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ABSTRACT
Nicotine is highly addictive and is primarily responsible
for the maintenance of cigarette smoking. In 1994,
Benowitz and Henningﬁeld proposed the idea of federal
regulation of the nicotine content of cigarettes such that
the nicotine content of cigarettes would be reduced over
time, resulting in lower intake of nicotine and a lower
level of nicotine dependence. When nicotine levels get
very low, cigarettes would be much less addictive. As a
result, fewer young people who experiment with
cigarettes would become addicted adult smokers and
previously addicted smokers would ﬁnd it easier to quit
smoking when they attempt to do so. The regulatory
authority to promulgate such a public health strategy
was provided by the Family Smoking Prevention and
Tobacco Control Act. Although it precludes ‘reducing
nicotine to zero’, the act does not prohibit the Food and
Drug Administration from setting standards for cigarette
nicotine content that would prevent them from being
capable of causing addiction. This paper reviews the
assumptions implicit in a nicotine reduction strategy,
examines the available data on the feasibility and safety
of nicotine reduction, and discusses the public
education, surveillance and support services that would
be needed for the implementation of such a policy.

INTRODUCTION
Nicotine is the highly addictive tobacco constituent
that is primarily responsible for the maintenance of
cigarette smoking. Our society values personal
freedom of choice; however, addiction undermines
freedom of choice with respect to stopping or not
stopping the use an addictive drug. When nicotine
addiction develops, it is difﬁcult to stop using
tobacco products. Furthermore, while adolescents
and young adults may have a general awareness of
the risks of cigarette smoking, they underestimate
the harm and the addictive nature of cigarette
smoking.1 2
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The general aim of a nicotine reduction policy is to
make cigarettes non-addictive, so that novice
smokers will not transition from experimental or
occasional smoking to addiction and so that the
smoker can be truly free to consider the beneﬁts
versus risks of smoking or not smoking and to then
act on their decision to quit if that is their choice.
The idea is to reduce the nicotine content of cigarettes over time, resulting in a lower intake of nicotine and a lower level of nicotine dependence until
the dosage is reached at which the cigarettes do not
produce reinforcing and other effects that sustain
addiction. Such a policy is consistent with WHO’s
Framework Convention on Tobacco Control (the

‘Tobacco Treaty’) that has been ratiﬁed by most
countries but not the USA3. Article 9 of the
Tobacco Treaty addresses the need to develop
guidelines for testing, measuring, and regulating
the contents and emissions of tobacco products, to
contribute to a regulatory framework to reduce the
dependence potential of tobacco products.3 4
Tobacco company documents support the
concept of nicotine reduction to reduce dependence: ‘To reduce the nicotine per cigarette as much
as possible and thus satisfy the trend of consumer
demand … might end in destroying the nicotine
habit in a large number of consumers and prevent
it ever being acquired by new smokers.’5 Many
additional documents describe various approaches
to ensuring that nicotine levels—and the free-base
form of nicotine in particular—is optimised to
maintain tobacco product addictiveness.6

THE NATURE OF REDUCED NICOTINE
CIGARETTES
Lowering the nicotine content of cigarettes is different from designing cigarettes that have low nicotine delivery as tested by cigarette smoking
machines. The latter types of cigarette, once advertised as ‘low tar and nicotine’ or ‘light’ cigarettes,
generate low yields in machine tests due to design
features such as a faster rate of cigarette burn,
increased ventilation and other factors, but do not
involve reducing the nicotine content of the cigarette tobacco.2 7 Smokers of such purported lowyield cigarettes are easily able to compensate for
these low-yield cigarettes by taking bigger and
more frequent puffs, blocking the ventilation holes
with their ﬁngers or lips and/or smoking more
cigarettes per day.2 7 Reduced nicotine content
cigarettes can be designed similarly to regular cigarettes, except for the lower nicotine content. As the
nicotine content is decreased in cigarette tobacco, it
would be extremely difﬁcult or impossible to
absorb substantial levels of nicotine by smoking
cigarettes more intensively (ie, by compensatory
smoking8 9).

THE REDUCED NICOTINE CONTENT CIGARETTE
PROPOSAL
A gradual reduction of nicotine levels of cigarettes
was proposed by Benowitz and Henningﬁeld in
1994.10 Whereas this proposal envisioned a reduction to non-addicting nicotine dosage levels over a
decade or longer, recent research studies using
reduced nicotine content cigarettes to aid smoking
cessation have raised the possibility that more rapid
lowering of nicotine content might be equally or
more effective.11 A reduced nicotine cigarette
policy would have to apply to all manufactured
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cigarettes and potentially to tobacco sold for roll-your-own
cigarettes, small cigars and perhaps ultimately to all other combustible tobacco products in a particular country.
One of the assumptions implicit in a nicotine reduction strategy is that there is a threshold nicotine exposure that is necessary to produce reinforcing effects and to sustain addiction. It is
likely that there is no single threshold that applies to all people.
There is considerable individual variability in dose sensitivity to
all drugs, including nicotine. The key questions is: what level of
nicotine reduction is required to prevent novice smokers from
becoming addicted and to help established smokers to be readily
able to control their use of cigarettes—that is, to quit smoking
more easily when they decide to do so?
The Food and Drug Administration (FDA) was given the
authority to regulate cigarette addictiveness through the Family
Smoking Prevention and Tobacco Control Act.12 Although it
precludes ‘reducing nicotine to zero’, the law does not prohibit
the FDA from setting standards for nicotine content that would
prevent cigarettes from being capable of causing addiction.
Currently, most manufactured cigarettes contain 10–15 mg of
nicotine per cigarette. On average, smokers systemically absorb
10% of the nicotine contained in the rod, with a typical systemic intake of 1–2 mg of nicotine per cigarette.13 We made an
initial estimate that reducing the total nicotine content of cigarettes to 0.5 mg per rod would minimise the addictiveness of
cigarettes.10 It was assumed that these doses would not produce
psychoactive and rewarding effects, but such effects might occur
at lower doses in non-tolerant children and adolescents.14
A more recent analysis suggests that the maximum allowable
nicotine content per cigarette that minimises the risk of central
nervous system effects contributing to addiction may be lower.8
Sofuoglu and LeSage reviewed the question of nicotine addiction threshold as a target for tobacco control.15 They noted the
challenges of determining daily addiction thresholds and suggested that the threshold for nicotine regulation should be based
on the amount of nicotine per unit dose (eg, per puff from a
cigarette) that produces reinforcement—the ‘nicotine reinforcement threshold’. There are undoubtedly many other tests that
may be employed to determine the maximum allowable level of
nicotine per cigarette, just as many methods are used to comprehensively assess the addictiveness of drug products.16–18
Regardless of which methods are used, the standards for cigarette design, including nicotine content, need to ensure that no
populations of concern (including children) would derive
reinforcing effects from cigarette smoking or be readily capable
of obtaining sufﬁcient nicotine to produce addiction.
Furthermore, it will be important that the policy be implemented with sufﬁcient ﬂexibility to further reduce the allowable
nicotine level if surveillance and relevant biomarkers indicated
that reinforcement and addiction continued to occur.

Figure 1 Plasma cotinine concentration over the weeks of the study
during progressive reduction of the nicotine content of cigarettes
(weeks 1–6) and after returning to usual cigarettes or quitting (weeks
7–10).19 The bars represent the SEM. Data points represent mean
values for 20 subjects.

who were not planning to quit smoking in the next 6 months.
These smokers smoked their usual brand and then ﬁve different
cigarettes with progressively lower nicotine contents (ranging from
10 mg down to 0.6 mg per cigarette), each for 1 week. The intake
of nicotine, estimated by plasma cotinine, declined progressively as
the nicotine content of the cigarette declined (ﬁgure 1). The
number of cigarettes smoked per day (ﬁgure 2), as well as expired
carbon monoxide and urinary polycyclic aromatic hydrocarbon
metabolite excretion, did not change signiﬁcantly, while the level
of urine 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (a marker
of tobacco-speciﬁc nitrosamine exposure) decreased.
The second study used a similar design, but with a larger
number of subjects smoking cigarettes with reducing nicotine
content (N=53) and included a control group of people
smoking their usual brand of cigarettes (N=50).20 In this study,
the nicotine content of the cigarettes was tapered on a monthly
rather than a weekly basis. Monthly tapering would allow more
time to adapt to lower levels of nicotine intake and could lead
to greater smoker acceptability. The results of the second study
were similar to the ﬁrst study, showing a progressive decline in
nicotine intake, with no signiﬁcant change in cigarettes per day
or toxicant exposure. In both studies, some smokers quit
smoking spontaneously, and those who continued to smoke
reported a lower level of dependence.
Hatsukami conducted a study of reduced nicotine content
cigarettes in smokers who were interested in quitting.11
Treatments included switching smokers abruptly from their own
cigarettes to reduced nicotine content cigarettes or nicotine lozenges

EXPERIMENTAL STUDIES OF REDUCED NICOTINE
CONTENT CIGARETTES
One of the concerns in reducing the nicotine content of cigarettes is that smokers would smoke more cigarettes per day and/
or smoke cigarettes more intensively, thereby increasing their
exposure to harmful tobacco smoke toxicants. It is well known
that smokers adjust their smoking behaviour when switched
from regular to light cigarettes so as to maintain their desired
level of nicotine intake.2 7 Increased exposure to tobacco toxicants could result in increased health risks. Research on reduced
nicotine content cigarettes suggests that smokers do not take in
more smoke when the level of nicotine is lowered. Benowitz
et al19 conducted a 6-week longitudinal study of 20 smokers

Figure 2 Cigarette consumption over the weeks of the study during a
progressive reduction of nicotine content of cigarettes (weeks 1–6) and
after returning to usual cigarettes or quitting (weeks 7–10).19
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with a nicotine yield of 0.05 mg or 0.3 mg, which were provided
for 6 weeks. The 0.05 mg delivery cigarette groups did not increase
their cigarette consumption but did reduce their exposure to nicotine and 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol and had
higher rates of cessation compared to the 0.3 mg nicotine delivery
group. This study suggests that the nicotine content of cigarettes
might be able to be reduced quickly rather than gradually over
years.
The explanation for the lack of compensatory smoking with
very low nicotine content cigarettes is most probably because it
is difﬁcult to obtain more nicotine (because less nicotine is available in the tobacco rod) and because of the satiating effect of
the tar, chemical irritants and related taste, the levels of which
were unchanged in reduced nicotine content cigarettes. Subjects
smoking very low nicotine cigarettes did not report nicotine
withdrawal symptoms, although they did gain weight, the latter
presumed to be related to lower nicotine intake. Other researchers have also shown that there is little compensation when
switching from regular cigarettes to reduced nicotine high-tar
cigarettes.21 22

Social, practical and other factors that are relevant to the
potential viability and outcome of a cigarette nicotine
reduction policy
Evaluations of the nicotine reduction approach since the original proposal have concurred that it should only be implemented in the context of a national comprehensive tobacco control
programme (eg, refs. 8 14 and 23) Such a programme would
include public education to prepare smokers for the nicotine
reduction strategy, provision of treatment and alternate nicotine
delivery systems for those who may need such support, and
implementing a surveillance system that could quickly detect
potential unintended consequences so as to enable appropriate
interventions and modiﬁcations of the strategy.8 14 The
Workshop on Endgame Strategies in Tobacco Control provided
additional support for these conclusions and for the conclusion
that the approach appears more compelling today in light of the
projections that on its current course, the global tobacco death
toll will continue to rise for decades to come.

ACCESS TO ALTERNATIVE FORMS OF NICOTINE,
INCLUDING MEDICINAL NICOTINE
The harm from tobacco smoking derives primarily from inhalation of combustion products, not from nicotine per se.24
Ensuring alternate forms of nicotine for those who would continue to seek it as levels of nicotine in cigarette tobacco decline
is important.14 In 1998, in a report on the reduced nicotine
content cigarette strategy which was endorsed by the American
Medical Association, we assumed that this need could only be
safely provided by approved nicotine replacement pharmaceuticals, which are manufactured to stringent safety standards, and
are labelled, packaged and marketed so as to promote appropriate use. At that time, a major challenge was variously described
as the ‘unlevel playing ﬁeld’, meaning that the most deadly
tobacco products were far more readily available, permissively
regulated and attractively designed for users, compared to
nicotine replacement therapy (NRT) products.25–28
Since the initial proposal, new products that could arguably
be regulated either as tobacco or nicotine and which appear to
contain substantially fewer toxicants than traditional tobacco
products have been marketed. These include ‘tobacco’ lozenges,
dissolving strips, sticks or pouches, and cigarette-like devices
that deliver nicotine without products of combustion. Such products and NRT products may provide the support that is at least
i16

temporarily needed for some smokers to give up cigarettes
entirely and to manage a world in which nicotine use by
burning tobacco is less available. An additional regulatory
approach that could be incorporated into a nicotine reduction
policy is differential taxation, such that taxes on combusted
tobacco products are much higher than those on cleaner nicotine delivery products.

EDUCATION, ADDICTION TREATMENT AND CESSATION
SUPPORT TO SUPPORT NICOTINE REDUCTION
Public health policy is premised on a clear understanding by the
public as to what is intended and why it is important (eg,
washing hands to reduce the spread of inﬂuenza). A nicotine
reduction policy would require extensive education of tobacco
users, their friends and relatives, and health professionals to
prepare them for the process and guide them along the way so
as to minimise unintended consequences and improve the
outcome.
A nicotine reduction policy will be very likely to increase
tobacco cessation efforts in anticipation of the policy and as it is
implemented. As discussed in the 1998 report, it would be
important to increase access to treatment for tobacco dependence and withdrawal, including behavioural counselling,
smoking cessation medications and broad coverage by insurance
programmes.14 This should include individualised services for
special populations such as people with co-morbid psychiatric
disorders who may warrant extra assistance.

THE POTENTIAL THREAT OF CONTRABAND CIGARETTES
There is a possibility that decreased access to the forms of
tobacco that addicted users most want, namely nicotinecontaining cigarettes, will increase the demand for contraband
cigarettes. Even if this occurred, it is difﬁcult to envision that
such a massive scale of contraband could emerge so as to rival
the present pipeline of cigarettes that, for example, numbers
more than 1 billion per day in the USA, delivered to tens of
thousands of retail outlets. The greatest antidote to mass contraband is likely to be a combination of increased access to treatment and alternative products (including the aforementioned
‘grey’ area of tobacco/nicotine products) and education.

CONCLUSION
In the 1994 proposal to reduce nicotine in cigarettes to nonaddictive levels, we concluded our paper as follows: ‘The measures described in this proposal may seem drastic to some.
However, the problem of one quarter billion premature deaths
caused by tobacco use in developed countries call for drastic
action’.10 Nearly two decades later, despite enormous progress
in tobacco control efforts, the trajectory of tobacco-caused premature death and disease continues to rise globally.
Furthermore, progress is unacceptably slow towards the goal
articulated by former Surgeon General C. Everett Koop to end
the 21st century as we ended the 19th century with ‘lung
cancer… relegated to the status of a rare disease’.29 On the
other hand, the technical, social, medical and regulatory feasibility of a nicotine reduction approach has increased with the progress of science, establishment of a global treaty on tobacco
control and regulatory authority by agencies such as the US
FDA, as discussed in this paper and elsewhere.8 9 14 Preventing
children from become addicted smokers and giving people
greater freedom to stop smoking when they so decide to quit by
reducing the addictiveness of cigarettes is a policy that increasingly appears to be feasible and warranted.

Benowitz NL, et al. Tob Control 2013;22:i14–i17. doi:10.1136/tobaccocontrol-2012-050860

Tob Control: first published as 10.1136/tobaccocontrol-2012-050860 on 15 April 2013. Downloaded from http://tobaccocontrol.bmj.com/ on January 27, 2021 by guest. Protected by copyright.

Endgame proposal

Acknowledgements We thank Marc Olmsted for editorial assistance.

12

Contributors All authors of this research paper have directly participated in the
planning, execution or analysis of the study. All authors have read the ﬁnal version
and conﬂict of interest statement, and approved and approved submission for
publication.

13

Funding Research on reduced nicotine cigarettes cited in this paper was supported
by US Public Health Service Grant CA78603 from the National Cancer Institute and
the General Clinical Research Center at San Francisco General Hospital with support
of NIH/NCRR CTSI grant R024131.

14

Competing interests None.
Provenance and peer review Not commissioned; externally peer reviewed.
Open Access This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 3.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/3.0/

15

16

17

REFERENCES
1

2

3
4

5

6
7

8
9
10
11

Department of Health and Human Services PHS. Preventing tobacco use among
young people. A report of the Surgeon General. Washington, DC: US Government
Printing Ofﬁce; 1994.
Department of Health and Human Services PHS. How tobacco causes disease: the
biology and behavioral basis for smoking-attributable disease. A report of the
Surgeon General. Washington, DC: US Government Printing Ofﬁce, 2010.
Framework Convention on Tobacco Control. Protocol to Eliminate Illicit Trade in Tobacco
Products opened for signature. http://www.who.int/fctc/en/ (accessed 2 Jan 2013).
WHO Study Group on Tobacco Product Regulation. Report on the Scientiﬁc Basis of
Tobacco Product Regulation: fourth report of a WHO study group. WHO Technical
Report Series; No. 967. http://www.who.int/tobacco/publications/prod_regulation/
trs_967/en/index.html (accessed 2 Jan 2013).
British American Tobacco Company. RDW. Complexity of the PA 5A machine and
variables pool. Minnesota Trial Exhibit 10,392. State of Minnesota et al v. Phlip
Morris, Incl, et al. (1959).
Henningﬁeld JE, Benowitz NL, Connolly GN, et al. Reducing tobacco addiction
through tobacco product regulation. Tob Control 2004;13:132–5.
National Cancer Institute. Risks associated with smoking cigarettes with low
machine-measured yields of tar and nicotine. NIH Publication No. 02–5074.
Bethesda, MD: U.S. Department of Health and Human Services, National Institutes
of Health, National Cancer Institute, 2001.
Hatsukami DK, Perkins KA, Lesage MG, et al. Nicotine reduction revisited: science
and future directions. Tob Control 2010;19:e1–10.
Hatsukami DK, Benowitz NL, Donny E, et al. Nicotine reduction: strategic research
plan. Nicotine Tob Res Published Online First 15 Nov 2012. doi:10.1093/ntr/nts214
Benowitz NL, Henningﬁeld JE. Establishing a nicotine threshold for addiction. The
implications for tobacco regulation. N Engl J Med 1994;331:123–5.
Hatsukami DK, Kotlyar M, Hertsgaard LA, et al. Reduced nicotine content
cigarettes: effects on toxicant exposure, dependence and cessation. Addiction
2010;105:343–55.

18

19

20

21
22

23
24
25
26

27
28
29

Benowitz NL, et al. Tob Control 2013;22:i14–i17. doi:10.1136/tobaccocontrol-2012-050860

US Government. Family Smoking Prevention and Tobacco Control Act. Public Law #
111–31 2009. http://frwebgate.access.gpo.gov/cgi-bin/getdoc.cgi?
dbname=111_cong_public_laws&docid=f:publ031.111.pdf (accessed 27 Sep 2012).
Benowitz NL. Biomarkers of cigarette smoking. In: Shopland DR, Wilkenfeld J,
Henningﬁeld J, Eriksen MP, Modell SD, eds. The FTC cigarette test method for
determining tar, nicotine and carbon monoxide yields for US cigarettes NCI
smoking and tobacco control Monograph No 7. NIH Publication No. 96-4028.
Bethesda, MD: US National Institutes of Health, National Cancer Institute,
1996:93–111.
Henningﬁeld JE, Benowitz NL, Slade J, et al. Reducing the addictiveness of
cigarettes. Council on Scientiﬁc Affairs, American Medical Association. Tob Control
1998;7:281–93.
Sofuoglu M, Lesage MG. U.S. Department of Health and Human Services. The
reinforcement threshold for nicotine as a target for tobacco control. Drug Alcohol
Depend 2012;125:1–7.
U.S. Department of Health and Human Services. Draft guidance for industry:
assessment of abuse potential of drugs. 2010. http://www.fda.gov/downloads/
Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM198650.pdf
(accessed 27 Sep 2012).
Carter LP, Grifﬁths RR. Principles of laboratory assessment of drug abuse liability
and implications for clinical development. Drug Alcohol Depend 2009;105(Suppl 1):
S14–25.
Carter LP, Stitzer ML, Henningﬁeld JE, et al. Abuse liability assessment of tobacco
products including potential reduced exposure products. Cancer Epidemiol
Biomarkers Prev 2009;18:3241–62.
Benowitz NL, Hall SM, Stewart S, et al. Nicotine and carcinogen exposure with
smoking of progressively reduced nicotine content cigarette. Cancer Epidemiol
Biomarkers Prev 2007;16:2479–85.
Benowitz NL, Dains KM, Hall SM, et al. Smoking behavior and exposure to tobacco
toxicants during 6 months of smoking progressively reduced nicotine content
cigarettes. Cancer Epidemiol Biomarkers Prev 2012;21:761–9.
Rose J, Behm F. Effects of low nicotine content cigarettes on smoke intake. Nicotine
Tob Res 2004;6:309–19.
Donny EC, Houtsmuller E, Stitzer ML. Smoking in the absence of nicotine:
behavioral, subjective and physiological effects over 11 days. Addiction
2007;102:324–34.
Institute of Medicine. Ending the tobacco problem: a blueprint for the nation.
Washington, DC: National Academy Press, 2007.
Benowitz NL, ed. Nicotine safety and toxicity. New York: Oxford University Press,
1998.
Warner KE, Slade J, Sweanor DT. The emerging market for long-term nicotine
maintenance. JAMA 1997;278:1087–92.
Warner KE, Peck CC, Woosley RL, et al. Treatment of tobacco dependence:
innovative regulatory approaches to reduce death and disease: preface. Food Drug
Law J 1998;53(Suppl):1–8.
Slade J, Henningﬁeld JE. Tobacco product regulation: context and issues. Food Drug
Law J 1998;53(Suppl):43–74.
Henningﬁeld JE, Slade J. Tobacco-dependence medications: public health and
regulatory issues. Food Drug Law J 1998;53(Suppl):75–114.
Koop CE. Preface. In: Boyle P, Gray N, Henningﬁeld J, Seffrin J, Zatonski W, eds.
Tobacco and public health: science and policy. 2nd edn. Oxford: Oxford University
Press, 2010:v-xvii.

i17

Tob Control: first published as 10.1136/tobaccocontrol-2012-050860 on 15 April 2013. Downloaded from http://tobaccocontrol.bmj.com/ on January 27, 2021 by guest. Protected by copyright.

Endgame proposal

