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Abstract: Tobacco smoking remains the single most preventable cause of morbidity and mortality in developed countries and poses
a significant threat across developing countries where tobacco use prevalence is increasing. Nicotine dependence is a chronic disease
often requiring multiple attempts to quit; repeated interventions with pharmacotherapeutic aids have become more popular as part of
cessation therapies. First-line medications of known efficacy in the general population include varenicline tartrate, bupropion hydrochloride, nicotine replacement therapy products, or a combination thereof. However, less is known about the use of these products in
marginalized groups such as the indigenous, those with mental illnesses, youth, and pregnant or breastfeeding women. Despite the efficacy and safety of these first line pharmacotherapies, many smokers continue to relapse and alternative pharmacotherapies and cessation
options are required. Thus, the aim of this review is to summarize the existing and developing pharmacotherapeutic and other options for
smoking cessation, to identify gaps in current clinical practice, and to provide recommendations for future evaluations and research.
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Tobacco Use

Since the 1950s, we have observed significant
reductions in tobacco use prevalence across many
countries.1–4 Despite these reductions, tobacco smoking remains the single most preventable cause of
morbidity and mortality, contributing to more drugrelated hospitalizations and deaths than alcohol and
illicit drug use combined.1 Every year, approximately 5.4 million people die from tobacco-related
diseases, translating to 1 in every 10 deaths among
adults worldwide.5 Tobacco use is known to cause up
to 90% of all lung cancers and is a major risk factor
of coronary heart disease, stroke, peripheral vascular
disease, chronic obstructive pulmonary disease, reproductive and fetal developmental diseases, and many
other conditions.1,6 Tobacco cessation, even after a
short period of time, is known to produce significant
health benefits within as little as 20 minutes. Within
12 weeks of smoking cessation, improvements in oxygen transportation, smell, taste, breathing, energy, and
immune responses are observed. Within 12 months,
the risk of coronary heart disease will return to half
that of a current smoker and is reduced to that of a
non-smoker by 15 years.7 Moreover, smoking cessation treatments have greater cost effectiveness and
clinical efficacy in comparison to other preventative
health measures such as treatment of hypertension
and hypercholesterolemia,8–10 and research has shown
that the cost per life year saved by smoking cessation
interventions makes it one of the most cost-effective
health care interventions.10,11
For these reasons, assisting individuals to stop
smoking is a key health improvement objective in
many countries12–14 and pharmacotherapeutic options
are increasingly being considered, particularly for individuals with high levels of nicotine addiction. Current
first-line pharmacotherapies include nicotine replacement therapy, bupropion hydrochloride, and varenicline tartrate, with research suggesting that combining
these with behavioral counseling increases efficacy
and helps smokers achieve long term abstinence.15
Yet, these medications show some limitations and significant resources are invested into the development
of designer smoking cessation pharmacotherapies,
which target specific pathophysiological mechanisms
in nicotine addiction in an attempt to improve the
effectiveness and safety of pharmacotherapeutic cessation aids. In addition, adaptation of medications
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used primarily to treat other conditions which have
the potential to act as smoking cessation aids are also
being evaluated,16 as are novel adaptations to existing smoking cessation treatments.17–19 As such, this
article is intended to provide the reader with an overview of current and emerging pharmacotherapeutic
options for smoking cessation and provides recommendations for clinical practice, future evaluations,
and research.

Current Pharmacotherapeutic
Options for Smoking Cessation

The choice of any pharmacotherapy for smoking
cessation should be guided by an individual’s preference, contraindications, and precautions for use.13
Consideration should be given to specific factors
such as the potential for adverse events, possible drug
interactions, the individual’s experience with pharmacotherapy, convenience, availability, and cost before
prescribing any pharmacological interventions to aid
smoking cessation.10 The level of nicotine addiction
the individual is reported to have should also be taken
into account based on a validated scale such as the
Fagerström test for nicotine dependence.20 Smoking
cessation guidelines and treatment algorithms recommend the use of pharmacotherapy only in the presence of nicotine addiction to increase chances of a
successful quit attempt, while non-pharmacological
support is recommended for smokers who are not
nicotine-dependent and those unwilling or unable
to use pharmacotherapy.10,13,14,21 A systematic search
of the Cochrane Database of Systematic Reviews’
Tobacco Addiction Group register was conducted to
identify current and emerging pharmacotherapeutic
options for smoking cessation. In addition, a search
of Medline, EMBASE, and online clinical trial registries were also conducted with the key words smoking
OR tobacco OR nicotine OR tobacco cessation OR
smoking cessation AND pharmacotherap*. First-line
pharmacotherapies have been listed in ranked order
of efficacy.

First-line therapies

Varenicline tartrate (Chantix or Champix) is a nicotinic receptor partial agonist designed to selectively
activate the α4β2 nicotinic acetylcholine receptor.
It blocks the effect of subsequent nicotine challenge
on mesolimbic neuronal dopamine release, while
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 imicking the action of nicotine, causing the release
m
of mesolimbic dopamine.22 Clinical practice guidelines
report that varenicline is the most effective form of single pharmacotherapy for smoking cessation based on
available evidence.10 A Cochrane meta-analysis of 14
trials comparing varenicline to placebo with respect to
quit rate produced a risk ratio of 2.27 (95% CI 2.02 to
2.55), and compared to pharmacologically unassessed
quit attempts varenicline improved the chances of
long-term abstinence by two- to three-fold.23 Statistically significant improvements have also been shown
with varenicline for patients admitted to the hospital
with smoking-related illnesses at 12 months followup.24 Varenicline is reported to be a superior smoking
cessation aid to date for long-term abstinence in the
general population, with direct and indirect comparisons with bupropion,100 nicotine replacement therapy
products,86 and cytisine.101 The most common adverse
event is nausea, which is reported to be mild, selflimiting, and resolving over time (RR 3.28; 95% CI
2.89 to 3.73). Further details pertaining to dosing and
prescription, efficacy, and adverse events are reported
in Table 1.
Bupropion hydrochloride (Zyban SR or Wellbutrin
SR) is a norepinephrine and dopamine re-uptake
inhibitor that decreases nicotine cravings and symptoms of withdrawal26 while also interacting with neural
pathways underlying nicotine addiction.25 It can also
be used as an antidepressant and is thought to reduce
the depressive symptoms of nicotine withdrawal, as
nicotine itself may cause antidepressant effects that
bupropion helps maintain.26 Evidence from clinical
trials report that bupropion aids long-term smoking
abstinence when compared to placebo and nicotine
replacement therapy products; however, when compared to varenicline, it showed reduced quitting success.23,25,27 The most common adverse events include
insomnia, dry mouth, and nausea.25 Further details
pertaining to dosing and prescription, efficacy, and
adverse events are reported in Table 2.
Nicotine replacement therapy (NRT) products are
designed to control cravings by replacing nicotine
through various delivery systems. Nicotine patches
differ from other NRT products (eg, lozenges and
gum) in that they deliver nicotine slowly and passively over time.28 Transdermal patches are available
in doses varying from 5 mg to 22 mg over a 16- to
24-hour period. Lozenges and chewing gum are
Substance Abuse: Research and Treatment 2013:7

available in strengths of 2 mg or 4 mg; however, no
available NRT products deliver nicotine as quickly as
a cigarette, being between 1 mg and 3 mg of nicotine
per cigarette with the typical pack-per-day smoker
absorbing 20 to 40 mg of nicotine per day.28,29 The
most recent product on the market is the nicotine
quick mist, which is a 1-mg oral mouth spray that
produces levels of plasma nicotine similar to nicotine
gums and lozenges.30 A review of 132 trials found that
NRT patches improved the likelihood of successful
smoking cessation by 50% to 70% regardless of the
setting.28 NRT products are available over the counter
and the major side effects vary depending on the type
of product, but typically include skin irritation from
patches and irritation to the inside of the mouth from
gum and tablets.28 Further details pertaining to dosing and prescription, efficacy, and adverse events are
reported in Table 1.

Other pharmacotherapeutic treatment
options for smoking cessation

Nicotine receptor antagonists
Nicotine receptor antagonists include varenicline
tartrate (as reported above), cytisine, dianicline,
and mecamylamine, all of which moderate levels of
dopamine to counteract withdrawal symptoms (agonist) and reduce smoking satisfaction (antagonist).23
A detailed summary of varenicline is described above
and cytisine shows the highest efficacy of the remaining nicotine receptor agonists. A review of nicotine
agonists identified one trial examining dianicline as
a smoking cessation therapy, which was found to be
ineffective.23 A separate Cochrane review examining
mecamylamine identified two studies for inclusion,
the results off which suggested that a combination
of nicotine replacement therapy and mecamylamine may be superior to nicotine replacement therapy
alone.31 However, these results were based on two
studies with small sample sizes, and confirmation in
larger studies is required before the treatment can be
recommended clinically.31
Cytisine (Tabex) is derived from the plant Cytisus
laburnum and acts as a low-efficacy partial nicotine
agonist binding to subtypes of neuronal nicotine
receptors, particularly the α4β2 subunits. Recent
studies have highlighted the potential for this drug to
be used in low- to medium-income countries27,33 where
tobacco cessation is not supported by insurance plans
87
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1. Varenicline

Structural formula
Varenicline tartrate
(Champix or Chantix)

Substance and (trade name/s)
7,8,9,10-tetrahydro-6,10-methano-6H-pyrazino
[2,3-h][3] benzazepine

Chemical name

Bupropion hydrochloride
(Zyban SR or Wellburtin
SR) (SR being sustained
release)

(±)-1-(3-chlorophenyl)-2-[(1,1-dimethylethyl)amino]1-propanone hydrochloride

Prescription: Oral, tab.; commence whilst smoking with estimated quit date within the first 2 weeks; should be an
interval of at least 8 hours between successive doses; prescription only medicine; authority required; course minimum
7 weeks.

Dosage: 150 mg tab. taken daily for 3 days, increasing to 150 mg twice daily.

C13H18ClNO
HCl

Precautions: Recent evidence suggest a possible association with increased cardiovascular events104–107 and
psychiatric conditions;102,108,109 Though one small study found improved mood in outpatient smokers with persistent
depressive symptoms;110 Reduced dosing frequency of 1 mg daily is recommended for patients with severe renal
impairment.

Adverse effects: Nausea (29%), insomnia (14%), headache (10%), constipation (6%), and dry mouth (6%); there is
an increased risk of serious neuropsychiatric symptoms including depressed mood, agitation, suicidal behavior, and
suicidal ideation;74,102,103 Post-marketing reports include hypersensitivity reactions (including angioedema, which can
be life-threatening due to respiratory compromise) and severe cutaneous reactions including Erythema Multiforme and
Stevens-Johnsons Syndrome (also potentially life-threatening).

Prescription: Oral, tab.; recommend commencement 1 week before estimated quit date; repeat scripts are available
within a 1 year period depending on country; total course duration is between 3 and 6 months; take with food;
prescription only medicine; authority required
A meta-analysis of 14 RCTs produced a statistically significant benefit in favor of varenicline for sustained
CA (24 weeks; RR 2.27; 95% CI 2.02 to 2.55; total n = 6,166; P , 0.00001).44 It has shown superiority over
bupropion,100 cytisine101 and NRT.86 A study using varenicline initiated in the inpatient setting including patients with
acute cardiovascular, respiratory, neurological, and vascular illnesses, showed no exacerbation of cardiovascular
events or psychological conditions.24,44
Limitations: The efficacy of varenicline has yet to be adequately evaluated in patients with psychiatric disorders,
pregnant and breast feeding women, youth, and indigenous populations.

Dosage: 0.5 mg daily for 3 days, 0.5 mg twice daily for four days, 1 mg twice daily for remaining treatment duration

C13H13N3
C4H6O6

Molecular formula

Table 1. Comprehensive summary of first line therapy options for smoking cessation available at present.
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Efficacy

3.2. Nicotine gum
Dosing and prescription

Limitations, adverse events,
and precautions

Efficacy

3.1. Nicotine patch
Dosing and prescription

N

H

3. Nicotine

Limitations, adverse events,
and precautions

Efficacy

Nicotine (including Nicotinell,
QuitX, Nicobate, Nicoderm,
Nicotrol and Nicorette)

3-[(2S)-1-methylpyrrolidin-2-yl]pyridine

(Continued)

Prescription: Do not exceed 24 pieces in a day; course max. 12 weeks; avoid eating or drinking anything except water
for 15 min before or during chewing; various flavors: classic, mint and citrus;14 available over the counter.
A review of 53 trials comparing nicotine gum to no-treatment or placebo produced a statistically significant benefit in
favor of gum (RR 1.43; 95% CI 1.33 to 1.53; total n = 19,090; P , 0.00001).28

Dosage: 2 mg gum recommended for smokers of ,25 cigarettes per day, 4 mg for smokers  25 cigarettes per day.

Precautions: Contraindicated in people with diseases of the skin that may complicate patch application; precautions
are advised for patients with underlying cardiovascular disease, diabetes mellitus, moderate to severe hepatic
impairment, peptic ulcers, pheochromocytoma, and uncontrolled hyperthyroidism; smoking while on patches may
increase the risk of cardiovascular events (eg, angina);115 contraindications to nicotine or any component of the patch.

Adverse effects: Application site reaction (35%), headache (30%), cold and flu-like symptoms (12%), dysmenorrhea
(7%), insomnia (6%), nausea (6%), myalgia (6%), and dizziness (6%).115

Prescription: Transdermal, patch; available over the counter; 12-week course recommended, step-down titration
recommended.
A review of 41 trials comparing NRT patches to no-treatment or placebo produced a statistically significant benefit
in favor of patches (RR 1.66; 95% CI 1.53 to 1.81; total n = 18,237; P , 0.00001).28 One study compared NRT to
bupropion with subjects using the nicotine patch producing a lower quit rate.113 Varenicline was superior to NRT for
long-term CA through indirect comparisons when compared to placebo (OR 1.66 95% CI 1.17 to 2.36; P = 0.004)
and to all controls at 1-year follow-up (OR 1.73; 95% CI 1.22 to 2.45; P = 0.001),114 and in a direct comparison of
746 participants across five countries (OR 1.40; 95% CI 0.99 to 1.99; P = 0.056).86
Limitations: Not appropriate for use in pregnant or breast feeding women; smoking cessation efficacy less than that of
varenicline tartrate and bupropion hydrochloride.

Dosage: Vary from 5 mg, 10 mg and 15 mg 16 hour patch or 7 mg, 14 mg, 21 mg, and 22 mg 24 hour patch.

C10H14N2

Precautions: Prescription to patients with an increased risk of seizures should be avoided with a risk of 1 in 1,000;25
There is a possibility of metabolism and age-related reductions in drug clearance requiring modification of the standard
dosing protocol to 150 mg per day (first week) increased to 300 mg in the absence of adverse events;112 Reports
of seizures in the early formulation resulting in the development of the slow release (Bupropion SR) preparation;25
Contraindicated in patients with known CNS.111

Adverse effects: Insomnia (40%), rhinitis (12%), dizziness (10%), nausea (9%), disturbed concentration (9%),
constipation (8%), and anxiety (8%).111

A meta-analysis of 36 RCTs found sustained CA compared to placebo (RR 1.69; 95% CI 1.53 to 1.85; total n = 11,140;
P , 0.00001); six RCTs were unable to produce sufficient evidence that adding bupropion to NRT provides additional
long-term CA (RR 1.23; 95% CI 0.67 to 2.26; total n = 1,106; P = 0.51); three RCTs showed lower quitting with
bupropion compared to varenicline (RR 0.66; 95% CI 0.53 to 0.82; total n = 1,622; P = 0.0002).25
Limitations: The efficacy of varenicline has yet to be adequately evaluated in pregnant and breast feeding women,
youth, and in most indigenous populations.
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Adverse effects: local irritation around mouth, increased symptoms of throat irritation, coughing, oral burning,28
sneezing, runny nose, headache, nausea, heart burn, and hiccoughs; most users rate these reactions as mild, if the
side effects do not subside within 1–2 weeks seeking medical advice is recommended; if severe symptoms occur, do
not smoke and seek medical advice.118

Prescription: Draw breath through the mouth piece taking shallow sucking breaths every 2 seconds or 4 strong deep
breaths per minutes; 20 minutes of continuous use will deplete one cartridge; avoid eating or drinking anything except
water for 15 minutes before use of inhaler; course minimum 12 weeks, then reduce number of cartridges and use for
extra 6–8 weeks; prescription only medicine.118
A review of 4 trials comparing nicotine gum to no-treatment or placebo produced a statistically significant benefit in
favor of inhaler (RR 1.90; 95% CI 1.36 to 2.67; total n = 976; P = 0.0002).28
Limitations: Smoking cessation efficacy less than that of varenicline tartrate and bupropion hydrochloride.

Dosage: Use 6 to 12 cartridges per day.

3.5. Nicotine lozenge
Dosing and prescription

Limitations, adverse events,
and precautions

Efficacy

Prescription: Weeks 1–6 × 1 lozenge every 1–2 hours, weeks 7–9 × 1 every 2–4 hours, weeks 9–12 × 1 every
4–8 hours; max. 5 in 6 hours; allow lozenge to dissolve in mouth, do not chew or swallow whole; various flavors
including mint or cherry; usual pack sizes are 24, 36, 48, 72, and 100; available over the counter; for tablet, swallow
whole with water.101

Dosage: 4 mg lozenge if first cigarette within 30 minutes of waking up otherwise 2 mg.

Precautions: Contraindications to nicotine or any component of the sprays.

For mouth spray adverse effects included increased hiccups, burning sensation on the lips, and local irritation of the
mouth, though none of these were severe.120

Adverse effects: Local irritation in and around nose, runny nose,28 headache (18%), back pain (6%), dyspnea (5%),
nausea (5%), arthralgia (5%).119 Most users rate these reactions as mild, if the side effects do not subside within
1–2 weeks seeking medical advice is recommended.119

Prescription: Use one spray in each nostril 1–2 times per hour; recommended 8–40 doses per day; course minimum
3 months, max. 6 months; prescription only medicine.101
A review of 4 trials comparing nicotine gum to no-treatment or placebo produced a statistically significant benefit in
favor of nasal spray (RR 2.02; 95% CI 1.49 to 2.73; total n = 887; P , 0.00001).28
Limitations: Smoking cessation efficacy less than that of varenicline tartrate and bupropion hydrochloride.

Precautions: Contraindications to nicotine or any component of the inhalers.
3.4. Nicotine nasal and mouth spray
Dosing and prescription
Dosage: 10 mg/mL nicotine concentration; one spray delivers 0.5 mg nicotine.119

Limitations, adverse events
and precautions

Efficacy

3.3. Nicotine inhaler
Dosing and prescribing

Precautions: It is possible that people using the gum may transfer their nicotine addiction from cigarettes to the gum;116
Contraindications to nicotine or any component of the chewing product.

Adverse effects: Hiccoughs, gastrointestinal disturbances, jaw pain, orodental problems,28 headache, indigestion and
nausea;30 Some symptoms may be relieved by chewing more slowly and resting the gum.30,116,117

Limitations: Not recommended beyond 12 weeks; smoking cessation efficacy less than that of varenicline tartrate and
bupropion hydrochloride.

Chemical name

Limitations, adverse events,
and precautions

Substance and (trade name/s)

Molecular formula

Structural formula

Table 1 (Continued)
Carson et al

Substance Abuse: Research and Treatment 2013:7

Precautions: Contraindications to nicotine or any component of the lozenge/micro-tab.

Adverse effects: Hiccoughs, burning and smarting sensation in the mouth, sore throat, cough, dry-lips, mouth ulcers,28
indigestion, gas, and nausea;121,122 most users rate these reactions as mild, if the side effects do not subside within
1–2 weeks seeking medical advice is recommended.121–124

Limitations, adverse events,
and precautions

Efficacy

A review of 6 trials comparing nicotine lozenges/tab. to no-treatment or placebo produced a statistically significant
benefit in favor of lozenge (RR 2.00; 95% CI 2.63 to 2.45; total n = 3,109; P , 0.00001).28
Limitations: Smoking cessation efficacy less than that of varenicline tartrate and bupropion hydrochloride.
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or the national health service23 as well as in the indigenous setting.34 Efficacy trials show modest improvements in quit rates with outcomes similar to studies
using nicotine replacement therapy,23 though twice
as effective as placebo.34 Further details pertaining to
dosing and prescription, efficacy, and adverse events
are reported in Table 2.
Pharmacological therapies that are used primarily
to treat other medical conditions may also be used for
treating nicotine addiction. As research aimed at exploring and understanding the biological mechanisms of
nicotine addiction develop, new opportunities are arising for existing pharmacological agents to be translated
into the tobacco arena. The following section provides
a summary of such medications, which have potential
applications in treating nicotine addiction.
Anxiolytics
Anxiolytics are proposed as a smoking cessation
treatment because of their ability to abate anxiety, one
of the common symptoms of smoking cessation.35
There are many types of anxiolytics that may have a
role as smoking cessation treatments including clonidine, buspirone, diazepam, doxepin, meprobamate, ondansetron, and the beta-blockers metoprolol,
oxprenolol, and propanolol.35 The anxiolytic clonidine has the most evidence evaluating efficacy for
smoking cessation out of the nine anxiolytics, and as
such are a more detailed description of clonidine is
reported below and in Table 2.
Clonidine is marketed as an antihypertensive but
also has applications for drug and alcohol withdrawal
symptoms,36,37 as a treatment for chronic pain,38
menopausal flushes39,40 and Tourette’s syndrome. In
a systematic review of tobacco withdrawal symptom
studies, clonidine has been reported to ameliorate
cravings, anxiety, restlessness, tension, and hunger,
but also caused some side effects such as sedation,
dry mouth, and dizziness, with twice as many patients
taking clonidine discontinuing medication compared
to placebo.42 For these reasons, clonidine is not considered a first-line treatment; however it may be beneficial for targeted populations such as smokers who
are likely to experience high levels of anxiety and
agitation when stopping smoking and subsequently
may benefit from the sedative effects.42 Further details
pertaining to dosing and prescription, efficacy, and
adverse events are reported in Table 2.
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2. Clonidine

Limitations, adverse events,
and precautions

Clonidine (Catapres)

N-(2,6-dichlorophenyl)-4,5-dihydro-1H-imidazol-2-amine

Precautions: Contraindications to clonidine or any component of the tablet or patch.

Adverse events: Adverse events with clonidine are common with twice as many patients discontinuing use prematurely
in comparison to the placebo population in one review of studies126 with 23% to 92% (median 71%) of clonidine
subjects and 4% to 61% (median 28%) for subjects taking placebo reporting adverse effects. Symptomatic hypotension
was reported in 10% of subjects taking the 0.3 mg dose.

Prescription: One tablet twice daily for between 4 and 12 weeks; transdermal nicotine patch for 12 weeks.
A review of six studies found that all trial favored clonidine, yet only one produced a statistically significant results
in favor of the intervention arm, with pooled analysis suggesting that clonidine is effective as a smoking cessation
treatment (RR 1.63; 95% CI 1.22 to 2.18).42 There is some evidence of clonidine being more effective for women
however these results are only based on sub-group analyses and should be interpreted with caution as only one study
stratified by gender prior to randomisation.125
Limitations: Efficacy and safety has not been established in the pediatric setting.

Dosage: Oral, tab.; 0.1 mg twice daily; transdermal patch once/week or 0.2 μg patch per day.

C9H9Cl2N3

Precautions: Contraindications to cytisine or any component of the tablet.

Adverse effects: Nausea, restlessness, insomnia, and irritability (23% of one study population compared to 20% in
placebo) and gastrointestinal disorders (13% vs. 8% in placebo);23 not currently licensed for use in the European Union
mainly due to insufficient CA data.32

Efficacy

(1R,5S)-1,2,3,4,5,6-hexahydro-1,5-methano-8H-pyrido[1,2a]
[1,5] diazocin-8-one

Chemical name

Prescription: Commence 1 tab. every 2 hours for 3 days while reducing number of cigarettes; days 4–12 × 5 tab.
per day; days 13–16 × 4 tab. per day; days 17–20 × 3 tab. per day; days 21–25 × 1 to 2 tab. per day; total course
approximately 22 days.
A meta-analysis of two RCTs comparing cytisine to placebo at longest follow-up for CA produced statistically significant
benefits in favor of cytisine (RR 3.98; 95% CI 2.01 to 7.87; total n = 937; P , 0.0001);23 Quit rates were around 9% in
the treatment groups.23
Limitations: Limited research data available to determine full efficacy.

Cytisine (Tabex, Baptitoxine,
Sophorine)

Substance and (trade name/s)

Dosage: Oral, tab.; increasing dosages from every 2 hours to 1–2 tabs per day.

O

C11H14N2O

Molecular formula

Dosing and prescription

N

NH

1. Cytisine

Structural formula

Table 2. Comprehensive summary of other pharmacotherapeutic options for smoking cessation available at present.
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4. Naltrexone

Limitations, adverse events,
and precautions

Efficacy

Dosing and prescription

N
H

3. Nortriptyline
Nortriptyline (Aventyl)

3-(10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-ylidene)N-methyl-1-propanamine

Naltrexone (Narpan TM,
Revia TM (injectable
formulation under Vivitrol))

17-(cyclopropylmethyl)-4,5α-epoxy-3,
14-dihydroxymorphinan-6-one

Precautions: Can be toxic if high doses are administered over prolonged periods of time.
(Continued)

Adverse events: Mood swings, light-headedness, dizziness, head-rush following cigarette, nausea, vomiting, diarrhea,
cramps, headache, insomnia, anxiety, irritability, and depression.43

Prescription: Following test dose multiple treatment plans can be administered including: 50 mg daily Mon-Fri with
100 mg Sat; 100 mg every other day, 150 mg every third day, 100 mg Mon and Wed and 150 mg Fri; 150 mg Mon,
200 mg Tue. Duration varies but recommended dosage up to six months.
Four studies were identified from a Cochrane review of opioid antagonists reporting long-term smoking abstinence
(six months or more). All four studies were unable to identify significant differences in quit rates between naltrexone
and placebo when pooled in a meta-analysis (OR 1.26; 95% CI 0.80 to 2.01).43
Limitations: Treatment with opiate derivatives for cough, diarrhea and pain may no longer be effective if undergoing
treatment with naltrexone for smoking cessation.

Dosage: Oral, tab.; test dose of 25 mg first; dosage between 25 mg to 200 mg.

C20H23NO4

Precautions: Nortriptyline has the potential for serious side effects but none have been observed in the
methodologically rigorous smoking cessation studies reported to date;25 contraindications to nortriptyline or any
component of the tablet; nortriptyline can be lethal in high doses.

Adverse events: Drowsiness, dry mouth, light-headedness, blurred vision, urine retention, constipation, and tremor; the
most significant adverse event in the reported efficacy studies was collapse/palpitations, which was thought to possibly
be caused by treatment.

Prescription: Titration recommended for one week to one month prior to estimated quit date; first dose suggested
at 25 mg, increasing to 75–100 mg after quit date, continuing for 12 weeks.
A Cochrane review of antidepressants identified nine studies examining the effects of nortriptyline for smoking cessation,
producing a statistically significant increase in long-term smoking cessation as evidence in the six studies that were able
to be pooled (RR 2.03; 95% CI 1.48 to 2.78).25 The three remaining studies that used nortriptyline in conjunction with
nicotine replacement therapy showed no evidence of any additional benefit over that of nicotine patch therapy.25
Limitations: Not evaluated in the pediatric setting or for use by pregnant or breastfeeding women.

Dosage: Oral, tab.; 25 to 100 mg per day or titrated dosages to serum levels recommended for depression.

C19H21N
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7. Silver acetate
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6. Lobeline

Limitations, adverse events
and precautions

Efficacy

Dosing and prescription

Cl
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Structural formula

Table 2. (Continued)

Rimonabant (Acomplia,
Bethin, Monaslim,
Remonabent, Riobant,
Slimona, Rimoslim,
Zimulti, and Riomont)

Substance and (trade name/s)
5-(4-Chlorophenyl)-1-(2,4-dichloro-phenyl)4-methyl-N-(piperidin-1-yl)-1H-pyrazole-3-carboxamide

Chemical name

Lobeline (Lobelin, lobeline)

2-((2R,6S)-6-((S)-2-hydroxy-2-phenylethyl)-1methylpiperidin-2-yl)-1-phenylethanone

AgC2H3O2

Silver acetate (Healthbreak,
Tabmit)

Acetic acid, silver (1+) salt
Silver ethanoate

Precautions: Contraindications to lobelia inflate; uterine tone loss observed with use during pregnancy/lactation.129

Adverse events: Gastric side effects, dizziness, nausea, vomiting and throat irritation.47,48

Prescription: Oral tablet twice daily; lozenge used in addition when there is an urge to smoke.
A recent Cochrane review identified no studies that met the inclusion criteria to examine the efficacy of lobeline.46 Other
reviews have identified studies examining lobeline, though few included studies had control populations and most were
of poor methodological design resulting in an inability to draw reliable conclusions about efficacy.127,128
Limitations: Lobeline has been banned by the FDA as a smoking cessation aid as of 1993 due to a lack of efficacy data
to ascertain safety and effectiveness.49

Dosage: Oral, tab.; 5 mg with some studies examining 8 mg doses; lozenges 0.5 mg.

C22H27NO2

Precautions: Withdrawn from the market in 2008 due to links with mental disorders.

Adverse events: Nausea, upper respiratory tract infections, fatigue, depressed mood, anxiety, suicidal thoughts and
nasopharyngitis.44

Prescription: 10 weeks of treatment with either the 5 mg or 20 mg dose recommended, followed by a maintenance
dose of an additional 40 weeks.
A Cochrane review of cannabinoid type 1 receptor antagonists identified three studies of rimonabant for inclusion with
a 20 mg dose increasing the chances of quitting by one and a half fold (OR 1.50; 95% CI 1.10 to 2.05), though no
evidence was detected to support long-term abstinence.44
Limitations: Post-marketing surveillance of rimonabant in 2008 led to Sanofi Aventis withdrawing the product due to
links with mental disorders.44

Dosage: Oral, tab.; 5 mg to 20 mg daily.

C22H21Cl3N4O

Molecular formula
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Combination of quinine,
menthyl valerate, camphor
and eucalyptus oil
(Nicobrevin, Qualaquin)

(8α,9R)-6′-Methoxycinchonan–9–ol trihydrate

Limitations, adverse events,
and precautions

Precautions: Withdrawal of the product from the UK and other markets in 2011.51 Not recommended for use during
pregnancy.

Adverse events: Primarily gastrointestinal related and including nausea, stomach pains, constipation, loss of appetite,
vertigo, heartburn, burning tongue or dry mouth, diarrhea, vision problems (light sensitivity), headaches, insomnia,
sweating, biliary colic, and pimples.51

Efficacy

H

C20H24N2O2,3H2O

Prescription: Four weeks to three months duration; week 1: 1 capsule in the morning and 2 capsules at night; week 2:
1 capsule in the morning and 2 capsules at night; weeks 3 to 12: 1 capsule at night.
A 2009 Cochrane review of nicobrevin for smoking cessation was unable to identify any studies meeting the inclusion
criteria for the review.52 Efficacy for nicobrevin is unknown.
Limitations: Withdrawal of the product from the UK and other markets in 2011.51

N

H

Dosage: Oral, tab.; 1–3 capsules per day.

N

H

Precautions: Excessive ingestion of silver acetate can lead to argyrism;130 contraindications to silveracetate or any
components of the lozenge, gum, or spray.

Adverse events: Main adverse events are those experienced as part of aversive stimulus being unpleasant taste,
sensations in the mouth, and gastrointestinal disturbances; if the dose of silver acetate exceeds 756 mg, it can lead to
argyrism, which is silver deposition in body tissue.130

Prescription: Use lozenge, gum or sprays six times per day for three to six weeks providing the total dose does not
exceed 756 mg.
A Cochrane review of two studies found no evidence of effect for silver acetate for smoking cessation, though the upper
limit of the confidence interval equates to an absolute increase in the smoking cessation rate of approximately 4%.129
Therefore any effect of silver acetate is likely to be less than that observed with nicotine replacement therapy use.129
Limitations: Little evidence to support the use of silver acetate.

Dosage: Oral, 2.5 mg lozenge, 1.6 mg chewing gum, and sprays to no more than a total of 756 mg.

Dosing and prescription

O

HO

8. Nicobrevin

Limitations, adverse events,
and precautions

Efficacy

Dosing and prescription
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Other antidepressants
Other antidepressants, including tricyclics (doxepin,
imipramine, and nortriptyline), monoamine oxidase
inhibitors (moclobemide and selegiline), selective
serotonin reuptake inhibitors (fluoxetine, paroxetine,
and sertraline), atypical antidepressants (bupropion—
mentioned above, tryptophan, and venlafaxine), and
extracts (St. John’s Wort—Hypericum perforatum L.)
have also been examined as smoking cessation aids.25
A Cochrane review of antidepressants for smoking
cessation identified 66 trials, 49 or which were investigating bupropion and 9 nortriptyline.25 Pooling of
bupropion and nortriptyline studies indicated longterm smoking cessation efficacy similar to that of
nicotine replacement therapies, while selective serotonin reuptake inhibitors did not.25 As bupropion is
discussed above as a first-line smoking cessation aid,
a detailed summary of nortriptyline is reported below
and in Table 2 as it shows the most evidence of the
remaining antidepressants for use as a smoking cessation medication.
Opioid antagonists
Opioid antagonists including naltrexone, buprenorphine, and naloxone are thought to be potentially
effective smoking cessation medications as they
have the potential to attenuate the rewarding effects
of cigarette smoking.43 Smokers report both positive
and negative effects associated with smoking with
the reinforcing properties of nicotine theorized to be
mediated through the release of various neurotransmitters in the brain. There is evidence to suggest that
the endogenous opioid system may have a reinforcing
role in smoking, while other studies report that the
system may also have a mediating role with nicotine
withdrawal.43
Naltrexone is a long-acting opioid agonist marketed as a drug that blunts certain effects of narcotics
such as heroin, meperidine, morphine, and ocycodone
and is also used in the treatment of alcoholism.43
Naltrexone is thought to reduce nicotine cravings by
diminishing the activation of mesolimbic dopamine
receptors; thus, combination therapy with NRT is
thought to offer an additive effect for achieving
smoking abstinence due to its different mechanisms
of action.43 Further details pertaining to dosing and
prescription, efficacy, and adverse events are reported
in Table 2.
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Cannabinoid type 1 receptor antagonists
Cannabinoid type 1 receptor antagonists such as
rimonabant and taranabant are thought to assist smoking cessation by restoring the balance of the endocannabinoid system, which can be disrupted with
prolonged exposure to nicotine. Central cannabinoid
receptors have been implicated in brain reward function and are thought to play a role in dependence and
habituation.44 It is thought that rimonabant may work
by blocking the central cannabinoid receptors thus
restoring the balance and inhibiting nicotine and food
cravings.44
Rimonabant was originally manufactured to treat
obesity and was later proposed as a smoking cessation aid due to its potential for protecting successful
quitters from significant post-cessation weight gain.
Smoking cessation itself is associated with weight
gain, which deters some smokers from making quit
attempts; it was hoped that rimonabant would act as a
cessation aid for these smokers. Reports of increased
levels of suicidal thoughts and depression resulted in
withdrawal of rimonabant as a prescription drug in
European Countries in 2008.44 Further details pertaining to dosing and prescription, efficacy, and adverse
events are reported in Table 2.
Lobelia
Lobelia (lobeline) is derived from the Indian tobacco
plant Lobelia inflate and was first synthesized in the
early 1900s when it was classified as a partial nicotinic agonist.45 The first documented use of lobeline as
a smoking cessation treatment was in the 1930s with
a variety of dosages and delivery mechanisms tested
since then, including tablet (8 mg as lobeline sulphate), parenteral injection, buffered tablets, and flavored pastilles.46 All of these formulations produced
varying degrees of adverse effects including gastric
side effects, dizziness, nausea, vomiting, and throat
irritation.47,48 In 1993, the FDA announced a ban on
all over the counter smoking cessation products in the
United States due to a lack of efficacy data.49 Further
details pertaining to dosing and prescription, efficacy,
and adverse events are reported in Table 2.
Silver acetate
Silver acetate is designed to act as an aversive stimulus
to inspire smoking cessation by producing an unpleasant metallic taste when combined with cigarettes.50
Substance Abuse: Research and Treatment 2013:7
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Smokers are encouraged to use silver acetate products such as lozenges, gums, and sprays so that the
act of smoking becomes unpleasant to diminish or
stop the urge to smoke.50 Efficacy studies have shown
a possible small effect of silver acetate, though any
benefit observed is less than that produced by nicotine replacement therapy (NRT) and therefore silver
acetate is not widely used to promote smoking cessation in the clinical setting with the exception of a
possible combination use with NRT.50 Further details
pertaining to dosing and prescription, efficacy, and
adverse events are reported in Table 2.
Nicobrevin
Nicobrevin has been marketed as a smoking cessation
aid in 11 countries including the United Kingdom
(UK), New Zealand, and Germany, though in 2011 a
governmental review found Nicobrevin to be ineffective as a smoking cessation aid and identified several
side effects. Thus, the risks of the product outweighed
the benefits.51 This resulted in withdrawal of the product from the UK and other markets. Nicobrevin is a
proprietary product containing four active ingredients, including quinine (15 mg, thought to reduce
cravings), menthyl valerate (100 mg, acts as a sedative), camphor (10 mg, relieves respiratory congestion
and gastrointestinal disturbances), and eucalyptus oil
(10 mg, relieves respiratory congestion and gastrointestinal disturbances).52 Further details regarding to
dosing and prescription, efficacy, and adverse events
are reported in Table 2.

Adaptive and novel approaches

New formulations and innovative delivery systems
for existing products are in development53,54 such
as a straw containing nicotine beads, which allows
the smoker to place drops of nicotine directly into a
beverage,19 though safety and efficacy data remains
unknown. Galenic formulations of varenicline
are also being developed, including a controlled
release formulation (ClinicalTrials.gov Identifier:
NCT00741884 and NCT005227150), a free base
solution (NCT00774605), and a free base patch
(NCT01234142, NCT01013454, NCT00774605).
Tailoring dosages of existing medications such as
varenicline and nicotine patches are also being evaluated with administration of up to 5 mg dosages per
day of varenicline for smokers not experiencing any
Substance Abuse: Research and Treatment 2013:7

adverse events during the standard first week of titration (NCT01206010) and 42 mg patches for fast metabolizers of nicotine (NCT00956943). Combinations of
existing products are also being explored as options
for enhancing abstinence rates, with some evidence
of success for combining varenicline with nicotine
replacement therapy55 (NCT01184664) and bupropion56 (NCT00935818).
Electronic nicotine delivery systems or
‘E-cigarettes’ are becoming increasingly popular,
particularly among the youth and adolescents as
flavored varieties are now being introduced.18 These
small cigarette-shaped electronic devices use a
battery-powered heating element, across which a
solution of nicotine and propylene glycol (though
other solutions are also used) is drawn. This causes the
humectant to vaporize and subsequently be inhaled
via a small tube as a mist.17 Despite marketing of the
product as a safe alternative to cigarette smoking as
it does not contain the harmful ingredients normally
found in cigarettes, there are concerns regarding the
wide-spread use of these devices, with FDA reports
of some tested samples containing toxic substances
including nitrosamines and even diethylene glycol.18
Moreover, many manufacturers still evade government regulation, raising issues around safety and
harm reduction.17,18 E-cigarettes are currently being
trialed for smoking cessation and reduction in smokers who are unwilling to quit (NCT01195597).
Immunotherapy, also referred to as nicotine vaccines, are currently being developed and evaluated
through pharmaceutical studies some of which are
phase III trials, with the most advanced vaccines
expected to be launched in the first years of the
2010 decade.54,57 Nicotine is a small molecule that
is unable to induce antibodies directed against it.58
Immunotherapy is designed to chemically link nicotine to a carrier so that it acts as a hapten.59 This
allows antibodies to bind to nicotine molecules in the
plasma, resulting in a nicotine-antibody complex too
large to cross the blood-brain barrier.60 Thus, antinicotine antibodies change the kinetics of nicotine
accumulation in the brain as well as the distribution
of nicotine between the brain and other body tissues.
A review of four pharmaceutical trials found no
long-term smoking cessation success to date,61 with
none of these studies reporting any major side effects
(NCT01178346, NCT001102114, NCT01280968).
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Alternative medical interventions
and the role of pharmacogenomics

To date, alternative therapies such as acupuncture,62
hypnotherapy,63 quit and win contests,64 and exercise
interventions65 have, for the most part, been unsuccessful as a smoking cessation aid. There is evidence
to support the use of behavior modification and cognitive interventions (including counseling and support
programs), and these should be considered in combination with all pharmacological interventions24,66
and alternatives for people with contraindications to
pharmacotherapies.50
Studies are currently underway to test genetic
factors that may predict the effectiveness of
smoking cessation therapies, including varenicline
(NCT01228175) and nicotine replacement therapy
(NCT00326781). Additionally, examinations into
potential genetic moderators of nicotine, such as the
mu opioid receptor gene (OPRM1) A118G polymorphism, are being investigated with the hypothesis
that AG/GG genotype smokers will have attenuated
subjective-rewarding from intravenous administered
nicotine compared to those with AA genotypes
(NCT00969137). Specific nicotine biomarkers are
also being evaluated to understand how these may
influence a smoker’s decision to quit (NCT01314001).
Using biological indicators as a motivator for smoking
cessation is not a new concept, with spirometric ‘lung
age’ used as a persuader in the early to mid-1980s.67 It
is theorized that providing a smoker with an estimate
of their individualized and personalized damage as a
result of their tobacco use will motivate them into a
quit attempt, though the exact mechanisms by which
improvements are obtained remains unclear.68

Specific Populations
Young people

Some evidence-based guidelines recommend nicotine replacement therapy as a means of cessation for
youth aged 12 to 18 years who are dependent on nicotine (ie, it is not recommended for use by occasional
smokers).13 Other pharmacological interventions such
as varenicline tartrate, however, have not yet specifically been evaluated for safety or efficacy in youth
and should be considered with caution. Considering
that tobacco use typically begins in childhood or
early adolescence69 with only 10% of new smokers
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initiating the habit after the age of 18 years,70 more
investigation is needed in this area, particularly to
prevent youth from experimenting with tobacco use
in the first place.

Gender differences

Research suggests that gender differences exist in
relation to nicotine dependence with females tending
to smoke less and commence tobacco use at a later age
than their male counterparts.71 Females are also less
likely to be tobacco-dependent and subsequently less
responsive to nicotine replacement therapy and more
responsive to the sensory and behavioral aspects of
smoking, which should be considered when considering smoking cessation initiatives.71 Moreover, clinical research trials suggest that females may be more
susceptible to the effects of tobacco use with greater
deterioration of lung function, and more severe disease in subjects with chronic obstructive pulmonary
disease.72

Hospitalized individuals, those awaiting
surgery, and cancer patients

Each medical institution should have their own system
for assisting individuals with craving control during
times of enforced abstinence such as hospitalization,
where smokers may not be able to access outdoor
areas to smoke.13 This period of enforced abstinence
also yields an opportunistic time to offer assistance
to achieve long term abstinence. Varenicline tartrate
has been trialed in hospitalized patients with tobacco-related illnesses, producing successful results at
12 months follow-up.24 However, if craving control
during hospitalization is the primary objective, then
nicotine replacement therapy products offer the fastest
delivery of nicotine to control cravings.13 Additional
cessation support should be offered to patients with
multi-session treatments and medications continuing for at least one month post-discharge.13 Smoking
cessation pharmacotherapies for cancer patients are
also recommended to assist with craving control during hospitalization or for obtaining long-term abstinence as described above. However, it is important to
consider timing of quit attempts for these individuals
due to physiological changes following cessation that
may affect the metabolism of some drugs and targeting precision and accuracy of dose-volume histogram
analyses for radiation therapy.73
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Individuals with mental health issues

Pharmacotherapies for smoking cessation have been
specifically evaluated in individuals with mental
health issues. There are contraindications for some
products such as varenicline tartrate and bupropion
hydrochloride, which carry boxed warnings from the
FDA for people with suicidal ideation, self-injurious
behavior, and severe depression.74 People with mental
health issues who stop smoking while taking medications for their illness should be monitored closely to
determine if dosage reductions in their medications
are necessary.13

Pregnant and breastfeeding women

It is well-known that smoking during pregnancy can
have devastating health consequences not only on the
mother, but also the unborn child including growth
restriction, preterm delivery, and stillbirth.75–77
However, there are reports of up to 13% of women
in the US78 and 18% in France79 continuing to smoke
up until delivery, with higher prevalence estimates
reported amongst indigenous women (45% during
pregnancy increasing to 63% post-partum in one
Australian population).80 Nicotine replacement therapies can be considered for use by pregnant women;
however, oral products are preferable to transdermal
patches (for example gum, inhalers, micro tabs, and
lozenges).13 Potential adverse effects are associated
with all smoking cessation pharmacotherapies; thus,
psychological interventions should be considered as
the first line of treatment during pregnancy. There is a
lack of evidence regarding safety for the use of other
forms of pharmacological smoking cessation therapies during pregnancy or while breastfeeding, though
the risks of continued smoking must be weighed
against the detrimental health consequences of continuing smoking.

Indigenous populations

A 2012 Cochrane systematic analysis identified four
studies evaluating pharmacological interventions
for smoking cessation in indigenous populations
globally. This review highlighted the paucity of data
in this cohort, despite indigenous populations being
over-represented in the burden of smoking related
morbidity and mortality.81 The authors were able to
conclude that there was some evidence of effectiveness for combined pharmacological and cognitive
Substance Abuse: Research and Treatment 2013:7

initiatives that were culturally-tailored to the population; however, the evidence base is not strong and
highlights the need for methodologically rigorous trials to bridge the gap between tobacco-related health
disparities between the indigenous and non-indigenous populations. To date, FDA-approved nicotine
transdermal patches and bupropion have been evaluated in the indigenous setting, producing some success in smoking abstinence, though studies are still
needed to evaluate the safety and efficacy of varenicline tartrate.

Challenges to Consider

Although many believe that the tobacco epidemic is
under control, the latest epidemiological evaluations
in developing countries suggest otherwise, with an
increase in youth tobacco use, particularly amongst
girls aged 13–15 years; aggressive tobacco industry
marketing campaigns are mostly to blame.82 Moreover,
the 2012 US Surgeon General’s Report states that rates
of decline for tobacco smoking amongst youth have
now stalled with smokeless tobacco use once again on
the rise (Centers for Disease Control and Prevention
and US Department of Health and Human Services,
2012). For each person that dies because of a smoking
related illness (more than 1,200 per day), at least two
youths or young adults are becoming regular smokers.2
This increase in youth tobacco use today means an
increase in adult daily tobacco users tomorrow. As
an example, had the success that was made between
1997 and 2003 been maintained in reducing youth
tobacco use, there could potentially be three million
fewer smokers in the United States of America today.2
On a worldwide scale, tobacco use currently costs
governments and consumers hundreds of billions of
dollars each year in lost productivity and health care
expenditures.4 Data on the global impact of tobacco
is incomplete; however, it is known to be high, with
annual tobacco-related health care costs US$81 billion
in the US, US$7 billion in Germany, and US$1 billion in Australia.83 The cost in both human lives and
economic resources will continue unless immediate
action is taken to assist current tobacco users to quit,
particularly those in high-risk populations, such as
low- to medium-income countries, indigenous populations, and youth.
A major challenge for all tobacco researchers are
smokers that are unwilling to quit. Most research to
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date has focused on highly motivated individuals who
are eager to attempt cessation. However, recalcitrant
smokers who continue to smoke despite the known
consequences pose the greatest problems, yet attract
the least amount of attention. This may partly explain
why smoking cessation pharmacotherapies that succeed within a randomized controlled trial fail to completely translate into the real world setting.15 Some
research projects are underway to examine pharmacotherapeutic options for smokers unwilling to quit
(NCT01195597); however, more research is needed.
Similarly, insufficient research and clinical attention
are given to maintaining abstinence once a person
has made a quit attempt. Supporting long-term abstinence can be considered a costly endeavor over the
short-term, requiring regular follow-up, prescription
of ongoing pharmacological support, and alterations
to existing cessation strategies that may require indepth consultations and discussions with the individual regarding their quitting status. However, the
long-term benefits such as improved health, reduced
health care costs, lower governmental expenditure,
and quality of life should outweigh the short-term
output, but more research is needed in this area to
encourage policy makers and governments to consider such initiatives.84

Implications for Tobacco Cessation
in Clinical Practice and Public Policy

Although many people will quit tobacco use unaided,
for some, particularly those with greater nicotine
addiction, pharmacotherapies may offer the extra
support needed to produce a successful long-term
quit attempt. Many comprehensive, evidence-based
clinical practice guidelines for smoking cessation
have been developed. These are regularly updated
by local governments and health institutions10,12–14,85
and provide recommendations for clinical practice
based on the latest available evidence. All of these
guidelines recommend smoking cessation pharmacotherapies for smokers addicted to nicotine in addition
to some form of regular counseling, as the chances
of long-term abstinence are cumulative when used
in combination.12 Efficacy data to date suggest that
varenicline tartrate offers the best chance of long-term
successful quit attempts,44,86 while nicotine replacement therapy is ideally situated for short-term craving
control and for individuals with contraindications to
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v arenicline or bupropion. Advice from health professionals trained in smoking cessation strategies have
been shown to increase the number and success of quit
attempts among their patients.87 Providing brief advice
to most smokers (as little as 3 minutes) is more effective than spending longer time with a few patients.10
Moreover, a Cochrane systematic review evaluating
the training of health professionals in smoking cessation techniques found no evidence of additional benefits for interventions of greater duration over brief
interventions.87 It is important to remember that most
patients will relapse multiple times before achieving successful long-term abstinence (known as the
transtheoretical model of behavioral change theory),
and guidelines for consultations are available to help
individuals move from pre-contemplation to contemplation, preparation, action, and maintenance, which
will eventually result in a successful quit attempt.88
Recalcitrant and continued smoking fails to be
classified in many medical circles as an illness, with
too many health professionals considering tobacco
use as an individual’s right and freedom of expression
foremost and as an illness second. Thus, implementation of tobacco cessation interventions is hindered.
In reality, smokers become biologically dependent on
nicotine, and until perceptions and attitudes within
the health professions change, tobacco cessation programs will continue to be hampered.
Development of successful pharmacotherapies will
do little if translation from research into public policy
does not effectively occur. A multi-faceted approach
is needed to increase the likelihood of success, which
includes public policies such as smoking bans in public places, restrictions on the purchase of tobacco
products, increased governmental legislations, and
mass media awareness campaigns. Increased taxation of tobacco products has been shown to prompt
smoking cessation attempts and reduce existing purchases of tobacco products, with research indicating that regular increases in tobacco tax may further
encourage quitting activity.89 Governmental policies
including tobacco product content regulation with
extreme de-nicotinization and smoke pH regulation
of cigarettes by tobacco companies have the potential
to significantly impact tobacco use by reducing the
addictive properties within cigarettes. Such legislation is necessary and overdue in many countries, as
absorption of nicotine across biological membranes
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largely depends on pH.90 Thus, controlling the
manufacture of cigarettes will reduce the addictive
properties, allowing tobacco users to truly make an
informed decision about wanting to smoke. As part
of this multifaceted approach, smoking cessation
training programs including motivational interviewing techniques for health professionals should be a
mandatory component of medical training. Evidence
confirms that a lack of training is a barrier to offering
advice, as untrained health professionals report that
they do not feel they have the skills, ability, or confidence to implement tobacco cessation programs,91,92
and yet the patients of health professionals trained
in smoking cessation initiatives show statistically
and clinically significant improvements in long-term
abstinence.87

Future Evaluations and Research
(Gaps in Current Practice)

Nicotine addiction is a complex psychosocial, behavioral, and biological process that is not well-understood. For global reductions in tobacco use to occur,
future researchers need to consider the biological and
psychological aspects of nicotine addiction, as well
as environmental factors contributing to existing levels of tobacco use prevalence. Particularly, a key area
lacking investigation concerns the transportation of
smokers from pre-contemplation through to action.
Research is needed to identify motivational triggers
among these individuals and determine existing barriers to smoking cessation. As technology advances,
medical disciplines are moving toward the goal of
personalized medicine, with individualized pharmacotherapies based on specific genetic and environmental factors associated with each individual smoker,
which may increase the number of quit attempts.
Researchers are consistently identifying new genetic
properties that influence the pharmacokinetics and
pharmacodynamics of nicotine, such as the polymorphism of the CYP2A6 isoenzyme, resulting in a
developing field of research that requires attention.
The inability of preliminary immunotherapy studies
to produce efficacy in long-term smoking abstinence
also requires investigation, with potential limitations
of existing animal models under the spotlight.57
Research into gender variances are needed to
understand the impact that biological and cognitive
differences have in smoking cessation strategies
Substance Abuse: Research and Treatment 2013:7

between the sexes,71 particularly with evidence suggesting that females may be more susceptible to the
lung-damaging effects of cigarette smoking than
males.72 Additionally, the steady increase in female
tobacco use and reduction in male tobacco use over
recent decades needs to be considered in relation to
observed gender differences in addiction and health
effects resulting from tobacco use.93 Efficacy research
examining existing pharmacotherapeutic aids for
smoking cessation is also lacking in other specific
populations such as youth, individuals with mental
health issues, and indigenous populations.
There is a paucity of research to determine the
efficacy of pharmacological interventions for smoking cessation in the indigenous setting, while most
indigenous populations are overrepresented in the
burden of substance-related morbidity and mortality.
Current evidence suggests that significant amounts
of resources are being invested, particularly by
government bodies, yet methodologically rigorous
evaluation procedures are significantly lacking.81
This carries substantial dangers with funding being
invested into ineffective programs (which is possible without effective evaluations to determine true
treatment efficacy), resulting in an opportunity cost
for potentially effective initiatives.94 Moreover, the
few previous studies report significant shortcomings
relating to the effective implementation of research
methodology as intended, particularly related to the
uptake of pharmacotherapies and behavioral change
interventions.81,94,95 This indicates that the next phase
of tobacco-related research for the indigenous setting should be qualitative in nature to examine where
and why difficulties in existing research projects
have occurred and to determine how they can be
overcome.
Qualitative research has been underutilized in
the tobacco arena mostly due to concerns regarding methodological rigor and ambiguity in analyses
resulting in qualitative analyses that lack strength.96
However, because the nature of nicotine abuse is
two-fold and includes physiological addiction to
nicotine and behavioral components including habit,
a mixed method approach (combination of qualitative and quantitative research) should be considered. This will facilitate more thorough evaluation
of areas where existing evidence is lacking, particularly for the specific populations as listed above
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in which existing smoking cessation approaches
produce little effect.81,97–99 Such process evaluations,
particularly for key components such as context and
fidelity, can provide essential information to intervention studies across all settings.

Conclusions

The most common pharmacological aids for smoking cessation include nicotine replacement therapy,
varenicline tartrate, and bupropion hydrochloride,
with varenicline producing the greatest chance of
long-term abstinence. Clinical practice guidelines
recommend the use of counseling programs in conjunction with pharmacological interventions, with
regular follow-up and continued support to improve
chances of success. Emerging pharmacotherapies
include adaptations to existing treatments, evaluation
of medications used to treat other conditions, and the
use of genetic and biological factors that have the
potential to influence the mechanisms of nicotine
addiction. A primary objective of future research
should be to develop initiatives, which may include
high efficacy pharmacotherapies, to assist smokers
who are not willing or report being unable to quit.
Moreover, for smoking cessation pharmacotherapies
to be successful, effective implementation strategies must be clearly established with a multi-faceted
approach that includes instigation of public policies,
tobacco taxes, adequate support structures, and easy
access to low-cost medications with high treatment
efficacy.

Author Contributions

Conceived and designed the manuscript: KC, MB,
TR, RT. Analysed the data: KC, MB, TR, RT, AE.
Wrote the first draft of the manuscript: KC. Contributed to the writing of the manuscript: KC, MB, TR,
RT, AE, MP, BS. Agree with the manuscript results
and conclusions: KC, MB, TR, RT, AE, MP, BS.
Jointly developed the arguments and structure for the
paper: KC, MB, TR, RT, AE, MP, BS. Made critical
revisions and approved final version: KC, MB, TR,
RT, AE, MP, BS. All authors reviewed and approved
of the final manuscript.

Funding

Author(s) disclose no funding sources.
102

Competing Interests

Author(s) disclose no potential conflicts of interest.

Disclosures and Ethics

As a requirement of publication the authors have
provided signed confirmation of their compliance
with ethical and legal obligations including but
not limited to compliance with ICMJE authorship
and competing interests guidelines, that the article
is neither under consideration for publication nor
published elsewhere, of their compliance with legal
and ethical guidelines concerning human and animal research participants (if applicable), and that
permission has been obtained for reproduction of
any copyrighted material. This article was subject to
blind, independent, expert peer review. The reviewers reported no competing interests. Provenance:
the authors were invited to submit this paper.

References

1. Australian Bureau of Statistics 2011. The health and welfare of Australia’s
aboriginal and Torres Strait Islander peoples. Updated Oct 2010. http://www.
abs.gov.au/AUSSTATS/abs@.nsf/lookup/4707.0Chapter650Oct+201.
Accessed Jul 12, 2011.
2. Centers for Disease Control and Prevention and US Department of Heatlh and
Human Services 2012. 2012 Surgeon General’s report—preventing tobacco
use among youth and young adults. http://www.surgeongeneral.gov/library/
reports/preventing-youth-tobacco-use/full-report.pdf. Accessed Apr 29,
2012.
3. Cancer Research UK. Percentage of population who smoke. Smoking.
http://www.cancerresearchuk.org/cancer-info/cancerstats/types/lung/smoking/lung-cancer-and-smoking-statistics#cancer. Accessed Feb 16, 2013.
4. World Health Organization 2008. WHO report on the global tobacco epidemic: The MPOWER package. http://www.who.int/tobacco/mpower/
mpower_report_full_2008.pdf. Accessed Jan 1, 2013.
5. World Health Organization 2005. The role of health professionals in
tobacco control. http://www.who.int/mediacentre/news/releases/2005/pr22/
en/index.html. Accessed Oct 10, 2011.
6. US Department of Health and Human Services 2010. 2010 Surgeon
General’s report—how tobacco smoke causes disease: the biology and
behavioral basis for smoking-attributable disease. http://www.cdc.gov/
tobacco/data_statistics/sgr/2010/. Accessed Jan 17, 2013.
7. US Department of Health and Human Services 2004. The health consequences of smoking: a report of the Surgeon General. http://www.
surgeongeneral.gov/library/reports/smokingconsequences/index.html.
Accessed Oct 14, 2012.
8. Shearer J, Shanahan M. Cost effectiveness analysis of smoking cessation
interventions. Aust N Z J Public Health. 2006;30(5):428–34.
9. Cornuz J, Gilbert A, Pinget C, et al. Cost-effectiveness of pharmacotherapies for nicotine dependence in primary care settings: a multinational comparison. Tob Control. 2006;15(3):152–9.
10. The Royal Australian College of General Practitioners. Supporting smoking cessation: a guide for health professionals. RACGP. http://www.racgp.
org.au/download/documents/Guidelines/smoking-cessation.pdf. Published
2011. Accessed May 8, 2013.
11. Cohen JT, Neumann PJ, Weinstein MC. Does preventive care save
money? Health economics and the presidential candidates. N Engl J Med.
2008;358(7):661–3.

Substance Abuse: Research and Treatment 2013:7

Pharmacotherapies for smoking cessation
12. Australian Government Department of Health and Ageing 2004. Smoking
cessation guidelines for Australian general practice. http://www.health.gov.
au/internet/main/publishing.nsf/content/66E760C4245B6865CA25723E00
02CE36/$File/smoking_flip.pdf. Accessed Oct 24, 2012.
13. McRobbie H, Bullen C, Glover M, et al; New Zealand Guidelines Group. New
Zealand smoking cessation guidelines. N Z Med J. 2008;121(1276):57–70.
14. US Department of Health and Human Services 2008. Clinical practice guideline: treating tobacco use and dependence: 2008 update. http://www.ahrq.
gov/clinic/tobacco/treating_tobacco_use08.pdf. Accessed Oct 31, 2012.
15. Raupach T, van Schayck CP. Pharmacotherapy for smoking cessation: current advances and research topics. CNS Drugs. 2011;25(5)371–82.
16. Lerman C, LeSage MG, Perkins KA, et al. Translational research in
medication development for nicotine dependence. Nat Rev Drug Discov.
2007;6(9):746–62.
17. Cobb NK, Byron MJ, Abrams DB, Shields PG. Novel nicotine delivery systems and public health: the rise of the “e-cigarette”. Am J Public Health.
2010;100(12):2340–2.
18. Choi K, Forster J. Characteristics associated with awareness, perceptions,
and use of electronic nicotine delivery systems among young US midwestern adults. Am J Public Health. 2013;103(3):556–61.
19. D’Orlando KJ, Fox BS. Tolerability and pharmacokinetics of single and
repeated doses of nicotine with The Straw, a novel nicotine replacement
therapy product. Nicotine Tob Res. 2004;6(1):63–70.
20. Pomerleau CS, Carton SM, Lutzke ML, Flessland KA, Pomerleau OF.
Reliability of the fagerstrom tolerance questionnaire and the fagerstrom test
for nicotine dependence. Addict Behav. 1994;19(1):33–9.
21. Zwar NA, Richmond R, Borland R, et al. Treatment algorithm. RACGP:
Supporting smoking cessation: a guide for health professionals. http://www.
racgp.org.au/download/Documents/Guidelines/smokingcessationguidelinestreatmentalgorithm.pdf. Accessed Feb 17, 2013.
22. Coe JW, Brooks PR, Vetelino MG, et al. Varenicline: An alpha4beta2
nicotinic receptor partial agonist for smoking cessation. J Med Chem.
2005;48(10):3474–7.
23. Cahill K, Stead LF, Lancaster T. Nicotine receptor partial agonists for smoking cessation. Cochrane Database Syst Rev. 2012;4:1–116.
24. Smith BJ, Carson KV, Brinn MP, et al. Smoking termination opportunity
for inpatients (STOP): superiority of a course of varenicline tartrate plus
counselling over counselling alone for smoking cessation: a 12-month randomised controlled trial for inpatients. Thorax. 2013;68(5):485–6. Accessed
Sep 19, 2012.
25. Hughes JR, Stead LF, Lancaster T. Antidepressants for smoking cessation.
Cochrane Database Syst Rev. 2007;8(1):1–125.
26. Fiore MC, Jaen C, Baker T. Treating tobacco use and dependence. Updated
2008. http://www.ncbi.nlm.nih.gov/books/NBK63952/. Accessed Oct 24,
2012.
27. West R, Zatonski W, Cedzynska M, et al. Placebo-controlled trial of cytisine
for smoking cessation. N Engl J Med. 2011;365(13):1193–200.
28. Stead LF, Perera R, Bullen C, Mant D, Lancaster T. Nicotine replacement
therapy for smoking cessation. Cochrane Database Syst Rev. 2008;3(1);
1–165.
29. Henningfield JE, Fant RV, Buchhalter AR, Stitzer ML. Pharmacotherapy for
nicotine dependence. CA Cancer Clin. 2005;55(5):281–99.
30. Medicines and Healthcare Products and Regulatory Agency 2010.
Niconinell/NicAid mint 2 mg and 4 mg medicated chewing gum PL:
00030/0441-2. MHRA. http://www.mhra.gov.uk/home/groups/par/documents/websiteresources/con079319.pdf. Accessed Feb 16, 2013.
31. Lancaster T, Stead LF. Mecamylamine (a nicotine antagonist) for smoking
cessation. Cochrane Database Syst Rev. 2000;8(2):1–14.
32. Zatonski W, Cedzynska M, Tutka P, West R. An uncontrolled trial of cytisine
(Tabex) for smoking cessation. Tob Control. 2006;15(6):481–4.
33. Vinnikov D, Brimkulov N, Burjubaeva A. A double-blind, randomised,
placebo-controlled trial of cytisine for smoking cessation in mediumdependent workers. Journal of Smoking Cessation. 2008;3(1):57–62.
34. Thompson-Evans TP, Glover MP, Walker N. Cytisine’s potential to be used
as a traditional healing method to help indigenous people stop smoking:
a qualitative study with Maori. Nicotine Tob Res. 2011;13(5):353–60.

Substance Abuse: Research and Treatment 2013:7

35. Hughes AR, Stead LF, Lancaster T. Anxiolytics for smoking cessation.
Cochrane Database Syst Rev. 2011;8(4):1–23.
36. Gold MS. Opiate addiction and the locus coeruleus: the clinical utility of
clonidine, naltrexone, methadone, and buprenorphine. Psychiatr Clin North
Am. 1993;16(1):61–73.
37. Manhem P, Nilsson LH, Moberg AL, Wadstein J, Hökfelt B. Alcohol
withdrawal: effects of clonidine treatment on sympathetic activity, the
renin-aldosterone system, and clinical symptoms. Alcohol Clin Exp Res.
1985;9(3):238–43.
38. Bredfeldt RC, Sutherland JE, Kruse JE. Efficacy of transdermal clonidine
for headache prophylaxis and reduction of narcotic use in migraine patients.
J Fam Pract. 1989;29(2):153–6.
39. Edington RF, Chagnon JP, Steinberg WM. Clonidine (dixarit) for menopausal flushing. Can Med Assoc J. 1980;123(1):23–5.
40. Ginsburg J, O’Reilly B, Swinhoe J. Effect of oral clonidine on human cardiovascular responsiveness: a possible explanation of the therapeutic action
of the drug in menopausal flushing and migraine. Br J Obstet Gynaecol.
1985;92(11):1169–75.
41. Leckman JF, Detlor J, Harcherik DF, Ort S, Shaywitz BA, Cohen DJ. Shortand long-term treatment of Tourette’s syndrome with clonidine: a clinical
perspective. Neurology. 1985;35(3):343–51.
42. Gourlay SG, Stead LF, Benowitz NL. Clonidine for smoking cessation.
Cochrane Database Sys Rev. 2008;4:1–15. http://onlinelibrary.wiley.com/
doi/10.1002/14651858.CD000058.pub2/pdf.
43. David SP, Lancaster T, Stead LF, Evins AE, Cahill K. Opioid antagonists for
smoking cessation. Cochrane Database Syst Rev. 2009;4:1–30. http://www.
ncsct.co.uk/usr/pub/opioid%20antagonists%20for%20cessation.pdf.
44. Cahill K, Ussher MH. Cannabinoid type 1 receptor antagonist for smoking
cessation. Cochrane Database Syst Rev. 2012;7:1–27. http://onlinelibrary.
wiley.com/doi/10.1002/14651858.CD005353.pub4/pdf.
45. Dorsey JL. Control of the tobacco habit. Annals of Internal Medicine.
1936;10:628–31.
46. Stead LF, Hughes JR. Lobeline for smoking cessation. Cochrane Database
Syst Rev. 2012;2:1–11.
47. Ejrup, B. Report to American Cancer Society Conference of Experts on
Ways to help people give up smoking [Conference proceedings]. New York
City, NY. American Cancer Society: Dec 19–20, 1967.
48. Wright IS, Littauer D. Lobeline sulphate: its pharmacology and use in the
treatment of the tobacco habit. Journal of the American Medical Association.
1937;109:649–54.
49. Department of Health and Human Services, Food, Drug Administration.
Smoking deterrent drug products for Over the Counter human use [official
document number FR 31236] FDA. June 1, 1993;Vol. 58, issue 103.
50. Lancaster T, Stead LF. Individual behavioural counselling for smoking
cessation. Cochrane Database Syst Rev. 2008;4:1–52. http://www.thecochranelibrary.com/userfiles/ccoch/file/World%20No%20Tobacco%20Day/
CD001292.pdf.
51. Medicines and Healthcare Products Regulatory Agency. Nicobrevin: withdrawn from UK markets as risks outweigh benefits. MHRA UK Public
assessment report. http://www.mhra.gov.uk/home/groups/pl-p/documents/
websiteresources/con114612.pdf. Accessed Feb 16, 2013.
52. Stead LF, Lancaster T. Nicobrevin for smoking cessation. Cochrane Database of Systematic Reviews. 2013;2:1–9. http://onlinelibrary.wiley.com/
doi/10.1002/14651858.CD005990/pdf.
53. Buchhalter AR, Fant RV, Henningfield JE. Novel pharmacological
approaches for treating tobacco dependence and withdrawal: current status.
Drugs. 2008;68:1067–88.
54. Aubin HJ, Karila L, Reynaud M. Pharmacotherapy for smoking cessation:
present and future. Curr Pharm Des. 2011;17(14):1343–50.
55. Ebbert JO, Burke MV, Hays JT, Hurt RD. Combination treatment with varenicline and nicotine replacement therapy. Nicotine Tob Res. 2009;11(5):572–6.
56. Ebbert JO, Croghan IT, Sood A, Schroeder DR, Hays JT, Hurt RD.
Varenicline and bupropion sustained-release combination therapy for
smoking cessation. Nicotine Tob Res. 2009;11(3):234–9.
57. Raupach T, Hoogsteder PH, Onno van Schayck CP. Nicotine vaccines to assist
with smoking cessation: current status of research. Drugs. 2012;72(4): e1–16.

103

Carson et al
58. Cerny EH, Cerny T. Vaccines against nicotine. Hum Vaccin. 2009;5(4):
200–5.
59. Fagerström K, Balfour DJ. Neuropharmacology and potential efficacy
of new treatments for tobacco dependence. Expert Opin Investig Drugs.
2006;15(2):107–16.
60. Le Foll B, Forget B, Aubin HJ, Goldberg SR. Blocking cannabinoid CB1
receptors for the treatment of nicotine dependence: insights from pre-clinical and clinical studies. Addict Biol. 2008;13(2):239–52.
61. Hartmann-Boyce J, Cahill K, Hatsukami D, Cornuz J. Nicotine vaccines for
smoking cessation. Cochrane Database Syst Rev. 2012;8:1–31.
62. White AR, Rampes H, Liu JP, Stead LF, Campbell J. Acupuncture and
related interventions for smoking cessation. Cochrane Database Syst Rev.
2011;5:1–71.
63. Barnes J, Dong CY, McRobbie H, Walker N, Mehta M, Stead LF.
Hypnotherapy for smoking cessation. Cochrane Database Syst Rev. 2010;
10:1–41.
64. Cahill K, Perera R. Quit and win contests for smoking cessation.
Cochrane Database Syst Rev. 2011;8:1–32. http://onlinelibrary.wiley.com/
doi/10.1002/14651858.CD004986.pub3/pdf.
65. Ussher MH, Taylor A, Faulkner G. Exercise interventions for smoking cessation. Cochrane Database Syst Rev. 2012;1:1–50.
66. Gocan SJ, Laplante MC, Papadakis S, et al. QUIT—A pilot trial of standardized counselling and cost free pharmacotherapy for smoking cessation
in secondary stroke prevention. Stroke. 2010;41(7):e479. http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD004986.pub3/pdf.
67. Morris JF, Temple W. Spirometric “lung age” estimation for motivating
smoking cessation. Prev Med. 1985;14(5):655–62.
68. Parkes G, Greenhalgh T, Griffin M, Dent R. Effect on smoking quit rate of
telling patients their lung age: the Step2quit randomised controlled trial.
BMJ. 2008;336(7644):598–600.
69. Benowitz NL. Nicotine addiction. N Engl J Med. 2010;362(24):
2295–303.
70. US Department of Health and Human Services 1998. Tobacco use among
US racial/ethnic minority groups—African Americans, American Indians
and Alaska Natives, Asian Americans and Pacific Islanders, and Hispanics:
A Report of the Surgeon General. Trends in Tobacco Use. http://www.cdc.
gov/tobacco/data_statistics/sgr/1998/.
71. Croghan IT, Ebbert JO, Hurt RD, et al. Gender differences among smokers
receiving interventions for tobacco dependence in a medical setting. Addict
Behav. 2009;34(1):61–7.
72. Sørheim IC, Johannessen A, Gulsvik A, Bakke PS, Silverman EK,
DeMeo DL. Gender differences in COPD: are women more susceptible to
smoking effects than men? Thorax. 2010;65(6):480–5.
73. Carson KV, Usmani ZA, Roberston TA, Mysore S, Brinn MP. Smoking cessation interventions for lung cancer patients. Lung Cancer Management.
2013;2(1):1–14.
74. Moore TJ, Furberg CD, Glenmullen J, Maltsberger JT, Singh S. Suicidal
behavior and depression in smoking cessation treatments. PLoS One.
2011;6(11):e27016.
75. Horta B, Kramer MS, Platt RW. Maternal smoking and the risk of early
warning: a meta-analysis. Am J Public Health. 2001;91(2):304–7.
76. Horta BL, Victora CG, Menezes AM, Barros FC. Environmental tobacco
smoke and breastfeeding duration. Am J Epidemiol. 1997;146(2):128–33.
77. Wills RA, Coory MD. Effect of smoking among Indigenous and non-Indigenous mothers on preterm birth and fullterm low birthweight. Med J Aust.
2008;189(9):490–4.
78. Herman AI, Sofuoglu M. Comparison of available treatments for tobacco
addiction. Curr Psychiatry Rep. 2010;12(5):433–40.
79. Grangé G, Vayssiere C, Borgne A, et al. Description of tobacco addiction in
pregnant women. Eur J Obstet Gynecol Reprod Biol. 2005;120(2):146–51.
80. Johnston V, Thomas DP, McDonnell J, Andrews RM. Maternal smoking
and smoking in the household during pregnancy and postpartum: findings from an Indigenous cohort in the Northern Territory. Med J Aust.
2011;194(10):556–9.
81. Carson KV, Brinn MP, Peters M, Veale A, Esterman AJ, Smith BJ.
Interventions for smoking cessation in Indigenous populations. Cochrane
Database Syst Rev. 2012;1–52.

104

82. World Health Organization 2013. Prevalence of tobacco use. Global Health
Observatory (GHO). http://www.who.int/gho/tobacco/use/en/index.html.
Accessed Feb 16, 2013.
83. Guindon GE; World Health Organization 2008. The cost attributable to
tobacco use: a critical review of the literature. Population and Development
Review. http://www.jstor.org/pss/25434675. Accessed Dec 23, 2012.
84. Blissmer B, Prochaska JO, Velicer WF, et al. Common factors predicting long-term changes in multiple health behaviors. J Health Psychol.
2010;15(2):205–14.
85. Mohammad A, Crews K, Taybos G, Vancevitch P. Clinician’s Guide to Tobacco
Cessation: Integrating Medicine and Dentistry. The American Academy of
Oral Medicine. 2006. https://gumroad.com/l/jqER. Access May 5, 2013.
86. Aubin HJ, Bobak A, Britton JR, et al. Varenicline versus transdermal nicotine
patch for smoking cessation: results from a randomised open-label trial.
Thorax. 2008;63(8):717–24.
87. Carson KV, Verbiest ME, Crone MR, et al. Training health professionals in
smoking cessation. Cochrane Database Syst Rev. 2012;5:1–144.
88. Prochaska JO, Velicer WF. The transtheoretical model of health behavior
change. Am J Health Promot. 1997;12(1):38–48.
89. Dunlop SM, Cotter TF, Perez DA. Impact of the 2010 tobacco tax increase
in Australia on short-term smoking cessation: a continuous tracking survey.
Med J Aust. 2011;195(8):469–72.
90. Benowitz NL, Hukkanen J, Jacob P 3rd. Nicotine chemistry, metabolism,
kinetics and biomarkers. Handb Exp Pharmacol. 2009;192:29–60.
91. Gordon JS, Albert DA, Crews KM, Fried J. Tobacco education in dentistry
and dental hygiene. Drug Alcohol Rev. 2009;28(5):517–32.
92. Rosseel JP, Jacobs JE, Hilberink SR, et al. What determines the provision of smoking cessation advice and counselling by dental care teams? Br
Dent J. 2009;206(7):E13.
93. Pathania VS. Women and the smoking epidemic: turning the tide. Bull
World Health Organ. 2011;89(3):162.
94. Ivers RG. An evidence-based approach to planning tobacco interventions
for Aboriginal people. Drug Alcohol Rev. 2004;23(1):5–9.
95. Sibthorpe BM, Bailie RS, Brady MA, Sumner-Dodd P, Hall WD, et al. The
demise of a planned randomised controlled trial in an urban Aboriginal
medical service. Med J Aust. 2002;176(6):273–6.
96. Watts S. User skills for qualitative analysis: perspective, interpretation, and
the delivery of impact. Qualitative Research in Psychology. 2013:1–31.
97. Kerr S, Woods C, Knussen C, Watson H, Hunter R. Breaking the habit:
a qualitative exploration of barriers and facilitators to smoking cessation
in people with enduring mental health problems. BMC Public Health.
2013;13:221.
98. Prochaska JJ, Fromont SC, Wa C, Matlow R, Ramo DE, Hall SM. Tobacco
use and its treatment among young people in mental health settings:
a qualitative analysis. Nictone Tob Res. 2013:1–7.
99. Howard LM, Bekele D, Rowe M, Demilew J, Bewley S, Marteau TM.
Smoking cessation in pregnant women with mental disorders: a cohort and
nested qualitative study. BJOG. 2013;120(3):362–70.
100. West R, Baker CL, Cappelleri JC, Bushmakin AG. Effect of varenicline
and bupropion SR on craving, nicotine withdrawal symptoms, and rewarding effects of smoking during a quit attempt. Psychopharmacology (Berl).
2008;197(3):371–7.
101. Cooley ME, Sipples RL, Murphy M, Sarna L. Smoking cessation and
lung cancer: oncology nurses can make a difference. Semin Oncol Nurs.
2008;24(1):16–26.
102. Harrison-Woolrych M. Varenicline and suicide. Safety data from
New Zealand. BMJ. 2009;339:b5654.
103. New Zealand Medicines and Medical Devices Safety Authority. Data
Sheet: Champix (varenicline as tartrate) Ministry of Health. http://www.
medsafe.govt.nz/profs/datasheet/c/Champixtab.pdf. Published 2012.
Accessed May 8, 2013.
104. Harrison-Woolrych M, Maggo S, Tan M, Savage R, Ashton J. Cardiovascular events in patients taking varenicline: a case series from intensive
postmarketing surveillance in New Zealand. Drug Saf. 2012;35(1):33–43.
105. Rigotti NA, Pipe AL, Benowitz NL, Arteaga C, Garza D, Tonstad S. Efficacy
and safety of varenicline for smoking cessation in patients with cardiovascular disease: a randomized trial. Circulation. 2010;121(2):221–9.

Substance Abuse: Research and Treatment 2013:7

Pharmacotherapies for smoking cessation
106. Samuels L. Varenicline: cardiovascular safety. CMAJ. 2011;183(12):1407–8.
107. Singh S, Loke YK, Spangler JG, Furberg CD. Risk of serious adverse cardiovascular events associated with varenicline: a systematic review and
meta-analysis. CMAJ. 2011;183(12):1359–66.
108. Food and Drug Administration 2009. Chantix and Zyban to get boxed warning on serious mental health events. http://www.fda.gov/ForConsumers/
ConsumerUpdates/ucm170356.htm. Accessed Sep 9, 2012.
109. Aschenbrenner DS. FDA review of antismoking aid, varenicline, and neuropsychiatric adverse events. Am J Nurs. 2012;112(2):28.
110. Philip NS, Carpenter LL, Tyrka AR, Whiteley LB, Price LH. Varenicline
augmentation in depressed smokers: an 8-week, open-label study. J Clin
Psychiatry. 2009;70(7):1026–31.
111. The European Agency for the Evaluation of Medicinal Products 2002.
Committee for proprietary medicinal products (CPMP): Opinion following an Article 36 referral for Bupropion hydrochloride International
Non-Proprietary Name (INN): Bupropion hydrochloride. http://www.ema.
europa.eu/docs/en_GB/document_library/Referrals_document/Bupropion_hydrochloride__36/WC500011827.pdf. Accessed Feb 17, 2013.
112. Hall SM, Humfleet GL, Muñoz RF, Reus VI, Robbins JA, Prochaska JJ.
Extended treatment of older cigarette smokers. Addiction. 2009;104(6):
1043–52.
113. Jorenby DE, Leischow SJ, Nides MA, et al. A controlled trial of sustainedrelease bupropion, a nicotine patch, or both for smoking cessation. N Engl
J Med. 1999;340(9):685–91.
114. Wu P, Wilson K, Dimoulas P, Mills EJ. Effectiveness of smoking cessation therapies: a systematic review and meta-analysis. BMC Public Health.
2006;6:300.
115. Medicines and Healthcare Products Regulatory Agency 2008. Nicorette
Invisi 10 mg, 15 mg, and 25 mg patch: PL 15513/0159-61. MHRA. http://
www.mhra.gov.uk/home/groups/l-unit1/documents/websiteresources/
con036311.pdf. Accessed Feb 16, 2013.
116. Cancer Council of Australia. Fact sheet: nicotine gum. http://www.quit.
org.au/downloads/Background%20Briefs/FS_Nicotine_gum_Sep_2012_
EN_final.pdf. Accessed Oct 31, 2012.
117. Medicines and Healthcare Products Regulatory Agency 2011. Nicorette
Freshfruit 2 and 4 mg gum PL: 15513/0136-7. MHRA. http://www.mhra.
gov.uk/home/groups/par/documents/websiteresources/con134823.pdf.
Accessed Feb 16, 2013.
118. Cancer Council of Australia. Fact sheet: nicotine Inhaler. Fact Sheet.
http://www.quit.org.au/downloads/Background%20Briefs/FS_Nicotine_
inhaler_Sep_2012_EN_final.pdf. Accessed Oct 31, 2012.

Substance Abuse: Research and Treatment 2013:7

119. Pfizer Pharmaceuticals. Product information: Nicotrol NS (nicotine nasal
spray). http://www.pfizer.com/files/products/uspi_nicotrol.pdf. Accessed
Oct 31, 2012.
120. Medicines and Healthcare Products Regulatory Agency 2010. Nicorette
quickmist 1 mg/spray mouthspray PL: 15513/0357. MHRA. http://www.
mhra.gov.uk/home/groups/par/documents/websiteresources/con194682.
pdf. Accessed Feb 16, 2013.
121. Cancer Council of Australia. Nicotine lozenge. Stopping Smoking.
http://www.quit.org.au/downloads/Background%20Briefs/Lozenges.pdf.
Accessed Oct 31, 2012.
122. Medicines and Healthcare Products Regulatory Agency 2012. Nicotine
minis 1.5 mg lozenges PL: 00079/0683. MHRA. http://www.mhra.gov.uk/
home/groups/par/documents/websiteresources/con216901.pdf. Accessed
Feb 16, 2013.
123. Medicines and Healthcare Products Regulatory Agency 2007. NiQuintin
2 mg lozenges PL: 00079/0606. MHRA. http://www.mhra.gov.uk/home/
groups/l-unit1/documents/websiteresources/con013917.pdf. Accessed Feb 2,
2013.
124. Medicines and Healthcare Products Regulatory Agency 2010. Nicorette
freshmint 2 mg lozenge PL: 15513/0362. MHRA. http://www.mhra.
gov.uk/home/groups/par/documents/websiteresources/con105836.pdf.
Accessed Feb 16, 2013.
125. Glassman AH, Covey LS, Dalack GW, et al. Smoking cessation, clonidine,
and vulnerability to nicotine among dependent smokers. Clin Pharmacol
Ther. 1993;54(6):670–9.
126. Gourlay SG, Benowitz NL. Is clonidine an effective smoking cessation
therapy? Drugs. 1995;50(2):197–207.
127. Davison GC, Rosen RC. Lobeline and reduction of cigarette smoking.
Psychol Rep. 1972;31(2):443–56.
128. Swartz H, Cohen A. Clinical evaluation of SmoKurb as a smoking
deterrent. Curr Ther Res Clin Exp. 1964;6:290–6.
129. Wolters Kluwer Health 2009. Lobelia. http://www.drugs.com/npp/lobelia.
html. Accessed Feb 21, 2013.
130. Lancaster T, Stead LF. Silver acetate for smoking cessation. Cochrane
Database Syst Rev. 2012;9:1–12.

105

