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■ Abstract This review summarizes evidence pertaining to the role of nicotine
medications in smoking cessation and focuses particularly on evaluating evidence of
the impact that nicotine replacement therapies (NRT) have had on altering population
trends in smoking behavior. Accumulated evidence from controlled clinical trials has
demonstrated that available forms of NRT (e.g., gum, transdermal patch, nasal spray,
inhaler, and lozenge) increase quit rates compared with placebos by 50%–100%. How-
ever, despite the positive results from these studies, fewer than one in five smokers
making a quit attempt do so with the benefit of NRT. Because not enough smokers are
using NRT, the availability of NRT has not had a measurable impact on influencing
population trends in smoking behavior. Among the factors contributing to the low uti-
lization of nicotine medications are the inadequacies of the current dosage strengths
and formulations of existing medications, smokers’ perceptions of the high cost of
the drugs, and concerns that many smokers have about safety and efficacy of nicotine
medications.

INTRODUCTION

Considerable evidence supports the view that cigarette smoking is primarily main-
tained by an addiction to nicotine (51, 91). Nicotine creates dependence by acti-
vating the mesolimbic dopaminergic reward system, and physiologic withdrawal
symptoms occur when nicotine is no longer administered (59, 67, 71). Nicotine is
an agonist of neural nicotinic acetylcholine receptors (NAChRs), which are found
presynaptically in the central nervous system and postsynaptically in the autonomic
nervous system (73). These receptors modulate the release of neurotransmitters.
As a person’s exposure to nicotine increases, NAChRs also are increased, which
results in nicotine tolerance (60). Thus, factors that decrease the bioavailability
of nicotine are hypothesized to increase an individual’s cravings and decrease the
likelihood of cessation because more of the drug is needed to achieve a given level
of dopamine (13). Extrapolating from this evidence has led to the development of
smoking cessation treatment methods that emphasize nicotine replacement (31).
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The present review provides a brief summary of evidence pertaining to the role
of nicotine medications, alone or in combination with other therapies in smoking
cessation, and a critical analysis of the impact that these medications have had
on altering population trends in smoking behavior. The discussion considers the
role of nicotine replacement therapy (NRT) in a comprehensive population-based
program developed to reduce the harms caused by tobacco.

NICOTINE MEDICATION FOR SMOKING CESSATION

In the mid-1980s, the vast majority (>90%) of former smokers reported that they
stopped smoking without using medications or receiving formal assistance or help
from anyone (33). However, this statistic has changed dramatically in the past two
decades with the introduction and wide-scale availability of nicotine medications
(46). Two-milligram prescription-only nicotine gum was first introduced in the
United States in February 1984 (17, 31). Prescription-only nicotine patches were
introduced in 1992, followed by different nicotine dose and medication formula-
tions including 4-mg nicotine gum (1992), a nasal spray (1996), inhaler (1997), and
lozenge (2003) (17, 31). Table 1 provides a brief description of different nicotine
medications sold in the United States.

Numerous clinical trials have assessed the efficacy of nicotine medications
for smoking cessation (31, 85). A recent systematic review of studies evalu-
ating commercially available forms of NRT (e.g., nicotine gum, the transder-
mal nicotine patch, nicotine nasal spray, nicotine inhaler and nicotine sublingual
tablets/lozenges) concluded that these treatments increase quit rates approximately
one and a half to twofold regardless of clinical setting and/or use of adjunct
treatments (31, 85). Several studies have found that complete or nearly complete
abstinence from smoking in the early weeks of an attempt to quit is a strong pre-
dictor of long-term cessation (39, 56, 99). Nicotine medications appear to help
smokers in quitting by providing relief from nicotine withdrawal symptoms typi-
cally experienced during the first few days and weeks of abstinence from tobacco
(31, 91).

In 1996, the U.S. Food and Drug Administration (FDA) made nicotine patches
and gum available over the counter (OTC) in an effort to increase access to these
medications (17). Shiffman and colleagues tracked sales of pharmacological aids
for smoking cessation and found that nicotine gum and patch sales increased 250%
in the year following approval of OTC status (81). Several new prescription nico-
tine (nasal spray, oral inhaler, lozenge) and nonnicotine (Zyban®) stop-smoking
medications were introduced after 1996 (17). However, of the new medications in-
troduced after 1996, only Zyban® appears to have had any impact on medication-
assisted cessation attempts (17). Of the various nicotine medications sold, the
nicotine patch and nicotine gum are the most frequently used stop-smoking medi-
cations (3, 17; A. Hyland, H. Rezaishiraz, G. Giovino, J.E. Bauer, K.M. Cummings,
unpublished manuscript). National survey data reveal that approximately 40% of
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TABLE 1 FDA-approved nicotine replacement therapiesa

Nicotine
medication Year approved Dose Advantages Disadvantages

Gum 1984 (2mg Rx)
1992 (4mg Rx)
1996 (OTC)

2 or 4 mg per
piece

Oral administration;
comes in different
flavors

Low compliance;
under dosing is
common

Patch 1992 (Rx)
1996 (OTC)

16-hour patch:
15, 10, 5 mg;

24-hour patch:
21, 14, 7 mg

Once a day
administration

Fixed dose; slow
delivery not
conducive to
treating acute
cravings

Nasal spray 1996 (Rx) 10 mg/ml,
0.5 mg per
spray

Fast delivery of
nicotine

Unpleasant
side-effects
discourage
repeated use

Inhaler 1997 (Rx) 10 mg per
cartridge

Hand-to-mouth
action simulates
smoking habit;
comes in menthol
flavor

Low compliance;
under dosing is
common

Lozenge 2003 (OTC) 1, 2, or 4 mg
per piece

Oral administration;
faster nicotine
delivery than gum

Low compliance;
under dosing is
common

aOTC, over the counter; Rx, prescription.

smokers indicate that they have used some form of nicotine medication in the
past (3).

A number of studies have reported on the characteristics of smokers who
have used nicotine medications (21, 23, 68, 69, 90; A. Hyland, H. Rezaishiraz,
G. Giovino, J.E. Bauer, K.M. Cummings, unpublished manuscript). In the pe-
riod before OTC NRT, current and former smokers who reported having used
prescription nicotine patches or gum were more likely to be female, Caucasian,
have higher average household incomes, have private insurance, and to smoke
more than a pack per day (21, 23, 68, 69, 90; A. Hyland, H. Rezaishiraz,
G. Giovino, J.E. Bauer, K.M. Cummings, unpublished manuscript). The char-
acteristics of smokers using NRT changed after nicotine patches and gum were
made available OTC. In cross-sectional surveys of Massachusetts smokers in 1993
and 1999, the use of NRT in nonwhites decreased from 21% to 3% and increased
from 5% to 20% in those aged 18 to 30 years, while use remained constant in
other age, race, gender, and income categories (90). Longitudinal data from the
Community Intervention Trial for Smoking Cessation cohort study (COMMIT)
retrospectively re-created smokers’ NRT use history between 1993 and 2001
(A. Hyland, H. Rezaishiraz, G. Giovino, J.E. Bauer, K.M. Cummings, unpublished
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manuscript). This study revealed that annual NRT usage rates nearly doubled from
the three years before (1993–1995) OTC availability compared with the three-year
period after OTC availability (1997–2000). Comparing usage patterns during the
pre- and post-OTC periods revealed that use of NRT decreased among Hispanics
and increased among those with lower desire to quit at baseline, among lighter
smokers, and among those with lower annual household incomes.

On the basis of these data, it appears that part of the increased sales of NRT
since becoming available OTC may be due to increasing utilization in populations
that previously had lower utilization of NRT, including younger smokers, those
with lower levels of daily consumption and desire to quit, and possibly those with
lower incomes. However, OTC availability of nicotine patches and gum may only
partially explain why NRT usage increased in younger smokers and those with
lower incomes. During this same period health insurance coverage has favored
nicotine medications, including state-financed public insurance programs for the
poor (e.g., Medicaid) (11, 40).

EFFECT OF NRT ON QUIT RATES

A recent meta-analysis of eight studies that examined either active OTC NRT
versus placebo of OTC NRT or OTC NRT versus prescription-only concluded that
OTC NRT produces similar quit rates compared with NRT obtained by prescription
(50). As expected, when no adjunct behavioral support was provided, quit rates
were slightly lower (31, 85). However, even in the absence of a behavioral support
program, evidence showed that gum and patches increased quit rates more than
that seen for placebo (31, 48, 85). Given these results, one might anticipate that
OTC availability of NRT would positively impact rates of smoking cessation in
the population.

Estimating the impact that NRT has had on smoking behavior in the population
has been difficult because of self-selection in who uses NRT and because there are
many external influences on smoking behavior that may confound measurement
of population-wide trends in smoking behavior. Time series analyses of national
cigarette consumption and NRT sales from 1976 to 1998 suggest that sales of NRT
were associated with a modest decrease in cigarette consumption immediately fol-
lowing the introduction of the prescription nicotine patch in 1992 (45). However,
no statistically significant effect was observed after 1996, when the patch and gum
became available OTC. Thus, in spite of the apparent success of OTC NRT, dur-
ing the period between 1990 and 1998, population-based data reveal that annual
quit rates as well as age-specific quit ratios remained stable, especially for those
between the ages of 25 and 64, the age group most likely to use NRT (16).

Repeated cross-sectional surveys from Massachusetts found that quit attempts
and quit rates were no different in the period after 1996 compared with before
1996 (90). Cross-sectional surveys from California indicate a greater utilization
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of NRT after 1996 but show little impact on quit rates (69). Only one prospec-
tive study has investigated the impact of OTC availability of NRT on quit rates
(A. Hyland, H. Rezaishiraz, G. Giovino, J.E. Bauer, K.M. Cummings, unpublished
manuscript). In the COMMIT study, annual use rates of the nicotine skin patch
increased from an average of 3.6% between 1993 and 1995 to 6.0% between 1997
and 2000. Among those who used the patch to stop smoking, the average quit
rate was 15.3% between 1993 and 1995 and 15.5% between 1997 and 2000. The
same pattern was observed for use of nicotine gum. Nicotine gum use increased
from 1.8% to 2.4% before and after the OTC reclassification, whereas quit rates
among gum users increased from 9.7% before OTC to 14.5% after OTC. Relapse
rates among patch users were slightly higher in the OTC period compared with
before, whereas no difference was seen for gum users. Thus, on balance it appears
that OTC reclassification has increased access to NRT without changing quit rates
among those using NRT (A. Hyland, H. Rezaishiraz, G. Giovino, J.E. Bauer, K.M.
Cummings, unpublished manuscript).

WHO QUITS WITH NRT?

The current clinical practice guideline for treating nicotine dependence recom-
mends that NRT should be used by all smokers who are trying to stop smoking
(31). Researchers have investigated differential effects of NRT depending on pa-
tient characteristics and comorbid conditions (e.g., depression, other substance
abuse problems). Some studies have found that those who smoke in excess of a
pack of cigarettes or more per day derive greater benefit from higher dosage forms
of NRT; however, amount smoked daily has not been found to be a consistent
effect modifier in predicting treatment success using NRT (25, 31, 42, 85). A few
studies have reported that women who use NRT have lower success rates than
do men (8, 66, 95). In general, the results of studies investigating patient factors
that interact with NRT to predict quit rates have been equivocal, which is why the
current practice guidelines recommend NRT for all smokers who are making a
quit attempt (31).

A new area of research involves identifying genetic characteristics of smokers
who may derive a proportionately greater benefit from NRT. One study found
that quit rates were significantly higher after 12 weeks among 755 subjects in a
randomized nicotine skin patch trial among those who exhibited a certain geno-
type of a dopamine receptor gene (DRD2). The DRD2 gene is involved in the
synthesis of noradrenalin from dopamine (54). Improved understanding of how
genetic factors contribute to smoking cessation could potentially lead to improved
treatment matching. However, more research is needed to clarify the utility and
potential cost-effectiveness of pharmacogenetic treatment–matching approaches
for smoking cessation.
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WHY HASN’T NRT INFLUENCED QUIT RATES MORE?

A number of reasons could explain why increased use of NRT has not influenced
quit rates more substantially in the population at large. Some authors have spec-
ulated that the availability of OTC NRT has merely encouraged quit attempts
by less-motivated smokers who, to begin with, are less likely to quit (69, 90;
A. Hyland, H. Rezaishiraz, G. Giovino, J.E. Bauer, K.M. Cummings, unpublished
manuscript). Thus, although usage rates might increase, this benefit would be
offset by higher rates of relapse among those who are less committed to mak-
ing a quit attempt. There is some evidence to support this view (69; A. Hyland,
H. Rezaishiraz, G. Giovino, J.E. Bauer, K.M. Cummings, unpublished manuscript).
Several studies have reported that NRT use increased among less-dependent and
less-motivated smokers in the post-OTC period (69, 90; A. Hyland, H. Rezaishiraz,
G. Giovino, J.E. Bauer, K.M. Cummings, unpublished manuscript). Audit studies
of NRT purchases reveal that, for both patch and gum, most purchase episodes
last a month or less (38; J.R. Hughes, J.L. Pillitteri, P.W. Callas, R. Callahan,
M. Kenny, unpublished manuscript). In the COMMIT study, the OTC switch led
to a decline in the median number of days the patch was used, decreasing from
30 days to 21 days (A. Hyland, H. Rezaishiraz, G. Giovino, J.E. Bauer, K.M.
Cummings, unpublished manuscript). Other studies have found that it is common
for smokers to report concurrent smoking while also using NRT (3, 21, 64, 68,
82). However, long-term concurrent use of NRT and smoking is rare, and most
smokers who use NRT say they do so to quit smoking, not to reduce their smoking
(3, 7; S. Shiffman, J.R. Hughes, unpublished manuscript).

Data do support the view that combining some type of in-person or telephone
behavioral counseling support with NRT increases quit rates, especially for those
using nicotine gum (31, 58, 84, 85). Counseling support appears to enhance the
impact of NRT by helping smokers understand how the medications work and how
to use them appropriately (31, 85). Counseling also reinforces the smoker’s mo-
tivation for quitting and remaining tobacco-free. However, despite the benefits of
combining behavioral counseling with NRT, most smokers quit without receiving
behavioral counseling (100; A. Hyland, H. Rezaishiraz, G. Giovino, J.E. Bauer,
K.M. Cummings, unpublished manuscript). In the COMMIT cohort, fewer than
10% of NRT-assisted quit attempts were accompanied by attendance in a stop-
smoking program, and this percentage decreased after nicotine patches and gum
were made available OTC (A. Hyland, H. Rezaishiraz, G. Giovino, J.E. Bauer,
K.M. Cummings, unpublished manuscript).

Most Quit Attempts Are Made without NRT

Another reason why NRT has not had a greater impact on quit rates in the
population-at-large is that most cessation attempts are still made without the ben-
efit of nicotine medications (3, 50, 69, 90; A. Hyland, H. Rezaishiraz, G. Giovino,
J.E. Bauer, K.M. Cummings, unpublished manuscript). A 2001 national telephone
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survey of 1046 adult smokers revealed that although most had heard of nico-
tine medications (i.e., patches, 97%; gum, 94%; inhaler, 41%; nasal spray, 9%),
only 17% of those who had made a quit attempt in the past year reported using
a stop-smoking medication in their quit attempt (3). Thus, unlike a cigarette tax
hike, worksite smoking ban, or mass media campaign that might be expected to
reach nearly all smokers, NRT is reaching only a fraction of smokers (20). Among
the factors contributing to the low utilization of NRT are smokers’ perceptions
of the high cost of the medications and concerns about safety and efficacy of
NRT (3, 29).

Among smokers who have never used any stop-smoking medication, cost is
the most frequently cited reasons for never use (3). An 8–12-week course of NRT
can cost anywhere between $200–$350. Increasingly, health insurance companies
are providing coverage for NRT (40). However, most insurance companies require
smokers who get NRT to obtain a prescription and/or attend a stop-smoking class
(11, 40). Many insurance companies also limit the number of courses of NRT a
person can obtain in a given time period, which may deter smokers from making
another quit attempt. OTC NRT products are also packaged in a way that make
them noncost competitive with tobacco products (93). Most tobacco products are
packaged so the user can get a one-day supply of nicotine (e.g., pack of cigarettes,
tin of moist snuff). The smallest supply of nicotine gum or patches is a one-week
supply, which requires the user to pay a minimum of $28–$35 just to obtain the
product. Most of the OTC starter kits for NRT are packaged with a minimum of
two or even four weeks of medication, requiring the consumer to spend even more
just to get started with a quit program. Although it could be argued that the initial
high cost of purchasing OTC NRT products helps separate out those smokers who
are truly motivated to quit, growing evidence suggests that the initial high cost
of obtaining the medication is a deterrent to smokers to use NRT to help them
quit (3).

Evidence from several studies shows that when cost barriers are reduced, uti-
lization of NRT increases (1, 24, 38, 77; N. Miller, T.R. Frieden, S.Y. Liu, S.Y.
Matte, F. Mostashari, D. Deitcher, K.M. Cummings, C. Chang, U. Bauer, M.T.
Massett, unpublished manuscript). Research supports the idea that many more
smokers would be induced to try NRT if the cost were reduced or the medication
was made available for free (1, 38, 86; N. Miller, T.R. Frieden, S.Y. Liu, S.Y. Matte,
F. Mostashari, D. Deitcher, K.M. Cummings, C. Chang, U. Bauer, M.T. Massett,
unpublished manuscript). For example, in 2003, in a random sample telephone
survey of 815 adult smokers in upstate New York, 53% said they would think
seriously about quitting if offered free nicotine patches/gum (38).

In a recent cessation program sponsored by the New York City Department
of Health and Mental Hygiene, smokers of 10+ cigarettes per day who were
willing to make a commitment to quit smoking were offered a free 6-week
supply of nicotine patches (N. Miller, T.R. Frieden, S.Y. Liu, S.Y. Matte,
F. Mostashari, D. Deitcher, K.M. Cummings, C. Chang, U. Bauer, M.T. Massett,
unpublished manuscript). This unique program, marketed through a single press
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release, resulted in over 400,000 calls to obtain the free nicotine patches. The of-
fer of discounted nicotine patches in New Zealand resulted in over 80,000 calls
to their government-sponsored quit line (1). A recent follow-up study of a ran-
dom sample of the 35,000 participants in the New York City patch give-away
program revealed that more than 87% of participants made an attempt to stop
smoking and 33% were not smoking 6 months later, yielding an average cost per
quit of about $300 (N. Miller, T.R. Frieden, S.Y. Liu, S.Y. Matte, F. Mostashari,
D. Deitcher, K.M. Cummings, C. Chang, U. Bauer, M.T. Massett, unpublished
manuscript). Population-based efforts such as those conducted in New Zealand
and New York City appear to be effective in increasing the reach and utilization of
NRT and thus have the potential to increase the overall quit rate in the population
at large (1, 34, 86; N. Miller, T.R. Frieden, S.Y. Liu, S.Y. Matte, F. Mostashari,
D. Deitcher, K.M. Cummings, C. Chang, U. Bauer, M.T. Massett, unpublished
manuscript).

Although the perceived high cost of NRT is clearly a factor that can influ-
ence NRT use, cost alone is not the only explanation for the low utilization of
nicotine medications by smokers. Recent studies of smokers and former smok-
ers reveal that many smokers worry about using nicotine medications because
of safety concerns (3, 29). Even though nicotine in the dosage strengths avail-
able in stop-smoking medications is fairly safe (7, 31), many smokers worry that
concurrent smoking while using NRT will trigger a heart attack or may even
cause cancer (3, 29). Many smokers also express skepticism about the efficacy of
NRT to help them quit (3, 29). In a recent survey of 500 adult smokers, Etter &
Perneger (29) found that only 16% agreed that nicotine medications help people
quit smoking. Studies reveal that knowledge deficits are especially pronounced
among smokers who have never used nicotine medications in the past, particularly
those who are older, those who are less educated, and users of light and ultralight
cigarettes (3).

In an effort to market NRT products, the pharmaceutical industry has invested
heavily in consumer advertising. Much of this advertising appears to be targeted
to smokers who are already primed to stop smoking on their own, which may
help explain why NRT has had little impact on quit rates even though the per-
centage of medication-assisted quit attempts has gone up in the past decade (3;
A. Hyland, H. Rezaishiraz, G. Giovino, J.E. Bauer, K.M. Cummings, unpub-
lished manuscript). Recently, Bolton and colleagues (L.E. Bolton, J.B. Cohen &
P.N. Bloom, unpublished manuscript) have speculated that advertising of stop-
smoking medications may have a boomerang effect, unintentionally undermining
smokers’ risk perceptions about smoking and thus delaying smokers’ efforts to quit.
Because advertising of stop-smoking medications conveys a message that there is
a remedy for addiction to tobacco, it is thought that a smoker’s worry about the
risks of smoking might be dampened by their belief that the medications can help
them quit easily. Whether or not this boomerang effect is a real phenomena that
can undermine motivation for cessation of smoking remains to be demonstrated,
although a recent national survey of smokers found that 39% believed that it is
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easier for smokers to stop smoking today because of the availability of stop-
smoking medications (22).

USE OF NRT FOR SMOKING REDUCTION

Some smokers express an interest in using NRT to cut back on their smoking but not
to quit altogether (26). This is a controversial subject because the health benefits of
reduced smoking appear to be minimal (87). Reducing cigarette consumption may
decrease dependence and increase the likelihood of future cessation. However,
smokers who reduce their consumption may feel they have lowered their disease
risk due to smoking and do not need to make any more effort toward cessation.
Data from clinical trials where medication is used to assist in reduction reveal that
smokers who are not interested in quitting can reduce their consumption by as
much as 50% and maintain this consumption level for at least 6 months or more
(9, 15, 28, 94). Higher quit rates were observed among reducers in each of these
studies.

Outside the clinical setting, relatively few smokers in the general population
can maintain large consumption reductions over extended periods of time (30, 47,
52), and those who reduce their consumption by at least 50% may have a greater
likelihood of future cessation, although these studies examine smokers who self-
select for smoking reduction. Investigators do not know what impact a smoking
reduction message, as opposed to a cessation-only message, would have on the
general population; this topic warrants additional research.

CAN NICOTINE MEDICATIONS BE IMPROVED?

Yet another explanation for why NRT has not had a more pronounced effect on
influencing population trends in smoking behavior concerns the inadequacies of
the current dosage strengths and formulations of nicotine medications (6, 80).
The reinforcing effect of nicotine depends on the amount of nicotine and the
way in which nicotine enters the blood stream (5, 6, 27, 41, 80, 91). Nicotine in
cigarette smoke is absorbed in the lungs (91). It takes ∼7–10 sec for nicotine to
reach the brain and for the smoker to feel the effects (91). By contrast, nicotine
in gum is absorbed through the mucus membrane in the mouth and takes longer
to reach the brain (6, 80). Nicotine in the patch is absorbed even more slowly
through the skin and takes more than an hour to reach peak levels (5, 80). Nicotine
medications designed to deliver nicotine more rapidly into the blood stream would
very likely be more effective in helping smokers alleviate withdrawal symptoms
when they quit, thus increasing quit rates (5, 80). The prescription nicotine nasal
spray was designed precisely to deliver nicotine more rapidly than other nicotine
medications (31). Placebo-controlled studies evaluating the nasal spray do show
slightly higher quit rates compared with other nicotine medications, especially
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among more dependent smokers (31, 85). However, the downside of the nasal
spray is that most smokers experience nasal and throat irritation that discourages
repeated use of the product (31, 85, 92). Thus, compliance with the nasal spray is
typically lower than with other types of nicotine medications (78).

A quick review of the patent literature reveals that many companies are
working on developing faster nicotine-delivery medications (36, 65). A fast nico-
tine-delivery tablet has been developed and tested in Scotland, and a faster nicotine-
delivery gum has been patented and tested in the United States (63, 70). Some
public health officials have even advocated supporting wider marketing of medic-
inal nicotine and even oral smokeless tobacco products as a safer alternative for
cigarette smoking (35, 57, 88). A number of other nicotine delivery products in-
cluding nicotine aerosol inhalers, water, straws, wafers, and even lollipops have
been patented and may soon find their way into the marketplace (36, 65). Tobacco
manufacturers including Philip Morris, R.J. Reynolds, and Japan Tobacco hold
patents for devices that could be used to deliver aerosolized nicotine into the lungs
providing a potentially safer alternative to conventional cigarettes (36, 44, 78).

Another approach to improving nicotine medications is to offer them in different
dosage strengths. Studies show that there is a dose-dependent relationship between
NRT formulations and quit rates, although side effects become more common as
the nicotine dose is increased (25, 42). There is wide individual variation in how
smokers metabolize and respond to nicotine, which may help explain variation
in treatment effects (54, 79). In particular, heavy smokers may not get enough
nicotine from the current high-dose forms of nicotine medication now available.
Some evidence supports the idea that more closely matching NRT dosage with an
individual’s daily biological dose of nicotine received while smoking can increase
quit rates (25).

Rather than feeding one’s dependence on nicotine in an effort to wean smok-
ers from cigarettes, new therapies are now being developed and tested that treat
nicotine dependence by blocking or replacing the effect of nicotine in the brain
(37). Bupropion, marketed as Zyban®, is a non-nicotine medication that promotes
smoking cessation by inhibiting dopamine reuptake in the brain, thereby damp-
ening the reinforcing benefits of nicotine (31). Clinical trials support the use of
bupropion for smoking cessation (31, 72). Prescription Zyban® was introduced in
the United States in 1997 and has become, after nicotine patches and gum, the third
most popular stop-smoking medication used by smokers (17). To date there is only
one published study comparing the efficacy of bupropion with NRT. In the study
by Jorenby et al. (55) quit rates were higher for bupropion alone and bupropion and
patch combined at 6 and 12 months, compared with placebo and nicotine patch
alone.

A number of other non-nicotine pharmacotherapies targeting nicotine receptors
and the dopamine system are undergoing evaluation in human placebo-controlled
trials (18, 43). One of the more interesting research efforts under way concerns the
development of a vaccine for the treatment of nicotine addiction (89). The vaccine
treatment is intended to block nicotine delivery to the brain, thereby removing the
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main reinforcement for smoking. The vaccine works by stimulating the immune
system to produce antibodies that find and attach to nicotine molecules. The result-
ing compounds are too large to pass through the blood-brain barrier so that most of
the nicotine is unable to reach the brain. Animal studies have clearly demonstrated
that the vaccine can work; however, it remains unclear if human smokers will
respond to the vaccine by increasing cigarette consumption to compensate for the
lack of nicotine (43). Should this treatment modality work it would have profound
implications for addressing the problem of nicotine dependence.

NICOTINE MAY NOT BE THE ONLY SOLUTION

Other investigators have speculated that efforts focusing solely on nicotine replace-
ment or blockage are doomed to fail because nicotine may only partially explain
smoking behavior (74). The airway sensations associated with smoking as well as
the rituals of lighting, holding, and puffing on a cigarette are important reinforcing
features of the act of smoking. Previous studies indicate that smokers report miss-
ing the behavioral aspects (i.e., actions that are ritualistic/repetitive) as well as the
sensory cues of smoking such as taste, aroma, respiratory tract sensations/airway
stimulation, and irritant reactions in the mouth, throat, and tracheo-bronchial tree
(2, 12, 27, 76, 96, 97). Baldiner et al. (2) has suggested that the tar level of the
product, not nicotine, seems to regulate puffing behavior. Brauer et al. (4) reviewed
nine clinical trials that looked at the sensory impact of denicotinized cigarettes and
concluded that denicotinized cigarettes help reduce cravings and withdrawal for
cigarettes, especially among highly dependent smokers. This could be explained
by classical conditioning theory, where inhalation impact turns to a conditioned
stimulus as a result of being associated with nicotine exposure, which can function
as an unconditioned stimulus.

Regardless of the mechanism, NRT is not entirely efficacious over the long term
likely because the sensory and psychomotor aspects of smoking are inadequately
addressed in cessation treatments (74). Many current cessation methods focus
first on stopping smoking (which abruptly disrupts sensory and motor/behavior
associated with smoking), followed by a course of nicotine replacement therapy
to compensate for withdrawal symptoms, and concluding with discontinuation of
the therapy to wean the smoker of the pharmacological effects resulting from the
nicotine in the medication. This process, in effect, does not consider the sensori-
motor cues thought to be very important in the addiction process. Several previous
studies have shown that the sensory airway effects of smoking are important in
relieving craving for cigarettes, as well as facilitating smoking abstinence (4, 12,
14). A sound theoretical basis predicts that smoking cessation treatments that ad-
dress both sensorimotor and pharmacological aspects of a smoker’s addiction will
be more efficacious than either approach alone (74). Findings of one small study
that combined a denicotinized cigarette (i.e., Next) and nicotine patch therapy
revealed that 50% of subjects using Next in combination with a nicotine skin
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patch were off cigarettes after four weeks, confirmed by a breath carbon monoxide
test (75).

SUMMARY

Tobacco control research literature reveals that the most potent demand reducing
influences on tobacco use include interventions, such as higher cigarette taxes,
smoke-free policies, comprehensive advertising bans, and paid counter-advertising
campaigns, that reach the most consumers and directly impact their behavior (20,
92). This review shows that NRT has had little impact on influencing population
trends in smoking behavior over the past decade. The main reason for the limited
impact of NRT on smoking behavior has to do with low utilization of NRT by
smokers (3).

Making NRT more accessible to smokers by providing it free and/or packaging
the medication in single daily doses has the potential to vastly increase utiliza-
tion (1, 34, 80, 88; N. Miller, T.R. Frieden, S.Y. Liu, S.Y. Matte, F. Mostashari,
D. Deitcher, K.M. Cummings, C. Chang, U. Bauer, M.T. Massett, unpublished
manuscript). Research is needed to understand better who would utilize such prod-
ucts, the products’ effectiveness for cessation, optimal dosing and packaging, and
the cost effectiveness of using different strategies to provide NRT for smokers.
Counseling and behavioral therapies for smoking cessation can increase the ef-
fectiveness of NRT, yet are underutilized in clinical practice (9, 32; A. Hyland,
H. Rezaishiraz, G. Giovino, J.E. Bauer, K.M. Cummings, unpublished manuscript).
Research is needed to determine how to cost-effectively provide to smokers using
NRT such behavioral support services perhaps via telephone quit lines and the
Internet (1, 58, 84, 86; N. Miller, T.R. Frieden, S.Y. Liu, S.Y. Matte, F. Mostashari,
D. Deitcher, K.M. Cummings, C. Chang, U. Bauer, M.T. Massett, unpublished
manuscript). Finally, more research is needed to test the benefits and potential
harms associated with producing new faster-delivery forms of nicotine medication
(61, 80).

In the United States, nicotine medications are licensed only as aids for smoking
cessation (16, 31). However, some other countries have permitted NRT to be used
as a way to reduce smoking or temporarily treat nicotine withdrawal. Liberalizing
government regulations so that cleaner forms of nicotine become more acceptable
and accessible to smokers when compared with tobacco products has the potential
to revolutionize the way the tobacco problem is perceived and addressed in the
future (19, 88, 93).

ACKNOWLEDGMENTS

Grateful acknowledgment is extended to Maansi Bansal at Roswell Park Can-
cer Institute and Joe Gitchell from Pinney Associates for assisting us in com-
piling the literature reviewed in and for this review. We also acknowledge the
support of Roswell Park Cancer Institute’s NCI-funded Cancer Center Support
Grant CA16056-26, which provides research support for both authors.

A
nn

u.
 R

ev
. P

ub
lic

. H
ea

lth
. 2

00
5.

26
:5

83
-5

99
. D

ow
nl

oa
de

d 
fr

om
 a

rj
ou

rn
al

s.
an

nu
al

re
vi

ew
s.

or
g

by
 N

at
io

na
l I

ns
tit

ut
e 

of
 H

ea
lth

 L
ib

ra
ry

 o
n 

03
/2

2/
05

. F
or

 p
er

so
na

l u
se

 o
nl

y.



10 Feb 2005 14:59 AR AR238-PU26-24.tex XMLPublishSM(2004/02/24) P1: JRX

NICOTINE REPLACEMENT THERAPY 595

The Annual Review of Public Health is online at
http://publhealth.annualreviews.org

LITERATURE CITED

1. Backlog for Quitline. 2001. Stop Mag. 3:6
2. Baldiner B, Hasenfratz M, Battig K. 1995.

Switching to ultra-low nicotine cigarettes:
effects of different tar yields and blocking
of olfactory cues. Pharmacol. Biochem.
Behav. 50:233–39

3. Bansal M, Cummings KM, Hyland A,
Giovino G. 2004. Stop smoking medi-
cations: Who uses them? Who misuses
them? Who is misinformed? Nicotine Tob.
Res. In press

4. Behm FM, Schur C, Levin ED, Tashkin
DP, Rose JE. 1993. Clinical evaluation of
a citric acid inhaler for smoking cessation.
Drug Alcohol Depend. 31:131–38

5. Benowitz NL. 1988. Pharmacologic as-
pects of cigarette smoking and nicotine
addiction. N. Engl. J. Med. 319:1318–30

6. Benowitz NL. 1993. Nicotine replace-
ment therapy. What has been accomp-
lished—can we do better? Drugs 45:157–
70

7. Benowitz NL. 1998. Nicotine Safety and
Toxicity. New York: Oxford Univ. Press

8. Bohadana A, Nilsson F, Rasmussen T,
Martinet Y. 2003. Gender differences in
quit rates following smoking cessation
with combination nicotine therapy: influ-
ence of baseline smoking behavior. Nico-
tine Tob. Res. 5:111–16

9. Bolliger CT, Zellweger JP, Danielsson T,
van Biljon X, Robidou A, Westin A, et al.
2000. Smoking reduction with oral nico-
tine inhalers: double-blind, randomized
clinical trial of efficacy and safety. BMJ
321:329–33

10. Deleted in proof
11. Boyle RG, Solberg LI, Magnan S, Davi-

son G, Alesci NL. 2002. Does insurance
coverage for drug therapy affect smoking
cessation? Health Track. Nov./Dec.:162–
68

12. Brauer LH, Behm FM, Lane JD, Westman
EC, Perkins C, Rose JE. 2001. Individual
differences in smoking reward from de-
nicotinized cigarettes. Nicotine Tob. Res.
3:101–9

13. Breese CR, Marks MJ, Logel J, Adams
CE, Sullivan B, et al. 1997. Effect of
smoking history on [3H] nicotine binding
in human postmortem brain. J. Pharma-
col. Exp. Ther. 282:7–13

14. Butschky MF, Bailey D, Henningfield JE,
Pickworth WB. 1995. Smoking without
nicotine delivery decreases withdrawal in
12-hour abstinence smokers. Pharmacol.
Biochem. Behav. 50:91–96

15. Carperter M, Hughes JR, Solomon LJ,
Callas PW. 2004. Both smoking reduc-
tion and motivational advice increase fu-
ture cessation among smokers not cur-
rently planning to quit. J. Consult. Clin.
Psychol. 72(3):371–81

16. Cent. Dis. Control Prev. 2001. Cigarette
smoking among adults—United States,
1999. MMWR 50:869–73

17. Cent. Dis. Control Prev. 2002. Use of
FDA-approved pharmacologic treatments
for tobacco dependence—United States,
1984–1998. MMWR 49:665–68

18. Cryan JF, Gasparini F, Van Heeke G,
Markowu A. 2002. Non-nicotinic neu-
ropharmacological strategies for nicotine
dependence: beyond buproprion. Drug
Discovery Today 8:1025–34

19. Cummings KM. 2002. In debate: Can cap-
italism advance the goals of tobacco con-
trol? Addiction 97:957–62

20. Cummings KM. 2002. Programs and poli-
cies to discourage the use of tobacco prod-
ucts. Oncogene 21:7349–64

21. Cummings KM, Biernbaum RM, Zevon
MA, Deloughry T, Jaen CR. 1994. Use
and effectiveness of transdermal nicotine

A
nn

u.
 R

ev
. P

ub
lic

. H
ea

lth
. 2

00
5.

26
:5

83
-5

99
. D

ow
nl

oa
de

d 
fr

om
 a

rj
ou

rn
al

s.
an

nu
al

re
vi

ew
s.

or
g

by
 N

at
io

na
l I

ns
tit

ut
e 

of
 H

ea
lth

 L
ib

ra
ry

 o
n 

03
/2

2/
05

. F
or

 p
er

so
na

l u
se

 o
nl

y.



10 Feb 2005 14:59 AR AR238-PU26-24.tex XMLPublishSM(2004/02/24) P1: JRX

596 CUMMINGS � HYLAND

in primary care settings. Arch. Fam. Med.
3:682–89

22. Cummings KM, Hyland A, Giovino GA,
Hastrup JL, Bauer JE, Bansal MA. 2004.
Are smokers adequately informed about
the health risks of smoking and medicinal
nicotine? Nicotine Tob. Res. In press

23. Cummings KM, Hyland A, Ockene JK,
Hymowitz N, Manley M. 1997. Use of
the nicotine skin patch by smokers in 20
U.S. communities, 1992–1993. Tob. Con-
trol 6(Suppl. 2):S63–70

24. Curry SJ, Grothaus LC, McAfee T,
Pabiniak C. 1998. Use and cost effective-
ness smoking-cessation services under
four insurance plans in a health mainte-
nance organization. N. Engl. J. Med. 339:
673–79

25. Dale LC, Hurt RD, Offord KP, Lawson
GM, Croghan IT, Schroeder DR. 1995.
High-dose nicotine patch therapy. Per-
centage of replacement and smoking ces-
sation. JAMA 274:1353–58

26. Dijkstra A, De Vries H. 2000. Subtypes
of precontemplating smokers defined by
different long-term plans to change their
smoking behavior. Health Educ. Res. 15:
423–34

27. Dunn WL Jr. 1972. Motives and Incen-
tives in Cigarettes. Richmond, VA: Philip
Morris Res. Cent.

28. Etter JF, Laszlo E, Zellweger JP, Perrot
C, Perneger TV. 2002. Nicotine replace-
ment to reduce cigarette consumption in
smokers who are unwilling to quit: a ran-
domized trial. J. Clin. Psychopharmacol.
22:487–95

29. Etter JF, Perneger TV. 2001. Attitudes
toward nicotine replacement therapy in
smokers and ex-smokers in the general
public. Clin. Pharmacol. Ther. 69:175–83

30. Farkas AJ. 1999. When does cigarette fad-
ing increase the likelihood of future ces-
sation? Ann. Behav. Med. 21:71–76

31. Fiore MC, Bailey WC, Cohen SJ, Dorf-
man SF, Goldstein MG, Gritz ER, et al.
2000. Treating Tobacco Use and De-
pendence. Clinical Practice Guideline.

Rockville, MD: US Dep. Health Hum.
Serv., Public Health Serv.

32. Fiore MC, Hatsukami DK, Baker T. 2002.
Effective tobacco dependence treatment.
JAMA 288:1768–70

33. Fiore MC, Novotny TE, Pierce JP,
Giovino GA, Hatziandreu EJ, Newcomb
PA, et al. 1990. Methods used to quit
smoking in the United States. Do cessa-
tion programs help? JAMA 263:2760–65

34. Fiore MC, Thompson SA, Lawrence
DL, Welsch S, Andrews K, Ziamik M,
et al. 2000. Helping Wisconsin women
quit smoking: a successful collaboration.
Wisc. Med. J. April:68–72

35. Foulds J, Ramstrom L, Burke M, Fager-
ström K. 2003. Effect of smokeless to-
bacco (snus) on smoking and public health
in Sweden. Tob. Control 12:349–59

36. Freedman AM. 1995. Philip Morris memo
likens nicotine to drugs. Wall Street J. Dec.
8

37. George TO, O’Malley SS. 2004. Cur-
rent pharmacological treatments for nico-
tine dependence. Trends Pharmacol. Sci.
25:42–48

38. Giardina TD, Hyland A, Bauer UE, Hig-
bee C, Cummings KM. 2004. Which po-
pulation-based interventions would mo-
tivate smokers to think seriously about
stopping smoking? Am. J. Health Prom.
18:405–8

39. Gourlay SG, Forbes A, Marriner T, Peth-
ica D, McNeil JJ. 1994. Prospective study
of factors predicting outcome of transder-
mal nicotine treatment in smoking cessa-
tion. BMJ 309:842–46

40. Halpin Schauffler H, Barker DC, Or-
leans TC. 2001. Medicaid coverage for to-
bacco dependence treatments. Health Aff.
20:298–303

41. Henningfield JE, Cohen C, Pickworth
WD. 1993. Psychopharmacology of nico-
tine. In Nicotine Addiction. Principles and
Management, ed. CT Orleans, J Slade,
pp. 24–45. New York: Oxford Univ. Press

42. Herrera N, Franco R, Herrera L, Par-
tidas A, Roland R, Fagerstrom KO. 1995.

A
nn

u.
 R

ev
. P

ub
lic

. H
ea

lth
. 2

00
5.

26
:5

83
-5

99
. D

ow
nl

oa
de

d 
fr

om
 a

rj
ou

rn
al

s.
an

nu
al

re
vi

ew
s.

or
g

by
 N

at
io

na
l I

ns
tit

ut
e 

of
 H

ea
lth

 L
ib

ra
ry

 o
n 

03
/2

2/
05

. F
or

 p
er

so
na

l u
se

 o
nl

y.



10 Feb 2005 14:59 AR AR238-PU26-24.tex XMLPublishSM(2004/02/24) P1: JRX

NICOTINE REPLACEMENT THERAPY 597

Nicotine gum, 2 and 4 mg, for nico-
tine dependence. A double-blind placebo-
controlled trial within a behavior modifi-
cation support program. Chest 108:447–
51

43. Hieda Y, Keyler DE, VanDeVoort JT,
Niedbala RS, Raphael DE, et al. 1999. Im-
munization of rats reduces nicotine dis-
tribution to brain. Psychopharmacology
143:150–57

44. Howell TM, Sweeney WR. 1998. Aerosol
and a method and apparatus for generat-
ing an aerosol. Philip Morris Inc. Patent:
US5743251, April 28

45. Hu T, Sung HY, Keeler TE, Marciniak M.
2000. Cigarette consumption and sales of
nicotine replacement products. Tob. Con-
trol 9(Suppl. 2):S60–63

46. Hughes JR. Four beliefs that may impede
progress in the treatment of smoking. Tob.
Control 8:323–26

47. Hughes JR, Cummings KM, Hyland A.
1999. Ability of smokers to reduce their
smoking and its association with future
smoking cessation. Addiction 94:109–14

48. Hughes JR, Goldstein MG, Hurt RD,
Shiffman S. 1999. Recent advances in the
pharmacotherapy of smoking. JAMA 281:
72–76

49. Deleted in proof
50. Hughes JR, Shiffman S, Callas P, Zhang

J. 2003. A meta-analysis of the efficacy
of over-the-counter nicotine replacement.
Tob. Control 12:21–27

51. Hurt RD, Robertson CR. 1998. Prying
open the door to the cigarette industry’s
secrets about nicotine—the Minnesota
Tobacco Trial. JAMA 280:1173–81

52. Hyland A, Levy D, Rezaishiraz H, Hughes
J, Bauer JE, et al. 2005. Reduction in
amount smoked predicts future cessation.
Psychol. Addict. Behav. In press

53. Deleted in proof
54. Johnstone EC, Yudkin PL, Hey K, Roberts

SJ, Welch SJ, Murphy MF, et al. 2004. Ge-
netic variation in dopaminergic pathways
and short-term effectiveness of the nico-
tine patch. Pharmacogenetics 14:83–90

55. Jorensby DE, Leischow SJ, Nides MA,
Rennard SI, Johnston JA, et al. 1999. A
controlled trial of sustained release bupro-
prion, a nicotine patch, or both for smok-
ing cessation. N. Engl. J. Med. 340:685–
91

56. Kenford SL, Fiore MC, Jorenby DE,
Smith SS, Wetter D, Baker TB. 1994. Pre-
dicting smoking cessation: who will quit
with and without the nicotine patch. JAMA
271:589–94

57. Kozlowski LT, Strasser AA, Giovino GA,
Erickson PA, Terza JV. 2001. Applying
the risk/use equilibrium: use medicinal
nicotine now for harm reduction. Tob.
Control 10:201–3

58. MacLeod ZR, Charles MA, Arnaldi VC,
Adams IM. 2003. Telephone counseling
as an adjunct to nicotine patches in smok-
ing cessation. A randomized controlled
trial. Med. J. Aust. 179:349–52

59. Malin DH, Lake JR, Newlin-Maultsby P,
Roberts LK, Lanier JG, et al. 1992. Ro-
dent model of nicotine abstinence syn-
drome. Pharmacol. Biochem. Behav. 43:
779–84

60. Marks MJ, Burch JB, Collins AC. 1983.
Effects of chronic nicotine infusion on tol-
erance development and nicotinic recep-
tors. J. Pharmacol. Exp. Ther. 226:817–25

61. McNeill A. 2004. Harm reduction. BMJ
328:885–87

62. Deleted in proof
63. Park CR, Munday DL. 2002. Develop-

ment and evaluation of a biphasic buccal
adhesive tablet for nicotine replacement
therapy. Int. J. Pharm. 237:215–26

64. Paul CL, Walsh RA, Girgis A. 2003. Nico-
tine replacement therapy products over
the counter: real-life use in the Australian
community. Aust. N. Z. J. Public Health
27:491–95

65. Pauly JL, Streck RJ, Cummings KM.
1995. US patents shed light on Eclipse and
future cigarettes. Tob. Control 4:261–65

66. Perkins KA. 2001. Smoking cessation
in women. Special considerations. CNS
Drugs 15:391–411

A
nn

u.
 R

ev
. P

ub
lic

. H
ea

lth
. 2

00
5.

26
:5

83
-5

99
. D

ow
nl

oa
de

d 
fr

om
 a

rj
ou

rn
al

s.
an

nu
al

re
vi

ew
s.

or
g

by
 N

at
io

na
l I

ns
tit

ut
e 

of
 H

ea
lth

 L
ib

ra
ry

 o
n 

03
/2

2/
05

. F
or

 p
er

so
na

l u
se

 o
nl

y.



10 Feb 2005 14:59 AR AR238-PU26-24.tex XMLPublishSM(2004/02/24) P1: JRX

598 CUMMINGS � HYLAND

67. Pidoplichko VI, DeBiasi M, Williams JT,
Dani JA. 1997. Nicotine activates and
desensitizes midbrain dopamine neurons.
Nature 390:401–4

68. Pierce JP, Gilpin E, Farkas AJ. 1995.
Nicotine patch use in the general popula-
tion: results from the 1993 California To-
bacco Survey. J. Natl. Cancer Inst. 87:87–
93

69. Pierce JP, Gilpin EA. 2002. Impact of
over-the-counter sales on effectiveness of
pharmaceutical aids for smoking cessa-
tion. JAMA 288:1260–64

70. Pinney JM, Henningfield JE, Shiffman S.
2002. Two-stage transmucosal medicine
delivery system for symptom relief. Pin-
ney Assoc. Patent: US6358060, March 19

71. Pontieri FE, Tanda G, Orzi F, Di Chiara
G. 1996. Effects of nicotine on the nucleus
accumbens and similarity to those of ad-
dictive drugs. Nature 382:255–57

72. Richmond R, Zwar N. 2003. Review of
bupropion for smoking cessation. Drug
Alcohol Rev. 22:203–20

73. Role LW, Berg DK. 1996. Nicotinic re-
ceptors in the development and modula-
tion of CNS synapses. Neuron 16:1077–
85

74. Rose JE, Behm FM. 1995. There is more
to smoking than the CNS effects of nico-
tine. In Effects of Nicotine on Biologi-
cal Systems II, ed. PBS Clark, pp. 9–16.
Basel: Burkhäuser Verlag
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