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ABSTRACT

Background: Reducing nicotine content in cigarettes and other combustible products to levels that are not reinforcing or
addictive has the potential to substantially reduce tobacco-related morbidity and mortality. The authority to reduce nicotine lev-
els as a regulatory measure is provided in the U.S. Family Smoking Prevention and Tobacco Control Act and is consistent with
the general regulatory powers envisioned under the relevant articles of the World Health Organization’s Framework Convention
on Tobacco Control. Many experts have considered reducing nicotine in cigarettes to be a feasible national policy approach, but
more research is necessary.

Purpose: This article describes proceedings from a conference that had the goals of identifying specific research gaps, describ-
ing methods and measures to consider for addressing these gaps, and considering ways to foster collaboration.

Results and Conclusion: Identified research gaps included determining the dose of nicotine that would be optimal for reduc-
ing and extinguishing cigarette use, examining approaches for reducing nicotine levels in the general and special populations of
smokers, understanding how constituents other than nicotine may contribute to the reinforcing effects of tobacco, and identify-
ing unintended consequences to determine ways to mitigate them. Methods that can be used ranged from brain imaging to large
human clinical trials. The development and availability of valid biomarkers of exposure and effect are important. Infrastructures

to facilitate collaboration need to be established.

INTRODUCTION

Cigarettes and other tobacco products that are burned are among
the most toxic products sold for human consumption. Eliminating
or significantly decreasing the use of combustible tobacco prod-
ucts would substantially reduce tobacco-caused morbidity and
mortality (Zeller, Hatsukami, & Strategic Dialogue on Tobacco
Harm Reduction Group, 2009). One way to achieve this goal is
to reduce levels of nicotine in combusted tobacco products to
nonreinforcing levels. Such reductions should not be driven by
filter ventilation or other changes in cigarette design that can
be easily countered by the user, but instead by reducing nico-
tine exposure. In this review, we emphasize reductions in the
nicotine content of the tobacco itself below a threshold level
of reinforcement, which would likely substantially decrease the
development and level of tobacco dependence and facilitate ces-
sation. This is in contrast to approaches that set upper limits on
machine-delivered nicotine yields but which were intended to
remain capable of sustaining addiction (O’Connor, Cummings,
Giovino, McNeill, & Kozlowski, 2006).

In the United States, a nationwide gradual reduction of the
nicotine content in cigarettes was proposed by Benowitz and
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Henningfield (1994) almost two decades ago. Subsequently,
the conclusions by several predominantly U.S. researchers,
organizations of scientists, and health professionals concurred
that reduction of cigarette nicotine content to nonaddictive lev-
els could have a significant and positive impact on public health
(cf. American Medical Association, 1998; Gray et al., 2005;
Henningfield et al., 1998; Tengs, Ahmad, Savage, Moore, &
Gage, 2005; Zeller, Hatsukami, & Strategic Dialogue on
Tobacco Harm Reduction Group, 2009). With the enactment of
the Family Smoking Prevention and Tobacco Control Act, the
U.S. Food and Drug Administration (FDA) now has the author-
ity to reduce nicotine to levels that are nonaddictive, although
not to zero, if FDA concludes such a measure “is appropriate
for the protection of the public health.” Similarly, the World
Health Organization Framework Convention on Tobacco
Control (FCTC) includes articles that allow governmental
agencies to establish standards for nicotine.

In meetings held in 2007 and 2009, scientists, tobacco con-
trol policy experts, and representatives of U.S. government
agencies examined the scientific knowledge and feasibility of
this approach. The scientific literature since 1994 was reviewed,
presented, and discussed. Based on this discussion, the meeting
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participants came to the conclusion that actively pursuing research
on nicotine reduction would be a highly worthwhile endeavor
(Hatsukami, Perkins, et al., 2010). The potential feasibility of
this approach is particularly supported by studies conducted by
Benowitz et al. (2007), Hatsukami, Kotlyar, et al., (2010), and
most recently Benowitz et al. (2012). These studies showed sub-
stantial reduction in smoking, no significant compensatory smok-
ing, and reduced toxicant exposure at very low doses of nicotine.
Furthermore, smoking cessation is facilitated with the use of very
low nicotine content cigarettes in a population of smokers, from
both the United States and New Zealand, interested in quitting
(Hatsukami, Kotlyar, et al., 2010; Walker et al., 2012).

A subsequent meeting was convened in 2011 to develop
a strategic research plan to examine the effects of reducing
nicotine content of tobacco products, focusing on cigarettes.
Meeting presenters were asked to consider critical research
questions, potential measures and methods, and indicators of
outcome success. Topics discussed ranged from the neurobi-
ology of nicotine addiction to how consumers may perceive
reduced nicotine cigarettes (Table 1).

The aims of this article are to describe the proceedings from
the 2011 meeting and to identify specific research questions that
would move the science of nicotine reduction forward. These
questions go beyond the general research questions described
in this article based on preceding meetings (Hatsukami,
Perkins, et al., 2010). The contents of this article do not rep-
resent a consensus opinion of all the participants although it
was circulated among the presenters to obtain their feedback.
The hope for this meeting was to provide a strategic research
approach, to motivate more scientists to be interested in this
area of research, and to develop a collaborative network of
researchers. Although this meeting was United States focused,
we believe the description of the meeting proceedings are rele-
vant internationally because various nicotine control strategies
are being considered under tobacco regulation in other nations
and under the FCTC (World Health Organization, 2012).

MAIN POINTS OF DISCUSSION

The general framework to explore the impact of reduced
nicotine content (RNC) cigarettes is one that was described
in an article by Hatsukami, Biener, Leischow, and Zeller
(2012) and the Institute of Medicine report Clearing the
Smoke (Stratton, Shetty, Wallace, & Bondurant, 2001). In
this framework, population harm was described as being
associated with toxicity of the product, the extent of product
use, and finally the uptake and continued use of the product.
Toxicant exposure is a function of the toxicity of the product
itself and use of other tobacco products. The extent of product
use, uptake, and continued use are related to the abuse liability
or addiction potential and appeal of the product. Addiction
potential is largely determined by nicotine and the rate of
nicotine absorption. One method for reducing population harm
would be to reduce nicotine in the most highly addictive and
toxic product so that extent of use, uptake, and continued use of
the product would be substantially reduced. Factors that might
moderate the impact of the reduced nicotine product include
both individual differences in response to the product and
environmental influences (e.g., tobacco control policies).

In order to assess the impact of RNC cigarettes, a schema
described for tobacco product evaluation can be used
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(Hatsukami, Biener, Leischow, & Zeller, 2012; Institute of
Medicine, 2012). Preclinical tests in animals can be conducted
to assess the abuse liability of different levels of nicotine in
cigarettes, particularly in the area of acquisition of nicotine
self-administration in both adolescent and adult animals. In
addition, neurophysiological changes that affect function
resulting from exposure to different nicotine doses can be
explored. Human imaging, laboratory, and clinical trial studies
can examine the abuse liability and effects of varying levels
of nicotine content in cigarettes and their impact on tobacco
use behaviors, toxicant exposure, and potential health risk in
general population of smokers and in vulnerable populations.
Moderating factors to consider in use of the product include
how the consumer perceives the product and its appeal, such
as the way it is packaged, priced, and promoted. Finally, once
the product is out in the market, then implementation of a com-
prehensive surveillance system and risk management program
is essential.

Using this framework and schema, key issues that were
covered in this meeting included (a) simulation or forecast-
ing models for estimating the population-level effects of
RNC cigarettes; (b) specific high priority areas of research
(from preclinical to clinical) and different methodological
approaches, considerations, and tools (e.g., biomarkers) for
evaluating RNC cigarettes; (c) the role of other tobacco- or
nicotine-containing products in a world of RNC cigarette
products; (d) research in children, adolescents, and vulnera-
ble populations; (e) consumer perception and product appeal;
(f) influence of other constituents of tobacco and product
design features; and (g) potential unintended marketplace
consequences. Although the primary focus was on cigarettes,
determining how these issues are relevant to all combustible
products was recognized.

The Importance of Modeling

Use of simulation or forecasting models to predict the impact of
a policy on public health can be an extremely valuable exercise
because often population benefits and risks can only be esti-
mated (see Tengs et al., 2005). Core inputs should be consid-
ered when prioritizing questions and measures driving research
on nicotine reduction. As examples, these could include (a)
effects of RNC cigarettes on initiation and cessation rates, (b)
compensatory smoking behavior and toxicant exposure, (c)
probability of switching to other tobacco products and medici-
nal nicotine, (d) toxicity of alternative tobacco products and
medicinal nicotine and potential polyproduct use, (¢) consumer
perception and response to reducing nicotine in cigarettes as a
policy measure, and (f) use and toxicity of black market prod-
ucts. The modeling approach makes it easier to analyze multi-
ple dimensions of a specific policy and the potential impact of a
policy or policies (including unintended consequences) before
they are implemented. Modeling also helps to assess the com-
plex array of factors that modulate overall impact.

Tools for Assessing the Effects of Reduced Nicotine

Tools for assessing the impact of RNC cigarettes include imag-
ing studies, animal and human laboratory studies, clinical tri-
als, and measurement of biomarkers of exposure and harm. The
following describes the types of studies that are likely to con-
tribute to the science base for reducing nicotine in cigarettes
and other combustible products.
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Preclinical Animal Models

Understanding the neurobiology of nicotine addiction has
advanced significantly (D’Souza & Markou, 2011; Gotti,
Zoli, & Clementi, 2006; Kuryatov, Berrettini, & Lindstrom,
2011; Saccone et al., 2009; Thorgeirsson et al., 2008; Tuesta,
Fowler, & Kenny, 2011). However, there is little knowledge
regarding how reducing the levels of nicotine in cigarettes
would affect the developing brain or a brain that has been
altered by chronic exposure to nicotine. Animal models allow
investigation in these areas, and such basic research will be
important to continue regardless of whether or not a nico-
tine reduction policy is implemented (Donny et al., 2012;
Hatsukami, Perkins, et al., 2010).

Animal studies on nicotine reduction also allow for controlled
analysis of factors that might alter the functional relationship
between nicotine reduction and outcomes of interest. The FDA
and the Drug Enforcement Agency recognize that specific ani-
mal models are particularly informative when assessing abuse
liability (Food and Drug Administration, 2010). The follow-
ing animal models and techniques would be particularly useful
in evaluating effects of reducing levels of nicotine: (a) Drug
self-administration models that provide estimates of threshold
reinforcing nicotine doses in adolescents and adults and factors
that moderate them; (b) demand curve analysis and growth-
curve analysis that provide quantitative techniques to facilitate
detection of factors that moderate reduction and acquisition of
self-administration, respectively (Greenwald & Hursh, 2006;
Hursh, Galuska, Winger, & Woods, 2005; Hursh & Silberberg,
2008; Lanza, Donny, Collins, & Balster, 2004); (c) drug dis-
crimination models that can be used to screen understudied or
novel constituents for their own abuse potential or capability
of enhancing nicotine’s effects (Smith & Stolerman, 2009);
(d) withdrawal models that allow for further delineation of
the mechanisms underlying possible adverse consequences of
reduction (e.g., Harris, Pentel, Burroughs, Staley, & Lesage,
2011); and (e) methods incorporating tobacco smoke, tobacco
extracts, or other known tobacco constituents to facilitate
research on the aggregate contribution of constituents to abuse
liability (e.g., Harris, Stepanov, Pentel, & Lesage, 2012).

Human Testing: Brain Imaging

Brain imaging is one method of obtaining insight into the
effects of RNC cigarettes that may serve as an indicator of abuse
liability. Several imaging techniques can be applied to study
RNC cigarettes. Positron emission tomography (PET) can be
used to determine the extent of occupancy of specific nicotinic
receptor subtypes and the extent of dopamine release in cer-
tain regions of the brain in response to nicotine. For example,
a 2 PET ligand has been developed to determine the extent
of occupancy and saturation of 04f2 nicotinic cholinergic
receptor (the receptor associated with the reinforcing effects of
nicotine) in response to use of tobacco products. Interestingly,
studies have shown almost complete saturation of a432 nico-
tinic acetylcholine receptors after smoking a single cigarette
(Brody et al., 2006), whereas cigarettes with yields as low as
0.05 mg nicotine have been found to occupy about 25% of the
04p2 receptors (Brody, Mandelkern, Costello, et al., 2009).
Likewise, studies have shown less striatal dopamine release
when smoking 0.05-mg nicotine-yield cigarettes compared
with normal nicotine-yield cigarettes (Brody, Mandelkern,
Olmstead, et al., 2009).
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PET and MRI imaging techniques can be used to meas-
ure the effects of nicotine reduction on cerebral blood flow
(Rose et al., 2003), activation in specific regions of the brain
in response to tasks that assess cognition, craving, or mood
states (Azizian, Monterosso, O’Neill, & London, 2009; Brody
et al., 2002; Ernst et al., 2001; Tang et al., 2012; Wang et al.,
2007), and brain connectivity (e.g., greater connectivity of the
insula in nonsmokers vs. smokers; Ghahremani et al., 2011).
However, research linking these brain effects to clinical features
of nicotine addiction or reinforcement is needed. To date, little
is known about the relationship between these brain measures
and behavioral or subjective measures of nicotine addiction.

Human Testing: Laboratory Models

Accurate predictions of the effects of nicotine reduction is
facilitated by a fundamental understanding of dose-effect
relationships between unit dose and outcomes such as the
physiological and subjective effects of smoking, symptoms of
nicotine withdrawal, smoking topography, and pattern of smok-
ing over time. Methods for examining dose-effect relationships
have been developed for both drugs (Carter & Griffiths, 2009)
and tobacco products (Carter et al., 2009). Researchers have
already used similar techniques for assessing RNC products
including measures of the following: (a) pharmacokinetics,
subjective (e.g., drug liking), behavioral, and other responses
(Benowitz, Jacob, & Herrera, 2006); (b) self-administration and
puff topography (Kassel, Greenstein, et al., 2007; Pickworth,
Fant, Nelson, Rohrer, & Henningfield, 1999); (c) behavioral
economics (Donny, Houtsmuller, & Stitzer, 2007; Shahan,
Bickel, Badger, & Giordano, 2001; Shahan, Bickel, Madden,
& Badger, 1999); (d) drug discrimination (e.g., Perkins, Fonte,
Sanders, Meeker, & Wilson, 2001); (e) drug choice (e.g.,
Hatsukami et al., 2011); and (f) withdrawal suppression (e.g.,
Breland, Buchhalter, Evans, & Eissenberg, 2002; Buchhalter,
Schrinel, & Eissenberg, 2001).

Several factors are important to consider in collecting and
interpreting dose-response data. First, chronic dosing with
RNC cigarettes may be required to allow for changes in effects
to emerge over time (e.g., extinction, changes in dependence,
changes in tolerance, or resulting increased sensitivity to
nicotine). Second, the context in which cigarettes are evalu-
ated may have a significant impact on outcomes. For example,
extinction of self-administration may unfold more rapidly in
the laboratory (Donny, Houtsmuller, & Stitzer, 2007) than the
real world (Donny & Jones, 2009). Thus, laboratory studies of
RNC products should be complemented by clinical trials under
more naturalistic conditions.

Human Testing: Clinical Trials
Clinical trials can help to explore the dose-response effects
of RNC cigarettes to determine the threshold dose for nico-
tine self-administration, addiction, and extinction or cessation.
These trials can also help to determine the best approach to
reducing levels of nicotine in cigarettes and how different popu-
lations may respond to these different approaches. Finally, clini-
cal trials can assess negative or unintended consequences from
RNC cigarettes and methods to mitigate such adverse effects.
In principle, guidelines for conducting clinical pharma-
ceutical trials can be used to determine the threshold dose for
nicotine reinforcement or addiction, but there may be design
issues that are specific to tobacco-product evaluation. These
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include recruiting a sample of subjects that varies in demo-
graphic and smoking history characteristics and that is large
enough to examine data by potential moderator variables such
as sex, race/ethnicity, age, social economic status, extent (light
and heavy), and pattern (intermittent and daily) of smoking,
level of dependence (e.g., FTND, cigarettes per day, time to
first cigarette), extent of nicotine exposure (e.g., levels of total
nicotine equivalents), rate of nicotine metabolism (e.g., trans-
3'hydroxycotinine to cotinine ratio), psychiatric comorbidity
including substance abuse, and possibly genotype (CYP2A6
genetic polymorphism, a5 nicotinic receptor genotype).

Depending on the research question that is being addressed,
the trials may utilize a double-blind, randomized study design
or they may be more reflective of “real world” use and not be
blinded. Short-term inpatient or laboratory components can be
added to clinical trials to further assess biomarkers of exposure
and harm under highly controlled conditions and to capitalize
on a population of smokers who have longer exposures to RNC
cigarettes. Although trials of prolonged exposure to RNC ciga-
rettes would be optimal, conducting studies for many months
or years may not be feasible or necessary. Trials attempting to
provide an understanding of potential long-term effects should
minimally be 1 month in duration to allow adequate time for
behavior change.

The primary outcome measures can be considered in three
major categories: (a) beneficial impact, (b) acceptability, and
(c) adverse consequences. Beneficial impact examines the
effects of RNC cigarettes on (a) pattern and rate of tobacco
use, (b) toxicant exposure, (c) dependence or trajectory of
dependence of smoking experimenters, (d) number of quit
attempts, and (e) cessation. Acceptability of the nicotine prod-
uct involves measurement of (a) dropout rates and reasons
for dropping out, (b) extent of compliance with product use,
and (c) extent of experience with discomfort (e.g., withdrawal
symptoms, craving, negative affect). Adverse negative conse-
quences would include assessment of (a) compensatory smok-
ing and toxicant exposure and effect, (b) mental, physical, and
cognitive effects (e.g., manifestation of psychiatric disorder,
fatigue, or cognitive impairment that may affect quality of life
or performance), (c) uptake of alcohol, other drugs, or other
high risk and unhealthy behaviors, and (d) potentially use of
other tobacco products if used conjointly with RNC cigarettes,
or product tampering. The primary challenge will be determin-
ing how to weigh the beneficial impact with acceptability and
potential adverse consequences. Another challenge would be
extrapolating results from short-term trials to long-term effects.
Assessing the feasibility of RNC cigarettes will be strength-
ened by convergence of data and modeling public health effects
using these data.

Biomarkers as Outcomes

Use of biomarkers for assessing exposure levels and the risk
for nicotine addiction, cancer, and cardiovascular and pulmo-
nary diseases are essential in examining the effects of RNC
cigarettes. These following biomarkers are suggested based on
prior studies showing sensitivity to change in smoking status,
differences across tobacco products and/or predictive validity
(Carmella et al., 2009; Hatsukami, Benowitz, Rennard, Oncken,
& Hecht, 2006; Hecht, Yuan, & Hatsukami, 2010; Yuan et al.,
2011, 2012), and targeting different pathophysiological mecha-
nisms associated with disease (Hatsukami et al., 2006),

* Nicotine exposure: plasma or saliva cotinine, urinary total
nicotine equivalents

e Carbon monoxide

e Carcinogen biomarkers: 4-(methylnitrosamino)-1-(3-pyridyl)-
1-butanol and its glucuronides, N'-nitrosonornicotine and its
glucuronide, phenanthrene-tetraol, and possibly the mercap-
turic acid metabolites of acrolein, benzene, and other toxic
volatile organic chemicals

e Cardiovascular disease: exposure biomarkers—oxidants
(e.g., 8-epi-PGF2), carbon monoxide, cotinine or urinary
nicotine equivalents, acrolein (HPMA), and metabolites
of butadiene (MHBMA); effect biomarkers—endothelial
function, thrombosis, inflammation, glucose, lipid, and
hemodynamic measures

¢ Pulmonary function tests

Role of Other Tobacco and Medicinal/Pharmaceutical
Products

When examining the effects of RNC cigarettes, the poten-
tial interplay with other nicotine delivery products such as
cigars, roll-your-own tobacco, various forms of smokeless
tobacco, electronic cigarettes, and medicinal or pharmaceuti-
cal products, should be considered. A logical consideration
would be to reduce nicotine levels in all products intended to
be burned and smoked, while excluding other potentially less
harmful products. Two types of studies would be of interest in
this regard while individuals are switched to RNC cigarettes.
One type of study would assess the extent of use of other
tobacco and medicinal products. The other type of study
would examine the effects of prescribing specific tobacco or
medicinal products to mitigate any negative consequences to
switching to RNC cigarettes (e.g., withdrawal symptoms).
These types of studies might attempt to ascertain whether
access to other products led to better or worse compliance
with the ongoing use of RNC cigarettes and the resulting tox-
icity from dual- or poly-tobacco use. Another type of study
would look at factors that might moderate the extent of use
of other tobacco products (e.g., relative price, varying levels
of access across products, product information).

Considerations of Special Populations

The majority of human laboratory or clinical trial studies have
been conducted in adults. To date, only two laboratory stud-
ies on RNC cigarettes in adolescents were identified (Kassel,
Evatt, et al., 2007; Kassel, Greenstein, et al., 2007). Yet, pre-
dicting the likely effects of RNC cigarettes in adolescents is of
interest to determine their potential effects on uptake and con-
tinued use of cigarettes. Even results observed in young adults
aged 18 to 25 may not be sufficient because of differences
in reasons for initiation of tobacco use, brain development,
psychosocial development, and sensitivity to nicotine (U.S.
Department of Health and Human Services, 2012). Research
with adolescents must be conducted with appropriate attention
to ethical and confidentiality concerns, inclusion of appropriate
education and behavioral interventions, and inclusion of short-
and long-term monitoring.

Vulnerable populations such as those individuals who have
mental illness also require special consideration, in large part,
because of the high prevalence of comorbid disorders in smok-
ers (Lasser et al., 2000). Mental illness is also predictive of
persistent smoking (Goodwin, Pagura, Spiwak, Lemeshow, &
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Sareen, 2011), suggesting greater difficulty with RNC ciga-
rettes in this population. Despite barriers to quitting, a sig-
nificant number of smokers with comorbid disorders report
wanting to quit (Weinberger, Desai, & McKee, 2010). RNC
cigarettes have been administered to smokers with schizophre-
nia in short-term laboratory studies. Surprisingly, these studies
have observed no increase in withdrawal symptoms, psychiat-
ric symptoms, and cognitive dysfunction when smokers switch
to very low nicotine content cigarettes (Tidey, Rohsenow,
Kaplan, Swift, & AhnAllen, 2012). Longer clinical trials will
help advance understanding of the full impact of RNC ciga-
rettes in this population.

Consumer Perception and Response

Consumer attitudes, beliefs, and affective reactions toward a
product will affect their behavioral responses to the product
(Rees et al., 2009). Factors that contribute to consumer per-
ception and use of a product include the product itself and its
price, promotion, and placement. Therefore, examining RNC
cigarettes must involve not only the assessment of the product,
but also consumer responses to what is said about the prod-
uct, how much it costs relative to other products, the market-
ing messages, claims, and labels associated with the product
and its accessibility. These responses will also be affected by
the availability and knowledge of other tobacco products and
medicinal nicotine. For example, a recent survey showed a high
level of support for decreasing levels of nicotine in cigarettes if
nicotine was made easily available in non-cigarette forms (Fix
etal., 2011). The best approach for this area of research would

include both laboratory and survey studies that involve assess-
ing experience with the product and manipulating how the
product is priced, packaged, labeled, and promoted. Subjective
measures would include expectancies regarding the product,
affective responses to the product, subjective responses to the
product, and amount of money they are willing to pay for the
product. Potential successful outcomes could include increased
desire to quit and decreased desire to initiate smoking. These
outcomes will depend on how consumers perceive the benefits
of reducing nicotine in cigarettes to themselves and public
health.

Other Constituents and Design Features

The initial primary target for reducing the addictiveness of a
tobacco product is reducing nicotine exposure. Nevertheless,
other factors that may contribute to the addiction potential
of tobacco products should be considered. First, the mag-
nitude of nicotine’s effects is related to dose and speed of
absorption, which are controlled by the product’s formulation
(U.S. Department of Health and Human Services, 2010). For
example, physical design (e.g., filter ventilation, filter effi-
ciency) and modulators of pH (e.g., addition of ammonia) can
increase the unionized nicotine to total nicotine ratio, which
could contribute to product addictiveness. Second, other
chemicals may function alone or interact with nicotine to
alter the addictive properties of smoking. Finally, other com-
pounds may modulate the sensory effects of smoke. Examples
of constituents and design features that could be studied are
described in Table 2.

Table 2. Constituents and Design Features Contributing to Addictiveness of Tobacco

Constituent/design

Methods/measures

Acetaldehyde and monamine oxidase
inhibitors (MAOISs)

These ingredients produce synergistic addictive effects; acetaldehyde binds to
biogenic amines forming MAOISs that can enhance the reinforcing effects of

nicotine (Talhout, Opperhuizen, & van Amsterdam, 2007).

Diammonium phosphate, ammonia,
urea, and organic salts
Leaf position

These ingredients and additives can increase the speed and efficiency of nicotine
absorption by modifying smoke pH (Gordon, 1992).
Use of tobacco from lower stalk positions results in mainstream smoke with

lower pH (Creighton, 1988).

Menthol and related additives

Certain additives to cigarettes at specific doses can produce cooling, smoothing,

and conditioning effects reducing the irritation of smoke, which may alter users’
smoking behavior (Yerger & McCandless, 2011).

Physical engineering

The size of the aerosol particles in smoke can change with different cigarette

design features, puffing behavior, and the length of the remaining tobacco rod.
Aerosol particle size could impact lung deposition and delivery of constituents
and absorption of nicotine and toxins (Adam, McAughey, McGrath, Mocker, &
Zimmermann, 2009).

Ventilation holes

Studies have shown that differences in tip ventilation can significantly impact the

chemical and physical properties of smoke as it exits the cigarette (Watson,
Trommel, & Ashley, 2004).

Cigarette elasticity

The elasticity of cigarettes contributes to the addiction potential by allowing smokers

to obtain higher levels of constituents without having to change how they smoke
(Anonymous, 1999). Cigarette elasticity can be a function of the cigarette paper,
tipping paper, tobacco filler, and cellulose acetate filter.

Nicotine analogues

Tobacco industry documents indicate significant industry effort to identify or develop

analogues of nicotine, which would have the same or enhanced biological activity
(Neumann, 1988). It is important to evaluate how the presence of these analogues
might negate any reduction in the addictive properties of tobacco resulting from a
significant decrease in the level of nicotine.
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Nicotine reduction

Unintended Consequences on the Marketplace

A market place where consumers had no access to addictive cig-
arettes may result in unintended consequences. Identification of
these unintended consequences through specifically designed
laboratory research studies, clinical trials, surveys, and post-
market surveillance will inform the development of risk man-
agement plans and help to minimize their impact. Below are
the major unintended consequences that were described at the
meeting and elsewhere (Henningfield et al., 1998):

* Increased availability of black market products, which do
not meet the reduced nicotine level

* Use of other unregulated tobacco in roll-your-own cigarettes

* pH modification strategies or addition of other additives by
the consumer or manufacturers

e Product tampering (e.g., addition of nicotine to product)

There may be effective ways to minimize unintended conse-
quences by anticipating the needs of current users. One option
to consider is whether a slow change in lowering nicotine lev-
els in tobacco would minimize market pressure for unregulated
products. A second approach could be encouragement of the
use of products that are relatively nontoxic but deliver nicotine
in an equivalent dose to cigarettes, including the use of products
that come closer to matching the speed with which cigarettes
deliver nicotine to the lungs and the brain. Certain products
have already been developed that might meet this need, but
they need to be properly evaluated and regulated. A third (and
not exclusive) approach is to investigate the potential for more
effective enforcement policies to discourage the development
of black markets. The advantages and disadvantages of each of
these approaches warrant discussion.

Research Priorities and Types of Studies to Address
Priorities

Table 3 summarizes and further describes the four research
priorities that were identified from the meeting and additional
studies that might contribute to understanding moderating fac-
tors and surveillance needs. Types of studies that can be con-
ducted to address these priorities are described next to each
research question. These questions are more easily addressed
now that research cigarettes with varying nicotine content are
available through the U.S. National Institute on Drug Abuse.
Regulatory bodies will be responsible for determining
how much evidence is needed to support a policy of reducing
the levels of nicotine in cigarettes as a mandated regulatory
measure. That is, our research recommendations should not
be construed as proposing that all of the questions need to
be answered prior to adoption of such a policy. In fact, pub-
lic health policies are often adopted on the basis of initial
findings that support such an effort, even though key issues
remain to be resolved, for example, public health policies
to control the spread of malaria, HIV AIDS, and influenza.
Similarly, it is conceivable that in light of current projections
of unacceptable rates of tobacco-attributable morbidity and
mortality for decades to come, a clinical trial of sufficient
size and duration to better understand the risks and benefits
of nicotine reduction would be sufficient to support imple-
mentation of such a policy. In fact, it is common in public
health to address serious problems with approaches that are
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grounded in science, knowing that some additional evalua-
tion and supporting research may also be needed to evalu-
ate the impact of the policy (Centers for Disease Control and
Prevention, 2011, 2012; Schlipkoter & Flahault, 2010; World
Health Organization, 2012).

Next Steps and Forming Collaborations

Some of the research questions that have been described
are already being addressed by some investigators (e.g.,
optimal threshold dose for reducing cigarette/nicotine
self-administration, gradual vs. immediate reduction in nico-
tine), whereas others (e.g., impact on light or experimental
smokers) should be of high priorities for new research, which
emphasizes the need for complementary collaboration. Several
mechanisms can be used to move the science more efficiently
forward and develop strategic collaborations: (a) Formation
of working groups on: modeling to determine public health
impacts of reducing levels of nicotine in cigarettes and to deter-
mine parameters that should be included in this model, animal
and human research to discuss common measures and meth-
ods within and across species, and surveillance and risk man-
agement to identify items for surveillance including negative
consequences and to discuss plans for risk management; and
(b) creation of a coordinating center or an interactive Web site
to ensure use of common measures, integration and sharing of
data, and the capability of comparing across animal, human
laboratory, and clinical studies.

In conclusion, legislative changes now make it possible
for governments to specifically control the nicotine content of
tobacco products. This provides a tremendous opportunity to
explore new ways to reduce the prevalence of tobacco use and
its toll on public health. The WHO Tobacco Regulation Study
Group has concluded that nicotine regulation is vital to pre-
vent dependence in new tobacco users and achieve abstinence
in current users (World Health Organization, 2012). Although
the regulation of tobacco products cannot be considered in iso-
lation or as a higher priority than other tobacco control meas-
ures, it is an inescapable fact that nicotine in cigarettes is what
sustains smoking. Analysis of tobacco industry documents
highlights the concept that nicotine is essential to causing and
sustaining tobacco use and addiction and was recognized by
the tobacco industry before it was generally accepted among
public health researchers. This was candidly stated in an R.J.
Reynolds document in 1972: “If, as proposed above, nicotine
is the sine qua non of smoking, and if we meekly accept the
allegations of our critics and move toward reduction or elimi-
nation of nicotine from our products, then we shall eventually
liquidate our business” (Teague, 1972). Reducing nicotine to
levels that are not reinforcing will provide individuals a greater
choice for whether they want to continue use of an extremely
toxic product or quit.
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