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Abstract
Background: Many placebo-controlled trials have demonstrated the efficacy of individual pharmacotherapies approved for smoking cessation. However, few direct or
indirect comparisons of such interventions have been conducted. We performed a meta-analysis to compare the
treatment effects of 7 approved pharmacologic interventions for smoking cessation.
Methods: We searched the US Centers for Disease Control
and Prevention’s Tobacco Information and Prevention
database as well as MEDLINE, EMBASE and the Cochrane
Library for published reports of placebo-controlled, doubleblind randomized controlled trials of pharmacotherapies
for smoking cessation. We included studies that reported
biochemically validated measures of abstinence at 6 and 12
months. We used a hierarchical Bayesian random-effects
model to summarize the results for each intervention.
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Results: We identified 70 published reports of 69 trials involving a total of 32 908 patients. Six of the 7 pharmacotherapies studied were found to be more efficacious than
placebo: varenicline (odds ratio [OR] 2.41, 95% credible interval [CrI] 1.91–3.12), nicotine nasal spray (OR 2.37, 95% CrI
1.12–5.13), bupropion (OR 2.07, 95% CrI 1.73–2.55), transdermal nicotine (OR 2.07, 95% CrI 1.69–2.62), nicotine tablet
(OR 2.06, 95% CrI 1.12–5.13) and nicotine gum (OR 1.71,
95% CrI 1.35–2.21). Similar results were obtained regardless
of which measure of abstinence was used. Although the
point estimate favoured nicotine inhaler over placebo (OR
2.17), these results were not conclusive because the credible
interval included unity (95% CrI 0.95–5.43). When all 7 interventions were included in the same model, all were more
efficacious than placebo. In our analysis of data from the
varenicline trials that included bupropion control arms, we
found that varenicline was superior to bupropion (OR 2.18,
95% CrI 1.09–4.08).
Interpretation: Varenicline, bupropion and the 5 nicotine replacement therapies were all more efficacious than placebo
at promoting smoking abstinence at 6 and 12 months.

Une version française de ce résumé est disponible à l’adresse
www.cmaj.ca/cgi/content/full/179/2/135/DC1
CMAJ 2008;179(2):135-44
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ealth Canada recently approved the use of varenicline as a pharmacotherapy for smoking cessation.
Varenicline works by stimulating dopamine, which
results in reduced cravings and withdrawal symptoms. The
drug also blocks nicotine receptors, which prevents the
dopamine release associated with nicotine consumption.1
The drug has been examined in a few small randomized
controlled trials.2–5 Despite limited evidence concerning its
use, varenicline is viewed by many clinicians and researchers as the most effective smoking cessation aid. Consequently, there is a need for a systematic assessment of the
effectiveness of varenicline relative to placebo. Furthermore, there is a need to compare the efficacy of varenicline
with that of existing pharmacotherapies, including sustained-release bupropion and approved nicotine replacement therapies.
We undertook a meta-analysis of placebo-controlled randomized controlled trials of the efficacy of 7 pharmacotherapies approved for smoking cessation. We had 3 objectives: to
summarize the efficacy of each pharmacotherapy; to undertake a direct comparison of varenicline and bupropion by analyzing trials that contained both varenicline and bupropion
treatment arms; and to undertake an indirect comparison of all
7 pharmacotherapies using the results of the individual trials.

Methods
Search strategy
We conducted a literature search in January 2008 of the following databases: the US Centers for Disease Control and Prevention’s Tobacco Information and Prevention database as
well as MEDLINE (through PubMed), EMBASE and the
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Cochrane Library. We identified English-language reports of
randomized controlled trials of 7 pharmacotherapies for smoking cessation: varenicline, bupropion and 5 formulations of
nicotine replacement therapy (gum, inhaler, nasal spray, tablet
and transdermal patch). We used the keywords “smoking,”
“varenicline,” “bupropion,” “Zyban,” “nicotine gum,” “nicotine inhaler,” “nicotine lozenge,” “nicotine nasal spray,”
“nicotine patch,” “nicotine replacement therapy,” “nicotine
tablet” and “transdermal nicotine.” We reviewed the bibliographies of identified studies and recent reviews of smoking cessation pharmacotherapies for additional reports not found
through the database searches.
Study selection
We included in our analysis all placebo-controlled, doubleblind randomized controlled trials that reported biochemically
validated measures of abstinence at 6 and 12 months. We included trials irrespective of setting (e.g., hospital, smoking
cessation clinic). Trials in which the intervention and control
groups received adjunctive support (e.g., counselling, group
therapy) were included irrespective of the intensity of support, provided that patients in the 2 groups were exposed to
the same level of adjunctive support. We included factorialdesigned trials and treated them as 2 separate trials provided
that appropriate placebos were used.
We excluded unblinded trials and those designed to evaluate whether an intervention reduced cigarette use or spontaneous cessation among smokers unwilling to quit. We also
excluded trials involving smokers who had chronic disease.
Although we did not formally assess trial quality, we limited our study to double-blind, placebo-controlled randomized
controlled trials with biochemically validated outcomes. The
use of these strict inclusion criteria suggests that included trials were of high quality.
Data abstraction
Two reviewers performed the data abstraction independently.
Abstracted information included demographic and clinical
characteristics of the study groups, dosage regimens, adverse
events, and outcomes of smoking abstinence at 6 and 12
months. Disagreements were resolved by consensus or by a
third reviewer. If the required information was not available
in the published article, we obtained additional information in
correspondence with the authors.
Classification of outcomes
We defined abstinence as either continuous abstinence from cigarette smoking or point prevalence of abstinence. Continuous
abstinence was defined as no smoking from the initial target quit
date until follow-up. Point prevalence was defined as no smoking over a given period, usually 7 days, directly before the follow-up appointment. We included in the continuous abstinence
category outcomes that were reported in terms of repeated point
prevalence (subjects who were abstinent for a given period immediately before 2 or more follow-up visits) and outcomes that
required subjects to abstain from smoking only after a 2- to 3week grace period following the target quit date.
The variety of outcomes reported in the trials meant that,
136

for any single outcome, we would have to exclude many studies from the meta-analysis. We therefore examined smoking
abstinence with respect to the “most rigorous criterion” of abstinence reported.6 This criterion was defined as the most conservative outcome reported in any given randomized controlled trial, based on the following ranking: 1) continuous
abstinence at 12 months; 2) continuous abstinence at 6
months; 3) point prevalence of abstinence at 12 months; and
4) point prevalence of abstinence at 6 months.
For our analysis, we included only smoking outcomes
from trials that reported biochemically validated measures
of abstinence. We assessed outcomes using the intentionto-treat principle. We classified as smokers all patients (excluding those who died before follow-up) who were randomly assigned to a study group but were unavailable at
follow-up.

Records of randomized
controlled trials identified
and screened
n = 622
Excluded n = 452
• No placebo group
• Physicians randomized
• Multicomponent intervention

Records retrieved for more
detailed review
n = 170
Excluded n = 105
• Follow-up less than 6 mo
• No biochemical validation of
abstinence
• Single-blind trial

Relevant trials that met
inclusion criteria
n = 65
Additional trials n = 5
(identified from references
of identified included and
previous reviews)

Relevant trials that met
inclusion criteria
n = 70
Excluded n = 1
(cessation outcomes
not reported)

Trials included in
meta-analysis
n = 69

Figure 1: Retrieval and selection of randomized controlled trials of pharmacotherapies for smoking cessation.
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Statistical analysis
We used Bayesian hierarchical meta-analysis models to account for variations in outcomes between trials. To adjust for
variations in patient characteristics, trial methodologies, settings and intensities of adjunctive support across trials, we
used meta-regression. These models do not assume homogeneity of treatment effects. The probability of abstinence
from smoking varied both between treatment and control
groups within each study, and between studies. We assumed
that the within-study logarithms of the odds ratios for each
outcome would follow a normal distribution, whose mean
represents mean treatment effects across trials and the variance represents the between-trial variability of the odds ratios.
We used normal prior distributions for each hierarchical
mean treatment effect (on the logit scale), with a mean of 0
and a variance of 1 000 000. Similarly, we used normal
prior distributions for placebo, with a mean of 0 and a variance of 10 000. The same prior distribution was used for
regression parameters in models that included a metaregression component. The hierarchical standard deviation
followed a uniform distribution, with a minimum of 0.001
and a maximum of 10.

No. who
quit smoking
Study

We created separate models for outcomes at 6 months and
12 months, and for both point prevalence and continuous abstinence outcomes. This resulted in 4 models for each of the
7 pharmacotherapies studied. We compared the efficacy of
the pharmacotherapies to each other by running a single,
large hierarchical meta-analysis model across all trials,
where a log odds ratio was modelled as a separate parameter
for each pharmacotherapy. We used a further hierarchical regression component to model the log odds ratio as a function
of trial-level characteristics, including smoking cessation
pharmacotherapy, age, sex and mean number of cigarettes
per day. We created indicator variables for each pharmacotherapy and compared pharmacotherapies by calculating a
ratio of odds ratios between each pair of interventions. We
also directly compared varenicline and bupropion in a metaanalysis of trials that had both varencline and bupropion
treatment arms.

Results
Through our literature search we identified 70 published reports of 69 placebo-controlled randomized trials that met

No. of
participants

Placebo

Treatment

Tonnesen et al.7

20/180

111/527

2.08 (1.55–2.93)

Jorenby et al.3

59/341

80/342

1.83 (1.26–2.35)

Gonzales et al.2

48/344

75/329

1.99 (1.46–2.58)

Ahluwalia et al.8

19/300

37/300

2.07 (1.49–2.96)

Fossati et al.9

26/193

101/400

2.09 (1.58–2.92)

al.10

43/270

74/285

2.00 (1.47–2.63)

Aubin et al.11

21/164

85/340

2.11 (1.58–3.03)

Gonzales et al.12

5/224

27/226

2.31 (1.74–4.57)

Jorenby et al.13

9/160

45/244

2.25 (1.72–3.98)

Collins et

Dalsgareth et

Odds ratio (95% CrI)

8/114

39/221

2.15 (1.57–3.46)

Hurt et al.15

19/153

36/156

2.08 (1.49–3.00)

Nides et al.4

6/123

8/126

2.00 (1.21–2.96)

Muramoto et al.16

6/103

9/105

2.13 (1.47–3.52)

2/103

1.88 (0.91–2.57)

Muramoto et

al.14

al.16

6/103

Hall et al.17

9/73

15/73

2.05 (1.34–3.06)

Holt et al.18

5/46

19/88

2.08 (1.41–3.30)

Overall

303/2788

763/3865

Favours
placebo

Favours
treatment

2.07 (1.73–2.55)
0.2

1.0
Odds ratio (95% CrI)

7.0

Figure 2: Effect of bupropion on smoking cessation. Smoking cessation is defined by the most rigorous criterion of abstinence (the most
conservative outcome reported in any given trial), based on the following ranking: continuous abstinence at 12 months; continuous abstinence at 6 months; point prevalence of abstinence at 12 months; point prevalence of abstinence at 6 months. The data have been adjusted for length of treatment and dosage. Trials are ordered according to the number of patients analyzed using the most rigorous criteria. The total number of patients represents the number of unique patients and thus is less than the sum of the individual studies. Details
of the individual trials are summarized in Appendix 1 (available at www.cmaj.ca/cgi/content/full/179/2/135/DC2). CrI = credible interval.
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our inclusion criteria (Figure 1; Appendices 1–5, available
at www.cmaj.ca/cgi/content/full/179/2/135/DC2). The trials
involved a total of 32 908 participants. There were 16 trials
of bupropion (6653 patients), 22 of nicotine gum (5200 patients), 4 of nicotine inhaler (976 patients), 4 of nicotine
nasal spray (887 patients), 30 of transdermal nicotine
(14 459 patients), 6 of nicotine tablet (2306 patients) and
13 of varenicline (3395 patients). There were 45 comparisons of point prevalence of smoking abstinence at 6
months and 40 comparisons at 12 months. There were 49
comparisons of continuous abstinence at 6 months and 55
at 12 months.
Safety data were reported in most trials. These data primarily consisted of treatment discontinuation and nuisance
side effects.

No. who
quit smoking

Efficacy of smoking cessation pharmacotherapies
The pooled data for each smoking cessation pharmacotherapy,
with smoking abstinence defined using the most rigorous criterion available, are shown in Figure 2 (bupropion2–4,7–18), Figure
3 (nicotine gum19–37), Figure 4 (transdermal nicotine13,38–59) and
Figure 5 (varenicline2–5,60,61) and in online Appendix 6 (nicotine
inhaler), Appendix 7 (nicotine nasal spray) and Appendix 8
(nicotine tablet). (The appendices are available at www.cmaj
.ca/cgi/content/full/179/2/135/DC2). Data for bupropion were
adjusted for treatment dosage and duration. Data for nicotine
gum and tablet were adjusted for dosage. Data for transdermal
nicotine were adjusted for differences in constant versus tapered therapy, as well as 16-hour versus 24-hour therapy.
We found that bupropion, nicotine gum, nicotine nasal
spray, transdermal nicotine, nicotine tablet and varenicline

No. of
participants

Favours
placebo

Study

Placebo

Treatment

Odds ratio (95% CrI)

Campbell et al.19

11/424

19/412

1.75 (1.04–3.09)

Killen et al.20

56/309

57/301

1.21 (0.82–1.74)

al.21

13/203

26/203

1.85 (1.15–3.14)

Garvey et al.21

13/203

27/202

1.91 (1.20–3.25)

15/172

23/180

1.62 (0.97–2.71)

Garvey et

Fee et al.22
Hughes et al.23

6/105

23/210

1.82 (1.04–3.48)

Fortmann et al.24

44/148

33/152

0.93 (0.56–1.52)

Cooper et al.25

15/148

17/146

1.43 (0.81–2.39)

Hjalmarson et al.26

16/99

29/106

1.82 (1.12–3.08)

Hall et al.27

25/103

21/98

1.19 (0.67–1.93)

8/99

10/101

1.54 (0.81–2.82)

Jamrozik et al.28
Areechon et al.29

37/101

56/98

2.02 (1.31–3.31)

Blondal et al.30

22/90

30/92

1.59 (0.97–2.60)

Herrera et al.31

17/78

37/76

2.40 (1.46–4.44)

Malcolm et al.32

3/63

17/73

2.42 (1.35–5.52)

Jarvis et al.33

8/58

18/58

2.04 (1.18–4.00)

12/53

23/60

1.86 (1.09–3.43)

7/34

18/36

2.19 (1.24–4.70)

Hall et al.35

7/34

12/35

1.78 (0.96–3.52)

Schneider et al.36

6/30

9/30

1.70 (0.89–3.40)

Jarvik et al.37

4/23

7/25

1.73 (0.89–3.59)

Schneider et al.36

3/23

1/13

1.53 (0.67–3.19)

335/2397

513/2707

1.71 (1.35–2.21)

Tonnesen et al.34
Hall et al.35

Overall

0.2

Favours
treatment

1.0

7.0

Odds ratio (95% CrI)

Figure 3: Effect of nicotine gum on smoking cessation. Smoking cessation is defined by the most rigorous criterion of abstinence (see
Figure 2 caption for definition and ranking). The data have been adjusted for dosage. Trials are ordered according to the number of
patients analyzed using the most rigorous criteria. The total number of patients represents the number of unique patients and thus is
less than the sum of the individual studies. Details of the individual trials are summarized in Appendix 2 (available at www.cmaj.ca
/cgi/content/full/179/2/135/DC2). CrI = credible interval.
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were all more efficacious than placebo. Similar results were
obtained regardless of which measure of abstinence was used
(data not shown). Although the point estimate favoured nicotine inhalers over placebo (odds ratio 2.17), these results were

No. who
quit smoking
Study

not conclusive because the 95% credible interval included
unity (95% CrI 0.95–5.43) (Appendix 6, available at www
.cmaj.ca/cgi/content/full/179/2/135/DC2). However, when we
included all of the trials in the single hierarchical meta-

No. of
participants

Favours
placebo

Placebo

Treatment

Odds ratio (95% CrI)

ICRF GPRG38,39

53/844

76/842

1.67 (1.21–2.21)

Tonnesen et al.40

71/714

84/716

1.95 (1.49–2.51)

Tonnesen et al.40

71/714

110/715

2.27 (1.67–3.30)

Tonnesen et al.40

71/714

114/715

2.25 (1.51–4.27)

Tonessen et al.40

71/714

98/715

1.89 (1.44–2.43)

al.41

19/400

77/800

2.01 (1.45–2.98)

9/322

18/321

1.97 (1.30–3.15)

Stapleton et
Hays et al.42

4/314

5/315

1.86 (1.09–3.05)

TNSG44

31/253

46/254

1.71 (1.27–2.19)

TNSG44

31/253

65/249

1.49 (1.08–1.97)

9/160

24/244

1.92 (1.25–3.00)

16/185

27/184

1.91 (1.28–2.86)

6/160

12/160

1.97 (1.29–3.15)

Gourlay et al.43

Jorenby et al.13
Daughton et al.45
Hughes et al.46

6/160

4/160

1.52 (0.82–2.26)

Richmond et al.47

14/153

29/154

2.03 (1.39–3.18)

Tonnesen et al.48

3/144

16/154

1.70 (1.19–2.33)

Hughes et al.46

6/160

16/119

2.47 (1.66–4.62)

17/120

33/120

2.04 (1.41–3.18)

Hughes et

al.46

Hurt et al.49

10/75

19/150

1.69 (0.96–2.52)

Sachs et al.51

10/107

28/113

2.19 (1.51–3.73)

al.52

11/108

15/109

1.82 (1.12–2.78)

Killen et al.52

15/104

21/103

1.83 (1.16–2.75)

Kornitzer et

Killen et

al.50

22/100

1.96 (1.31–3.10)

2/80

16/78

2.35 (1.56–4.84)

5/60

17/60

2.20 (1.47–4.00)

4/55

10/57

2.02 (1.29–3.50)

9/56

13/56

1.88 (1.16–2.94)

9/43

15/44

1.94 (1.24–3.17)

Daughton et al.59

3/25

8/27

2.12 (1.38–3.90)

al.59

3/25

6/25

1.99 (1.27–3.47)

342/4581

1044/7850

1.95 (1.65–2.34)

Abelin et

al.53,54

Westman et al.55
Paoletti et

al.56

Fiore et al.57
Glavas et

al.58

Fiore et al.57

Daughton et
Overall

12/99

0.2

Favours
treatment

1.0
Odds ratio (95% CrI)

7.0

Figure 4: Effect of transdermal nicotine on smoking cessation. Smoking cessation is defined by the most rigorous criterion of abstinence
(see Figure 2 caption for definition and ranking). Trials are ordered according to the number of patients analyzed using the most rigorous criteria. The total number of patients represents the number of unique patients and thus is less than the sum of the individual studies. Details of the individual trials are summarized in Appendix 3 (available at www.cmaj.ca/cgi/content/full/179/2/135/DC2). CrI = credible interval, ICRF GPRG = Imperial Cancer Research Fund General Practice Research Group, TNSG = Transdermal Nicotine Study Group.
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analysis, we found that all 7 pharmacotherapies were more efficacious than placebo (Figure 6).
Efficacy of varenicline versus bupropion
In the single hierarchical meta-analysis of all of the trials, we
found that the point estimate favoured varenicline over the
other pharmacotherapies (Figure 6). However, we cannot
draw definitive conclusions from this indirect comparison because of the overlapping wide credible intervals. In the direct
comparison in which we used data from the 3 trials of varenicline that had an active bupropion arm (1881 patients),2–4 we
found that varenicline was superior to bupropion (OR 2.18,
95% CrI 1.09–4.08) (Figure 7).

Interpretation
In our meta-analysis of randomized controlled trials of 7
pharmacotherapies for smoking cessation, we found that
varenicline, bupropion and the 5 nicotine replacement therapies (gum, inhaler, nasal spray, tablet and patch) were all
more efficacious than placebo, with ORs of about 2. In the direct comparison of varenicline and bupropion using data from
trials with both varenicline and bupropion arms, we found
that varenicline was about twice as efficacious as bupropion.
The efficacies of pharmacotherapies for smoking cessation
have been examined in 3 previous meta-analyses.6,62,63 In one,
the Tobacco Use and Dependence Guideline Panel performed

No. who
quit smoking
Study

Placebo

a meta-analysis of both pharmacologic and behavioural interventions to provide the necessary evidence to update the
Smoking Cessation Clinical Practice Guideline of the Agency
for Healthcare Research and Quality (AHRQ).6 The authors
did not limit their analysis to studies in which smoking abstinence was validated biochemically. They identified more than
180 articles for possible inclusion in their meta-analysis.
Based on these studies, they found that bupropion, nicotine
gum, nicotine inhaler, nicotine nasal spray and transdermal
nicotine were more efficacious than placebo and recommended their use as first-line therapies for smoking cessation.
In the second meta-analysis, Hughes and colleagues62
pooled the results of 30 randomized controlled trials to examine the use of antidepressants (non-nicotine-replacement therapy) for smoking cessation. They found that nortriptyline and
bupropion were both associated with increased long-term (≥ 6
months) smoking abstinence.
In the third meta-analysis, Silagy and colleagues63 identified 123 trials through the Cochrane Tobacco Addiction
Group trials register. They found that all nicotine replacement
therapies included in their analysis were superior to control.
Our meta-analysis provided similar results.
Few randomized controlled trials of pharmacotherapies for
smoking cessation have been head-to-head comparisons.
Jorenby and colleagues13 conducted a direct comparison of
sustained-release bupropion and transdermal nicotine in a
small randomized trial. In this study, 893 patients were ran-

No. of
participants

Favours
placebo

Treatment

Odds ratio (95% CrI)

Gonzales et al.2

48/344

99/352

2.41 (1.84–3.19)

Jorenby et al.3

59/341

105/344

2.31 (1.72–2.98)

al.60

35/154

51/155

2.29 (1.56–3.07)

Nakamura et al.60

Nakamura et

35/154

56/155

2.40 (1.72–3.28)

Nakamura et al.60

35/154

47/153

2.22 (1.45–2.96)

al.5

5/129

24/130

2.42 (1.73–3.69)

Oncken et al.5

5/129

33/130

2.68 (1.99–4.85)

Oncken et al.5

5/129

24/129

2.42 (1.74–3.67)

Oncken et

Oncken et

5/129

25/129

2.45 (1.77–3.80)

Tsai et al.61

27/124

59/126

2.54 (1.90–3.82)

Nides et al.4

6/123

10/126

2.33 (1.49–3.38)

Nides et al.4

6/123

7/126

2.23 (1.28–3.09)

al.4

6/123

18/125

2.61 (1.91–4.64)

558/2180

2.41 (1.91–3.12)

Nides et
Overall

al.5

180/1215

0.2

Favours
treatment

1.0

7.0

Odds ratio (95% CrI)

Figure 5: Effect of varenicline on smoking cessation. Smoking cessation is defined by the most rigorous criterion of abstinence (see Figure
2 caption for definition and ranking). Trials are ordered according to the number of patients analyzed using the most rigorous criteria.
The total number of patients represents the number of unique patients and thus is less than the sum of the individual studies. Details of
the individual trials are summarized in Appendix 4 (available at www.cmaj.ca/cgi/content/full/179/2/135/DC2). CrI = credible interval.
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domly assigned to receive sustained-release bupropion, transdermal nicotine patch, combination therapy or double
placebo. The authors found significantly higher rates of
smoking abstinence at 12 months with the combination therapy (35.5%) and bupropion alone (30.3%) than with transdermal nicotine alone (16.4%) or placebo (15.6%).
Bupropion has also been compared with varenicline in recent head-to-head randomized controlled trials.2–4 These trials,
which we included in our study, consistently favoured varenicline. After pooling these data, we found that rates of smoking abstinence associated with varenicline were about twice
those associated with bupropion.
Recently, the US Food and Drug Administration issued an
alert concerning an increase in serious neuropsychiatric
symptoms in patients taking varenicline.64 This alert high-

Pharmacotherapy

lights the need for an in-depth analysis of the safety of these
pharmacotherapies. However, with relatively modest sample
sizes and strict inclusion criteria, the randomized controlled
trials identified in our study provided minimal information regarding safety. Despite the observed increase in neuropsychiatric symptoms that led to the US Food and Drug Administration’s warning, only 2 serious neuropsychiatric events
(emotional liability and acute psychosis) were observed in the
varenicline trials. Only 1 death was reported in the varenicline trials, and only 2 deaths and 2 seizures were reported in
the bupropion trials. The small number of observed seizures
is likely due to the exclusion of patients at risk for seizures
before randomization.
The safety data for the different pharmacotherapies were
limited by the inconsistency and quality of reporting in the tri-

Odds ratio (95% CrI)
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2.12 (1.76–2.56)

Nicotine gum

1.65 (1.37–2.01)
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Nicotine patch
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Nicotine tablet

2.06 (1.47–2.87)

Varenicline

2.55 (1.99–3.24)

Favours Favours
placebo treatment

0.2
1.0
7.0
Odds ratio (95% CrI)
Figure 6: Summary estimates of the effect of pharmacotherapies for smoking cessation on
the odds of smoking cessation. Smoking cessation is defined by the most rigorous criterion
of abstinence (see Figure 2 caption for definition and ranking). Data have been adjusted for
mean age, sex and mean number of cigarettes per day. CrI = credible interval.
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Gonzales et al.2
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2.33 (1.67–3.33)

Jorenby et al.3

59/341

105/344

2.13 (1.53–2.96)

al.4

6/123

10/126

2.04 (0.91–3.88)

Nides et al.4

6/123

7/126

1.79 (0.65–3.21)

Nides et al.4
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Nides et
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113/808
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Figure 7: Direct comparison of the effect of varenicline and bupropion on smoking cessation, based on results from varenicline trials that
had a bupropion control arm. Smoking cessation is defined by the most rigorous criterion of abstinence (see Figure 2 caption for definition and ranking). Trials are ordered based on the number of patients analyzed using the most rigorous criteria. CrI = credible interval.
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als, particularly the older studies. Most studies reported the
number of patients who stopped treatment because of adverse
events as well as the occurrence of nuisance side effects.
However, the definitions used in reporting adverse events varied greatly. For example, in the bupropion trial conducted by
Jorenby and colleagues,13 over 30% of the patients randomly
assigned to the placebo group reported headaches as adverse
events. In a bupropion trial by Ahluwalia and colleagues,8
only 4% of the patients randomly assigned to the placebo
group reported headaches. This heterogeneity is likely due to
differences in definitions of adverse events and procedures
for assessing adverse events. The inconsistency in reporting
of adverse events is further highlighted by 2 recent trials of
varenicline.4,5 In these trials, over 85% of the patients in the
placebo group reported an adverse event, which indicates that
these trials may not have used appropriate definitions of adverse events. The interpretation of these data is further complicated by the presence of nicotine withdrawal symptoms.
Consequently, there remains a need for continued postmarketing surveillance of these agents.
Despite the efficacy of these pharmacotherapies, the number of patients who remained abstinent from smoking at follow-up was low. Most of the randomized controlled trials in
our study reported the point prevalence of abstinence at 12
months to be well under 30% among patients in the treatment
groups. With continuous abstinence as the outcome measure,
the rate of abstinence was even lower. Consequently, further
research into smoking cessation and the development of improved pharmacotherapies is needed. Promising agents include
new non-nicotine-replacement pharmacotherapies such as selegiline and reboxetine, the development of a vaccine against
nicotine dependence65 and pharmacogenetic approaches to
smoking cessation.66 In addition, studies have shown that rimonabant, a cannabinoid receptor antagonist that has been approved by the US Food and Drug Administration for the treatment of obesity,67 may be effective for smoking cessation.68,69
There is also a need to identify under which circumstances
each pharmacotherapy is most helpful to patients. Finally, future randomized controlled trials could focus on alternative
ways to use existing agents, including combination therapy
and prolonged or sequential use of pharmacotherapies.
Our study has limitations. First, although we used stricter
inclusion and exclusion criteria than those used in previous
meta-analyses, heterogeneity between various variables of the
trials was still present. There were notable variations in duration of treatment and dosages. There were also differences in
the assessment of abstinence; however, when we analyzed
data separately by measure of smoking abstinence, the results
were similar regardless of which outcome measure was used.
Second, randomized controlled trials in general involve
highly selected patients who may not be representative of patients in actual practice. Trial participants are generally healthier and are likely to be more motivated to quit smoking than
patients in actual practice. We limited our meta-analysis to
randomized controlled trials involving otherwise “healthy”
smokers to provide the cleanest comparison possible. Thus,
patient selection may limit the generalizability of our results.
Furthermore, these trials involved the use of pharmacothera142

pies in a setting in which dosing and patterns of use were
tightly controlled. Consequently, the effectiveness of these
pharmacotherapies when used by smokers in the real world remains poorly understood. Our meta-analysis also does not
address the effectiveness of pharmacotherapies relative to
well-conducted cognitive support therapy, or self-help, nonpharmacological cessation.
Third, we limited our search to randomized controlled trials published in English. Although the exclusion of studies in
other languages could result in a potential selection bias,
these studies likely did not differ substantially from their
English-language counterparts. Furthermore, less than 5% of
the randomized controlled trials identified in MEDLINE using our search strategy were published in a language other
than English.
Fourth, with 7 interventions, 2 measures of smoking abstinence (continuous and point prevalence) and outcome assessment at 2 follow-up points (6 and 12 months), we conducted a number of statistical comparisons. Although we did
not adjust for multiple comparisons, the potential effects of
multiple comparisons should be considered when interpreting these results.
Finally, our exclusion of patients who died during the trial
breaks the integrity of the randomization of the trial and may result in an underestimation of the effect of these pharmacotherapies. However, we included only trials involving otherwise
healthy individuals, and thus very few deaths were reported.

Conclusion
We found that varenicline, bupropion and the 5 nicotine replacement therapies studied (gum, inhaler, nasal spray,
tablet and and patch) were more efficacious than placebo at
promoting smoking cessation. In addition, our findings suggest that varenicline may be superior to bupropion. Despite
the documented efficacy of these agents, the absolute number of patients who were abstinent from smoking at 12
months was low. Consequently, there remains a need to develop improved smoking cessation agents and to identify
optimal cessation strategies, including alternative ways to
use existing agents.
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