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Abstract

The tobacco addiction treatment field is progressing through innovations in medication
development, a focus on precision medicine, and application of new technologies for delivering
support in real time and over time. This article reviews the evidence for combined and extended
cessation pharmacotherapy and behavioral strategies including provider advice, individual
counseling, group programs, the national quitline, websites and social media, and incentives.
Healthcare policies are changing to offer cessation treatment to the broad population of smokers.
With knowledge of the past and present, this review anticipates what is likely on the horizon in the
clinical and public health effort to address tobacco addiction.
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INTRODUCTION

Tobacco use remains the leading preventable cause of disease, disability, and mortality in the
United States, where it causes an estimated 480,000 deaths annually and accounts for
approximately 90% of deaths from lung cancer, 60% from pulmonary disease, and 30%
from heart disease (1). Globally, more than six million deaths each year are attributed to
tobacco use, with the accumulated loss of life expected to reach one billion by the end of the
21st century (2).

Cigarettes are the most commonly used form of tobacco in the United States, although
cigars, smokeless tobacco, and dual use of tobacco products are increasingly common and
are also of clinical and public health concern. In 1964, when the first Surgeon General’s
report on the negative consequences of smoking was published, half of US men and a third
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of women smoked cigarettes. Today, in the United States, 20.5% of men and 15.3% of
women smoke (3). Although this is a commendable reduction, the declines in use since the
year 2000 have been modest at ~1% per year. More than 42 million Americans currently
smoke; every day another 3,000 adolescents smoke their first cigarette and >2,000 youth and
young adults progress from being occasional to daily cigarette smokers (4). Most smokers
(>70%) want to quit, and 40% attempt to do so each year; yet, only about 5% are successful
(2). Further, declines in smoking have not been achieved equally. Disparities in the
prevalence of tobacco use and tobacco-related diseases exist across groups defined by race
and ethnicity, educational level, socioeconomic status, mental health status, and US region

Q.

Nicotine Addiction

Nicotine addiction is a chronic brain disorder. Prolonged tobacco use results in physiologic
dependence and a behavioral compulsion to use tobacco. Nicotine establishes and maintains
tobacco addiction by complex actions that affect the neurochemistry of the brain (5).
Nicotine from cigarette smoke is rapidly absorbed in the lungs and then quickly passes into
the brain. The rapidity of absorption is an important determinant of the addictiveness of a
drug, and cigarette smoking is the most rapid method of nicotine delivery. Nicotine diffuses
readily into brain tissue, where it binds to nicotinic acetylcholine receptors (nAChRs), which
are ligand-gated ion channels. The nAChR complex is composed of five subunits. In the
mammalian brain, there are as many as nine alpha subunits (a2-10) and 3 beta subunits
(B2-4); a4p2, a3p4, and a7 (homomeric) are the most abundant receptor subtypes in the
brains of humans, and the a4B2 receptor subtypes predominate, believed to be the main
receptor mediating nicotine dependence. Stimulation of central NAChRs by nicotine results
in the release of a variety of neurotransmitters in the brain, most importantly dopamine,
critical in signaling pleasure. Nicotine results in positive, though transient, psychological
effects of pleasure, arousal, and mood modulation.

With chronic nicotine exposure, as is experienced by addicted smokers, neuroadaptation
occurs, such that more nicotine is required to deliver the same neurochemical effect. As the
brain becomes tolerant, nicotine is needed to maintain normal brain functioning. In this
context, stopping smoking is associated with altered neurotransmitter release and withdrawal
symptoms of irritability, anxiety, problems getting along with others, difficulty
concentrating, hunger, and weight gain. Thus, nicotine addiction is sustained both by
positive effects of pleasure and arousal and by avoidance of the unpleasant effects of
nicotine withdrawal.

In addition to the pharmacologic aspects of nicotine addiction, conditioning plays an
important role in sustaining tobacco use. Smoking becomes associated with specific
behaviors such as drinking coffee or alcohol, talking on the phone, driving a car, and/or
completing a meal. Through conditioning, these behaviors become cues for smoking and
contribute to maintained use. Smoking also facilitates nicotine addiction through
sensorimotor factors associated with the act of smoking, e.g., the smell, taste, and feel of the
cigarette smoke.
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Our review is a 20-year update covering many notable advances in the field. When Dr. Jed
Rose wrote his 1996 review for the Annual Review of Medicine, nicotine replacement
therapy (NRT) in the form of gum and patch was the only smoking cessation medication
approved by the US Food and Drug Administration (FDA), and bupropion’s effects for
promoting cessation were just being recognized; behavioral treatments were largely limited
to in-person delivery, with quitlines available in only three states (California, Massachusetts,
and Arizona). Twenty years later, the number of FDA-approved medications for quitting
smoking has tripled; support for combination NRT has grown; a quitline consortium makes
free cessation counseling available nationwide (1-800-QUIT-NOW); and technological
innovations, including the internet, texting, and social media, have increased the access and
convenience of cessation support. Our review also builds upon prior reviews focused on the
pharmacology of nicotine and smokers with mental illness (6, 7).

The tobacco use control field is progressing through innovations in medication development,
a focus on precision medicine, and application of new technologies for delivering support in
real time and over time. In addition, healthcare policies are changing to offer preventive
care, including tobacco addiction treatment, to the broad population of smokers. With
knowledge of the past and present, we anticipate what is likely on the horizon.

The Scope of Our Review

Consistent with US Clinical Practice Guidelines, our review covers cessation medications
and counseling and support for addressing the physiologic and behavioral patterns of
tobacco addiction (8). We briefly review mechanisms of action and use of the FDA-approved
first-line cessation medications in single and combination form; second-line pharmacologic
treatments with evidence, but not FDA approval; and emerging pharmacologic strategies,
including prequit medication use and reduce-to-quit approaches. The second half of our
review covers counseling and psychosocial treatments, including interpersonal, telephonic,
internet-based, and social media—based modalities. Use of incentives and health policy
approaches also are highlighted. Although the medication and counseling approaches for
treating nicotine addiction are relatively straightforward, most quit attempts today are still
unassisted (with a success rate of only 2-5%), undertreatment is common, and relapse is the
norm. Unaided attempts remain common due to beliefs among smokers that quitting is an
act of willpower and free choice, combined with the healthcare system’s general failure to
acknowledge tobacco use as an addiction warranting medical attention and intervention. We
close with discussion of recent changes brought about by the Affordable Care Act that
increase coverage of, and ostensibly access to, cessation treatments.

CESSATION PHARMACOTHERAPY

US Public Health Service guidelines recommend all smokers trying to quit be offered
pharmacotherapy, unless contraindicated (8). Table 1 summarizes precautions, dosing
guidelines, adverse effects, advantages, and disadvantages of the seven FDA-approved first-
line smoking cessation medications: NRT (in the form of patch, gum, lozenge, spray, and
inhaler), bupropion, and varenicline. Generally, all approved cessation medications, if used
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properly, double quit rates compared with placebo treatments (9, 10), and the costs per
patient are lower than that of a pack of cigarettes per day in the United States.

Although they have various mechanisms of action, the general rationale of cessation
medications is to reduce physical withdrawal from nicotine; to eliminate, through
desensitization of nicotinic receptors, the immediate, reinforcing effects of nicotine that is
absorbed via tobacco smoke; and to allow patients to focus on behavioral and psychological
aspects of tobacco cessation. Although cessation medications are recommended by the
manufacturers for relatively short-term use (generally 8-12 weeks), the use of these
medications for six months or longer is safe and may be helpful for those who fear relapse
without medications (11). Traditional medication guidance is for use in smokers ready to
quit, but evidence also has shown benefit of NRT and varenicline in reducing cigarette
consumption to facilitate abstinence.

Nicotine Replacement Therapy

Bupropion

Nicotine replacement therapy (NRT) provides nicotine to address physical dependence
without exposure to toxic combustion products. In general, NRT provides lower and slower-
rising plasma nicotine concentrations than do cigarettes, reducing the behaviorally
reinforcing effect of smoking. All forms of NRT appear to have comparable efficacy, though
in a randomized study, compliance was greatest for the patch, lower for gum, and very low
for the spray and inhaler (12). Meta-analysis of 117 clinical trials found the risk ratio (RR)
for any form of NRT versus control was 1.60 [95% confidence interval (Cl) 1.53-1.68], and
specifically RR = 1.49 (1.40-1.60) for nicotine gum, 1.64 (1.52-1.78) for the patch, 1.95
(1.61-2.36) for nicotine lozenges, 1.90 (1.36-2.67) for the inhaler, and 2.48 (1.24-4.94) for
the nasal spray (13).

The different forms of NRT are sold in different strengths (Table 1); higher dosages or
combinations of NRT (discussed below) should be used with more dependent smokers,
defined by number of cigarettes per day or time to first cigarette (i.e., smoking within 30 min
of waking indicates greater dependence). Nicotine patches, applied in the morning, deliver
nicotine slowly over many hours. Several different nicotine patches are marketed, some with
tapering dosages, although clinical trials have not found that tapering improves cessation
rates, and tapering is considered optional. If the patient is experiencing insomnia or
disturbing dreams from wearing the 24-h patch at night, it can be removed at bedtime. The
oral NRT formulations, including gum and the inhaler (a cigarette-like plastic device, which
actually delivers nicotine to the throat and upper airway), result in relatively low levels of
nicotine in the blood; thus, they require many pieces or cartridges per day (initially every 1-
2 h) to suppress withdrawal symptoms. Nicotine nasal spray, one spray per nostril, delivers
0.5 mg nicotine systemically and can be used every 30-60 min. Local irritation of the nose
commonly produces burning, sneezing, and watery eyes during initial treatment, but
tolerance to these effects develops in 1-2 days.

Bupropion is a blocker of dopamine and, to a lesser extent, norepinephrine reuptake and has
some nicotine receptor—blocking activity (14). Thus, bupropion increases brain levels of
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Varenicline

dopamine and norepinephrine, simulating the effects of nicotine on these neurotransmitters.
In rats, bupropion in low doses blocks the rewarding effects of nicotine as assessed by
intracranial self-stimulation threshold and reverses the negative affective actions of nicotine
in withdrawal (15). The blockade of nicotine receptors could contribute to reduced
reinforcement from a cigarette in the case of a lapse. Bupropion was originally marketed and
is still widely used as an antidepressant. Sustained-release bupropion (Zyban®) was found to
aid smoking cessation independent of whether a smoker is depressed or not (16). Bupropion
used for one year for relapse prevention was demonstrated to be safe and effective and
significantly better at promoting cessation (55%) than placebo (42%, point prevalence of
smoking abstinence) (17).

Varenicline is a partial agonist of the a4p2 receptor, which mediates dopamine release and
is thought to be the major receptor involved in nicotine addiction. Varenicline activates the
a4p2 nicotinic cholinergic receptor with a maximal effect ~50% that of nicotine. This action
relieves nicotine withdrawal symptoms, including craving, and at the same time blocks
effects of nicotine from tobacco use on the receptor, thereby diminishing the rewarding
effects of cigarettes that are smoked. Hence, both the desire to smoke and, in the case of a
lapse, the likelihood of continued smoking are reduced. Smokers taking varenicline often
reduce the number of cigarettes smoked per day even before their target quit day.

In clinical trials, varenicline treatment for 12 weeks was more effective than 300 mg
sustained-release bupropion and placebo (18). Continuous abstinence rates from 9 to 52
weeks were 23% for varenicline, 15% for bupropion, and 10% for placebo. Varenicline for
six months has been shown effective in preventing relapse, including among smokers with
schizophrenia (19), and is approved by the FDA for extended treatment (20). Meta-analysis
suggests that varenicline is also more effective than a single form of NRT and comparable to
combination NRT (10). Major side effects of varenicline are nausea, vomiting, and insomnia
(10). Neuropsychiatric side effects, including depression, psychosis, and suicide, have been
reported anecdotally, but these have not been observed in clinical trials, including among
smokers with depression and schizophrenia (21-23), nor in large clinical cohort studies (24,
25). The causal relationship between varenicline and these neuropsychiatric events has not
been established, and smoking itself is associated with mood disturbances, including
suicidality (26). Cardiovascular safety concerns about varenicline were raised by a meta-
analysis showing a significant but small relative risk; a second, larger meta-analysis showed
the absolute risk to be small and nonsignificant (27, 28). We are not aware of a biological
mechanism by which varenicline should produce cardiovascular toxicity.

Combination Pharmacotherapy

Combination NRT—combining the nicotine patch (slow release) with nicotine gum,
lozenge, inhaler, or nasal spray (rapid release)—has been shown to be more effective than
individual NRT products in a meta-analysis of nine trials (RR = 1.34; 1.18-1.51 CI) (13) and
is recommended as initial therapy in some smoking cessation guidelines (29). Combination
NRT and varenicline are equally effective [odds ratio (OR) = 1.06; 0.75-1.48 CI] (10).
Recent trials have examined use of varenicline and NRT patch together, with conflicting
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results. One trial (N = 435) compared nicotine with placebo patch administered two weeks
prior to target quit date, followed by varenicline for one week prior to target quit date, and
then 12 additional weeks of both. Combination treatment resulted in significantly greater
quit rates at 12 (55.4% versus 40.9%, p = 0.007) and 24 weeks (49% versus 36.2%, p =
0.004) (30). A smaller, and likely underpowered, clinical trial (N = 117) initiated varenicline
one week prior to quit date and then the NRT patch at the target quit date and found small
and nonsignificant differences at 12 weeks (38% versus 29% quit, p = 0.14) (31). The
mechanism of benefit of combined varenicline and NRT is unclear, since varenicline is an
a4p2 partial agonist expected to block the full agonist effects of nicotine from the patch.
Possibly varenicline does not fully occupy a4p2 receptors, allowing nicotine from NRT to
work to some degree, or nicotine from NRT affects different nicotinic receptors that are
contributing to the addictive effects of nicotine (e.g., a7 or a3p4). In both studies, the
combination was well tolerated, with the most common side effect being vivid dreams.

Bupropion has been examined in combination with NRT and varenicline. Bupropion with
nicotine patch was more effective than bupropion alone (RR = 1.24; 1.06-1.45 CI) (13).
Adding bupropion to combination NRT appeared to improve efficacy over combination NRT
alone (32). One clinical trial examined adding bupropion to varenicline compared to
varenicline alone for 12 weeks (33). The combination resulted in significantly greater
prolonged abstinence (from week 2) at 12 (53.0% versus 43.2%) and 26 weeks (36.6%
versus 27.6%), but not at 52 weeks (30.9% versus 24.5%). Subjects receiving combination
therapy reported greater anxiety and depressive symptoms over the first two weeks, with no
difference in depressive symptoms by week 4 (34).

Preloading Nicotine Replacement Therapy

Preloading NRT before the quit date has been tested as a strategy to boost efficacy via
saturation and/or desensitization of nicotinic cholinergic receptors, resulting in less reward
from nicotine delivered by cigarette smoking. Meta-analysis of four studies using
precessation patch treatment found nicotine patches doubled the odds of quitting both at six
weeks (OR =1.96; 1.31-2.93 CI) and six months (OR = 2.17; 1.46-3.22 CI) (35). Yet, a
more recent large pragmatic randomized trial conducted in New Zealand with smokers
calling a quitline found that although precessation NRT was safe, acceptable, and easy to
implement, the effects were no different than those of a standard course of NRT (36). A
narrative review of nine trials of precessation NRT concluded that, with the exception of two
studies showing large effects, most evidence indicates modest effects on long-term
abstinence (37). Another meta-analysis of eight trials found a weak nonsignificant effect of
NRT preloading on abstinence and weak support for the investigators’ mediational
hypotheses, with the exception that efficacy was enhanced by the patch over acute NRT.
Overall, the findings for prequit NRT are mixed and differ by NRT type.

Gradual Reduction
Gradual reduction may be preferred by some smokers unable or unwilling to quit abruptly. A
meta-analysis of 10 trials comparing smoking reduction to quitting abruptly found the
strategies comparable in efficacy and invariant by treatment approach (i.e., self-help,
behavioral, or pharmacologic) (38). A recent trial studied smokers who were unwilling or
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unable to quit in the next month, but willing to reduce smoking and make an attempt to quit
within three months (39). Subjects received varenicline or placebo for 12 weeks prior to a
quit attempt, with a recommendation to reduce cigarettes per day by 50% at four weeks,
75% or more at eight weeks, and then quit completely at 12 weeks. Subjects continued to
use varenicline or placebo for an additional 12 weeks after the quit date. Quit rates were
substantially higher in the varenicline versus placebo-treated group from week 21 to 24
(37.8% versus 12.5%) and week 21 to 52 (27.0% versus 9.9%). The mechanism of the
beneficial effect of varenicline pretreatment may be reduced cigarette craving and
extinguished reward effects of cigarettes.

Precision Medicine

Precision medicine is an emerging approach to treatment. Although cessation
pharmacotherapy works, long-term quit rates rarely exceed 30%, and there is interest in
understanding individual differences in medication response and ways to personalize
treatment. An individual’s rate of nicotine metabolism has been proposed as a basis for
medication selection. Rapid nicotine metabolizers on average smoke more cigarettes per day
and appear more dependent. Nicotine is metabolized primarily by the liver enzyme
CYP2AG. Cotinine is the primary metabolite, further metabolized to 3”-hydroxycotinine by
the same enzyme. The cotinine/3’-hydroxycotinine ratio, termed the nicotine metabolite
ratio (NMR), can be measured in smokers’ blood, plasma, or urine, as a biomarker of the
rate of nicotine metabolism. In retrospective studies, slow metabolizers respond well to the
nicotine patch and gain no incremental benefit from bupropion. Normal metabolizers
respond better to bupropion than the patch. A recent clinical trial stratified subjects by slow
or normal NMR and compared treatment with nicotine patch, varenicline, or placebo (40).
Varenicline was more effective than the patch in normal (OR = 2.17, p = 0.001) but not slow
(OR =1.13, p = 0.56) metabolizers. Side effects from varenicline were more common in
slow metabolizers. Thus, use of NMR appears to inform differential response such that slow
metabolizers are predicted to do well on patch, with lower cost and potentially fewer side
effects. Whether this approach is cost effective remains to be determined, and at present
there is no widely available clinical test for the NMR.

Second-Line Generic Cessation Treatments

Cytisine

Second-line generic cessation treatments are nortriptyline and clonidine, shown in clinical
trials to promote smoking cessation but unapproved by regulatory authorities for this
purpose (10). Nortriptyline is a norepinephrine reuptake blocker and as such simulates some
actions of nicotine in the brain. Clonidine is an a2 adrenergic receptor agonist that acts
primarily on the brain to reduce sympathetic neural outflow. The results are sedation and
anxiolysis, as well as potential hypotension, bradycardia, and dry mouth. Clonidine’s benefit
in smoking cessation is thought related to its calming and anxiolytic effects, and this drug
appears to be most useful to smokers who experience a high degree of anxiety when trying
to quit smoking (41).

Cytisine was first used for quitting smoking >50 years ago in Eastern and Central Europe,
before the approval of any smoking cessation aids in the western world. A plant alkaloid
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with high affinity for the a4p2 nicotinic acetylcholine receptor subtype, cytisine is derived
from the plant Cytisus laburnum. The course of treatment starts at one tablet every 2 h (six
total) on days 1-3, with a scheduled quit date at day 5, tapered to 1-2 tablets daily by days
21-25. In meta-analyses, cytisine’s treatment effect was comparable to published effects for
NRT, bupropion, nortriptyline, and clonidine (42) and was even stronger when restricted to
the two most recent and higher-quality randomized placebo-controlled trials (RR = 3.98;
2.01-7.87 CI) (43). The absolute sustained long-term quit rates, however, were modest
(8.5% for cytisine versus 2.1% for placebo at one year), attributed to the minimal behavioral
support provided and the study locales: Poland and Kyrgyzstan, nations still fairly
permissive with public tobacco use, where 37% to 45% of men smoke (44). Most recently,
an open-label randomized comparative effectiveness trial in New Zealand reported 22%
sustained abstinence for cytisine at six months follow-up compared to 15% for NRT patch
(RR =1.4;1.1-1.8 CI) (45). Reported side effects are primarily gastrointestinal, including
abdominal discomfort, dry mouth, dyspepsia, and nausea. Naturally grown and
inexpensively produced, cytisine is one-half to one-twentieth the cost of other cessation
medications and, based on existing efficacy data, should be considered as a cessation aid
globally, especially where other treatments are unavailable or unaffordable.

It has been nearly a decade since the FDA last approved a cessation medication, and there
are no new candidate medications likely to be approved in the near future, although several
drugs are in development. Table 2 presents cessation medications in the pipeline for
development and testing and those that have been tried and failed.

COUNSELING AND PSYCHOSOCIAL TREATMENTS

Pharmacotherapy is much more effective when combined with counseling and behavioral
treatments. Clinical Practice Guidelines delineate the “five A’s” framework for tobacco
cessation counseling: Ask all patients about tobacco use; Advise tobacco users to quit;
Assess readiness to make a quit attempt; Assist with the quit attempt; and Arrange follow-up
care.

Provider Cessation Advice

The value of a medical provider’s brief advice to quit smoking is supported by decades of
research. A meta-analysis of 29 studies determined that relative to no treatment, brief
provider advice doubled the likelihood of a patient abstaining from smoking out to five
months follow-up (8). In a separate meta-analysis, more intensive provider cessation advice
achieved a higher likelihood of quitting when compared to minimal advice (OR = 1.37;
1.20-1.56 ClI), and direct comparison suggested a benefit of follow-up visits (46). A number
of tobacco-treatment curricula have been developed to enhance providers’ knowledge, skills,
and behaviors, with demonstrated increases in provision of cessation treatment (47-49).

Individual and Group Counseling

Individual and group counseling, provided by a trained therapist, typically teaches
behavioral techniques with support to address the ingrained habit of smoking. Group therapy
offers the added value of fostering peer support and is likely to be more cost effective than
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individual counseling, though few head-to-head comparisons have been conducted. Meta-
analyses of group (RR = 1.98; 1.60-2.46 CI) and individual (RR = 1.39; 1.24-1.57 CI)
cessation counseling have demonstrated their effectiveness relative to self-help treatments
(50, 51). Further, meta-analyses indicate counseling increases the efficacy of
pharmacotherapy (RR = 1.27; 1.02-1.59 CI), and there is now evidence from 40 studies with
>15,000 participants supporting the use of combination pharmacotherapy and behavioral
treatment (RR = 1.82; 1.66-2.00 ClI) (52).

Extended Treatment

Extended-treatment approaches have been tried as a relapse-prevention strategy. A
randomized controlled trial with older smokers found extended cessation treatment—NRT
gum and bupropion for 12 weeks with counseling (group and then individual) extending to 1
year—resulted in abstinence rates exceeding 50% out to two years follow-up (53). Notably,
52 weeks of NRT did not increase abstinence. In the literature, there is weak evidence that
extended NRT is more efficacious than standard-duration NRT (37). A recent randomized
trial showed no benefit in efficacy and poorer adherence when NRT patch treatment was
provided for 52 weeks compared to 24 or eight weeks (54). In contrast, as mentioned above,
varenicline dosed over six months has been shown to be effective in preventing relapse (19,
20), and varnicline is FDA approved for extended treatment.

Tobacco Quitlines

Tobacco quitlines providing cessation counseling by telephone have proliferated over the
past decade with demonstrated efficacy, including for smokeless tobacco, and with stronger
effects when multiple counseling sessions are provided (RR = 1.37; 1.26-1.50 ClI) (8, 55,
56). The national toll-free quitline number was created in 2004 (1-800-QUIT-NOW), and at
no cost all Americans can receive cessation counseling; yet, only 8% of smokers who are
trying to quit and who are aware of quitlines actually use them (57). Clinicians serve an
important role by referring smokers to the quitline.

EMERGING TECHNOLOGIES FOR CESSATION

Web-Based Cessation Programs

Web-based cessation programs are being disseminated widely, and a meta-analysis
demonstrated their efficacy, particularly for programs that are interactive and tailored to the
individual (RR =1.48; 1.11-2.78 CI) (58). A model example is http://www.smokefree.gov
from the National Cancer Institute, which combines evidence-based guidelines for quitting
smoking, tailored to readiness to quit, with availability of professional assistance via instant
messaging and a telephone quitline (1-877-44U-QUIT). The site gets approximately 1.5
million visitors a year. A randomized trial recommended Smokefree.gov as a population-
based intervention for smoking cessation with a quit rate of 34.2% at seven months follow-
up (59).

Texting Interventions

Texting interventions sending automated one-way messages offer low-cost, convenient
delivery of cessation treatment. In a series of three trials in New Zealand and the United
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Kingdom, daily messages were sent up to the quit day, followed by an intensive month of 5-
6 messages per day and then a maintenance phase of one message every two weeks.
Messages included quitting advice, general information, motivational messages, and
distraction strategies. In the randomized controlled trial evaluation, sustained biochemically
confirmed abstinence at six months was 9.2% in the texting intervention versus 4.3% in the
control (RR =2.14; 1.74-2.63 CI) (60). A recent review, however, found that of 15
randomized trials of texting interventions, only three interventions significantly improved
abstinence relative to controls, suggesting the need for further refinement and discovery of
active components and ways to boost the absolute quit rates (61).

Social Media Sites

Social media sites, such as Twitter and Facebook, are being explored for cessation treatment.
In the United States, 73% of online adults report using social media, with 42% using
multiple sites and often daily (62). Social media’s potential for facilitating self-help groups,
however, has not yet been realized, because (as with predecessor technologies such as
bulletin boards and listservs) prolonged engagement is often poor; that is, initial interest may
be high but then wanes (63-66).

Novel and still being proven, Twitter is being leveraged to create small, private groups of 20
smokers who interact for 100 days, with twice-daily automessages sent to encourage
frequent and concurrent check-in. The intervention builds on successful past work in buddy
interventions, in which smokers are assigned physically proximal buddies who try to quit
with them (67-69). In the Twitter groups, smokers virtually meet 19 potential buddies, and
preliminary research shows that they often form mutually reciprocated, strong and enduring
social bonds that support smoking cessation (70). In a randomized controlled pilot trial (N =
160), Twitter group membership added to Smokefree.gov and NRT patch fostered peer-to-
peer support for quitting and doubled the likelihood of reported sustained abstinence relative
to the website and patch alone (40% versus 20%; OR = 2.67; 1.19-5.99 CI). Similar efforts
are being developed on Facebook, with a focus on engaging young adults in cessation
treatment (71-73).

Electronic Nicotine Delivery Systems

Electronic nicotine delivery systems (ENDS; e-cigarettes, e-hookah, vape pens) are battery-
powered devices that generate an aerosol, typically containing nicotine, for inhalation.
Vigorous debate in the public sphere and scientific literature concerns the potential for
ENDS as a “safer” alternative to tobacco cigarettes for smokers unable or unwilling to quit
or for use as a cessation aid (74, 75). Use has been rising rapidly (76-81). Proponents argue
ENDS are appealing to smokers because they mimic cigarettes in appearance, method of
inhalation, production of smoke-like aerosol, and taste. Analysis of 12 first-generation
(cigarette-like) brand ENDS found varying levels of toxic and carcinogenic compounds in
the aerosol across brands, about 9 to 450 times lower than in cigarette smoke, and toxicants
in some brands, on some measures, were comparable to the NRT inhaler (82).

Research on ENDS is limited but growing; most studies to date have been descriptive. Only
two randomized controlled trials have tested the efficacy of ENDS for smoking cessation
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and both found no significant difference for nicotine-containing versus placebo devices. In a
trial with 300 smokers not intending to quit in the next month, 12-month quit rates were 4%
for non-nicotine ENDS, 9% for nicotine ENDS tapered 7.2 to 5.4 mg, and 13% for 7.2-mg
nicotine ENDS, not significantly different by condition (83). In a trial with 657 smokers
interested in quitting, verified six-month prolonged abstinence was 7% for 16-mg nicotine
ENDS, 6% for 21-mg NRT patch, and 4% for placebo ENDS, not significantly different by
condition (84). Adherence was greater for ENDS than for patches (78% versus 46% at one
month), though confounded by differences in distribution (i.e., ENDS were mailed directly
to participants, whereas NRT vouchers were provided for redeeming at local pharmacies).
Large observational studies indicate e-cigarette users are more motivated to quit smoking
and hence may be seeking e-cigarettes as a cessation tool. Some have argued that daily e-
cigarette use is needed to support cessation, but a recent large web-based epidemiologic
study found no overall benefit for quitting smoking among daily e-cigarette users relative to
nondaily e-cigarette users and nonusers (85). However, quitting was substantially higher
among daily tank-style ENDS users compared to nonusers (OR = 2.63). The tank-style
devices deliver higher levels of nicotine than the cigarette-like devices, supporting the idea
that nicotine is a critical aspect of promoting cessation (86).

ENDS are believed to be a form of harm reduction relative to conventional cigarettes. Of
concern is the increase in use observed among youth. ENDS are sold in child-friendly
flavorings (e.g., cotton candy, gummy bear, Froot Loops®, Oreo, Skittles) and in low-cost
single units with broad marketing on social media and even television and radio, which have
successfully banned tobacco advertising since the 1970s. The most recent data from the
United States indicate a one-year tripling in use among high school students, 13.4% in 2014,
surpassing past-month use of combustible cigarettes (80). With only a few years of
surveillance data, it is uncertain whether ENDS use in adolescence could be a gateway to
nicotine addiction, later conventional tobacco use, and other drugs of abuse (i.e., vaping
cannabis).

INCENTIVES AND POLICY APPROACHES

Monetary Incentives

Monetary incentives for cessation have been tested. In a meta-analysis of nine trials,
competitions or incentives increased abstinence while the events and payment schedules
were ongoing, but effects were lost once the rewards ended; variable versus fixed payment
made little difference, as did paying for outcome (quitting) versus participation (program
attendance) (87). Competitions spurred engagement but cessation rates ultimately were
similar to those of noncontestants. One trial, which provided a substantial cash reward of
$750, reported a threefold increase in quitting from 5% to 14.7% after 9-12 months (88). In
real-world implementation, the participating company opted for insurance premium
penalties for smokers rather than payment incentives for quitting because payment was
viewed as unacceptable among the nonsmoking employees (89). The research evidence for
charging greater insurance premiums to incentivize behavior change is weak (87). Notably,
the claims made in the highly publicized Safeway case study that led to the Safeway
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Amendment in the Affordable Care Act were later found to be too late to deserve credit for
the flattening in costs observed (90).

Policy-Based Approaches

Policy-based approaches relevant for informing a comprehensive population-level tobacco
control strategy include laws that restrict smoking, excise taxation on tobacco products,
regulation of advertising and promotion, graphic warning labels, plain packaging, and media
campaigns (91). For patients, home smoking bans reduce harmful secondhand smoke
exposure, increase quit attempts and abstinence, and decrease cigarette consumption in adult
smokers (92).

CONCLUSIONS

Evidence-based nicotine addiction treatments include 10 cessation medications and many
behavioral options, including provider advice, individual counseling, formal group
programs, websites (e.g., Smokefree.gov), and the national quitline (1-800-QUIT-NOW). A
combination of pharmacologic and behavioral treatment is recommended.

Despite innovations and progress in nicotine addiction therapies, it is notable that the oldest
method of quitting smoking remains the most frequently used, despite being the least
effective. That is, most smokers attempt to quit “cold turkey” without medication or support,
with a failure rate of 95-98%. Cost and access are barriers to care.

The Affordable Care Act

The ACA makes major changes to the US health insurance market and places a greater
emphasis on prevention, including coverage of tobacco cessation treatment. The ACA
recommends coverage of at least two cessation attempts per year, to include four counseling
sessions, each lasting at least 10 min, and any FDA-approved tobacco cessation medications
(prescribed or over-the-counter) for a 90-day treatment regime when prescribed by a
healthcare provider. The ACA could dramatically improve access to clinical treatment of
tobacco addiction, although in practice, not all insurers are advertising or implementing this
benefit (93). It is concerning that the ACA allows employers to charge smokers up to 50%
more in premiums. Given the higher prevalence of smoking among the less educated, lower
income, unemployed, and mentally ill, premium surcharges for risk behaviors such as
smoking could dramatically raise the cost for those least able to afford it.

More than 30 healthcare organizations, including the American Academy of Family
Physicians, have called for efforts to ensure that all tobacco users in the United States are
aware of and have barrier-free access to all evidence-based FDA-approved therapies and
counseling as recommended by Clinical Practice Guidelines. Tobacco cessation treatments
are cost effective. Massachusetts saved more than $3 for every $1 spent on cessation services
for state Medicaid program beneficiaries (94). Investment in comprehensive tobacco
cessation programs at the state and federal levels is warranted, as is continued research on
novel medication development and delivery, diagnostics for precision medicine, and
technological innovations in counseling engagement and reach.
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Recommendations

This review summarizes the evidence for combined pharmacologic and counseling
approaches to treat nicotine addiction. Nicotine addiction is a chronic, relapsing disorder for
many smokers, necessitating ongoing care. Increasing quit rates will likely require a
combination of counseling and personalized medications, with a chronic disease
management approach, supported by healthcare policies that make tobacco use costly and
inconvenient and nonsmoking the norm. It is recommended that clinicians, at a minimum,
incorporate brief tobacco interventions as part of their routine care with all patients and
provide referrals. As community members and leaders, healthcare providers are further
encouraged to become advocates for smoke-free clinics and hospitals, agencies, workplaces,
and public places. With continued concerted effort and clinical involvement, the 2020
Healthy People goal to reduce tobacco use to 12% for adults nationally will become a reality
(95).

Acknowledgments

Dr. Prochaska’s and Dr. Benowitz’s time in writing this manuscript was supported by a grant from the National
Heart, Lung, and Blood Institute #R01HL117736.

LITERATURE CITED

1. US Department of Health and Human Services. The health consequences of smoking—50 years of
progress. Rep. Surgeon General, US Dep. Health Hum. Serv., Cent. Disease Control Prev., Natl.
Cent. Chronic Disease Prev. Health Promot., Off. Smoking Health; Atlanta, GA: 2014.

2. World Lung Foundation. The Tobacco Atlas. 5. Atlanta, GA: Am. Cancer Soc; 2015.

3. Jamal A, Agaku IT, O’Connor E, et al. Current cigarette smoking among adults—United States,
2005-2013. Morb Mortal WKly Rep. 2014; 63:1108-12.

4. US Department of Health and Human Services. Preventing tobacco use among youth and young
adults. Rep. Surgeon General, US Dep. Health Hum. Serv., Cent. Disease Control Prev., Natl. Cent.
Chronic Disease Prev. Health Promot., Off. Smoking Health; Atlanta, GA: 2012.

5. Benowitz NL. Nicotine addiction. N Engl J Med. 2010; 362:2295-303. [PubMed: 20554984]

6. Benowitz NL. Pharmacology of nicotine: addiction, smoking-induced disease, and therapeutics.
Annu Rev Pharmacol Toxicol. 2009; 49:57-71. [PubMed: 18834313]

7. Hall SM, Prochaska JJ. Treatment of smokers with co-occurring disorders: emphasis on integration
in mental health and addiction treatment settings. Annu Rev Clin Psychol. 2009; 5:409-31.
[PubMed: 19327035]

8. Fiore, MC.; Jaén, CR.; Baker, TB., et al. Treating tobacco use and dependence: 2008 update. Rep.
US Dep. Health Hum. Serv., Public Health Serv; Rockville, MD: 2008.

9. Cahill K, Stevens S, Perera R, Lancaster T. Pharmacological interventions for smoking cessation: an
overview and network meta-analysis. Cochrane Database Syst Rev. 2013; 5:CD009329.

10. Fiore MC, Jaen CR. A clinical blueprint to accelerate the elimination of tobacco use. JAMA. 2008;

299:2083-85. [PubMed: 18460668]

11. Fucito LM, Bars MP, Forray A, et al. Addressing the evidence for FDA nicotine replacement
therapy label changes: a policy statement of the Association for the Treatment of Tobacco Use and
Dependence and the Society for Research on Nicotine and Tobacco. Nicotine Tobacco Res. 2014;
16:909-14.

12. Hajek P, West R, Foulds J, et al. Randomized comparative trial of nicotine polacrilex, a transdermal
patch, nasal spray, and an inhaler. Arch Intern Med. 1999; 159:2033-38. [PubMed: 10510989]

13. Stead LF, Perera R, Bullen C, et al. Nicotine replacement therapy for smoking cessation. Cochrane
Database Syst Rev. 2012; 11:CD000146. [PubMed: 23152200]

Annu Rev Med. Author manuscript; available in PMC 2016 November 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Prochaska and Benowitz

14

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

Page 14

. Slemmer JE, Martin BR, Damaj MI. Bupropion is a nicotinic antagonist. J Pharmacol Exp Ther.
2000; 295:321-27. [PubMed: 10991997]

Cryan JF, Bruijnzeel AW, Skjei KL, Markou A. Bupropion enhances brain reward function and
reverses the affective and somatic aspects of nicotine withdrawal in the rat. Psychopharmacology.
2003; 168:347-58. [PubMed: 12698231]

Hurt RD, Sachs DP, Glover ED, et al. A comparison of sustained-release bupropion and placebo
for smoking cessation. N Engl J Med. 1997; 337:1195-202. [PubMed: 9337378]

Hays JT, Hurt RD, Rigotti NA, et al. Sustained-release bupropion for pharmacologic relapse
prevention after smoking cessation: a randomized, controlled trial. Ann Intern Med. 2001,
135:423-33. [PubMed: 11560455]

Gonzales D, Rennard SI, Nides M, et al. Varenicline, an alpha4beta2 nicotinic acetylcholine
receptor partial agonist versus sustained-release bupropion and placebo for smoking cessation: a
randomized controlled trial. JAMA. 2006; 296:47-55. [PubMed: 16820546]

Evins AE, Cather C, Pratt SA, et al. Maintenance treatment with varenicline for smoking cessation
in patients with schizophrenia and bipolar disorder: a randomized clinical trial. JAMA. 2014;
311:145-54. [PubMed: 24399553]

Tonstad S, Tonnesen P, Hajek P, et al. Effect of maintenance therapy with varenicline on smoking
cessation: a randomized controlled trial. JAMA. 2006; 296:64—71. [PubMed: 16820548]
Cinciripini PM, Robinson JD, Karam-Hage M, et al. Effects of varenicline and bupropion
sustained-release use plus intensive smoking cessation counseling on prolonged abstinence from
smoking and on depression, negative affect, and other symptoms of nicotine withdrawal. JAMA
Psychiatry. 2013; 70:522-33. [PubMed: 23536105]

Williams JM, Anthenelli RM, Morris CD, et al. A randomized, double-blind, placebo-controlled
study evaluating the safety and efficacy of varenicline for smoking cessation in patients with
schizophrenia or schizoaffective disorder. J Clin Psychiatry. 2012; 73:654-60. [PubMed:
22697191]

Anthenelli RM, Morris C, Ramey TS, et al. Effects of varenicline on smoking cessation in adults
with stably treated current or past major depression: a randomized trial. Ann Intern Med. 2013;
159:390-400. [PubMed: 24042367]

Pasternak B, Svanstrom H, Hviid A. Use of varenicline versus bupropion and risk of psychiatric
adverse events. Addiction. 2013; 108:1336-43. [PubMed: 23445269]

Thomas KH, Martin RM, Davies NM. Smoking cessation treatment and risk of depression, suicide,
and self harm in the Clinical Practice Research Datalink: prospective cohort study. BMJ. 2013;
347:f5704. [PubMed: 24124105]

Oquendo MA, Galfalvy H, Russo S, et al. Prospective study of clinical predictors of suicidal acts
after a major depressive episode in patients with major depressive disorder or bipolar disorder. Am
J Psychiatry. 2004; 161:1433-41. [PubMed: 15285970]

Singh S, Loke YK, Spangler JG, Furberg CD. Risk of serious adverse cardiovascular events
associated with varenicline: a systematic review and meta-analysis. Can Med Assoc J. 2011;
183:1359-66. [PubMed: 21727225]

Prochaska JJ, Hilton JF. Risk of cardiovascular serious adverse events associated with varenicline
use for tobacco cessation: systematic review and meta-analysis. BMJ. 2012; 344:e2856. [PubMed:
22563098]

National Comprehensive Cancer Network. Clinical practice guidelines in oncology: smoking
cessation. Natl. Compr. Cancer Netw; Fort Washington, PA: 2015.

Koegelenberg CF, Noor F, Bateman ED, et al. Efficacy of varenicline combined with nicotine
replacement therapy versus varenicline alone for smoking cessation: a randomized clinical trial.
JAMA. 2014; 312:155-61. [PubMed: 25005652]

Hajek P, Smith KM, Dhanji AR, McRobbie H. Is a combination of varenicline and nicotine patch
more effective in helping smokers quit than varenicline alone? A randomised controlled trial.
BMC Med. 2013; 11:140. [PubMed: 23718718]

Ebbert JO, Hays JT, Hurt RD. Combination pharmacotherapy for stopping smoking: What
advantages does it offer? Drugs. 2010; 70:643-50. [PubMed: 20394453]

Annu Rev Med. Author manuscript; available in PMC 2016 November 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Prochaska and Benowitz

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Page 15

. Ebbert JO, Hatsukami DK, Croghan IT, et al. Combination varenicline and bupropion SR for
tobacco-dependence treatment in cigarette smokers: a randomized trial. JAMA. 2014; 311:155-63.
[PubMed: 24399554]

Hong AS, Elrashidi MY, Schroeder DR, Ebbert JO. Depressive symptoms among patients
receiving varenicline and bupropion for smoking cessation. J Subst Abuse Treat. 2015; 52:78-81.
[PubMed: 25530426]

Shiffman S, Ferguson SG. Nicotine patch therapy prior to quitting smoking: a meta-analysis.
Addiction. 2008; 103:557-63. [PubMed: 18339101]

Bullen C, Howe C, Lin RB, et al. Pre-cessation nicotine replacement therapy: pragmatic
randomized trial. Addiction. 2010; 105:1474-83. [PubMed: 20528810]

Carpenter MJ, Jardin BF, Burris JL, et al. Clinical strategies to enhance the efficacy of nicotine
replacement therapy for smoking cessation: a review of the literature. Drugs. 2013; 73:407-26.
[PubMed: 23572407]

Lindson N, Aveyard P, Hughes JR. Reduction versus abrupt cessation in smokers who want to quit.
Cochrane Database Syst Rev. 2010; 11:CD008033.

Ebbert JO, Hughes JR, West RJ, et al. Effect of varenicline on smoking cessation through smoking
reduction: a randomized clinical trial. JAMA. 2015; 313:687-94. [PubMed: 25688780]

Lerman C, Schnoll RA, Hawk LW Jr, et al. Use of the nicotine metabolite ratio as a genetically
informed biomarker of response to nicotine patch or varenicline for smoking cessation: a
randomised, double-blind placebo-controlled trial. Lancet Respir Med. 2015; 3:131-38. [PubMed:
25588294]

Gourlay SG, Benowitz NL. Is clonidine an effective smoking cessation therapy? Drugs. 1995;
50:197-207. [PubMed: 8521754]

Hajek P, McRobbie H, Myers K. Efficacy of cytisine in helping smokers quit: systematic review
and meta-analysis. Thorax. 2013; 68:1037-42. [PubMed: 23404838]

Cahill K, Stead LF, Lancaster T. Nicotine receptor partial agonists for smoking cessation. Cochrane
Database Syst Rev. 2012; 4:CD006103.

World Health Organization. WHO report on the global tobacco epidemic, 2013: enforcing bans on
tobacco advertising, promotion and sponsorship. World Health Org; Geneva: 2013.

Walker N, Howe C, Glover M, et al. Cytisine versus nicotine for smoking cessation. N Engl J Med.
2014; 371:2353-62. [PubMed: 25517706]

Stead LF, Buitrago D, Preciado N, et al. Physician advice for smoking cessation. Cochrane
Database Syst Rev. 2013; 5:CD000165.

Prochaska JJ, Benowitz NL, Glantz SA, et al. Cardiology Rx for change: improving clinical
attention to tobacco use and secondhand smoke exposure in cardiology. Clin Cardiol. 2011,
34:738-43. [PubMed: 21987417]

Prochaska JJ, Fromont SC, Leek D, et al. Evaluation of an evidence-based tobacco treatment
curriculum for psychiatry residency training programs. Acad Psychiatry. 2008; 32:484-92.
[PubMed: 19190293]

Carson KV, Verbiest ME, Crone MR, et al. Training health professionals in smoking cessation.
Cochrane Database Syst Rev. 2012; 5:CD000214.

Lancaster T, Stead LF. Individual behavioural counselling for smoking cessation. Cochrane
Database Syst Rev. 2005; 2:CD001292.

Stead LF, Lancaster T. Group behaviour therapy programmes for smoking cessation. Cochrane
Database Syst Rev. 2005; 2:CD001007.

Stead LF, Lancaster T. Combined pharmacotherapy and behavioural interventions for smoking
cessation. Cochrane Database Syst Rev. 2012; 10:CD008286. [PubMed: 23076944]

Hall SM, Humfleet GL, Munoz RF, et al. Extended treatment of older cigarette smokers.
Addiction. 2009; 104:1043-52. [PubMed: 19392908]

Schnoll RA, Goelz PM, Veluz-Wilkins A, et al. Long-term nicotine replacement therapy: a
randomized clinical trial. JAMA Intern Med. 2015; 175:504-11. [PubMed: 25705872]

Stead LF, Hartmann-Boyce J, Perera R, Lancaster T. Telephone counselling for smoking cessation.
Cochrane Database Syst Rev. 2013; 8:CD002850.

Annu Rev Med. Author manuscript; available in PMC 2016 November 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Prochaska and Benowitz

56

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.
76.

77

Page 16

. Severson HH, Akers L, Andrews JA, et al. Evaluating two self-help interventions for smokeless
tobacco cessation. Addict Behav. 2000; 25:465-70. [PubMed: 10890303]

Schauer GL, Malarcher AM, Zhang L, et al. Prevalence and correlates of quitline awareness and
utilization in the United States: an update from the 2009—-2010 National Adult Tobacco Survey.
Nicotine Tob Res. 2013; 2013:1-10.

Civljak M, Stead LF, Hartmann-Boyce J, et al. Internet-based interventions for smoking cessation.
Cochrane Database Syst Rev. 2013; 7:CD007078.

Fraser D, Kobinsky K, Smith SS, et al. Five population-based interventions for smoking cessation:
a MOST trial. Transl Behav Med. 2014; 4:382-90. [PubMed: 25584087]

Free C, Knight R, Robertson S, et al. Smoking cessation support delivered via mobile phone text
messaging (txt2stop): a single-blind, randomised trial. Lancet. 2011; 378:49-55. [PubMed:
21722952]

Kong G, Ells DM, Camenga DR, Krishnan-Sarin S. Text messaging-based smoking cessation
intervention: a narrative review. Addict Behav. 2014; 39:907-17. [PubMed: 24462528]

Duggan, M.; Smith, A. Social media update 2013. Pew Res. Cent; Washington, DC: 2013. http://
www.pewinternet.org/2013/12/30/social-media-update-2013/

Prochaska JJ, Pechmann C, Kim R, Leonhardt JM. Twitter = quitter? An analysis of Twitter quit
smoking social networks. Tob Control. 2012; 21:447-49. [PubMed: 21730101]

Stoddard JL, Augustson EM, Moser RP. Effect of adding a virtual community (bulletin board) to
smokefree. gov: randomized controlled trial. J Med Internet Res. 2008; 10:e53. [PubMed:
19097974]

Danaher BG, Boles SM, Akers L, et al. Defining participant exposure measures in Web-based
health behavior change programs. J Med Internet Res. 2006; 8(3):e15. [PubMed: 16954125]

An LC, Schillo BA, Saul JE, et al. Utilization of smoking cessation informational, interactive, and
online community resources as predictors of abstinence: cohort study. J Med Internet Res. 2008;
10:e55. [PubMed: 19103587]

May S, West R. Do social support interventions (“buddy systems”) aid smoking cessation? A
review. Tob Control. 2000; 9:415-22. [PubMed: 11106712]

May S, West R, Hajek P, et al. Randomized controlled trial of a social support (‘buddy’)
intervention for smoking cessation. Patient Educ Couns. 2006; 64:235-41. [PubMed: 16616450]
West R, Edwards M, Hajek P. A randomized controlled trial of a “buddy” system to improve
success at giving up smoking in general practice. Addiction. 1998; 93:1007-11. [PubMed:
9744131]

Pechmann C, Pan L, Delucchi K, et al. Development of a Twitter-based intervention for smoking
cessation that encourages high quality social media interactions through automessages. J Med
Internet Res. 2015; 17:e50. [PubMed: 25707037]

Haines-Saah RJ, Kelly MT, Oliffe JL, Bottorff JL. Picture me smokefree: a qualitative study using
social media and digital photography to engage young adults in tobacco reduction and cessation. J
Med Internet Res. 2015; 17:e27. [PubMed: 25624064]

Ramo DE, Liu H, Prochaska JJ. A mixed-methods study of young adults’ receptivity to using
Facebook for smoking cessation: If you build it, will they come? Am J Health Promot. 2015;
29:e126-35. [PubMed: 24575728]

Cobb NK, Jacobs MA, Saul J, et al. Diffusion of an evidence-based smoking cessation intervention
through Facebook: a randomised controlled trial study protocol. BMJ Open. 2014; 4:e004089.
Chapman S. Should electronic cigarettes be as freely available as tobacco cigarettes? No. BMJ.
2013:346.

Etter J-F. Should electronic cigarettes be as freely available as tobacco? Yes. BMJ. 2013:346.
Adkison SE, O’Connor RJ, Bansal-Travers M, et al. Electronic nicotine delivery systems:
international tobacco control four-country survey. Am J Prev Med. 2013; 44:207-15. [PubMed:
23415116]

. Dockrell M, Morrison R, Bauld L, McNeill A. E-cigarettes: prevalence and attitudes in Great
Britain. Nicotine Tob Res. 2013; 15:1737-44. [PubMed: 23703732]

Annu Rev Med. Author manuscript; available in PMC 2016 November 21.


http://www.pewinternet.org/2013/12/30/social-media-update-2013/
http://www.pewinternet.org/2013/12/30/social-media-update-2013/

1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Prochaska and Benowitz

78

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

9L

92.

93.

94.

95.

Page 17

. Goniewicz ML, Lingas EO, Hajek P. Patterns of electronic cigarette use and user beliefs about their
safety and benefits: an internet survey. Drug Alcohol Rev. 2013; 32:133-40. [PubMed: 22994631]

King BA, Alam S, Promoff G, et al. Awareness and ever-use of electronic cigarettes among U.S.
adults, 2010-2011. Nicotine Tob Res. 2013; 15:1623-27. [PubMed: 23449421]

Arrazola RA, Singh T, Corey CG, et al. Tobacco use among middle and high school students—
United States, 2011-2014. Morb Mortal Wkly Rep. 2015; 64:381-85.

Wills TA, Knight R, Williams RJ, et al. Risk factors for exclusive e-cigarette use and dual e-
cigarette use and tobacco use in adolescents. Pediatrics. 2015; 135:e43-51. [PubMed: 25511118]

Goniewicz ML, Knysak J, Gawron M, et al. Levels of selected carcinogens and toxicants in vapour
from electronic cigarettes. Tob Control. 2014; 23:133-39. [PubMed: 23467656]

Caponnetto P, Campagna D, Cibella F, et al. EffiCiency and safety of an eLectronic cigAreTte
(ECLAT) as tobacco cigarettes substitute: a prospective 12-month randomized control design
study. PLoS ONE. 2013; 8:e66317. [PubMed: 23826093]

Bullen C, Howe C, Laugesen M, et al. Electronic cigarettes for smoking cessation: a randomised
controlled trial. Lancet. 2013; 382:1629-37. [PubMed: 24029165]

Brose LS, Hitchman SC, Brown J, et al. Is the use of electronic cigarettes while smoking
associated with smoking cessation attempts, cessation and reduced cigarette consumption? A
survey with a 1-year follow-up. Addiction. 2015; 110:1160-68. [PubMed: 25900312]

Hitchman SC, Brose LS, Brown J, et al. Associations between e-cigarette type, frequency of use,
and quitting smoking: findings from a longitudinal online panel survey in Great Britain. Nicotine
Tob Res. 2015; 17:1187-94. [PubMed: 25896067]

Cahill K, Perera R. Competitions and incentives for smoking cessation. Cochrane Database Syst

Rev. 2011; 4:CD004307.

\Wolpp KG, Troxel AB, Pauly MV, et al. A randomized, controlled trial of financial incentives for
smoking cessation. N Engl J Med. 2009; 360:699-709. [PubMed: 19213683]

\Volpp KG, Asch DA, Galvin R, Loewenstein G. Redesigning employee health incentives—Ilessons
from behavioral economics. N Engl J Med. 2011; 365:388-90. [PubMed: 21812669]

Hilzenrath, DS. Misleading claims about Safeway wellness incentives shape health-care bill.
Washington Post. 2010 Jan 17. Sec. GO1. http://www.washingtonpost.com/wp-dyn/content/article/
2010/01/15/AR2010011503319_pf.html

US Department of Health and Human Services. Reducing tobacco use. Rep. Surgeon General, US
Dep. Health Hum. Serv., Cent. Disease Control Prev., Natl. Cent. Chronic Disease Prev. Health
Promot., Off. Smoking Health; Atlanta, GA: 2000.

Mills AL, Messer K, Gilpin EA, Pierce JP. The effect of smoke-free homes on adult smoking
behavior: a review. Nicotine Tob Res. 2009; 11:1131-41. [PubMed: 19633273]

Kofman, M.; Dunton, K.; Senkewicz, MB. Implementation of tobacco cessation coverage under the
Affordable Care Act: understanding how private health insurance policies cover tobacco cessation
treatments. Health Policy Inst., Georgetown Univ; Washington, DC: 2012. http://
www.tobaccofreekids.org/pressoffice/2012/georgetown/coveragereport.pdf

Richard P, West K, Ku L. The return on investment of a Medicaid tobacco cessation program in
Massachusetts. PLoS ONE. 2012; 7:e29665. [PubMed: 22238633]

Healthy People. Leading health indicators. US Dep. Health Hum. Serv. Off. Dis. Prevention and
Health Promotion; Washington, DC: 2020. http://www.healthypeople.gov/2020/Leading-Health-
Indicators

Annu Rev Med. Author manuscript; available in PMC 2016 November 21.


http://www.washingtonpost.com/wp-dyn/content/article/2010/01/15/AR2010011503319_pf.html
http://www.washingtonpost.com/wp-dyn/content/article/2010/01/15/AR2010011503319_pf.html
http://www.tobaccofreekids.org/pressoffice/2012/georgetown/coveragereport.pdf
http://www.tobaccofreekids.org/pressoffice/2012/georgetown/coveragereport.pdf
http://www.healthypeople.gov/2020/Leading-Health-Indicators
http://www.healthypeople.gov/2020/Leading-Health-Indicators

Page 18

Annu Rev Med. Author manuscript; available in PMC 2016 November 21.

sinoy vz 1o)
Areuoisesno
swaed paroalas
ui pasn 20 Aew
molgens
10949100 0 fe0m 21 01 dn suoneing
250 BuLIND J0 21020 SENUI ST $9BRIAN3G J0 POOJ ON
swaned paroas o
ut syow g 01 P Ut
dn soueuaEw
; O stpuow 9-¢ woneng 10u s0p
e 211 wonena a16un) 200 s1 2uoow 34y o leadany
busoq
pssisupe buraq st Aeids s
fuessaoau jou : ofsam o1 n
o o oo 2y 52 3s0u 341 UBnoiy afeuu [EMS ‘s 100 0Q g uoneng L Bupwau) auinsay
s1Bupiadel 3s0g
fepysasop g 1see| e a1 1590 104 (smaw> 0861~ sieadde
Ewwosus onesuas Buun 10 Asaddad Uaum WG PUE 3949 U3BMI3G Hed
s Bussop awnpag fep feppsabuszol
By Jasop 07 W Amors 2921 yoea o0
Jaye 350p feL or -
sinou -y b fep fs3001d vz wnuixeny
0 a63z0] 1
oy oo A2 21-01 S¥oam
ssop sinoy -z b sinoy g-y b aoaid 1
5 - a6uazo] 1 2101 S
Saya 1598 Sfeam Z x Aepjbui /. 6L DRI sinoy -z b aoad T
piq od b T 94331 9 x Aep/bw yT sinoy z-Tb 6L SO
212 yoam Aep/bu 00 wnuixeny TEAREIOTS a6usz0] 1 Sinoy -1 b aoaid T
pig od bw 50 Paaaxa Jou 0Q Sfeam Z x Aep/bus L '9-T Ao 9-T S
1=y sheq SysaIn 2 x Aep/bu b 1 2 00pyem Joge SaITUIL 05 < NJE0I2 ST 5 2y e Sainuiy og < aIEG0 1T
Wy bodbwso 509N fESeu 3L 01 2UNODIU 40 B 510 13D Aeids oE3 (SO 2e3 Ut 8Uo) SAelds 7 5 250p 30 Sfaam oy x Aep/u Tz O BUnyem J1Je SAINUIL OE'S RS0 16T U Bupyem Jale SN Q' NP2 y T
£-15keq pig od B 05T uauy ‘skep € x W b od b ogT (Kep/sasop 0p-8) Jnousasop z-T AUDIIRIEO OT< s 1S Buisoq
v
souq OV
soutdazeipozuaq
Japiosyp anzsas
suoneaIpUEUOD
\umsoasa
aueiyoAsdoinau sieak g1 > aby sieak
81> 30y
Buipaapseau
swoidwhs il Bupsapisealq
14 Burem (a Aiofiared) pue stk gl aby
foueuasd are
4 siwak 1> by s
paoqrd sieak gr> by i) bupaapseag
ot pue
— Bupsapseaig aseasip Buipsayiseaiq pue (@ KioBaes)  Aoueubasg foueuteid
M o G ansedsoupuosg ) siak > by
- o famitoig Suonoad
swahgr> 30w stioad euibue asuosyp ARMIE SARIGR) SINS euibue sopad euibue Buipaayiseaiq EG?EE
6 Buasion wasiom
J0snons nons
wauedun sdod
aneden
eseU SHIUIL) SIAPIOSIP e 1U0IUD BUIALIZpUN - aseasip wiof seinaipueuIOI0duaL.
Buifiiapun
Prowsai suotoad eurue Buiussion 1o snowsss snoyias suopoad eulBue Buuasiom 10 snotias
SenuAyLe BuiApizpun snovas SeIwyAyLIE BuIkpzDUn Sn0LaS
25) wsoay UonOsEyu e1pEO0A (928 23) 103 25) wany UonareJul E1pIEO0AL (938 25) U803y suonnesasg
uonnos augoau snoanbe Juybul 0T In0u-v2) B T2 B 37 Bur .
121981 6w T B 50 Talqe) aseafer-pautEns Bu 05T feads pasa (auuat) xif i et 6wy Bz 0 U VoL ‘B0 B Bz
x i Joden aunoaiu pafeyul B  sianjap aBpLE) B 0T ol X (a11usb D3 WEQEAIN) 210 510 210
X0ueUD s y, 'UeahZ JaleUUl 10109 SN (03091 8L 3, OO WIAAOIN 211209 1, 36UBZOTT 1IN GNIOIN 5, '9BUaZ0°] AMAICAN 21129 y, ‘AMAACIN
q e q q e e e e orvorg
aunaten s oidosdng JafeUUl 18I0 feuds fesen \ared fewsapsuely. abuazo wno
SuONeINULOS (L) Adesau.L 1uswiaoeiday sunooiy

Prochaska and Benowitz

uoIessad Buixows 10} suonealpaw paroidde-ya4 :apinb 1onpoud o160j0dewWwIRYd

T alqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 19

"aA]0sa4 swoldwAs ay3 [un paiouuow ag pinoys siuaiied ‘swoidwAs ourelydAsdoinau 03 anp paddois S Juawieasd 4| “J0IABYaq J0 SIyBNoyl [ep1aIns adualiadxa A8yl J1 JO ‘[emeIpylm aunodIu Jo
1ea1dA} Jou aJe ey} JoiAeyaq ul sefueyd Aue pue ‘poow passaldap ‘uoirenfe aoustiadxe Ayl J1 Ajs1eIpawiwi Japiaold areayiesy e 39eIu0d pue ¥S uoldoidng 4o sutjaiuasen Bupel dols 03 siusiied 8SIApe pjnoys sueldiulD “ap1dIns paidwalie pue ‘IolAeyaq pue s)ybnouys [epiodins ‘poow
passaidap ‘uonenbe ‘Anjnsoy ‘o1neyaq ui sabueyd Buipnjoul ‘swoydwAs orye1yaAsdoinau snouas 4o ysi ayy Bunybijybiy Buiurem paxog-3ae|q e apnjoul s1onpoid Bulureuod-asuljdiuaien pue -uoidoadng |je 4oy uoiewlojul Buiqriasaid ayl yeyy parepuew a4 ayl ‘600z Ainc uj

7Y

“1inb 0} 82IAPE [EWIUIW P3BIXd

Ty suonuaAIRIul BuljasuNod [eI0IABYSQ PaIBI0 g PINOYS SIBNOWS JuruBald A18Jes Y)IM SUIBOUOD [2119108U) PUB SSBUSAIIIBLS JO 8UBPIAB JUBIDIYNSUI UO Pased UoIeaIpal Inoyim Jinb o) pafieinoous aq pinoys siexouws Jueubald Jey) seyels suljapIng aonoeld [ealuld sn L

19zld Aq use_a_\,_Q

“UIMYNWISOXe|D Ag umgmv_‘_m_\,_m

a1053q sanuIw
ST ssbeianq

oq

(suonnesasg 23s)
Jo swoldwAs awosiauoq
Swaned
. aw0s 10y aqeA1Sap 10 qLIa00e 3G 10U Kew Buayd WS .
958951D ARMIE SO 313135 10 SIIOSI [eS2U
pInoys swared . 1UOIO Y S1UaRed AQ 3SN 10§ PAPUBLLILIOSDI JON
. swoyduids S1oaya asIANDE BZIWIUIW
femespUI o1 pue ssauaNIoeya 03 Aressanau 1 anbiURa) Buiwes 120Dl .
wasneu pr— abeuw
Jo aouapiou oy . aoueduo Ualj0 UoREIL feseu Syuaned aLOS 10} 3IGRASSD aouelduos
asiuo, 10 31qe1d2092 G 10U WBIL UOREASIUILIPE BSEN asiwoiduiod SHOM [21U3P WROIUBIS U Sjuaned o) oewalqoid ag I .
wo )
paseasouy wanbasy Busop wanbayy
o 30 pinous . Syt ainzies . 1o} paan . a0ue1|dL03 3S1IOIALID LD BUISOP WaNbaL) 0} PO . 1oy poaN a0uelduion astuioiduoa ueo Butsop uanbay 1o pasNy . sobaapesia
suabe LN m
LoiIEUIGO)
ur pasn aq ued .
: ur
uoissaidap pasn aq ued .
swabe ned UDOWS Jo
10 p: [emu yInow-oy duwiAs.
o . puey oI . siauo "
a1sn01na0 5
1 35 patenn aq ued sabun
sy sionpoud abeueu 01 sWaBe 240 U UOUIGUIOD Ut pasi .
. . LN 110 .
uref wBram
. Kejap Wb .
swaigoid swsiqoid SWOWAS [emeipum 3BeUEW 0} paten 3G U
‘aouey|duwioy ‘safn [euonenys abeuew
Jamay upum 01 s1uae J34J0 LYIM UOIEUIGUIOD Ut Pasn aq ued ureb wyb1am Aejap wbIA .
patepoosse pue
3jdwis s1 Buisop ue
1210 Ajrep oy . . ‘se anas WA . swoydwés femespyim aeuew Ajpides o) pajenn aq ued Aprep 30u0. . 0998q0} 40} AIMNISGNS [BIO UE S 3AI3S WBIN . sabelenpy
10
spst) sanzios . wonEns yrow
e 2o -
(suonnedaig aes uondiosge pueteoliL
tare1) swodufs - .
pfsdoman . Sumuion
euwosul asnen -
uonednsuod .
Buniwon . sdnooyy . ayoepean
aouamely ssaupapauubI -
ssauzzia .
aouvainieid . eisdadsha . unoo
ayoepea ;anb1uyo3) BUINGYD 1931100U1 YHIM PATBIOOSSE SI9343 .
N easmeny .
= uonednsuod . sy . Buzaaus .
wnquzan vonenessadik .
= [
3 (surasp Ao fr— . Buay .
PIAI[RLLIOUGE JS3USNIONIAN . y6no wisdadsAq .
f ot “eluwosur)
[} saaueqnSp oo . smuy
o doals . wrnow kig . sdmootk sdnoo .
S wopeut o (uonesuas
2 easneny . euwosu) . Jojpue Wnony . Bunuang 10 “saddad 0u) VORI RO JOIPUE [ESEN . easneny ssauaI0s melInoN . Say3 sioADY
@
[}
4
7] suuow spam 21
@ 9-¢ voneing . 01dn uoeing
=
[53
(=]
=
o

10 pooj o

10 p00j ON

aujoiuaren

s uoidoadng

Japeuu 1e10

feads fesen

yored feussapsuely

abuazo

suomeinuLO- (124N) Adesau 1 wawsaseidayt aunoom

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2016 November 21.

in

available

1

Annu Rev Med. Author manuscript



Page 20

Prochaska and Benowitz

"$T0Z '0€ 4828 parepdn "panIasal siyBuU | "eluloji[eD 40 ANsIBAuN 8up 4O slusbay 8y L GTOZ-666T @ WbLAdoD
'syiasul abexoed ,sdaanjoeinuew ayl 01 Jajaa asesd ‘suonnedasd pue sbuturem jo Bunsi| anisusyaadwod e pue uoirewoyul Buiqiaosaad 818)dwod 404

"1onpoud uonduiasaid ‘xy (3onpoid uondiiasaid-uou) J8luno2-ayi-1ano ‘10 ‘Adelayl Juswade|dal aU0dIU ‘1 YN ‘8SEPIXO BUIWEROUOW ‘OVIA :SUOIIRINBIGOY

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Annu Rev Med. Author manuscript; available in PMC 2016 November 21.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Prochaska and Benowitz

Page 21

Table 2
Tobacco addiction medication pipeline
In drug development In Phase 11 trials Tried and failed
atomoxetine, N-acetylcysteine, baclofen, carvedilol, d-cycloserine, buspirone, EVT 302, GSK598809, lobeline, mecamylamine,
tiagabine, vigabatrin labetalol, lorcanserin, topiramate menthyl valerate/eucalyptus oil/camphor/quinine (nicobrevin),

naltrexone, reboxetine, rimonabant, selegiline silver acetate,
surinabant, vaccines
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