
Low-Risk Cigarettes: A Prescription 

Low-toxicity cigarettes hold significant promise 
in the prevention of diseases related to smoking. 

Gio B. Gori 

During the last 30 years, epidemiolo- 
gical studies have established that differ- 
ent patterns of cigarette smoking behav- 
ior lead to quantitative differences in 
smoke inhalation and have shown a di- 
rect relationship between dose and risk 
of disease (1, 2). 

After almost 500 years of experience, 
smoking has become ingrained in nearly 
all cultures. As a result of this, two re- 
cent decades of antismoking education in 
our society have met with only partial 
success: today 55 to 60 million Ameri- 
cans still smoke, and the habit appears to 
be increasing among teenagers and wom- 
en (3). 

For the casual smoker, the kinesthetic 
and cultural aspects of the habit may be 
easily forgotten, but for the serious 
smoker-almost invariably the problem 
smoker at high risk of disease-the phar- 
macologic, physiologic, and hedonistic 
rewards are not easily overcome, even 
with strong motivation. 

Since smoking occupies such a promi- 
nent position in the mythology of our 
daily life, it is unrealistic to expect that a 
society of nonsmokers could be created 
after a mere 20 years of public education, 
particularly in the prevailing sociopoliti- 
cal climate; historic perspective suggests 
that many decades may be needed to 
achieve this goal. 

Until then, it is important to protect 
those who continue to smoke despite all 
warnings. Leaving them to their fate is 
neither humane nor economic, particular- 
ly when there is evidence that their risk 
can be reduced substantially in at least 
two ways. 

First, it may be possible to remove 
toxic smoke components selectively and 
thus reduce specific hazards. Second, 
the well-established dose-response evi- 
dence suggests that, if the total intake of 
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smoke in the population can be reduced, 
after an appropriate time a reduction in 
disease incidence should also occur, as 
demonstrated for smokers of filter ciga- 
rettes (4). Many studies (4-7) indicate 
that a combination of these two ap- 
proaches is feasible, limited only by the 
market constraints of cigarette accept- 
ability and by the dynamics of taste and 
perception modification in the consumer. 

Reduction of Toxic Smoke Components 

Methods for reducing the smoke yield 
of cigarettes include genetic selection 
and low fertilization of plants; growth 
and harvesting practices that provide 
"leaner" tobacco leafs; curing methods 
that remove leaf components; use of 
high-porosity papers, filters, and smoke 
dilution devices; and transformation of 
tobacco into reconstituted sheets 
through a process that removes undesir- 
able plant components, adds inert 
diluents, and increases the volume of the 
original tobacco (6, 8-15). Most of these 
approaches reduce the amount of "fuel" 
burned during combustion, favor more 
complete combustion conditions, and 
discourage pyrolysis, pyrosynthesis, and 
formation of tar, carbon monoxide, and 
other undesirable components. In addi- 
tion, the tar of cigarettes so processed 
usually shows decreased carcinogenicity 
when tested on an equal-dose basis 
against the tar of traditional cigarettes in 
mouse skin assays (6, 9, 16, 17); this is 
reflected in the steadily decreasing activi- 
ty of the tars in commercial American 
cigarettes over the last decade (18). 

Although nearly 3000 compounds have 
been identified in cigarette smoke, only a 
few have been related to specific health 
hazards. Hydrogen cyanide is consid- 
ered specifically toxic for the ciliated 
respiratory epithelium (19). The insult of 
nitrogen oxides may have a role in acute 
and chronic obstructive pulmonary dis- 
ease and in the slow development of 

emphysema (13, 20). Various toxic attri- 
butes have been ascribed to a number of 
aldehydes and phenols, acrolein in partic- 
ular (6, 21, 22). The hazard of these 
components, however, appears small 
when compared to that of tar, carbon 
monoxide, and nicotine, except as they 
affect lung clearance mechanisms. Tar is 
a mixture of many chemicals and is com- 
monly understood to contain most 
smoke carcinogens; it also contains oth- 
er irritants and toxic materials of uniden- 
tified properties (6, 21, 23). Carbon mon- 
oxide is linked to the development of 
cardiovascular disorders and to acute 
toxicity phenomena (24). The anoxia it 
produces may precipitate sudden death 
when an insufficient myocardium is over- 
ly stimulated by nicotine (25). 

Nicotine is recognized as a dangerous 
alkaloid, but, at the doses delivered by 
cigarettes, the smoker automatically ad- 
justs intake to favor pharmacologic and 
physiologic reward (26). Except as in- 
dicated above-the sudden toxicity of 
nicotine to a damaged myocardium in 
relatively anoxic condition-no chronic 
toxicity effects have been clearly and 
consistently attributed to nicotine. 

Because of its overwhelming pharma- 
cologic contribution, however, nicotine 
plays an important role in controlling 
smoking behavior. Within smoke the al- 
kaloid exists in both the protonated and 
unprotonated forms. The latter form in- 
creases with increasing alkalinity of the 
smoke (27, 28) and appears to be more 
readily absorbed; more important still, it 
has decidedly satisfying effects on the 
smoker's taste receptors (28). Within cer- 
tain value ranges, high levels of nicotine, 
high smoke pH values, and high ratios of 
unprotonated to protonated nicotine in- 
crease the satiation effect in the smoker, 
tend to depress the consumption of ciga- 
rettes and the depth and frequency of 
inhalation (26, 29), and therefore reduce 
the intake of smoke. 

Thus it appears that the hazards of 
cigarettes can be reduced by a simulta- 
neous reduction of tar and of its specific 
carcinogenic activity; by a reduction of 
carbon monoxide, nitrogen oxides, hy- 
drogen cyanide, acrolein, and other un- 
desirable toxic smoke components; and 
by an adjustment of nicotine levels and 
protonation conducive to consumer satia- 
tion. 

The technology to achieve these re- 
sults has been developed and can be 
applied to the manufacture of com- 
mercial cigarettes (6, 7, 11, 12, 14, 16, 
17). Not surprisingly, such manipula- 
tions alter traditional flavor patterns and 
produce various degrees of conflict with 
established standards of acceptance. The 
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Table 1. Daily critical cigarette consumption. Columns 1, 2, and 3 represent the lowest, aver- 
age, and highest critical values obtained from among all corresponding studies. 

Cigarettes (No.) Studies Disease mortality (No.) (1) (2) (3) 
Low Average High 

Cancer of the oral cavity 3 7-8 8.8 10 
Cancer of the pharynx 1 2-3 2.5 2-3 
Cancer of the esophagus 2 4-5 7.3 10 
Cancer of the pancreas 1 9 9 9 
Cancer of the larynx 2 3-4 6.8 10 
Lung cancer 10 0.7 5.7 10 
Cancer of the bladder and kidney 2 9 9.5 10 
Coronary artery disease 3 3-4 4.2 4-5 
Coronary heart disease 1 3-4 3.5 3-4 
Aortic aneurism 1 4-5 4.5 4-5 
Emphysema, bronchitis, or both 1 10 10 10 
All causes for current smokers 4 1-2 2 3-4 

problem, however, is not in- 
surmountable, because consumer per- 
ception can be made to change. For in- 
stance, the strength of cigarettes today is 

nearly half of what it was 15 years ago, 
when modern cigarettes would have 
been considered too weak (30). There 

may be lower limits of acceptability, and 
the success of some new cigarette 
brands, containing 2 to 8 milligrams of 
tar and 0.2 to 0.8 milligram of nicotine, 
indicates that these limits might be quite 
low. Future commercial cigarettes can 
be expected to challenge consumer ac- 

ceptability and to call for cautious mar- 

keting policies. These new cigarettes will 
utilize compensating flavors and fra- 

grances (31), and it appears that safety 
requirements can be met, particularly if 
added flavors are natural tobacco com- 

ponents, and are little pyrolized or al- 
tered during smoking. 

Low-Risk Cigarettes 

The feasibility of less hazardous ciga- 
rettes poses an obvious question: Are 
there limits of cigarette and smoke com- 

position that may approach relative safe- 

ty? In pragmatic terms, these limits can 
be defined as the smoke intake doses at 
which the risk of disease in smokers is 

approximately the same as in non- 
smokers. Various ways of estimating 
these values are available-in particular, 
the dose-response analysis of several 

epidemiological studies and the extrapo- 
lation of blood concentrations at differ- 
ent rates of intake for certain smoke 

components, such as carbon monoxide. 
To derive a dose-response relation- 

ship, epidemiological studies associating 
daily cigarette consumption in males 
with increases in risk of mortality from 
11 specific diseases and of mortality in 

general were analyzed (32-44). A critical 
value was estimated from each study, 
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this being the maximum number of ciga- 
rettes that the average individual could 
smoke daily without apparently increas- 
ing his expected risk of mortality signifi- 
cantly above that of a nonsmoker, within 
the statistical variation in each study 
(45). 

Table 1 summarizes the results of this 

analysis. The low value is the lowest of 
all critical values obtained from the stud- 
ies reviewed; the average and high criti- 
cal values are defined similarly. The 
smallest critical value on record is 0.7 

cigarette per day for lung cancer; it 
should be mentioned that this low point 
is the result of only one study (32) of the 
ten surveyed for lung cancer, the other 
nine supporting a low value closer to five 

cigarettes per day. 
Most of the studies in this analysis 

were based on data collected during the 
1950's; because the diseases considered 
have a long latent period, it is fair to 
conclude that cigarette consumption be- 
fore 1960 contributed to the risks ob- 
served. Table 2 lists the average delivery 
of some significant smoke components 
for cigarettes manufactured before 1960 
[see also (649)]. 

Conservative estimates of upper limits 
of daily smoke intake should correspond 
to the lowest intake doses associated 
with increased risk in epidemiological 

Table 2. Average delivery of smoke com- 
ponents of cigarettes manufactured before 
1960. 

Smoke Average delivery per 
component cigarette 

Tar (mg)* 43 
Nicotine (mg)* 3.0 
CO (mg)t 23 
NO, (/Lg)t 270 
HCN (,g)t 410 
Acrolein (,/g)t 130 

*Sales-weighted averages (46, 47). tSee (48, 
49). tSee (49). 

studies. It could be argued, however, 
that each smoke component should be 
judged only in the context of the associat- 
ed disease; for instance, there is no clear 
evidence that nicotine is related to lung 
cancer, but a case could be made for its 
role in coronary heart disease. 

At present, the counterargument is 
more appropriate because the causative 
attributes of individual smoke com- 
ponents are sufficiently blurred to be of 
concern. The possible involvement of 
nicotine in the etiology of lung cancer 
has not been ruled out; in fact, its in- 
direct role has been suggested by a re- 
cent study (50). 

Thus, a conservative approach sug- 
gests using the critical values that apply 
to all causes of death in smokers. Al- 
though "all causes" may include some 
that are not tobacco related, this compre- 
hensive category represents the effect of 
cigarette consumption on mortality in 
general. These critical values are listed 
in Table 1, and the related critical values 
of smoke components are listed in Table 
3. 

Blood concentration of carboxyhe- 
moglobin (COHb) is not directly propor- 
tional to CO delivery per cigarette; it is 
influenced by the smoking and respira- 
tion dynamics of the individual and by 
the number of inhaled puffs that a ciga- 
rette delivers. Based on standard consid- 
erations (51, 52), Table 4 indicates how 

many cigarettes a smoker could consume 
daily before reaching critical COHb val- 
ues, depending on the CO delivery per 
cigarette. 

If the low critical values of the range 
appear difficult to attain-a smoker 
could argue that they amount to a non- 

smoking prescription-the upper values 
are in the range of current cigarette mar- 

keting and manufacturing realities, al- 

though they would necessitate modifica- 
tion of the acceptability requirements of 
the smoker. 

It would be erroneous to interpret 
these critical values as indicators of safe 

smoking levels, since the experimental 
and statistical uncertainties of the stud- 
ies surveyed are well known, as in most 

epidemiological work of this kind. Also, 
regardless of how sophisticated the sta- 
tistical methods might be, the data 
should not be interpreted as indicating 
safe levels, and special provisions would 
still be necessary for high-risk groups 
such as coal, uranium, and asbestos 
workers. 

Uncertainty, however, should not be 
allowed to dilute the implication of these 
data, namely, that a rapid shift in ciga- 
rette consumption habits toward the pro- 
posed range of critical values would 
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make it reasonable to expect that the 
current epidemic proportions of smok- 
ing-related diseases could be reduced to 
minimal levels in slightly over a decade 
(2). This expectation is plausible because 
current technology can reduce the 
specific toxicity of smoke condensate 
well below the levels prevailing before 
1960 (11, 16, 18). 

All of this evidence is not new, as most 
of the epidemiological studies reported 
were completed 10 years ago. It was 
disregarded, however, for two reasons. 
The critical values were thought to be 
too low and beyond manufacturers' capa- 
bilities, and there was an ethical conflict 
with prevailing antismoking attitudes 
that have recently given way to a more 
pragmatic approach. 

The technology for producing ciga- 
rettes, 10 to 20 of which per day deliver 
smoke within the suggested range, has 
been developed and can be applied on a 
mass scale by the skilled cigarette manu- 
facturer. Thus the single most important 
and potentially successful disease pre- 
vention opportunity in contemporary so- 
ciety can be set in motion by responsible 
marketing decisions in the cigarette in- 
dustry, by a major public education drive 
leading smokers to new patterns of ac- 
ceptance, and by the promulgation of 
judicious legislative incentives. 

Not the least promise of low-hazard 
cigarettes is that a low delivery of nico- 
tine and smoke will reduce their habit- 
forming features, and will make it easier 
for smokers to quit altogether. 

Since these approaches are feasible, 
delays are difficult to justify; the alterna- 
tive is the continuation of hundreds of 
thousands of premature deaths and many 
more disabilities every year. 

Summary 

Antismoking education campaigns in 
our society have met with only partial 
success: today 55 to 60 million Ameri- 
cans smoke, and the habit is increasing 
among teenagers and women. It is impor- 
tant to protect individuals who continue 
to smoke despite all warnings. There is 
evidence that this can be accomplished 
in at least two ways. 

First, it may be possible to remove 
toxic smoke components and thus re- 
duce specific hazards. Second, the dose- 
response evidence suggests that, if the 
total intake of smoke can be reduced, 
after an appropriate time a reduction in 
disease incidence should occur. The 
technology to achieve these results has 
been developed and can be applied to the 
manufacture of commercial cigarettes. 
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Table 3. Critical values of daily intake of se- 
lected smoke components based on data asso- 
ciated with all causes of disease mortality for 
current smokers. For COHb, critical values 
are expressed in terms of the percentage in- 
crease of COHb in the smoker's blood, as de- 
scribed in (57). For the remaining com- 
ponents, the critical values listed in Table 1 
for "all causes for current smokers" were 
multiplied by the corresponding average deliv- 
eries of smoke components listed in Table 2 to 
obtain critical values in terms of smoke com- 
ponents. 

Critical values 
Smoke 

component (1) (2) (3) 
Low Avg. High 

Tar(mg) 65 86 151 
Nicotine (mg) 4.5 6.0 10.5 
COHb (increase, %) 2.6 3.2 4.8 
NOx (,ug) 405 540 945 
HCN (tg) 492 820 1435 
Acrolein (ag) 156 260 455 

These cigarettes will not conform to tra- 
ditional flavor patterns, but consumer 
perception can be made to change and 
compensating flavors and fragrances can 
be added. 

The feasibility of less hazardous ciga- 
rettes raises the question of whether 
there are limits of cigarette and smoke 
composition that may approach relative 
safety. These limits can be defined as the 
smoke intake doses at which the risk of 
disease in smokers approaches that in 
nonsmokers. Such values can be esti- 
mated by dose-response analysis of sev- 
eral epidemiological studies and by ex- 
trapolation of blood concentrations at 
different rates of intake for certain 
smoke components, such as carbon mon- 
oxide. Critical values determined by 
these methods should not be interpreted 
as indicators of safe smoking levels; they 
do imply, however, that a rapid shift in 
cigarette consumption habits toward the 
proposed range of values will make pos- 
sible a substantial reduction in the cur- 
rent epidemic proportions of smoking- 
related diseases. 

Table 4. Daily cigarette consumption needed 
to reach critical COHb levels, as a function of 
CO delivery per cigarette. It is assumed that 
the consumption of cigarettes is evenly 
spaced over a 10-hour period; see (51). 

CO delivery Daily cigarette consumption 
per Low Average High cigarette critical critical critical 

(mg) value value value 

2 19 22 35 
5 8 10 16 

10 4 5 7 
15 2 3 5 
20 2 2 4 
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