) the University of Washington Study
(Seattle). Such studies must include consideration of possible confound161

ing factors such as socioeconomicstatus, nutritional status, alcohol use,

and exposureto legal andillegal drugs.
In addition to studies documenting the maternal and fetal risks of
varying levels of tar, nicotine, and other constituents in cigarette
smoke,there is need for study of the effect of cessation of smoking at
different times in gestation on subsequent adverse events of pregnancy, including measures of birthweight, gestational age, perinatal
mortality, and long-term sequelae. It will be important also to
discriminate the effects of maternal smoking during gestation from
those of parental smoking during infancy andchildhood.
The combined effect of such studies would be to define any

differences by cigarette

tar

or nicotine yield in the incidence of

maternal complications or fetal or newborn sequelae, relative to both
nonsmokers and smokers of different products.
Recommendations for Behavioral Studies

The factors and influences that lead an individual to start smoking
and to maintain the habit despite knowledge that it poses health risks
are complex. In view of the absence of evidence that lower tar and
nicotine products pose less risk to pregnancy outcome, the description
of smoking patterns among pregnant women andtheinvestigation of
motivational factors in this population are critical to the design of
appropriate public health programs.
Somestudies indicate that cessation of smoking early in gestation
results in a pregnancy and fetus withrisks of low birthweight similar
to those among nonsmokers (25). Clinical studies could be conducted of
pregnant women whorefuse to quit smoking, in order to define the
time intervals during which cessation of smoking results in a risk
indistinguishable from those of nonsmokers. In view of the demonstrated effects of nicotine, carbon monoxide, and other tobacco

constituents, rapid smoking techniques for cessation are contraindicated in pregnant women. Exhaled carbon monoxide should be measured

at each visit, and the results used to explain to the mother that her

baby s oxygen supply as well as her ownis reduced by carbon monoxide
from the cigarettes.
Further, considerable evidence indicates that the majority of women
initiate smoking during their teens and pre-teens. Therefore, behavioral studies should focus on the prevention of initiation of smoking in
this age group. Adolescents are a high risk group during pregnancy
because of many factors, such as inadequate nutrition, anemia,

inadequate prenatalcare, and the useofillicit drugs. Adolescents who
smoke during pregnancy constitute a particularly important group
because of the coexistence of smoking and otherrisk factors. Interven-

tion techniques must be found that effectively illustrate to the
pregnant adolescent how smoking affects her body and fetus and that
assist in cessation attempts. Such demonstrations might include
162

measurement of increases in fetal heart rate and decreases in fetal
respiratory rate after smoking.
Studies of lifetime smoking experience should describe the role of
pregnancy in changing smoking, such as cessation attempts and

successes, brand choices, and number of cigarettes smoked daily. A

logical extension of this study would define how the techniques of
smoking cessation during the course of gestation may differ for
pregnant women compared with those directed to smokers in general.
The applications of such studies are particularly important for women

who smoke heavily as well as for those women at high risk because of
other factors.
Recommendations for Clinical Studies
General Studies
The adverse health consequences of cigarette smoking for the

individual smoker extend beyond the pregnant smoker. As do the
taking of drugs, exposure to workplace chemicals, or voluntary
exposures to toxic substances such as alcohol, smoking by pregnant
women affects the health of her fetus. The implications of this
extended responsibility cannot be overstressed.
The effects of heavy smoking (two or more packs a day) on the
pregnant woman, her fetus, and child have not been well defined. If

adequate numbers of pregnant women whoare very heavy smokers
(two or more packs per day) could be identified, a special study should
be undertaken to compare them with nonsmokers matched on impor-

tant factors, e.g., time of registration, age, parity, and socioeconomic

status. A prospective study should examine heavy smokers,including
users of modified lower tar and nicotine cigarettes, as well as
nonsmokers. For these heavy smokers as well as for light smokers,
maternal blood levels of nicotine, catecholamines, carboxyhemoglobin,

thiocyanate, cadmium, and other suspect compounds should be examined during pregnancy. Such a study should monitor several fetal
variables including cardiacelectrical activity, breathing and other body
movements, cerebral electrical activity, and periodic measurements of
head growth (biparietal diameter). Following birth, placentas would be
examined for morphometric and/or pathologic abnormalities. Newborn
infants should be completely examined, including measurementof lung
volume and brain size and neonatal behavior assessment using the

Brazelton scale. Children should undergo long-term followup for
neurologic function (e.g., hearing and visual disorders). Alternatively,
certain aspects of neurological dysfunction should be examined by
case-control studies in which children with abnormalities are compared

with normal neonates, matched by such factors as time of birth,
gestational age, and socioeconomic status. Prenatal exposure to
smoking by amount, type of cigarette, and yield and exposure to other
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substances should then be compared to determineassociations between
neurological abnormalities and these exposures.
The mechanism(s) by which maternal smoking increases complications of pregnancy, such as spontaneous abortion, abruptio placenta
e,
placenta previa, and premature rupture of the membranes are
not
clearly defined, despite the fact that these complications account
for a
significant portion of embryonic and fetal morbidity and mortalit
y,
Abruptio placenta will continue to result in anoxic fetal deaths,
Preterm deliveries attributable to premature rupture of placenta
l
membranes will continue to pose the attendant hazard of neonata
l
death to the newborn infant.
Therefore, studies ought to test certain hypotheses about
the
mechanismsof action of cigarette smoke in these events. Instance
sof

complications should be identified (i.e., placenta previa, abrupti
o
placentae, premature rupture of the membranes, and probably spontaneous abortions). Controls should be selected for each case (matched by
time of registration, gestational age at occurrence of complication,
social status, age, parity, and perhaps other factors), and demographic
factors and confounding exposure(s) to other compounds should
be

examined. A numberof variables quantitating smoke exposure should
be measured, including the concentrations of blood hemoglobin,
carboxyhemoglobin, thiocyanate, copper, and variousvitamins (A,
Bu,
C, and folate). The subjects should be followed to delivery, and
the
influence of measured factors related to outcome. Although at birth

one could measure variables such as the biomechanical properti
es of
membranes, tissue collagen concentrations, and cell number and
size,

such measures are not knownto elucidate the mechanism of action of
smokeconstituents. Biopsies of the cervix from women with premature
rupture of the membranes should be examined for concentrations
of

elastase or other enzymes that might play a role in premature dilation

of the cervix. In instances of abruptio placentae and placenta previa
(and in matched controls), that organ could be examined for morphometric or morphologic alterations.

Placental Studies

Placental morphology and morphometry are plagued by a lack of
information and understanding ofthe relation of villous structure to

the size (generation) of the associated blood vessels. Therefore,
such
morphometric studies of the placenta should be carried out in
a

laboratory dedicated to placental structure.
The ratio of placental weight to birthweight increases with numbers
of cigarettes smoked daily. Light smokers placentas maybe slightly
lighter and heavy smokers placentas somewhat heavier than those of
nonsmokers. The diameter to thickness ratio is also somewhat increased for smokers. Signs of premature aging are also seen in
smokers placentas, characterized by early appearance of calcium and
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subchorionic fibrin (27). The described changes were somewhat smaller

in magnitude than those described for high altitude or anemia. These
studies did not, however, include consideration of the type of cigarette

smoked. The factors that account for these changes and their

mechanism of action are unknown.
Morphometric studies should be designed to determine what fea-

tures of placental architecture are altered by maternal smoking and by

the type of cigarette used. These studies would include examination of
the trophoblast, blood vessels and their interrelations, relative matura-

tion of the placenta including the presence of calcium and subchorionic
fibrin, membrane thickness, relative size of the intervillous space, and

evidence of pathologic alterations. In addition, other studies should
examine ultrastructural features of the trophoblastic cells and blood
vessels. Further studies should examine biopsies of the placental bed,
including the decidua and endometrium of women who do and do not
smoke.

Studies indicate that the blood of smoking women has lower

concentrations of certain amino acids and vitamins A, Buz C, and folic

acid, among others, but the mechanism of these changes is unknown.
Placentas from smokers of different cigarettes and matched controls
should be studied for uptake kinetics and for intracellular to extracellular concentration ratios of amino acids and other compounds.

Autopsy Studies
The fetus of the mother who smokes weighsless than the fetus of a
comparable nonsmoking mother, and this effect varies with the

number of cigarettes smoked. However, the mechanism(s) whereby

this change occurs is unknown. No evidence is available on how
different cigarettes affect the occurrence of low birthweights. In an
effort to determine whether decreasedcell size, or cell number, or both,

account for this change, we recommend that studies examine DNA
concentrations (cell number) and DNA to protein ratios (cell size) in
infants of smoking motherssuffering perinatal death.

One large study, corroborated by others, showed that, among
perinatal deaths associated with maternal smoking,the largest catego-

ries of cause of death forstillborn infants were unknown causes or
hypoxia.

The largest number of neonatal deaths were ascribed to

prematurity alone. In an effort to elucidate specific causes and
possible mechanisms of these deaths and the implications for newer
cigarettes, dead fetuses and infants who die near the time of delivery,

of smoking and nonsmoking mothers, should be subjected to thorough
and careful autopsy by an experienced neonatal pathologist. Such
studies may help elucidate differences in the smoker s infant whodies.
Fetal lung weight is decreased preferentially in animals exposed

prenatally to carbon monoxide. Infants of smoking mothers experience

increased risk of respiratory infections and pulmonary disease, and the
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lungs maybe altered in infants of smoking mothers who expire in the
sudden infant death

syndrome. In an effort to determine the

morphologic basis and possible mechanism of these changes, the lungs

of stillborns, or of newborn infants who expire, should be examin
ed for

morphologic and pathologic changes related to the smoking status
of
the mother. Some specific indices to be examined include alveolar type
II cells, macrophages, and microcirculatory vascularization.
Fetal brain weight is increased (probably from edema) in animals
exposed prenatally to carbon monoxide. The infants of smokin
g
mothers experience increased risk of minimal brain damage, hyperkinesis, and other neurologic disorders. In order to determi
ne the

morphologic basis and possible mechanisms of these changes, the
brains of the dead fetuses or infants of this group should be examined
for morphologic and pathologic changes. Somespecific indices to be
examined include neuronal and dendritic number and architecture. It
may be of special importance to examine the brainstem because of
altered respiratory control mechanisms.
Breast-Feeding Studies
Several products of tobacco smoke such as nicotine, cotinine,
and

thiocyanate are knownto be secreted in breast milk. However,little is
known about the dose-response relationship of smoking to the concentrations of these compounds. Breast milk of lactating mothers and the
blood of their newborns should be examined for concentrations of

nicotine, cotinine, thiocyanate, cadmium,and othertoxins. In addition
,

breast milk from smoking mothers should be analyzed for the
concentrations of leukocytes, monocytes, immuneglobulins, and other

immunologically important factors, in addition to protein,fat, carbohy
drate, and other constituents that affect newborn growth. Again, dose-

response relationships should be explored.
Finally, breast-fed infants of smoking mothers should be examined

for evidence of nicotine addiction and withdrawal symptoms(irritability, nervousness) at the time of weaning.

Some studies have indicated that maternal smoking suppresses
lactation. Milk production and ability to nurse should be studied in
smoking and nonsmoking women who wanttobreast feed their babies,
including evaluation of the effects of stopping smoking and the use of
lower tar and nicotine cigarettes.
Recommendations for Physiologic-Pharmacologic Studies

Laboratory studies in experimental animals have proved useful to
test various hypotheses regarding the specific effects of the individual
constituents of tobaceo smoke, as well as mechanism(s) of action. Such

laboratory studies should be carried out ina well-organized and careful
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manner, and should consider exposure to tobacco smoke per se as well
as to its individual constituents.
Tobacco Smoke

The introduction of modified, lower tar and nicotine cigarettes
raises several questions regarding the effects of these tobacco products
on the pregnant woman,fetus, and infant. Although purportedly lower
in their yield of tar and nicotine, these cigarettes maystill deliver a
threshold level or more of carbon monoxide or other toxic products.
Additionally, smokers may use certain techniques to increase the yield

so that the delivery of tar, nicotine, carbon monoxide, or other
constituents is similar to, or perhaps in excess of, that of regular

cigarettes.
Further, the possibility exists that there is a systematic difference in
the style of smoking depending on tar or nicotine level. If smokers of
lower tar and nicotine products uniformly take more puffs, larger
puffs, or inhale more deeply, the actual dose of constituents experienced by the smoker would not be as low as that predicted by machine
measurement. In addition, while the relative amounts of smoke

absorbed may vary, differences in smoking pattern might also affect
the relative proportions of constituents in the smoke inhaled, a fact
that might well influence the probability of developing smokingrelated health problems. Measurements of smoke constituents and

breakdown products in the smokers

exhalations, serum, and other

body fluids may provide better estimates of cigarette yield than
smoking-machine results. Levels also differ by sex and during
pregnancy.
Studies of the effect of tobacco smokein animals present problems
as to the dose of smoke actually received by the animal, the specific
compound(s) responsible for the changes observed, and the concentra-

tion of these substances in blood or tissue. All such studies should
include measurements of blood concentrations of nicotine, carboxyhemoglobin, and perhaps other compounds,as well as tissue concentrations where appropriate.

Numerous animals have been used for studies on the effects of

smoking. Ideally such studies should be carried out in subhuman

primates, such as baboons trained to smoke. However, the technical

difficulties and expense of such studies make this approach unrealistic.

Consideration must be given to whetherthereis, in fact, a particular
animal model that is optimal from the standpoint of relevance to

humanstudies,availability, and expense.
As noted previously, an almost universal phenomenonis the decrease
in birthweight of infants of smoking mothers. Animal studies must
explore which components of cigarette smoke are most important in

reducing the rate of fetal growth. Such studies should determine
whetherit is the rate of mitosis or cell number that is reduced, and
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whether the smoking-associated reduction of fetal growth rate is
caused by retarded growth of only certain organsor tissues.
Following birth, many children of smoking parents are continuously
exposed to tobacco smoke. This may be a factor in the higher incidence
of sudden infant death syndrome, hyperkinesis, minimal brain
dysfunction, and respiratory disorders in such children. Animal
studies should be performed to examinetheeffects of passive smoking
on newborn or young animals.
Nicotine

Nicotine is an important pharmacologic agent in tobacco smoke.
Studies suggest that some smokers titrate their nicotine dose by
altering the numberof cigarettes smoked, the depth of inhalation, or
the degree of occlusion of pores (in the case of low tar and nicotine
cigarettes). The following major areas of inquiry should be studied:
1. Definition of the role of nicotine exposure during fetal life in
birthweight reduction, behavioral development, and childhood
growth retardation
2. Examination of the effect of nicotine on individual organ growth,
including thefetal brain, adrenal glands,lungs, heart, and kidneys

3. Study of nicotine s contribution to neurologic disorders in children
4. Elucidationof therole of nicotine or its metabolites in carcinogenesis, alone or in combination with benzo[a]pyrene and other
carcinogens in smoke
5. Definition of the effect of nicotine on human fetal blood
catecholamineconcentrations
Carbon Monoxide

Carbon monoxide, a product of incomplete combustion of carbona-

ceous compounds, is present in tobacco smoke in relatively high
concentrations (1 to 6 percent). Hemoglobin avidly binds carbon
monoxide as carboxyhemoglobin, decreasing the oxygen transport

capacity of blood. Because of the relatively higher affinity of fetal
hemoglobin for Ozand CO, as compared with adult hemoglobin,a given
carbon monoxidepartial pressure results in a fetal blood earboxyhemo-

globin level 10 percent greater than that of the smoking mother, while

fetal arterial oxygen tension is only 20 to 30 percent that of the
mother. Thus, the fetus experiences higher carboxyhemoglobin levels
and a greater carbon monoxide-induced hypoxia than that occurring
simultaneously in the mother. Exploration of the following questions
should be undertaken:
1. Definition of the major physiological consequences of carbon
monoxide exposure on the developing fetus or newborn
2. Elucidation of the dose-response relationship of carbon monoxide
in disease occurrence
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3. Examination of fetal adaptation to low carbon monoxide concentrations, and the mechanismsof any such adaptation

4. Definition of the patterns of growth, development, and matura-

tion of the central nervous system and other organ systems
exposed to chronic low-level carbon monoxide
5. Study of the periods during gestation when the fetusis particularly vulnerable to carbon monoxide

Polycyclic Aromatic Hydrocarbons

Benzo[a]pyrene (BaP) and other polycyclic aromatic hydrocarbons
(PAH) are potent carcinogens. Little is known about the transplacental
effects of these substances on the developing fetus. Examination of the
following questions is needed:
1. Definition of the transplacental passage of BaP and PAH
2. Description of BaP or PAH distribution in the fetal organs and
tissues
3. Examination of a possible role of BaP or PAH from maternal
smoking in the growth and developmentof the fetal brain and
other organs
It should also be noted that BaP and PAH are known inducers of the
cytochromeoxidase (Pao) system, including aryl hydrocarbon hydroxylase (AHH). Such enzymesare involved in drug and steroid metabolism,
among other functions. Thus, the PAH should be investigated for
possible metabolic effects beyond those of carcinogenesis.
Other Substances

Numerouspossibly toxic substances are present in cigarette smoke,
including cyanide and cadmium.Little is known aboutthe role of these
compounds in altering fetal growth and development. Studies should
examine the effects and mechanism(s) of action of these substances.
Priorities for Research Recommendations

The preceding discussion has presented many research issues that

are major and valid questions. The primary emphasis, however, must

be placed upon studies that determine the character and magnitude of

the health hazards posed to the individual pregnant smoker and her
offspring by the modified lower tar and nicotine cigarettes. Research
to define the specific etiologic agents and their mechanism(s)of action
must take a priority second to that of defining therisks.
It is through epidemiologic research that the answers to the most
important questions will be reached. It is apparent that there is a need
for refining the measurementof cigarette dosage and the quantitation
of cigarette smoke exposure. A more accurate description of dosage
must be an intrinsic part of epidemiologic research efforts that deal
with smoking exposures. All obstetricians and prenatal clinics should
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be strongly urged to record details of their patients smoking habits at
each visit.
Simultaneously, however, laboratory investigation should proceed in
parallel to examine the specific compounds involved and their mechanisms of action. Research has contributed some knowledge oftissue,
cellular, and subcellular effects. Further studies at these levels hold
the promise of elucidating the mechanisms whereby these changes
occur. Such studies may lead to a greater understanding of specific

cigarette hazards by dosage and thereby suggest directions for
epidemiologic studies. Conversely, epidemiologic data will suggest
directions and specific questions for laboratory or clinical research.
These approaches should proceed in concert for maximal results in
understanding the problems of lower tar and nicotine cigarettes in
the medical, biological, and social environments.
Summary

1. Cigarette smoking during pregnancy has been shown to have
adverse effects on the mother, the fetus, the placenta, the
newborn infant, and the child in later years. There is no evidence

available that lower tar and nicotine cigarettes decrease or
increase these health risks, relative to those posed by higher tar
and nicotine cigarettes.
2. Problems that have been linked to smoking during pregnancy
include placenta previa, abruptio placentae, vaginal bleeding, and
reduced average birthweight of newborn infants.
3. Smoking by pregnant women increases the risk of spontaneous
abortion, premature delivery, fetal death, and perinatal death.

Parental smoking is associated with the sudden infant death
syndrome.
4. The fetuses of smoking mothers have higher blood carboxyhemoglobin levels and lower fetal arterial oxygen levels than do the
mothers.
5. Children of smoking mothers appearto show a greater susceptibility to some adverse health effects, such as bronchitis, pneumonia,
and respiratory disease, during early childhood. Slight differences
in physical growth and other forms of behavioral andintellectual
development may be found in children as old as 11 years of age.

6. Although

tar,

nicotine, carbon monoxide, and some other

constituents of cigarette smoke produce deleterious effects, the

specific etiologic agents and their mechanisms of action for

adverse effects on pregnancyare not clearly determined. Thus, the
relative importance of tar and nicotine, or carbon monoxide and
other constituents of tobacco smoke in the etiology of adverse
gestational and fetal events is not known.
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This section outlines the future directions that research on lower
tar and nicotine cigarettes should take. These are: (1) to perform
additional laboratory studies under controlled experimental conditions,

(2) to conduct additional research on compensatory smoking; and (3) to
investigate both the biological and psychological factors involved in

smoking.

Research Priorities

Controlled Studies To Determine the Role of Nicotine as a
Primary Reinforcer in Cigarette Smoking

Many important questions on the pharmacological importance of
nicotine in maintaining cigarette smoking remain unanswered, despite

a large numberof studies on thetopic (1, 2, 19, 25, 36, 44, 46, 49, 65, 69,

73).

Nicotine is probably the primary source of the pharmacodynamic
appeal of tobacco, but not enough is known aboutits exact role in
smoking to determine whetherit is the only source. (For reviews on
nicotine and smoking,see 18, 21, 31, 57, 61.)

Tobacco without nicotine appears not to be sufficiently reinforcing
to support sustained use (18). There has never been an appropriately
designed study with a large number of subjects randomly assigned to
smoke flavor-balanced cigarettes of varying nicotine content over a
substantial (months) time period. The behavioral aspects of cigarette
smoking are of paramount importance in the evaluation of less
hazardous cigarettes. Behavior is the interface between cigarette
smoking, its pharmacological and physiological effects, and the
generation of disease. Compensation for nominally reduced machinemeasured tar and nicotine yields of cigarettes by increased depth
and volumeof inhalation as well as proportion of the burning cigarette
consumed has been demonstrated. Such a study would be necessary to
conclusively support this hypothesis of cigarette habituation.
Instead, we can only look at the distribution of smoking by nicotine

yield and the experimental literature. In 1979, the percentage of

current regular smokers in the United States who smokedcigarettes

low in nicotine content (less than 0.5 mg nicotine and less than 5 mg

tar ) was very small, about 4 percent. Research studies using tobacco
cigarettes virtually free of nicotine show these to be rated as aversive
by smokers (86, 64). At the same time, it has been difficult to
demonstrate that smokers will use nicotine in a nontobacco medium. In
one study, lettuce leaf cigarettes injected with nicotine were smoked
for 1-week periods at intake levels only approximately 50 percent the
rate of the subject s own brand, and with protest of much reduced

satisfaction (18). Considered a more direct route of administration,

injections of nicotine becamea satisfying replacement for cigarettes
7

after repeated trials, but this early study was not conducted in a
blind fashion (38).
More recent studies of intravenously administered nicotine have
contained subjective reports of perceived pleasure (89), but also have
included reports of an inability to suppress subsequent smoking to a
major extent (39, 46, 49). Although the results were perceived as only
mildly pleasurable, nicotine administered in oral tablet form ($5) or
embedded in chewing gum (44, 64) has decreased various measures of
smokingin individuals not trying to quit.
The major problem with giving nicotine in other than inhaled form is
that it lacks some of the biological as well as many of the behavioral
similarities to smoking. The nicotine bolus, when inhaled, reaches the
central nervous system in less than 8 seconds(58).
More information is needed to understand the pharmacological,
psychological, and situational cofactors that may contribute to the
reinforcing effects of nicotine. By analyzing the mechanisms whereby
nicotine reinforces smoking behavior, it may be possible to design more
efficacious treatments for cigarette dependence or to devise techniques
for maximizing the rewards of smoking while minimizing therisks to
health.
Animal Models of Nicotine Use
Animal models have several advantages over human models in

studying the effects of nicotine. In the animal laboratory, environmental variables can be controlled to a much greater extent than they can
in the humanlaboratory. History of exposure to the drug can be
manipulated in a true experimental fashion. One of the greatest
limitations of much epidemiological and behavioral research on human
smoking behavior is that the subjects are self-selected. Consequently,
the research is inherently correlational rather than experimental.
Correlational research can describe associations between variables, but
it is often confounded by unmeasured variables (30).

Animal models have been used to study the dependence liability and
toxicity of many drugs (17, 75). The techniques used in analyzing

responses to other drugs should be developed further and applied to the

study of nicotine and perhaps other substances in tobacco.
Methods of administration can have a large effect on the pharmaco-

kinetics of nicotine. Oral, intravenous, and inhalation modes of

administration should be employed, but since smokers receive nicotine
from inhaled smoke, the inhalation route is particularly important.
Unfortunately, animals do not inhale nebulized nicotine or cigarette
smoke in ways that are comparable to humaninhalation patterns (53).
Until reliable inhalation methods for animals are perfected, intravenous administration will have to be used in much of this research.
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The Self-Administration of Nicotine by Animals

Since people take nicotine on their own, an ideal animal model would
be one in which animals take nicotine on their own. Attempts to get
animals to administer nicotine to themselves have not been uniformly
successful (17, 21). Maintained self-administration has been found in
the monkey andtherat in somestudies (6, 22, 47, 50), but not in others

(82). Recent work has shown that under someschedules of reinforcement, monkeyswill self-administer injections of nicotine (12). In order
to discover precisely what variables are critical to the reinforcing
properties of nicotine, further studies are needed.
In addition to studying the parameters of self-administration,
toxicity should also be measured. For example,it is important to look
at the variables of physical dependence, food and water intake, and
morbidity, as well as necropsy findings.
The Study of Tolerance and Physical Dependence

Both tolerance and physical dependence can develop to nicotine or

other ingredients in tobacco ($8, 48, 71, 78). Animal models have been

used successfully in research on opioids and alcohol (70) and could
prove effective in future research on nicotine and smoking.
Appropriate animal models would facilitate the study of the
pharmacokinetics of nicotine and would help in the evaluation of
pharmacological treatments for dependence. Since tolerance and
physical dependence can influence the reinforcing properties of drugs
of abuse, animal studies should investigate the extent to which
withdrawal phenomena maycontribute to the reinforcing properties of
cigarette smoke. Methods developed for evaluation of opioid drugs
could be adopted for these purposes.
Nicotine Research With Humans

The scientific issues in human and animal research are similar,
although not all studies conducted on animals are practically and
ethically suitable for research on humans. A great amount of

preliminary data already exists on the role of nicotine in human
smoking behavior (see the reviews cited above), but the influence of

tolerance and dependence on nicotine on the initiation, maintenance,

and cessation of smoking behaviorarestill not resolved (27, 46, 59, 61,

68). Clearly, both biological and psychosocial factors influence human
cigarette intake (41), and it is in the human modelof cigarette smoking
that the interplay of these factors can best be studied. There is no
knownanalog in animal behavior for future orientation and cognitive
factors, such as worrying about the risks of cancer or about weight
gain upon giving up smoking.
Progress to date in laboratory studies of smoking dependence has
been slowed by the lack of standardized test materials, such as
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cigarettes madeto research specifications, and of standardized,e
asily
accessible laboratory analyses, such as for plasmalevels of nicotin
e.
Compensatory Behavior in Smoking

If, in the course of a standardassay for the tar and nicotine
yields
of a cigarette (54), a smoking-machinederives relatively small
amounts
of tar and nicotine, the cigarette can be called lower tar
and
nicotine. Unfortunately the smoking-machine model is limited
in
accurately reproducing human smoking behavior. The machines take
a
2 second, 35 cc puff each minute until a predetermined butt
length is

reached. Smokers, however, are able to take larger, more frequen
t, and

higher velocity puffs than the machines do. It appears that
such
compensatory adjustments often turn nominally lower tar
and
nicotine cigarettes into higher tar and nicotine cigarettes (1, 4,
9, 25,
36, 46, 60, 62). Even if the compensations made in smoking
a single
cigarette are small or nonexistent, smokers can increase their intake
of
tar and nicotine by smoking more cigarettes (66).
Cigarettes of less than about 6 mg tar and 0.5 mg nicotine are
also
subject to the influences of compensatory smoking. Most of these
cigarettes achieve their lower yields as a result of ventilation holes
placed in the filters, which cause each puff of smoke to be diluted
with
air. These air-diluted puffs deliver relatively small amounts of tar,
nicotine, and carbon monoxide to the smoking-machines (29).
Some

smokers have learned to block the ventilation holes with their lips or
fingers or sometimes with tape and thereby, often unwittingly,
defeat the purpose of the holes. If the ventilation holes are blocked,
yields of nicotine, tar, and carbon monoxide can increase by about
two, three, and four times, respectively (42). In 1979, ventilated-fil
ter

cigarettes accounted for about 25 percentof total cigarette sales (29).
Manystudies have used estimates of nicotine and smoke intake
based on direct observations (44), measurements of smoking topogra
-

phy by means of special cigarette holders (24, 36), or analyses
of
residual nicotine in cigarette filters (1, 9, 55). Only a few studies
have
measured the levels of nicotine in plasma asa function of the nomina
l

smoking-machine yields (1, 63), but research indicates that
some

smokers do compensate for reduced yields ofnicotine.
By smoking more to compensate for lower nicotine intake, lower
tar and nicotine cigarette smokers can inadvertently increase their
exposure to tar and carbon monoxide beyond what might be
expected from a less intensively smoked higher tar and nicotine
cigarette (57, 67). Because less hazardous cigarettes may require the
delivery of moderate levels of nicotine while delivering lowerlevels of
tar and carbon monoxide, Russell (5 7) has proposed that lower tar

to nicotine ratios should be used to indicate less hazardous cigarettes.

These ratios may direct smokers to potentially less hazardous ciga-

rettes, but the way in which cigarette is smoked can affect the ratio
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examination of the advisability of encouraging people to switch
to
milder cigarettes should be undertaken. (See Russell (60) for a
brief
discussion of the possible role of self-selection biases in the epidem
iological finding that filter-tipped cigarettes are less hazardous (8, 81).
See Harris (23) for a summary discussion of behavioral and econom
ic
factors affecting the promotion of lower tar and nicotine cigarettes.)
Controlled Switching

Very few studies on controlled switching have employed measure
sof

plasmanicotine (1, 28, 60). No large-scale studies have been conduc
ted

that makeuse of plasmanicotine, carbon monoxide, and physiol
ogical
measures of smoke exposure.
The relationship between smoker satisfaction and compensatory
smoking appears to be complex. One forced switching study (74) has
shown that, even though the compensation was incomplete and did not
change for the few days of the study, satisfaction did improve during
the course of the experiment. We do not know if satisfaction with
lower tar and nicotine cigarettes increases with duration of their use,
if it decreases with time if compensation occurs initially, or if nicotin
e
yield alone determinescigarette acceptability.
Additional Comments

As noted earlier, progress in compensatory smoking research has
been hindered by the lack of research cigarettes varying systematically

in nicotine,

tar,

and carbon monoxide, and by the shortage of

laboratory facilities in which to do needed analyses.
One byproduct of the proposed research on switching to lower tar
andnicotine cigarettes might be the developmentof practical diagnos
tic techniques. Smokers and physicians have not determined whethe
r
lower tar and nicotine cigarettes have produced low-yield smoking, but simple measures such as expired air carbon monoxide(11,
26)
might help supply needed information concerning smoke exposure.
Natural History of Smoking Along Both Biological and

Psychosocial Dimensions
Since almost nothing is known about the role of lower tar and
nicotine cigarettes at crucial transition points in a smoker s history,

this issue cannot be considered in detail (7, 20, 40, 52, 56). One
key

unanswered question is whether lower tar and nicotine cigarettes
tend to facilitate taking up the smoking habit. Presumably,initiation
of smokingis easier for those whofirst try lower tar and nicotine
cigarettes than for those whofirst try regular cigarettes. Thus,
lower

tar and nicotine cigarettes can reduce aversive physical responses to
early smoking episodes that might otherwise deter taking up the habit
(43, 56).
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Teenagers generally prefer moderately high-yield cigarettes (77),
but 2.5 percent of the boys and 12.3 percent of the girls who smoke use
lower tar and nicotine brands (here defined as < 10 mg tar ).
Research has not addressed the question of what percentage of these

smokers may have been helped eitherin theirinitiation to smoking or

in their shift from casual to habitual smoking by the use of lower tar
and nicotine cigarettes. The incidence of smoking amongteenagegirls
has increased during the past 10 years (76, 77). Silverstein et al. (72)

present data supporting the hypothesis that the increasing availability

of lower tar and nicotine cigarettes has encouraged this increase in
smoking. Analysis of a survey of high school students suggests that
girls experience greater social pressure to smoke than do boys, and that
they also face greater physiological pressure not to smoke because of
their higher sensitivity to nicotine. Girls appear to resolve these
pressures by becoming lighter smokers than boys and by switching to
lower tar and nicotine cigarettes. Perhaps if lower tar and nicotine
cigarettes were less available, some girls would choose not to smoke
rather than to experience unpleasantnicotine reactions.
Most research on theinitiation of smoking and casual smoking has
been psychosocial. No doubt there are practical, if not ethical,
constraints on studying biological influences on smoking among
teenagers. Whatever the reason, very little is known, for example,

about the role of nicotine in early smoking experiences. No one knows
how much exposure (days, months, years) to smoking is needed before
withdrawal symptoms appear. More balance is needed in research on
teenage smoking. Wheneverpossible, biological factors both physio-

logical and pharmacological should be studied along with
cial factors (27, 41).
There has been little research on the effects of lower
nicotine cigarettes on maintenance or cessation of smoking.
studies on the effects of using decreasing amounts of

psychoso-

tar and
There are
tar and

nicotine as a cessation or reduction aid (10), but these studies do not

include biochemical or physiological measures of change in smoke

exposure. It seems plausible that the alternative of a supposedly lesshazardous cigarette might make some smokers less likely to try to

abstain completely. By the same token, the example of satisfied,

though perhapsfully compensating, smoker of lower tar and nicotine
cigarettes might make a former smoker more likely to relapse. The

former smoker might view the lower tar and nicotine cigarettes as
both acceptable and safe (14, 15). Answers to these questions can have
immediate implications for smoking treatment. Research in this area
should include such crucial variables as gender (72). Both experimental

and epidemiological data are needed in these studies. Perhaps large-

scale smoking surveys can be expanded to include more questions that

would help characterize the natural histories of smokers.
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Recommendations
Clinical Testing Facilities and Standardized Research Cigarettes

There has been an active research effort in this country on the
behavioral aspects of smoking. To furtherits productivity and to refine
the scientific questions that this research can address, especially with
regard to lower tar and nicotine cigarettes, the facilities and
research cigarettes described here are needed.
Clinical Testing Facilities

These facilities should be able to provide biochemical and pharmacological analyses of assays for plasmanicotine,cotinine, carboxyhemoglobin, and salivary thiocyanate. (Jarvik (34) reviews the use of these
assays.) Each of these assays can be used to measure a smoker's
exposure to someof the toxic and/or reinforcing ingredients in tobacco

smoke. Plasmaassays for nicotine (8) are available in a few laborato-

ries; these assays can require special facilities to avoid problems of
contamination. For example, a laboratory that is used part of the time
by a worker who smokes may be unacceptable for the evaluation of
plasma nicotine levels. Few behavioral researchers have access to or
sufficient control over the needed laboratory facilities. Laboratories of

this nature would be a great boon to behavioral research and would

help to standardize assaysin this area.
Research Cigarettes

A supply of clinically acceptable cigarettes that vary in nicotine,
tar, and carbon monoxide yield should be made available to
behavioral researchers. Although some standardized cigarettes have
been available for years from the Tobacco and Health Research
Institute of the University of Kentucky, these cigarettes have no
filters, and their lack of palatability and acceptability almost completely precludes their use in behavioral research. Cigarette technology has
several ways of altering tar, nicotine, and carbon monoxideyields.
Ideally, different strategies would be employed to produce cigarettes
with identical machine-smoked yields. Consider two examples. A fastburning, strong-tobacco cigarette might have the same yields as a
slow-burning, mild-tobacco cigarette, but it is not clear how human

smoking behavior might change as a function of these modesof yield
reduction. A cigarette low in carbon monoxide could be made with
either vented cigarette paper or a vented filter. The vented filter can
be closed by smokers accidentally or intentionally, thereby increasing
the actual yield to the smoker(42), but the effect of porous cigarette
papers cannotreadily be circumvented by the smoker.
Variations in tar to nicotine ratios should be of special concern
(57). It is important to determine the lowest ratios that still produce a
satisfying cigarette. Obviously, identical tar and nicotine ratios can
184

occur in cigarettes that have very different standard nicotine yields.
Research could show if there is an optimum combination of standard
yield and ratio that leads to maximum satisfaction and minimal
exposure to toxic products. Cigarettes that vary systematically in tar
to nicotine ratios are needed for this research.
Machine-Smoked Yields of Lower

Tar

and Nicotine Cigarettes

The standard smoking-machine assay of tar and nicotine yields
provides inadequate information to the tobacco consumeras well as to
the researcher (16, 45, 74). The published yields do not indicate how
many puffs were taken on a particular brand (45); assays at the Oak
Ridge National Laboratory (37) reveal that from 6.9 to 11.5 puffs are
taken on different brands of king-size filter cigarettes during standard
assays.
The current smoking-machine standards are meant to represent an
average smoker, but it is probable that the standard puff volume (35
ec) is too small (5, 51) and that the puff interval (one puff per minute)
is too long (4, 74). Since compensatory smoking occurs with lower tar
and nicotine cigarettes, larger and more frequent puffs tend to be
taken. Smokers sometimes interfere with ventilation holes on lower
tar and nicotine cigarettes (45); smoking-machinesdo not.
In addition to the standard assays, there should be maximum-yield
assays of tar, nicotine, and carbon monoxide. These assays would be
based on puffing parameters of volume, rate, and duration for the
95th or even the 75th percentile of heavy smokers smoking lower
tar and nicotine ventilated cigarettes up to the tip overwrap. These
parameters would be used in smoking-machines, with these same
ventilated brands, to derive yields with ventilation holes in both
blocked and unblocked conditions. This procedure would produce much
higher yields than does the standard assay, and these values would
better represent the possible maximum risks of the lower tar and
nicotine cigarettes to smokers who engage in compensatory smoking.

Without access to information about how muchthe standard yields can

change with intensive smoking,there can be only a limited understanding of possible reductions in actual smoking exposure. Using research

in the British-American Tobacco Company Laboratories in the United
Kingdom, Green (16) has argued that intensive smoking can make

middle

tar

cigarettes (11 to 16 mg) deliver as much as high

tar

cigarettes (31 to 35 mg). Green could not demonstrate that low tar
cigarettes (0.4 to 9 mg) can be madeto deliver high tar levels, but
this study did not consider the effect of blocking the ventilation holes
on these cigarettes.
Toxicology of Nicotine

A probable outcome of behavioral research will be that nicotineis
the primary pharmacological reinforcer for cigarette smoking.If this
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prediction is correct, a lower tar and nicotine cigare
tte that will be
used by smokers and that will minimize the expos
ure to other toxic
components of smoke may require substantial yields
of nicotine (57,
62). Consideration of the toxicity of nicotine, then,
may becomecrucial
in determining whether the benefits of lower
tar and nicotine
cigarette smoking outweigh the costs.
Summary

1. Nicotine appears to be the primary pharmacolo
gicalreinforcer in
tobacco, but other pharmacological and psychosoci
al factors may
also contribute a reinforcingeffect.
2. It appears that some smokers make compensato
ry adjustments in
their smoking behavior with cigarettes of diffe
rent yields that
might increase the amounts of harmful substances
entering the
body. The frequency and amount of Spontaneous
compensatory
changesin smoking style with different cigarettes requi
re further
investigation.
3. Additional information is needed on the role
of lower tar and
nicotine cigarettes in the initiation, maintenanc
e, and cessation of
smoking.

4. Rigorous comparative behavioral studies invol
ving animals are
needed to provide comprehensive, experimentally
valid results on
behavioral aspects of smoking.

5. Laboratory techniques developed for study
of opioids and alcohol

should be adapted for studies of tolerance and
dependence on
nicotine.
6. Improved laboratory facilities are necessary for
more tightly
controlled behavioral research. A particular
need exists for
clinically acceptable cigarettes with standardized ingred
ients.
7. Smoking-machine measurements that more closely
simulate the
practices of human smokers must be developed.
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Introduction

This section discusses changesin cigarette smoking overrecent years

in the United States. Currently available evidenceindicates that, while
the prevalence of cigarette smoking is at its lowest point in several
decades among both adults and adolescents, there are significant
differences in the cigarettes being used by those persons who do
smoke.

The discussion does not attempt to describe comprehensively the

patterns of cigarette smoking; such reviews have been published

previously (25, 26). Rather,it focuses on the information that describes

the cigarette products currently being used by smokers and the role
that such modified products may play in the smoking habit. It includes
examination of (1) the growth of the lower tar and nicotine
cigarette, including social and marketplace activity in recent years,
and (2) cigarette product choice and use by the smoking population.
This consideration of changes in the cigarette is restricted to that of
tar and nicotine yields of various cigarette brands, because of the
availability of systematic measures of these constituents through the
annual reports of the Federal Trade Commission (FTC). Note should be

taken, however, that the extensive discussion of tar yields in this
Report ought not to be construed as implying a primary or singular

role of tar in causation of all the adverse health effects associated
with cigarette smoking. Rather, tar yields are used because they are
readily available andcorrelateclosely to nicotine levels. No comparable
measurements are available for carbon monoxide or other constituents
of cigarette smoke, such as acrolein, hydrogen cyanide, or the nitrogen
oxides, which are identified as probable contributors to smokingrelated disease. Further, there are no systematic data available
regarding the effects of commercially used cigarette additives on the
yields of any of these constituents.
Although the data cited here are derived from multiple sources,
much of it represents the first analysis of a large, ongoing national
survey. At the request of the Office on Smoking and Health, a smoking
supplement was added to the continuing National Health Interview
Survey (NHIS) by the National Center for Health Statistics. Begun in
July 1978 and continued through 1979, the smoking supplement was
designed to provide data on the prevalence of smoking, amount
smoked, and attempts to quit smoking. Representing a random one-

third subsample of the NHIS interviews of noninstitutionalized

persons aged 17 or older, the 18-month data included approximately

36,000 individuals interviewed. Unless otherwise indicated, the data

cited represent analysis of the approximately 24,000 interviews on
smoking conducted during calendar year 1979. Lifetime smokingstatus

(i.e, never, regular, occasional, and former smoker), age at onset,
brand choice, amount smoked, and data on the attempt(s) to quit were

collected for recent and current smokers. The tar and nicotineyields
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for the 1978 and 1979 NHIS data sets
are based on the FTC listing of
cigarette varieties, sampled in 1977
and published in May 1978, and
updated to include cigarettes identifi
ed by the FTC as marketed in
July 1978.
Three major conclusionscan be elicited.
First, Government and other
agency activities in recent decades
have led to widespread public
recognition of the health hazards of
smoking cigarettes, Second, the
markedincrease in the use of filter-t
ipped cigarettes in the late 1950s
has been followed by a reduction in
the tar and nicotine content of
the cigarette products actually being
selected and used by the smoking
population. Third, the role of cigarett
es of varying levels of tar and
nicotine in the initiation, main
tenance, or cessation of smok
ing js
unknown. The data from the National
Center for Health Statistics
presented here neither prove nor disp
rove a role of lower tar and
nicotine cigarettes in easing initiation
, increasing daily consumption
amongregular smokers, or decreasing
the probability of attempting to
quit or of succeedingin the attempt.
Much further work remainsto be
done to clarify and define the effects
of lower tar and nicotine
cigarettes on these behaviors, and thus
their effect on total lifetime
patterns of cigarette smoke exposure.

The Growth in the Use of Lower
Tar and Nicotine Cigarettes
An Increasing Public Awareness of
the Health Hazards of
Cigarette Smoking

The decadessince the first medical repo
rts of a link betw

een lung
cancer and smoking in the 1950s have
seen multiple changes in the
ciga

rette products being used by the smoking
population (7, 14, 15, 16,
25). A numberof factors may have encourag
ed these changes.
The U.S. Public Health Service (PHS)
has been active in assessing
and attempting to reduce the excess
burden of preventable illness
related to cigarette smoking. Its first
comprehensive review of the
evidence linking cigarette smoking and
adverse health effects by the
Advisory Committee to the Surgeon Gene
ral of the Public Health
Service in 1964 was followed by regularl
y issued reports from 1966
through 1980, each of which continued and
extended the PHSconcern.
In 1966, the
PHS submitted to Congress (42) the
Technical

Report on
Tar and Nicotine. On the basis of the
clear demonstration of
cigarette dose-dependentrisks of several
diseases, the PHS concluded:
The preponderanceof scientific evidence
strongly suggests that the
lower the tar and nicotine content
of cigarette smoke, the less
harmful would be theeffect.
We recommend . . . the progressive
reduction of the tar and
nicotine contentof cigarette smoke.
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At the sametime, Secretary of Health, Education, and Welfare John

W. Gardner urged the Congress to require tar and nicotine levels on
packages and advertisements, with provision for adding to the label
any ingredients subsequently identified as hazardous(42).
The PHS then began transmitting this information to the public.

The PHSpolicy formulated on the evidence available was that thereis
no safe cigarette; the single best way to avoid the health hazards of
smoking is to quit smoking, but for those unable to quit, a lower tar
and nicotine cigarette would probably pose lowerrisks.
In 1972, the PHSclassified some of the known chemical constituents
of cigarette smoke into different risk categories. The compounds
classified as most likely contributors to health hazards tar,

nicotine, and carbon monoxide were recommendedas primary targets
for reduction (34).

In 1974 and again in 1975, Secretary of Health, Education, and
Welfare Caspar W. Weinberger formally requested legislation authorizing the regulation of cigarettes by formulation of maximum

permissible levels of hazardousingredients (38, 39).

During this time, a number of health professional societies, voluntary health agencies, and concerned citizens groups also conducted
public education activities on the health hazards of cigarette smoking.
The cigarette industry s activities during this period probably also
influenced changes in cigarette choice. In 1952 only 1.4 percent of
cigarettes sold in the United States were filter tipped; by 1956, 29.9

percent of all cigarettes were filtered (27). In 1979, filtered cigarettes
represented 89.2 percentof all brands marketed(24), and were used by
91.7 percent of regular smokers, according to data from the 1979
Smoking Supplement of the National Health Interview Survey.
Advertising probably contributed to this rapid growth of filter-tipped
cigarettes. As early as 1954, one brand s advertising slogan read, ...
filter gives greater protection against nicotine and tars than any other
cigarette on the market today. It is the greatest health protection in
cigarette history (27). Another brand advertised the Miracle of the
Modern Miracle Tip (even while the tar yield of that product

increased 40 percent and the nicotine increased 70 percent over the 2year period after the filter had been introduced)(27).

During the last decade, when systematic data on

tar and nicotine

yields of marketed cigarettes have been available, lower tar brands

have been marketedin increasing proportions. Federal Trade Commis-

sion data show that cigarettes yielding 15 mg or less of tar
constituted 15 percent of all brands in 1968, 20.4 percent in 1972, 30
percent in 1976, and 58.5 percentin 1979 (1, 2, 3, 5). Over the same time

period, the proportion of all marketed brands that yielded 10 mgorless
of tar increased from 4.7 percent in 1968, 9.9 percent in 1972, 12.4
percent in 1976, to 33.0 percent in 1979.
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MILLIONS OF DOLLARS

FIGURE 1. Market share of dollars expended in the U.S. on
advertising and promotion of cigarettes yielding <15 mg tar

compared with total domestic cigarette advertising and

promotional expenditures for years 1970, 1975, 1976, 1977, and

1978

NOTE: Percentages (shaded areas) refer to percent of each individual her.
SOURCE:Derived from Federal Trade Commission (6).

Further, the marked increase in the last 5 years in the proportion of
all cigarette sales accounted for by brands yielding <15 mg tar
coincides with an increased percentage of total dollars spent for
advertising and promotion of cigarettes yielding 15 mgorless of tar
per cigarette. Figure 1 showsthis increasing promotional effort. Since
1970, the absolute amount as well as the percent of all advertising
dollars spent that went to advertising of low tar cigarettes has
increased from approximately $37,900,000, or 10.5 percent, in 1970 to
$421,300,000, or 48.1 percent, in 1978 (4). This increase occurred over

the same period as the greatest increase in the lower tar brands
proportion of marketsales.
Public Attitudes

Several surveys have examined the opinions of the general public
about cigarette smoking.
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Public surveys conducted by the National Clearinghouse on Smoking
and Health examined the beliefs and attitudes of the U.S. public

relative to cigarette smoking (28, 29, 36, 39, 41). These surveys

indicated that the belief that cigarette smoking poses health hazards
was increasing, not only among the general public but also among
persons who continued to smoke. For example, in response to the
statement Smoking cigarettes is harmful to health, in 1964, 81.3
percent of the persons interviewed agreed and 13.1 disagreed, but in
1975, 84.9 percent agreed and 11.3 percent disagreed, with intermedi-

ate figures occurring in 1970 (29, 35, 39). Substantial differences were

apparent when smoking history was considered. In 1964, former
smokers believed smoking to be harmful in 90.5 percent of interviews,
while only 69.5 percent of the current smokers believed smoking
harmful; only 7.4 percent of former smokers did not agree that
smoking is harmful, but 21.9 percent of smokers did not agree (29).
This difference by smoking status in the percentage of interview
subjects who believed smoking to be harmfulpersisted in 1975, but the
difference narrowed (78 percent of current smokers agreed and 91.6

percent of former smokers agreed) (39). Very similar results were

reported in a large survey in 1978, which found that 90 percentof all
persons and 88 percent of smokers believed smoking to be harmful to
health (7).
The percentage of smokers who agreed that cigarette smoking
frequently causes disease and death increased from 52.2 percent in
1966 to 70.7 percent in 1975; the proportion of smokers whodisagreed
declined from 37.6 percent in 1966 to 22.3 percent in 1975. The
percentage of the total population who had noopinion onthis question
and the preceding question declined from 9.1 percentto 5.3 percent and
from 4.7 percent to 3.4 percent, respectively. This suggests that
educational efforts may have reduced the size of the undecided
population.
Other questions assessed the personal impact of beliefs about the
health hazards of cigarette smoking. Although the percentage of
smokers who reported being slightly

concerned about the possible

effects of smoking on their own health remained fairly constant from

1966 (18.1 percent) to 1975 (18.9 percent), the proportion of smokers

who were fairly or very concerned increased from 29.1 percent in
1966 to 47.6 percent in 1975. The number of smokers not concerned
declined from 52.5 percent in 1966 to 31.5 percentin 1975.

For the entire population, the proportion of interviewees who agreed
that smoking (is) enough of a hazard for something to be done about
it increased from 76.3 percent in 1966 to 84.0 percentin 1975.
Additionally, one question asked of current smokers in 1966, 1970,
and 1975 provides information on smokers perceptions of varying
hazardsby cigarette type (29, 36, 40). The number of smokers whofelt
that all cigarettes (are) probably equally hazardous declined from
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57.8 percent in 1966 to 40.6 percent in 1975, while the numberof

smokers whobelieved that some cigarettes (are) more hazardous than

others increased from 29.9 percent in 1966 to 49.1 percent in 1975.
Among smokers who believed there was a difference amongcigarette
brands in health hazard, current smokers who believed their own

cigarette brand was less hazardous than other kinds declined from 59.9
percent in 1966 to 49.7 percent in 1975, and smokers whobelieved their
cigarette brand was more hazardous increased from 12.6 percent. to
20.4 percent. Thus in the period from 1966 to 1975, there was an
increasing proportion of smokers who believed different cigarettes
posed varying health risks, but among these smokers the proportion
who felt their cigarette was more dangerous to health than other
cigarettes also increased. Unfortunately, identical large surveys to
assess subsequent trends either in smokers beliefs about differences in
health risks or about the role of such beliefs in affecting cigarette
product choice have not been published since 1975.
The Tobacco Institute, which represents the cigarette manufacturers, has also supported periodic surveys of attitudes. Their most recent
survey is publicly available. Conducted in 1978 (18), this survey found
that more than 90 percent of the U.S. population believed cigarette
smoking is hazardous to the health of the smoker. Fully 61 percent
believed that any amount of smoking is hazardous, up from 47 percent
in 1970. This is in close agreement with surveys performed by the PHS
in 1970. Further, in 1970 and 1978, 42 percent and 50 percent,
respectively, of the population surveyed believed that smoking makes
a great deal of difference in longevity, a higher percentage than those
believing the same thing about fatty diets (48 percent), alcohol
consumption (39 percent), lack of exercise (34 percent), and overweight
(24 percent).
The proportion of all persons who believe smokers have or
probably have more of certain illnesses has increased from 56
percent in 1970 to 62 percent in 1978, when only 11 percent believed
that smokers do not suffer more illness. Only 3 percent of people

surveyed did not believe that cigarette smoking is a cause of disease, a
figure that has not changed appreciably since 1970.
The 1978 Roper Survey found that the proportion of the population
who believed others smoking is hazardous to the nonsmoker s health
had increased from 46 percent in 1974 to 58 percent in 1978. In 1978,
the number whobelieved passive or involuntary smoking to be harmful
was 69 percent among nonsmokers; while among smokers it was 40
percent. For the first time, the health effect of involuntary smoking
was cited most frequently as a reason for legislation to ban cigarette
smoking in public places.
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The Cigarette Profile
The definition of cigarettes as lower tar at <15 mgis arbitrary.
Nonetheless, this breakpoint has gained general acceptance. The

separation of <15 mg tar was meaningful when the vast majority of
cigarettes were of higher tar yields; now, however, morethan half of
all the cigarettes sold in this country are at or below thelevel of 15 mg
tar per cigarette. Many of the following measures use this breakpoint (<15 mg). Special note should be taken, however,of the fact that
both tar and nicotine yields vary continuously, and groupings by
relative yield measurements do not automatically imply differences
eitherin the type or in the magnitudeof their biologic effects.
As discussed previously, the proportion of domestic commercially
marketed cigarette brands that yield 15 mg or less of tar has
increased over the last two decades to 58.5 percent in 1979 (1, 5). These
figures, however, reflect industry marketing decisions and do not
directly measure the smoking public s selection of a cigarette product.
The market share of unit sales, however, reflects both the tar yield

of each brand marketed and the smoking population s actual use of
that product. Figure 2 shows the percentageof all U.S.cigarette sales
(the market share ) represented by cigarettes containing 15 mg or
less of tar. Over the last decade the market share of sales accounted
for by lower tar products has increased consistently since 1971.
Cigarettes yielding <15 mg tar accounted for only 2 percent of the
cigarette market sales in 1967, but the comparable figure is projected
to approach 50 percent in 1980 (24). This represents an almost 23-fold

increase over 13 years. There has been a threefold increase over the

last 5 years in the proportion of all cigarettes purchased and
presumably consumed that are lower in tar. Thus, cigarettes of 15
mgorless are notonly available in the market, but they are also being
chosen by the smoking population.
A different measure of cigarette choice is the sales-weighted
average of

from the

tar

tar

or nicotine. The sales-weighted average is derived

or nicotine yield of each cigarette available in the

United States, weighted by the numbers of packages of each brand
sold annually. The sales-weighted average values for tar and

nicotine thus represent a hypothetical average cigarette smoked in
the United States. Figure 3 shows the trend over time of the salesweighted averagecigarette s tar or nicotine content(43).
The yield of tar declined from 38 mg in 1954 to 19 mg in 1975,
while that of nicotine declined from 2.3 to 1.3 mg per cigarette. The
decline in both tar and nicotine approximated 50 percent over this
20-year period. Data provided from a single source of continuous
measurement as shown in Figure 4 indicate that the decline in tar
has continued in recent years, although at a slower rate than that

observed from 1954 to 1965. It is projected that the sales-weighted
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average tar and nicotine in 1980 will be less than 14
mg and 1 mg,
respectively.
Examinationoftheratio of tar yield to nicotine yield per
cigarette
is interesting in light of the hypothesis that nicoti
ne, perhaps in
combination with organoleptic compounds, exhibits a thresh
old value
for acceptability to the consumer. This threshold may
have been
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reached (at 1.4 mgnicotine) in certain
countries (e.g., England) (19). In
the United States, the sales-weight
ed average nicotine yield per
cigarette has continued to decline belo
w the level of 1.4 mg (Figures 3
and 4). Figure 5 presents the tar
to nicotine ratio of the salesweighted average cigarette annually
from 1968 to 1978. The tar to
nicotine ratio has ranged from 16 to 14.3,
with a maximum variation of
less than 10 percent of the ratio s abso
lute value. There has been no
systematic difference observed betw
een the declines of tar and
nicotine of the average cigarette product
overthe last decade.
The previous discussion has focused on
tar yields and, to a lesser
extent, on nicotine yields. The relation
ship between tar and nicotine
is a direct

one, as is shown in Figure 6 (5). The
correlation coefficient
for these two variables is 0.967, base
d on data from the Federal Trade

Commission report (5). Similarly, the
correlation coefficient reported
by the
Oak Ridge National Laboratory was
0.917 (12). The description
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of cigarette products by tar yield can thus be assumed to approximate closely the pattern that would result from a similar analysis by
nicotine yield. There appears to be a similar relationship between tar
and carbon monoxideyields, as Figure 7 shows. There is, however, a

systematic difference between the tar and carbon monoxideyields of
filtered and nonfiltered cigarettes (12). Filtered cigarettes tend to have
a higher carbon monoxide yield than do nonfiltered cigarettes of the

same tar yield. Nonetheless, there appears to be a strong association

between tar and carbon monoxide yield by cigarette variety, with a
correlation coefficient for tar and carbon monoxide of 0.803.
Data from the Department of Agriculture describe tobacco weight
per cigarette over time (24). Figure 8 shows tobacco weight per
cigarette in relation to tar yield, with both values shown as a percent
of its value in calendar year 1967. While tar content per cigarette
declined by 32.2 percent and nicotine declined by 25.6 percent since
1968, the weight of tobacco per cigarette declined by 23.8 percent over
the same period (24). This suggests that a significant portion of the
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decline in the tar and nicotine yield in recent decades may have
resulted directly from a decrease in the amount of organic material
(tobacco) available to be burned in the cigarette.
Data available from Canada suggest that the observed decline in
that country s officially measured tar and nicotine yields per
cigarette at least in part results from a decline in the total numberof

puffs taken per cigarette during machine measurements of smoke

yield (18). Although detailed information on the numberof puffs taken
per cigarette is not available for U.S.cigarettes, the FTC reports on
tar and nicotine yields of U.S. cigarette brands suggest a similar
factor may be operating in the decline of tar and nicotine yield
measurements. The FTC testing method specifies that cigarette tar
and nicotine yields be determined by smoking the cigarette to a
minimum butt length of 23 mm, orto the filter and overwrap length
plus 3 mm if in excess of 23 mm, while holding constant the puff
volume, duration, and interval. Since 1967, the filter and overwrap
length of U.S. cigarettes appears to have increased. In 1967, the

proportion of cigarette brands that were smoked downto a butt length
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of 23 mm was 26 percent, but in 1979 the comparable figure was only

10 percent. Conversely, the number of all brands tested that were

smoked to a butt length 30 mm or longer increased from 21 percent
in

1967 to 77 percent in 1979. Thus, the butt and overwrap lengths of U.S.
brands appear to have increased. The absolute contribution of this
factor in the total decline in tar and nicotine yields over recent years,

however,is undetermined.

Cigarette Choice and Smoking Behavior

Overview

Previous examinations of many parameters measuring the patterns

of cigarette smoking in the United States have been published (25, 26).

They documented the continuing decline over the last several decades
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in the proportion of men who were regular cigarette smokers, from
52.6 percent in 1955 to 37.0 percent in 1978. These publications also
reported a similar but smaller decline since 1965 in the proportion of
women who were current regular smokers, varying between 32 and 38
percent from 1965 to 1976, but declining to less than 30 percent in 1978.
These trends continued through 1979, with a total prevalence of
smoking at 32.5 percent of all adults, or 36.1 percent for males and 29.4
212

percent for females, according to data from the 1979 Smoking
Supplementof the National Health Interview Survey. Interpretation
of these cross-sectional data is difficult since changes in prevalence
figures represent the net effect of several variables, including the
entry of new smokers, the removal of smokers whoquit, the reentry of
relapsing smokers, and the removal of smokers by death or
emigration. The data show an increasing proportion of former smokers
among the population, suggesting a significant role of cessation of
smoking in the observed decline in the prevalence of adult smoking,
particularly among males (25). The 1979 prevalence of regular smoking
at 32.5 percent of all adults represents the lowest total figure in more

than four decades.
Accompanying this decline in the prevalence of smoking among
adults has been a decrease in the per capita consumption of cigarettes
in recent years (Figure 9) and in the per capita consumption of pounds
of tobacco in any form or as cigarettes (Figure 10). After peaking at
4,336 in 1963, the consumption of cigarettes per adult decreased
(Figure 11) and is estimated to be 3,880 in 1980, its lowest point since

1950 (24). The decrease in per capita consumption of pounds of tobacco
began in the 1940s and continuesto the present. The relatively greater
decrease in total pounds of tobacco consumedpercapita in the form of
cigarettes than in tobacco consumedper capita in any form since 1978
may result from an increasing use of tobacco in other forms, such as

snuff or chewing tobacco, in addition to the previously mentioned
decline in the estimated weight of tobacco per cigarette.

The preceding parameters are aggregate measurements. Other more
detailed sources of evidence, however, suggest that the average
numberof cigarettes smoked daily by regular smokers may,in fact, be
increasing. These data include evidence suggesting that the proportionate decrease in percentage of the adult population who smoke
exceeds the reported decrease in per capita cigarette consumption for
the total population (25). Further, when figures on total annual per

capita cigarette consumption are divided by the estimated numberof
smokers in the United States as derived from reported prevalence

figures, the estimated average daily intake for regular adult smokers
was 11.5 cigarettes in 1935, 26.2 cigarettes in 1955, and 33.3 cigarettes

in 1979 (26). These data should be interpreted in light of a strong

tendency for smokers to round off their reported numberof cigarettes
smoked to one pack per day. Of the approximately 24,000 persons
surveyed for the Smoking Supplement of the National Health
Insurance Survey, fully 35.2 percent of all regular smokers reported
smoking one pack, or exactly 20 cigarettes per day. Nonetheless, the
proportion of all current regular smokers who consume 25 or more
cigarettes per day has increased for both sexes (26). These findings

could result from a higher rate of quitting by light smokers, from an
actual increase in the number of cigarettes consumed by continuing
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smokers, from the entry of new smokers who consume more cigarettes
per day, or from some combination of these factors. A number of
sources of information exist on the issue of the role of nicotine as the
major pharmacologic agent in maintenance of smoking, including

prospective studies (8, 9, 10) and short-term experimental studies (20,
21), A more detailed discussion of the possible role of lower nicotine

yields in increasing the daily number of cigarettes smoked can be
found in the Behavioral Aspects section of this Report. To summarize,
the available evidence is consistent with the conclusion that the
average daily numberof cigarettes smoked by current regular smokers
has increased. Although a role for tar or nicotine yields in this
change has been postulated, whether theroleis primary and by what
mode ofaction are not clearly understood.

Several surveys in the 1970s examined the percentages of recent
smokers who recently attempted to quit and of those who succeeded.

Data from the National Center for Health Statistics indicate that men
and womenwerenot only similar in the probability of attempting to
quit but also indistinguishable in the probability of quitting successful-

ly (26).
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Relationship of

Tar

and Nicotine Yields to Smoking Behavior

As indicated previously, this section focuses upon the currently

available tar and nicotine data for adults. The discussion presents (1)

a description by demographic characteristics of the current use of
cigarettes of different yields, as well as changes over time where
available; (2) data on the effect of varying tar or nicotine yields on
consumption patterns; and (8) data defining the role of varying yields
of tar and nicotine in cessation of smoking. The following data are
from the National Center for Health Statistics Smoking Supplement
to the Health Interview Survey and include discussion of the informa-

tion on tar and nicotine levels of the cigarettes smoked by
adolescents, as collected by the National Institute of Education (127).
As noted previously, the selection of categories of tar or nicotine
yields is arbitrary; in fact, both are continuous variables. The
categories of yield used in the following analysis do not imply that the
cigarettes within those categories differ either qualitatively or quantitatively from the cigarettes in other categories. Rather, the groupings
permit convenient presentation of data on a cigarette s yield of tar
and nicotine relative to other available cigarettes.
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43-5

TABLE 1. Estimated percentage distribution of current regular
smokers by tar yield of primary brand of cigarette,
by sex, race, age, and education, adults, U.S., 1979
<10

10-14

15-19

>a

13.0

20.3

57.3

9.4

mg

Total

mg

mg

mg

Sex
Males

111

15.0

23.6

55.4

59.1

1225

Males,
white

12.2

18.0

57.4

125

black

3.2

12.1

715

13.2

16.0

24.5

53.6

59

76

15.0

69.8

16

17-24
25-44

9.6
13.5

22.6
20.8

66.9
58.9

50.0

10
69

178

>65

15.6

19.4

50.0

15.0

08

10

16.0

61.0

16.0

12

126

21.2

57.8

8.4

Females

17.3

6.0

Sex and race
Males,

Females,
white
Females,

black
Age in years
45-64

18.9

18.2

Years of education
911

8.6

18-15
>16

18.3
239

16.3

24.8
24.7

65.4

9.6

49.4
45.0

74
64

SOURCE:Based on data from the 1979 Smoking Supplementof the National Health Interview Survey.

The percentage distribution of current regular smokers by tar
level of their primary brand of cigarettes is presented in Table 1.

Although not shown, the same patterns are observed among five

arbitrary categories of nicotine yield (based on data from the 1979
Smoking Supplementof the National Health Interview Survey).
As noted previously, both 1978 and 1979 data on brands were coded
to 1978 FTC values for tar and nicotine yield. For this reason, and
because the cigarette samples tested in 1978 were obtained in 1977, the
data that follow probably report slightly higher values of tar and
nicotine yields than were actually being used during these periods. A
further discussion of the differences in tar and nicotine yields of
cigarette varieties reported by the FTC in 1978 and 1979 appears in the
addendum to this section. Overall, 33.3 percent of current smokers use
lower

tar

cigarettes (yielding less than 15 mg of

percent use higher

tar

tar ) and 66.7

cigarettes. Females smoke lower

tar
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cigarettes in higher proportions than do males. This
difference in
choice of productby tar or nicotine level also persis
ts when examined
by race. Whites smoke lower tar products in
greater proportions

than doblacks, regardless of sex. For both sexes,
white smokers choose

lower tar products approximately twice as freque
ntly as do black
smokers of the same sex. While the percentageof
all smokers using
cigarettes yielding <10 mgof tar increases within
age cohorts, there
is no clear relationship of age cohort to those
smoking cigarettes
yielding 10 to 14 mgof tar. Among smokers of the
two highest tar
categories, there is a clear difference by age; the propor
tion of smokers
choosing cigarettes yielding 15 to 19 mg of tar
decreases with age,
but the percentage using the highest tar (>20
mg) cigarettes
increases with age. The trend to increasing use
of highest yield
products amongolder cohorts is clearer than the
corresponding trend
to higher proportions using the lowest tar
yield products. The
correlation of older ages and more frequent use
of the highest tar
products could result from a cohort effect among
older smokers who
continue to use the higher tar cigarettes that they
used when they
first began to smoke.
Educational level, as measured in years of educat
ion completed,is
strongly associated with the percentage of smokers
who use low tar
products. In considering products of 15 to 19 mg tar
yield, an inverse
relationship with educational level in the proportion
of smokers using
that product is observed, and a similar pattern
is observed for the
extremely high tar products, yielding 20 mg or
moreof tar per
cigarette. (This inverse relationship persists even
when age is controlled, although the data are not shown in the table.)
A similar though
less clear trend is observed with an increasing propor
tion of smokers

choosing lower tar products among higher incom
e groups (data are

not shown).
The lack of correlated health endpoint information
or detailed data
on knowledge and beliefs precludes interpretation
of these data as
cause or effect, but the data do provide a description
of the observed
differences in product choice by tar or nicotine yields.
The percentage of adults of both sexes whouse lower
tar products
has increased over time. These increases are observed
in both races for

the time period shown. This is consistent with
the previously cited

market data on the sales of lower tar products. The
finding that only
33.3 percent of adult smokers in 1979 used cigarettes
yielding less than
15 mg tar, although these products accounted for
almost 40 percent
of the market, does not establish a greater daily numbe
rofcigarettes
smoked by users of the lower tar products, becau
se gross sales
figures include purchases by smokers not included in
this analysis(e.g.,
institutionalized persons including the military
forces, adolescent

smokers, occasional smokers, and interviewees whose
smokingstatusis
unknown).
218

Comparison of changesin the tar level of chosen brandis possible
for the years 1970 and 1979. The proportion of male smokers choosing
cigarettes yielding less than 10 mg tar increased from 1.1 to 11.1
percent and females choosing these brands increased from 2.7 to 15
percent. The use of high tar (>15 mg) declined from 1970 to 1979
from 89.4 to 71.6 percent for males and from 90.5 to 61.4 percent for
females (based on data from the 1979 Smoking Supplement of the
National Health Interview Survey and from U.S. Public Health
Service (37)).

Analysis of cigarette choice by nicotine yield shows the same
patterns by demographic variables, with the proportion of current
regular smokers who use lower nicotine products increasing with
increasing age and the proportion of smokers using products with

higher nicotine yields also increasing with increasing age. Whites use
lowernicotine products in greater proportions than do blacks.
A further measure of consumption suggests that the actual toxic

exposure of smokers by age, race, and sex may, however, differ

significantly from that implied by consideration only of cigarette tar
or nicotine yield. Table 2 shows the estimated mean daily tar or
nicotine dose derived from combining the reported yield per cigarette
and the numberof cigarettes smoked daily by each individual in that
group. There is a consistent trend toward higher dose with increasing
age of smokers for race and sex groups. Although these figures do not
consider possible systematic differences in the style of smoking (e.g.,
butt length unsmoked, frequency and depth of inhalation,etc.), they do
illustrate marked differences in an estimate of mean dose of tar or
nicotine by age, sex, and race. It shows that if all smokers smoked in
the same manner, blacks would nonetheless experience a lower daily
dose of tar and nicotine than whites. Thus, although blacks smoke
higher tar products in higher proportions, the lower numbers of
cigarettes they smoke daily may result in a lower average daily dose of
smoke constituents.
Morerecent data on cigarette brand choice reveal changes. Table 3
presents data on the percentage distribution of smokers by tar and
nicotine yield of cigarettes in the period July through December 1978
versus 1979. These two surveys, each of which represents approximately 12,000 interviews, showeda shift in the percentage of persons using
lower tar (<15 mg) cigarettes from 28.8 percent in 1978 to 33.7
percent only a year later; a similar downward shift was observed at
nicotine yields below the highest category. Such a shift might be
caused by either an actual brand change or an involuntary downward
creep due to reduction in the tar or nicotineyield of the product by
the manufacturer. As noted previously, however, the cigarette brands
reported were coded in both 1978 and 1979 by the 1978 FTC tar and
nicotine yield values. Thus, the downward shift observed over this 1219

TABLE 2. Mean daily dose* of tar or nicotine for current
regular smokers by race, sex, and age, U.S., 1979**
Mean daily dose (mg/day)
Tar
Nicoti
Males

406

White

26.3

All ages > 17
17-24
25-44
45-64
65+

417
309
416
482
424

269
20.2
27.1
313
25.1

Black

All ages > 17
17-2
25-44
45-64
65+

308
234
294
387
299

211
174
20.7
26.5
141

Females

316

21.0

White

All ages > 17
17-24
25-44
45-64
65+

324
236
326
359
239

21.4
19.1
22.0
23.3
178

Black

All ages > 17
17-24
25-44
45-64
65+

244
204
243
262
392

16.9
146
17.0
175
28.0

Number of cigarettes consumed multiplied by the level of tar or nicotine.
**Last two calendar quarters only.
SOURCE: Based on data from the 1979 Smoking Supplementof the National Health Interview Survey.

yearinterval in cigarette tar and nicotine yield represents an actual
change in the brandof cigarettes used by smokers.
Similar patterns have been observed in smoking amongadolescents.
In a 1979 national telephone interview survey of 2,639 adolescents, the

percentage of all adolescent smokers who selected brands of lower
tar

(<15 mg) had increased from 6.7 percent observed in 1974 for

both sexes (Table 4) to 33.5 percent in 1979. Direct comparison of the
percentage distribution of tar yield among adolescents with that
observed amongadults is complicated by different groupings of tar
level and by different definitions of regular smokers in the two
surveys (after having smoked 100 cigarettes, regular smokers were
defined for adolescents as smoking regularly each week ; for adults,
as any positive response to when did you start smoking regularly? ).
Nonetheless, a similar trend toward increasing use of lower

products is observed amongadolescents and adults.
Table 5 presents data on brand choice by

tar

tar

level among

adolescents of different ages from the largest recent smoking survey
of adolescents. The small numbers of smokers, andthe relatively large
numbers of individuals who are unclassifiable, make interpretation of
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TABLE 3. Estimated percentage distribution of current regular
smokers by tar and nicotine yield of primary
cigarette used, U.S., 1978* and 1979*
Tar yield
<5 mg

5-9 mg

Percentage
in 1978

Percentage
in 1979

42

4.0

71

20.7

15

10-14 mg

15-19 mg
>a mg

9.0

61.4
9.8

56.8
9.6

Percentage

Percentage

Nicotine yield

in 1978

in 1979

<0.5 mg
0.5-0.9 mg
10-12 mg
13-16 mg

43
26.7
41.1
26.7

42
31.7
37.7
25.3

12

12

>17 mg

*Last 2 calendar quarters only.
SOURCE: Based on data from the 1979 Smoking Supplement of the National Health Interview Survey.

TABLE 4. Estimated percentage distribution of regular smokers
by tar yield, adolescents aged 12-18, U.S., 1974 and
1979

Tar yield

Percentage

Percentage

Percentage

boys

girls

both sexes
1974
1979

1974

1979

1974

1979

<10 mg

06

25

0.5

123

05

7.8

11-14 mg

5.6

29.5

68

22.6

62

25.7

15-19 mg

3.70

0.8

74.4

59.5

74.0

60.1

>20 mg

20.3

TA

18.2

5.5

19.3

6.3

SOURCE: National Institute of Education (17).

product choice among adolescents by age groupdifficult. Thus, a clear
definition of the relationship of the adolescent smoker s age to choice
of cigarette smoked is not possible from this series.

In Table 6, the mean age of onset of smoking cigarettes for all
current regular smokers is 18.2 years. Although most of the data in the

National Health Interview Survey Smoking Supplement involves
recall, the mean age at onset is perhaps the most subject to bias,
whether in remembrance or in reporting preference. Nonetheless, the
reported age at onset of smoking is higher among older age groups.
This might reflect (1) a real change in recent years in the age at which
younger cohorts start to smoke, (2) the addition of a few late-starting
smokers during the extra years at risk, causing a higher reported
age at onset amongolder cohorts, or (8) an effect of different mortality

rates for early versus late beginning smokers. The demonstration that
the average age at onset of smoking among females has declined from
35 years among women born prior to 1900 to 16 years among women
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TABLE 5. Percent distribution of adolescent regular smokers by
tar yield of primary brand, by sex and age, US,
1979

Tar
Boys age group

<15 mg

%

12-14

29.4

17-18

26.4

19

23.6

%

12-14
15-16

25.0
23.9

17-18
19

%

2

55.6

15

19
13

<15 mg

Girls age group

34.7

30.5

>15 mg

n

111

15-16

58.3
63.6

42
35

Nicotine

yield

>15 mg

6
11

70.8
56.5

18

62.0

£0.8

pri

brand
Unspecified
%
n

10

82

%

of

n

62.7

n

34

yield

a

vw
26

51

30

27.8

5

78

4

15.3
12.7

of

pri

Don t know
%
o
5.6

1

11
q

brand
Unspecified
%
n

42
13.0

122

18.6

1
6

12
il

Don t know
%
a

6.5

1.0

3

1

SOURCE:National Institute of Education (17).

born between 1951 and 1960 (26) explains a portion of the observed
differences in age at onset by cohort. Older cohorts may not fit the
assumption that the survivors within that cohort are representative of

all individuals within the original cohort. The amount anddirection of
the effects of (1), (2), and (3) remain to be defined. However,there is a

general trend that, for each age cohort, the higher the tar level of
the cigarette currently smoked, the younger the reported age of onset
of smoking. The same observation is also found in the relationship
between nicotine yield and age of onset, except that an older age of
onset is indicated for those smoking the highest nicotine yield (>17
mg)cigarettes, which valueis based on a small samplesize.
Consumption Patterns

In attempting to define the role of tar or nicotine yield on the
daily numberof cigarettes smoked, adult regular smokers were divided

into three levels of daily consumption by approximate quintiles of

tar and nicotine yield of primary brand (Table 7). This Table shows
that the percentage distribution of smokers by number of cigarettes
per day does not exhibit an association with tar or nicotine level of
cigarette used. This Table provides evidence that there is not a
significantly greater proportion of heavy smokers among smokers of
the lowest tar and nicotine cigarettes than there is among smokers
of the highest

tar

and nicotine cigarettes. It does not, however,

disprove the theory that individual smokers may increase their daily
number of cigarettes smoked when they switch to a cigarette with
lower tar or nicotine yield. That is, the absolute numberof cigarettes
222

TABLE 6. Mean age at onset of regular smoking by tar
nicotine yield of primary brand, by age at
interview, current regular smokers, U.S., 1979

or

Age at interview

Tar yield
<5 mg

5-9 mg

10-14 mg
15-19 mg
>20 mg

Total

Total

17-24

a4

35-44

5-4

55-64

654+

188

163

178

18.8

19.6

20.7

21

19.7

23.2

19.6

16.6

183
18.1
173
171

19.5
18.7
18.3
17.0

20.3

185
18.0
17.0

16.2
15.6
15.7

19.3
19.0
17.1

182

15.8

175

18.4

18.8

19.2

20.6
19.8
18.1

Bs

22.4
23.9
21.3

Nicotine yield
<05 mg

19.7

16.5

18.3

19.8

20.5

192

24.1

0.5-0.9 mg
10-12 mg
13-16 mg

18.7
18.0
117

16.3
15.7
15.2

18.1
172
17.0

18.9
182
178

19.5
19.1
17.6

20.7
19,7
18.7

23.3
B.7
22.6

Total

182

15.8

175

18.4

18.8

19.7

232

>L7 mg

193

18.0

175

173

19.4

21.6

20.3

SOURCE:Based on data from the 1979 Smoking Supplement of the National Health Interview Survey.

smoked by individuals at low tar and nicotine yields may,in fact, be
higher than the number of cigarettes the same individuals smoked at
high yield levels, even though there is no cross-sectional difference.
The relationship of tar or nicotine yield to the number of
cigarettes smoked daily can also be examined by the average number
of cigarettes smoked in various age groups, as presented in Table 8.
After grouping smokers by age at interview,it is still observed that
neither the level of tar nor that of nicotine demonstrates a definite
association with the mean numberof cigarettes smoked daily.
Cessation

The role played by cigarettes of varying tar and nicotine yields in
cessation has been widely discussed (25, 26). Present survey data have
not sufficed to define the role for varying tar and nicotine yields in
cessation, largely because of the lack of longitudinal surveys of
cigarette consumption prior to attempting to quit or after an
unsuccessful attempt. A longitudinal study of smoking patterns by
both cigarette product choice and number smoked daily to determine
their relationship to cessation is being conducted by the NCHSfor the
Office on Smoking and Health during 1980 and 1981.
Table 9 examines by cigarette tar or nicotine yield the percent of
current smokers who report ever having seriously tried to quit
smoking. Overall, there is a clear inverse relationship between the
tar or nicotine yield of the cigarette and the percent of smokers who
have ever tried to quit. The group of lowest yield smokers shows a
223

TABLE 7. Estimated percentage distribution of current regular
smokers by number of cigarettes smoked daily by

approximate quintiles of tar or nicotine yield,

adults, U.S., 1979
<10
mg

11-15
mg

16-17
mng

17-18
mg

>19
mg

19.1

18.1

23.5

19.4

19.8

29.9

275

20.5
45.5

269

31.2
42.4

27.6
Bs

239
B39

100.1

99.9

99.9

100.1

100.0

<0.7

0.8-1.01

1.02-1.09

1.10-1.31

>182

213

18.4

Percent. of
total population

Daily number of
cigarettes
<15
15-24

42.7

>B5

Totals

mg

mg

26.3

mg

292

mg

30.2

mg

Percent of
total population

20.3

20.3

19.7

Daily number of
cigarettes
<15

29.2

29.0

B2

275

414

31.0

33

43.1

15-24

423

>
Totals

46.5

28.5

AS

100.0

100.0

30.4

29.2

100.0

100.0

259
100.0

SOURCE:Based on data from the 1979 Smoking Supplement of the National Health Interview Survey.

higher proportion of persons who have evertried than those groups
smoking higher yield products. This relationship was found for both
tar and nicotine yields for all age groups except those 65 or more
years of age, where the sample size was considerably smaller and the
pattern was lessclear.
The finding that greater proportions of current smokers of lower
tar or nicotine products report ever attempting to quit than do
smokers of higher tar products could result from (1) a higher rate of
attempting to quit (but with a similar failure rate) for more healthconscious individuals who may also therefore choose lower yield
cigarettes; (2) a difference in the addictive qualities of lower tar or
nicotine products, causing a higher probability of relapsing after
attempting to quit; or (3) the choice of a lower tar and nicotine
cigarette product after failing to stop smoking. Selection between
these alternatives would require comprehensive data on brand choice
both prior to and following an attempt to quit smoking, as well as
health status measurements that might affect brand switching or quit
attempts. Such information is not available from this data set.
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TABLE 8. Mean number of cigarettes smoked daily by tar
nicotine yield, by age groups, current regular

or

smokers, adults, U.S., 1979
Total
215
20.7
20.2
20.6
225

1k24
16.0
17.0
16.2
175
152

24
19.5
20.7
22
21.0
23.0

35-44
2B3
219
2B
22.7
29

45-54
26.8
2.3
23.7
23.8
239

55-64
218
22.0
19.5
22.1
21.6

65+
18.9
18.9
16.4
16.4
16.9

20.7

171

20.8

22.9

B4

215

17.2

<05 mg
05-0.9 mg
10-12 mg
13-16 mg
>17 mg

214
20.2
21.0
212
18.5

16.9
16.2
12.7
17.6
55

19.8
20.3
219
20.1
18.3

22.9
224
2.1
23.4
21.4

25.6
2.7
35
2.7
18.8

21.5
205
22.0
23
18.3

18.7
18.4
15.9
173
17.0

Total

20.7

11

28

29

24

215

17.2

<5 mg
5-9 mg
10-14 mg
15-19 mg
>20 mg
Total
Nicotine

yield

SOURCE: Based on data from the 1979 Smoking Supplementof the National Health Interview Survey.

TABLE 9. Estimated percent of current regular smokers who
have tried seriously at least once to quit, by tar or
nicotine level and age, U.S., 1979
Age group

<5 mg

5-9 mg

10-14 mg

15-19 mg

>20 mg

17-24
25-44
45-64
265

62.9
729
715
50.8

57.1
68.8
64.0
60.0

57.6
63.5
59.1
61.6

623
59.8
58.5
58.4

B83
50.0
51.0
49.7

All ages

69.8

65.3

618

58.8

515

Nicotine

level

of

pri

.

<0.5

0.5-0.9

1.0-1.2

13-16

>t

11-%
25-44
45-64
>65

60.7
3.3
70.7
53.8

58.0
665.1
60.6
60.8

53.6
612
58.4
57.5

47.1
55.1
55.0
543

50.4
492
483
58.6

All ages

68.8

62.1

58.4

58.8

50.0

Age group

mg

mg

mg

mg

mg

SOURCE:Based on data from the 1979 Smoking Supplementof the National Health Interview Survey.

Table 10 shows a comparison of the frequency distributions of recent

smokers by tar or nicotine level of the primary cigarette brand
smoked by those who either did not try to quit, those who tried but
failed to quit, and those who succeeded in quitting smoking within the
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12 monthspriorto interview. In this analysis, success in quitting was
arbitrarily defined as persons who had recently been regular smokers
who had attempted to quit within 12 months and who had not smoked
for at least 6 monthsprior to interview. Persons who smoked regularly
within 1 year prior to the interview and who had attempted to quit
during the last year but had beenoff cigarettes less than 6 months are
excluded from consideration in this analysis. Unsuccessful quitters
were defined as regular smokers at the time of interview who reported
having attempted seriously to quit at least once within the 12 months
prior to interview date. Interpretation of these data is complicated by
the fact that the primary brand reported for successful quitters
represents the brand smokedprior to a quit attempt, while unsuccessful quitters brands are those smoked after a quit attempt. Thus,clear
distinction cannot be made between the possible explanations. The
data show that higher proportions of smokers who use the two lowest
tar or nicotine cigarette products are found among the unsuccessful
quitters than among successful quitters. The proportion of recent
regular smokers whouse cigarettes yielding <5 mg of tar is lowest
for persons who did not attempt to quit (3.8 percent), intermediate
among those who succeeded in quitting (4.6 percent), and highest
amongthose whofailed at an attempt to quit (4.9 percent).
Grouping these smokers into larger categories by tar level (e.g.,
the percent smoking cigarettes yielding <10 mg or those smoking
cigarettes yielding <15 mg tar ) shows that a lower proportion of
recent smokers who successfully quit used lower tar products than
do recent smokers who did not attempt to quit, while smokers who
failed in an attempt to quit reported smoking lower tar products in
the highest proportions. Conversely, a lower proportion of unsuccessful
attempters currently smoke higher tar products (65.3 percent) than
is found among either nonattempters (69.0 percent) or successful
quitters (72.2 percent). A similar relationship was observed bynicotine
yield: the proportion of persons choosing the lower yield products
(<1.0 mg) was highest for unsuccessful quitters, intermediate for
nonattempters, and lowest amongsuccessful quitters.
Thus, these data are consistent with the postulated tendency of
smokers to switch to lower tar and nicotine cigarettes following an
unsuccessful attempt to quit smoking.
The relationship between number of serious attempts to quit
smoking and the tar or nicotine yield of the primary cigarette
smoked is shown in Table 11. Note should be taken that the table
includes only current regular smokers who havetried at least once to
quit. For the lowest categories of tar and nicotine yields, there is a
suggestion of a shift in the population toward a greater numberof
cessation attempts. No significant difference is observed in the
frequency distributions of smokers of other tar and nicotine
products.
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TABLE 10. Estimated percentage distribution of recent smokers
by status of recent attempt to quit, by tar or
nicotine yield of primary brand, July 1978 through
December 1979*
Status of

Tar

yi

recent

attempt to

<5 mg

5-9 mg

quit smoking

%

(n)

%

Successful
Unsuccessful
No attempt
Total

4.6
4.9
3.8
4.1

(13)
(152)
(355)
(500)

10-14 mg

(n)

%

5.6 (16)
9.2 (286)
83 (721)
8.4 (1023)

17.6 (50)
20.5 (686)
19.0 (1655)
19.3 (2341)
Nicoti

Successful
Unsuccessful
No attempt
Total

15-19 mg

(n)

eld

>20 mg

%

(n)

68.4
59.7
58.1
58.6

(180)
(1849)
(5070)
(7099)

of

pri

%

(n)

88 (25)
5.6 (175)
10.9 (950)
9.5 (1150)

%

(n)

05-09 mg

1012mg

%

(n)

13-16 mg

>1.7 mg

46
5.0
4.0
4.3

(13)
(155)
(351)
(519)

26.8 (76)
82.2 (999)
29.2 (2553)
30.0 (3628)

43.0
39.7
38.3
38.7

(122)
(1229)
(3340)
(4691)

2.0 (71)
223 (692)
27.1 (2368)
28.8 (3131)

07 (2)
0.7 (28)
14 (119)
L2 (144)

(n)

%

(n)

23 284
25.6 3098
72.1 8731
100.0 12118

brand

<0.5 mg

%

Total
%

(n)

%

{n)

23 284
2.6 3098
721 8731
100.0 12113

*Unweighted data.
SOURCE:Based on data from the 1979 Smoking Supplement of the National Health Interview Survey.

TABLE 11. Estimated percentage distribution of current regular
smokers by number of serious attempts to quit
smoking, by tar or nicotine level, U.S., 1979
Number

Tar (mg)
213

of

seri

:

2
29.1

Ss
10.6

4
6.0

25
2.1

37.3

21

146

5.3

15.7

Nicotine (mg)
<05
0.5-0.9
1.0-12
13-16
>17

26.8
374
39.5
35.9
38.6

29.4
28.6
26.7
25.2
25.1

102
14.9
14.1
15.7
21.1

5.7
51
5.0
62
23

278
141
14.7
17.0
129

Total

37.3

1

146

53

15.7

<5
5-9
10-14
15-19
>20

35.7
36.9
38.6
37.6

Total

28.9
29.1
26.3
27

158
14.6
14.7
149

44
55
53
54

152
18.9
15.0
18.5

SOURCE:Based on data from the 1979 Smoking Supplement of the National Health Interview Survey.

The relationship of cigarette choice to the duration of the most
recent unsuccessful quit attempt is shown in Table 12 for current
regular smokers. Although there are large variations in the individual
durations within each tar or nicotine grouping, the mean durations
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TABLE 12. Mean duration of most recent attempt to quit, by
tar or nicotine yield of current primary brand,
current regular smokers, 1979*
Tar yield
<5 mg
5-9 mg

10-14 mg

15-19 mg
>20 mg

number
3.4
3.1

38

(n)
(132)
(247)

(566)

3.5
47

(1647)
(144)

Total

3.6

(2736)

<0.5 mg

3.4

10-12 mg
13-16 mg
>1.7 mg

3.3
3.9
68

(1080)
(622)
(16)

Total

3.6

(2736)

0.5-0.9 mg

3.7

(188)

(885)

*Unweighted data,
SOURCE:Based on data from the 1979 Smoking Supplement of
the National Health Interview Survey.

do not exhibit a relationship to either tar or nicotine yield.
The
higher mean duration of quit attempt among the smokers of
highest
yield products must be interpreted in light of the small
numbers of
individuals within those yield groupings.
Summary

1. Public awareness of the dangers of smoking has
steadily
increased since 1965. In 1978, more than 90 percent
of all
Americansbelieved cigarette smoking to be hazardousto health.
2. Cigarette product choice has shifted dramatically since the 1950s.
In 1979, 91.7 percent of U.S. smokers used filter-tipped
cigarettes, compared with 1.4 percent in the early 1950s.

3. Lower tar cigarettes conventionally have been define
d as
yielding 15 mgof tar or less per cigarette. The proportion ofall
cigarettes consumed in the United States that are lower tar
has increased from 3.6 percent in 1970 to almost 50 percen
t in
1979. In 1979, 58.5 percentofall cigarette brands marketed in the
United States yielded 15 or fewer mgof tar.
4. Since 1968, the tar content of the average cigarette in
the
United States has declined by 32.2 percent, and nicotine conten
t
has fallen by 25.6 percent. These declines may be partial
ly
accounted for by lower tobacco weight per cigarette down 23.8
percent from 1968 to 1978 and by the greater length of the
filter and overwrap of the average cigarette, which could result
in a declining number of machinepuffs per cigarette.

5. The prevalence of smoking in the U.S. adult and adolescent
populations has continued to decline. In 1979, 32.5 percent of the
adult population smoked cigarettes (36.1 percent of men and 29.4
percent of women). However, evidence suggests that the average
daily number of cigarettes consumed by those adults who
continue to smoke has increased over several decades. The
availability and use of lower tar cigarettes have increased over
recentyears.

6. In 1979, 33.3 percent of adult regular smokers used cigarettes
yielding 15 mg tar or less. Studies show that women smokers
are more likely to use lower yield cigarettes than men are, and
white smokers use lower yield cigarettes in greater proportions
than do blacks. Smokers of higher income and education also
select loweryield cigarettes in a higher percentof cases.
7. A large national survey found that smokers in older aged cohorts
choose both the lowest and highest yield cigarettes in higher
proportions than do younger cohorts.
8. Although black smokers choose cigarettes of higher tar and
nicotine in greater proportions than do whites, the lower daily
number of cigarettes smoked by blacks suggests that their
average daily intake of tar and nicotine may be lower than that
of white smokers.
9. In 1979, 33.5 percent of adolescent smokers (age 12 to 18) used
lower tar cigarettes, compared with 6.7 percent in 1974. Boys

and girls smoke cigarettes of about the same level of

tar

content.
10. Adult smokers started smoking regularly at the average age of

18 years. One survey showed that the higherthe tar level of the
cigarette currently smoked, the younger the reported age of
beginning smoking.

11. Evidence from a large national survey does not support a

correlation between a greater mean numberof cigarettes smoked
per day by users of lower tar and nicotine cigarettes than by
higher tar users.

12.In a national survey, smokers of lower tar and nicotine
cigarettes more frequently reported having attempted to quit at
least once, and among these smokers, a higher proportion report
having attempted unsuccessfully to quit multiple times. The
applicability of these data to defining of the role of tar or
nicotine yields of cigarettes in quitting behavior is not clear in
the absence of more detailed longitudinal data.
18. Although a greater proportion of unsuccessful quitters reported
smoking the lowest tar and nicotine products than did recent
successful quitters in one large survey, interpretation of these
data is madedifficult by the noncomparability of brand reported
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(ie., unsuccessful quitters reported the brand smoked after an
attempt, successful quitters reported the brand smoked prior to
the attempt).
14.In a large national survey, the mean duration of the latest
unsuccessful attempt to quit showsno clear relationship to tar
or nicotineyields.
Addendum: Comparison of

Cigarettes in 1978 and 1979

Tar

and Nicotine Yields of

The Federal Trade Commission (FTC) has conducted tests of

commercially available cigarettes in the United States since 1968. The
FTC measures tar and nicotine yields of approximately 99.5 percent
of the brandsavailable in the United States and issues annual reports
on these measurements.
This discussion examines the changesin cigarette yields from 1978 to
1979 as published by the FTC. The following should be helpful in
estimating to what extent the coding of NHIS branddata for 1979 by
the tar yields measured in 1978 might influence the results presented
abovein this section.
Yields of

Tar

and Nicotine

The cigarettes tested in 1978 (sample collected in 1977) had a mean
tar yield of 15.4 mg and in 1979 (samplecollected in 1979) the mean
tar yield was 13.6. The corresponding meanyields of nicotine were
1.02 and 0.97 mg in the 1978 and 1979 FTC reports (Table 18). These
reductionsin yields occurred regardless of the different parameters of
cigarette type (length, menthol/plain, package type, and filter/nonfilter). If only filter-tipped cigarettes are considered, the mean
nicotine yield declined from 0.95 to 0.90 mg. For all 1979 varieties,

there was a significant difference in tar yield between filter and
nonfilter cigarettes, and between menthol and nonmentholvarieties of
cigarettes. Examiningfiltered cigarettes only, the length of cigarette
was the only parameter that showed a significant difference in mean
tar level.
Correlation of Varieties Reported in 1978 and 1979

There were 144 varieties of cigarettes marketed in both years (1978
and 1979) that were unchanged, as defined by exact variety name,
length, menthol and filter status, and package type. Despite the
identity of all five parameters, the mean tar level of varieties
declined over the period mentioned (Table 14). The mean tar level
declined from 15.3 mg in 1978 to 148 in 1979; for filter-tipped
cigarettes only, the mean tar level declined from 13.8 to 13.3 mg.
These decreases, although slight in absolute terms, are statistically
significant. The change in nicotine yields for these same brands of
cigarettes over the sameperiod is negligible.
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TABLE 13. Meanyield of
1978 and 1979

tar

varieties, U.S.,
and nicotine of cigarettes, by type of modifier, all and filtertip
Filtertip varieties

All varieties
Tar (mg)

1979

Nicotine (mg)

Tar (mg)

No. of varieties
1978

1978

No. of varieties

1979

1978

1979

1978

1979

0.90

119

184

1978

1979

1978

1979

Soft

15.9

13.4

1.08

0.96

188

149

140

122

0.97

Hard

15.1

14.7

1.00

1.04

2

21

18.4

18.3

0.88

0.91

26

24

13.9

12.4**

0.95

0.90**

145

158

-

-

-

-

-

-

Filter

-

-

7

82

Type of modifier

Nonfilter

25.1

24.7

1.48

1.58

22

18

-

<100 mm

15.4

13.4

0.99

0.93

99

100

12.6

>100 mm

15.3

14.0

1.06

1.01

Menthol

14.0

12.2*

0.97

0.90

Regular

16.1

14.4

1.05

1.01

Total

15.4

13.6

1.02

0.97

*P <.001.

*P <.06.
SOURCE: Federal Trade Commission(4, 5).

TS?

Nicotine (mg)

68

58

-

10.9°*

-

0.85

-

0.80°*

76

16.3

14.0

1.06

1.01

68

%

64

13.8

12.2

0.96

0.90

57

64

109

112

13.9

125

0.96

0.90

88

94

167

176

13.9

124

0.95

0.90

145

158

68S

TABLE 14. Mean yield of

tar

and nicotine of the varieties of cigarette marketed in both 1 978 and 1979, by

type of modifier, all and filtertip varieties, U.S.
All varieties
Tar (mg)

Type of modifier
Soft
Hard

Filter
Nonfilter

<100 mm

Filtertip varieties

Nicotine (mg)

Tar (mg)

Nicotine (mg)

1978

1979

1978

1979

No. of varieties

1978

15.2
15.5

1979

14.7°*
15.0

1978

1.03
1.08

1979

1.08
106

119
v3)

No. of varieties

39
18.5

13.3**
13.4

0.96
0.89

0.97
0.92

104
22

126

-

-

-

-

-

-

-

-

-

-

12.1°

0.85

0.86

65

138

13.8**

25.6

0.95

24.7

0.96

1.58

158

153

14.8*

1.01

102

>100 mm

152

Menthol

14.0

Regular

16.0

Total

15.3

14.7*

1. 05

13.4°

0.97

15.6*

14.8°*

**P <.001.
°P <0.
SOURCE:Federal Trade Commission(4, 5)

1.06

1.03

1.06

0.97

18

83
61

54

125
16.2

14.7*

1.05

1.06

108

90

139

13.8°

18.8

0.97

13.4"

0.96

0.94

0.95

1.08

14

13.8

18.3**

0.95

0.96

61

58
B

126

TABLE 15. Comparison of tar and nicotine yield on the

varieties of cigarette marketed in both 1978 and
1979, U.S.

Tar yield

Mean tar

Mean nicotine

No. of

in year

difference (mg)

difference (mg)

varieties

1978 = 1979
1978 < 1979
1978 > 1979

0.6945
1.3366

0.0157
0.0829
0.0478

7
55
82

0.4958

0.0052

144

Total

SOURCE:Federal Trade Commission (4, 5).

Further examination of the changes in the tar and nicotine yield
occurring in the same varieties of cigarettes over this period is
presented in Table 15. Of the 144 brands reported on in both periods,
only 7 showed no difference in mean tar level. Fifty-five brands
showed a slight increase, with the mean difference being less than 1

mg. Eighty-two brands, however, showed a decline from the 1978

reported yields to the 1979 yield. Once again, however, the mean
decrease was small, only 1.3 mg.
Tar

and Nicotine Yields of New Brands in 1979

There were 32 varieties of cigarettes defined as new in the 1979 FTC
report (Tables 16 and 17). A new variety was defined as a different
name (such as a varietal name change by addition of the word
lights ), or by a change in one of the other four varietal parameters of

filter, length, package type, or menthol status (eg., a nonfiltered

cigarette changing to filtered). The average tar and nicotine yields
for these 32 new brands in 1979 were 8.5 and 0.67 mg,respectively.
Except for a single new variety, the new varieties yielded less than 15
mg of tar, with two-thirds of them yielding less than 10 mg tar. A
similar examination of new 1979 varieties by nicotine yield showed a
similar trend toward lower yields, with 81 percent of them yielding less
than 0.9 mgof nicotine.
Applications to the Discussion

As noted in the body of this Report, all NHIS variety data on the

Smoking Supplement collected in interviews during 1978 and 1979
were coded to the FTC 1978 tar and nicotine yields. Since the
cigarettes reported on in 1978 were collected in 1977, and since the
updated measuresof yield for 1979 were not available in time for their
use in coding the 1979 smoking data, the described distribution of
smokers by tar and nicotine yields of their cigarettes is conservative
and underestimates to some extent the proportion of smokers who use
loweryield products.

TABLE 16. Meanyield of tar and nicotine of
the new
varieties of cigarette marketed in 1979, by
type of
modifier, U.S.
Type of

modifier

46

Soft
Hard
Filter
Nonfilter
<100 mm

Jr

Ni

(

}

N

f

.

0.66
0.82

30
2

85
-

0.67
-

82
-

6.5

2100 mm

.

8.3
117

0.54

>

17

10.8

0.82

15

Menthol
Regular

70
9.4

0.57
0.72

n
21

Total

85

0.67

32

SOURCE:Federal Trade Commission (4, 5).

TABLE 17. Distribution of tar and nicotine yield of
the new
varieties of cigarette marketed in 1979, U.S.

N
%

<5

5-9.9

10.0-14.9

7
21.9

15.0-19.9

4
43.8

Total

10
313

1
3.1

32
100.0

Nicoti
N
%

ield

<0.49

0.50-0.69

0.70-0.89

9
21

0,90-1.09

4
125

1.10-1.29

13
40.6

Total

4
125

2
638

82
100.0

SOURCE: Federal Trade Commission(4, 5).
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recommended research on maternal
smoking and, 166
LARYNGEAL NEOPLASMS
animal models, 41
effect of filtered cigarettes on risk,
83-84
induced by cigarette smoke inhalation in hamsters, 41

induced by nitrosamines in hamsters, 41

LEGISLATION
federal regulation of tobacco industry, 201
Lower nicotine cigarettes See CIGARETTES, LOWER TAR AND NICOTINE; CIGARETTES, LOW-NICOTINE
Lower tar cigarettes See CIGAR-

ETTES, LOWER TAR AND NICOTINE; CIGARETTES, LOW-TAR
LUNG FUNCTION
(See also PULMONARY CLEARANCE; RESPIRATORY FUNCTION TESTS)
effect of lower tar and nicotine cigarettes, research recommenda-

tions, 144-146

effect of smoke inhalation in rats,

43

effect of smoking, 188

effect of tar yield, 139-140
smokers vs. nonsmokers, 141

LUNG NEOPLASMS

animal models, 34-40

carcinogens in cigarette smoke, 3541, 97
cigarette tar in etiology of, 79
effect of filtered cigarettes on risk,
82-85

INDEX
LUNG NEOPLASMS Con.
effect of lower tar and nicotine cigarettes on morbidity and mortality rates, 79

effect of lower tar and nicotine cigarettes on risk, summary of findings, 18-19, 101-102
effect of lower tar cigarettes on
risk, 9

effect of smoking on risk, 9
effect of tar and nicotine content
on mortality risk, 81-85
LUNGS
small airway pathology in smokers,
138
MATERNAL-FETAL EXCHANGE
animal models of transplacental car-

cinogenesis, 47
cigarette smoke carcinogens, 98-99
Maternal smoking See SMOKING,

MATERNAL

Maximum mid-expiratory flow measurements See LUNG FUNCTION;

RESPIRATORY FUNCTION
TESTS
Mixed function oxidases See OXIDASE
ACTIVITY
MORBIDITY
dose-response relationship between
smoking and disease, 6-8
MORTALITY
(See also FETAL MORTALITY; INFANT MORTALITY; PERINATAL MORTALITY)
cardiovascular diseases, effect of filtered cigarettes on risk, 119-120

effect of lov er tar and nicotine cigarettes, 12-13

MUTAGENESIS
(See also CARCINOGENESIS;

CHROMOSOMES)

sister chromatid exchange in smokers vs. nonsmokers, 48

value of assays in prediction of carcinogenic potential, 42-43
MUTAGENS
(See also CARCINOGENS; COCARCINOGENS)
in cigarette smoke, 37-38
tobacco flavor additives, 99
in urine in smokers vs. nonsmokers,
41

MYOCARDIUM
effect of carbon monoxide, 118

NAPHTHYLAMINE
in bladder neoplasm etiology, 41
NEONATE
effect of maternal smoking, 158-159
effect of maternal smoking, research
recommendations, 159-170

effect of maternal smoking, summary of findings, 21-22, 170
NEOPLASMS
effect of cessation of smoking on
risk, 80
effect of lower tar and nicotine cigarettes on risk, summary of findings, 18-19, 101-102
effect of lower tar cigarettes on

risk, 80
smoking in etiology of, 79-80
NICKEL CONTENT
carcinogenicity, 97
in cigarette smoke, 97
NICOTINE
animal models of tolerance and physical dependence, 179
animal models of nicotine use, 178-

179

cocarcinogenicity, 39-40, 94

effect on blood platelets, 118
effect on cardiovascular function,

117-118

effect on catecholamine levels, 117
effect on cortisol secretion, 117-118

effect on fatty acid levels in blood,
117
effect on pregnancy, 46-47
evaluation of health effects, research recommendations, 54
health effects in fetus and child, research recommendations, 168

intravenous and oral exposure in
smokers, 177-178

role in carcinogenesis, 39, 91-98

role in maintenance of smoking ha-

bit, 177-180, 183

self-administration in animals, 179

NICOTINE CONTENT
in blood, effect of lower tar and
nicotine cigarettes, 181-182
cessation of smoking attempts and,
223-228
in cigarettes, development and validation of analytical methods, 56
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NICOTINE CONTENT Con.
cigarettes in the United States
(1978-1979), 230-234
correlation with tar yield, 206, 208-

210
correlation with tobacco weight per
cigarette, 209-210

effect of puffing profile on yield,
210-211
effect of smoking characteristics on
yield, 210-211
effect on daily cigarette consumption, 222-225
effect on lung neoplasm mortality
risk, 81-85
mean daily dose in smokers by race,
sex, and age, 219-220

percentage distribution of smokers
by nicotine yield, 219, 221
relationship to nitrosamine content
in tobacco smoke, 39
NICOTINE REDUCTION
Public Health Service recommendations, 200-201

NITRATE CONTENT
2-nitropropane in cigarette smoke,
94
NITROGEN OXIDE CONTENT
in cigarettes with perforated filter
tips, 97
NITROGEN OXIDES
in emphysema etiology, 138-139
NITROSAMINE CONTENT
in cigarette smoke, 37, 94-95, 97
in tobacco, 37
reduction of in cigarette smoke, 40,

95-96
relationship to nicotine content: in
tobacco smoke, 39
NITROSAMINES
carcinogenicity, 37, 40, 91-92, 97

carcinogenicity in animals, 95-96
in esophageal neoplasm induction in
rats, 41-42
formation in cigarette smoke, 40
formation in tobacco and tobacco
smoke, 95

formation in vivo, 40, 92-93, 95-96
in laryngeal neoplasm induction in
hamsters, 41

in pancreatic neoplasm induction in
hamsters, 42

NITROSOMETHYLUREA
.
in neoplasm induction in animals, 92
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NUCLEIC ACIDS
binding of aromatic amides and
amines, 91

Obstructive airway diseases See
BRONCHITIS; CHRONIC OBSTRUCTIVE LUNG DISEASE;
EMPHYSEMA
OCCUPATIONAL EXPOSURE
(See also ENVIRONMENTAL POLLUTION)
interaction with smoking, research
recommendations, 56-57
ORAL NEOPLASMS
animal models, 42

smoking and alcohol consumption in
etiology of, 42
OXIDASE ACTIVITY
effect of cigarette smoke on microsomal oxidases, 47-48

role in carcinogenesis, 48, 89
PANCREATIC NEOPLASMS
animal models, 42-43

carcinogens in particulate phase of
cigarette smoke, 97
induced by diisopropylnitrosamine in
rats, 42

Parental smoking See SMOKING, PARENTAL
PARTICULATE PHASE, CIGARETTE
SMOKE
(See also SMOKE, CIGARETTE;
SMOKE, TOBACCO; TARS, CIGARETTE)
carcinogens, 94-95, 97
cocarcinogens, 94, 96

toxic components, 33-34
PASSIVE SMOKING
(See aloo SMOKE STREAMS)

health effects of lower tar and nicotine cigarettes, research recommendations, 56, 58

public attitudes toward health effects, 204

Peak expiratory flow measurements
See LUNG FUNCTION; RESPIRATORY FUNCTION TESTS
PERINATAL MORTALITY
(See also INFANT MORTALITY)
effect of lower tar and nicotine cigarettes on risk, 159

effect of maternal smoking, 158
risk factors, 158

INDEX
PHENOLS
carcinogenicity, 38
cocarcinogenicity, 38
PLACENTA
effect of maternal smoking, 157-158
effect of maternal smoking, research
recommendations, 164-165
POLONIUM-210
earcinogenicity, 40, 97
formation in cigarette smoke, 40
formation in tobacco, 40

POLONIUM-210 CONTENT
in cigarette smoke, 97
reduction of in tobacco, 40

Polycyclic aromatic hydrocarbons See
AROMATIC HYDROCARBONS
PREGNANCY
(See also FETUS; NEONATE)
animal models of maternal smoking

and, 167
effect of lower tar and nicotine cigarettes, 12, 159
effect of lower tar and nicotine cigarettes, research recommenda-

tions, 160-162, 169-170

effect of maternal smoking, 46-47,

157-159
effect of maternal smoking, summary of findings, 21-22, 170
effect of maternal smoking, research
recommendations, 159-170
perinatal projects, 161
recommended research on smoking
cessation and, 162-163
PREMATURITY
effect of maternal smoking on risk,
158
PROTEINS
binding of carcinogens, 90-91

REDUCTION OF SMOKING Con.
role of lower tar and nicotine cigarettes, 183

RESPIRATORY FUNCTION TESTS
(See also LUNG FUNCTION)
in early detection of lung disease,
43, 141
RESPIRATORY SYMPTOMS
(See also COUGH)
effect of tar yield, 189-140
SEX RATIO
(See also DEMOGRAPHIC VARIABLES)
cessation of smoking, 214
smoking habit in the United States,
211-214
use trends for high- and low-tar
cigarettes, 217-219

use trends for lower tar cigarettes
among adolescents, 222
SMOKE, CIGARETTE
(See also GAS PHASE, CIGARETTE SMOKE; PARTICULATE
PHASE, CIGARETTE SMOKE;
SMOKE STREAMS; SMOKE,
TOBACCO)
analysis of components, research recommendations, 52-53
animal models of reduced carcinogenicity, 94
bioassays of selected components, research recommendations, 53

in chronic obstructive lung disease
etiology, 143-144
determination of toxicity, research
recommendations, 52-53

development of analytical methods,
56, 124
effect of agricultural practices on

CHARACTERISTICS

composition, 51
effect of cigarette design on compo-

(See also CILIARY ACTIVITY;

effect of filters on composition, 50

Puffing parameters See SMOKING

PULMONARY CLEARANCE

LUNG FUNCTION)
effect of cigarette smoke, 47
Pulmonary function See LUNG FUNCTION
Racial groups See DEMOGRAPHIC
VARIABLES
REDUCTION OF SMOKING
(See aloo CESSATION OF SMOKING )

sition, 49-50

effect of tobacco additives on composition and activity, 51-52
effect of tobacco curing on composition, 51
effect of tobacco processing on composition, 51

effect of tobacco varieties on composition, 50
effect of ventilation on composition,
50
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SMOKE, CIGARETTE Con.
effect on ciliary activity, 47
effect on pulmonary clearance, 47
in emphysema etiology, 43-44
formation of components, 33
lung carcinogens, 35-41
metabolism of carcinogenic components, 89-93

monitoring components in new products, 53

monitoring relative vs. absolute
yields of components, 54-55
mutagenic vs. carcinogenic components, 37-38

pharmacology and toxicology, summary of findings, 16-18, 59-61

yield of constituents in lower tar
products, 7-8
SMOKE INHALATION
in emphysema induction in rats, 43
in laryngeal neoplasm induction in
hamsters, 41

SMOKE STREAMS
(See also SMOKE, CIGARETTE;
SMOKE, TOBACCO)
health effects of sidestream smoke
from lower tar and nicotine cigarettes, 56, 58

SMOKE, TOBACCO
pharmacology and toxicology, summary of findings, 16-18, 59-61

SMOKERS VS. EX-SMOKERS
attitudes toward health hazards of
smoking, 203
SMOKERS VS. NONSMOKERS
attitudes toward health effects of
passive smoking, 204
chromosomal aberrations, 48

coronary heart disease risk, 115
lung function, 141
mutagens in urine, 41
sister chromatid exchange, 48
small airway pathology, 138
tracheobronchial epithelium, 87-88
SMOKING
(See also SMOKE, CIGARETTE;
SMOKE INHALATION; SMOKE,
TOBACCO; SMOKING, MATERNAL; SMOKING, PARENTAL)
in chronic obstructive lung disease
etiology, 135-136
effect on cardiovascular disease risk,

115-117
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SMOKING Con.
effect on coronary heart disease
risk, 115-117
SMOKING AND HEALTH
dose-response relationship between
smoking and morbidity, 6-8
public attitudes toward health effects of smoking, 202-204
public awareness of health effects
of smoking, 200-202
recommendations for clinical testing
facilities for smokers, 184
Smoking behavior See SMOKING

CHARACTERISTICS

SMOKING CHARACTERISTICS
accuracy of smoking machines in reproduction of, 49, 180, 185

compensatory smoking behavior with
lower tar and nicotine cigarettes,
7-8, 52, 57, 86, 97-98, 119, 177,
180-182
compensatory smoking behavior,
summary of findings, 22, 186
effect of compensatory smoking behavior on obstructive airway disease risk, 140

effect on acute airway response to
smoke inhalation, 139

effect on tar and nicotine yields,
210-211
effect on yield of cigarette smoke
constituents, 49
research recommendations, 53-54

SMOKING HABIT
age at onset by tar and nicotine
yield, 221-223
behavioral aspects, summary of findings, 22, 186
effect of alternative modes of nicotine exposure, 177-178

effect of tar and nicotine yield on
daily cigarette consumption, 222225
males vs. females in the United

States, 211-214
role of lower tar and nicotine cigarettes in initiation of, 182-183

role of lower tar and nicotine cigarettes in maintenance of, 183
role of nicotine in maintenance of,

177-180, 188
trends in daily cigarette consumption, 80, 213-214

INDEX
SMOKING HABIT Con.
trends in per capita cigarette and
tobacco consumption, 213-216
trends in use of lower tar and nicotine products, 199
trends in use of lower tar and nicotine cigarettes, summary of findings, 22-24, 228-230
SMOKING MACHINES
accuracy in reproducing smoking behavior, 49, 180, 185

design parameters, 48-49, 53
monitoring relative vs. absolute
yields of smoke components, 5455
recommendations for improvement,
185
recommendations for maximum yield
assays, 185

SMOKING, MATERNAL
behavioral studies of pregnant women, research recommendations,

162-163
effect on birthweight, 158
effect on fetal mortality, 158
effect on health of offspring, 158159
effect on perinatal mortality, 158
effect on physical, intellectual, and
emotional development in chil-

dren, 159
effect on placenta, 157-158
effect on pregnancy, 46-47, 157-159
effect on pregnancy and infant
health, research recommendations,

159-170
effect on pregnancy and infant
health, summary of findings, 2122, 170
effect on prematurity risk, 158
effect on spontaneous abortion risk,
158
effect on sudden infant death syndrome risk, 158-159
SMOKING, PARENTAL

effect on health of offspring, 158159

SMOKING SURVEYS
attitudes toward health effects of
smoking in smokers vs. ex-smokers, 203

National Clearinghouse on Smoking
and Health surveys, 203

SMOKING SURVEYS Con.
National Health Interview Study
(NHIS), 199-201
public attitudes toward health effects of smoking, 202-204
public awareness of health effects

of smoking, 200-202
Roper Survey on smoking and
health, 204
use of filtered cigarettes, 201

Spirometric measurements See LUNG

FUNCTION
SPUTUM PRODUCTION
effect of tar yield, 139-140

TAR CONTENT
cessation of smoking attempts and,
223-228
cigarettes in the United States
(1978-1979), 230-234
correlation with carbon monoxide
yield, 209, 211
correlation with nicotine yield, 206,
208-210
correlation with tobacco weight per
cigarette, 209-210, 212

development of analytical methods,
56, 124
effect of puffing profile on yield,
210-211
effect of smoking characteristics on
yield, 210-211
effect on daily cigarette consumption, 222-225
effect on lung function, 139-140
effect on lung neoplasm mortality
risk, 81-85
effect on respiratory symptoms,
139-140
effect on sputum production, 139140
mean daily dose in smokers by race,
sex, and age, 219-220

percent distribution of smokers by
tar yield, 219-222
TAR REDUCTION

effect on coronary heart disease
risk, 9-11

Public Health Service recommendations, 200-201

TARS, CIGARETTE
(See also PARTICULATE PHASE,
CIGARETTE SMOKE)
atherosclerosis and, 119
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TARS, CIGARETTE Con.
in lung neoplasm etiology, 79
TOBACCO ADDITIVES
(See also HUMECTANTS; TOBACCO FLAVOR)
assessment of health risks, 6, 8

carcinogenicity and mutagenicity of
flavoring agents, 99
effect on smoke composition, 51-52
flavoring agents, 51-52
humectants, 51-52
TOBACCO ANTIGENS
effect on endothelium, 119
TOBACCO CURING
(See also AGRICULTURAL PRACTICES)
effect on cigarette smoke pharmacology, research recommendations,

55
effect on smoke composition, 51
TOBACCO FLAVOR
(See also HUMECTANTS; TOBACCO ADDITIVES)
carcinogenicity and mutagenicity of
additives, 99
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TOBACCO FLAVOR Con.
flavoring agents in cigarettes, 51-52
TOBACCO INDUSTRY
federal regulation of, 6, 201

TOBACCO PROCESSING
effect on smoke composition, 51
TOBACCO VARIETIES
smoke composition, 50
TRACHEOBRONCHIAL EPITHELIUM
effect of lower tar and nicotine cig-

arettes, 87-88, 142

effect of smoking, 87-88
Tumor initiating agents See CARCINOGENS
Tumor promoting agents See COCARCINOGENS
URETHANES
content in cigarette smoke, 94
VINYL CHLORIDE
content in cigarette smoke, 94
metabolic activation, 93

Vital capacity See LUNG FUNCTION

