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Abstract

Background: Tobacco smoking remains the leading modifiable health hazard and varenicline is amongst the most
popular pharmacological options for smoking cessation. The purpose of this study is to critically evaluate the
extent of gastrointestinal adverse effects of varenicline when used at maintenance dose (1 mg twice a day) for
smoking cessation.

Methods: We conducted a meta-analysis of randomised controlled trials published in PUBMED and EMBASE
according to the PRISMA guidelines. Selected studies satisfied the following criteria: (i) duration of at least 6 weeks,
(ii) titrated dose of varenicline for 7 days then a maintenance dose of 1 mg twice-per-day, (iii) randomized
placebo-controlled design, (iv) extractable data on adverse event - nausea, constipation or flatulence. Data was
synthesized into pooled odd ratios (OR) basing on random effects model. Quality of studies was also rated as per
Cochrane risk-of-bias assessment. Number need to harm (NNH) was calculated for each adverse effect.

Results: 98 potentially relevant studies were identified, 12 of which met the final inclusion criteria (n = 5114). All
12 studies reported adverse events on nausea, which led to an OR of 4.45 (95% CI = 3.79-5.23, p < 0.001; I2 =
0.06%, CI = 0%-58.34%) and a NNH of 5. Eight studies (n = 3539) contain data on constipation pooled into an OR
of 2.45 (95% CI = 1.61-3.72, p < 0.001; I2 = 34.09%, CI = 0%-70.81%) with a NNH of 24. Finally, five studies (n =
2516) reported adverse events of flatulence, which pooled an OR of 1.74 (95% CI = 1.23-2.48, p = 0.002; I2 = 0%,
CI = 0%- 79.2%) with a NNH of 35.

Conclusions: Use of varenicline at maintenance dose of 1 mg twice a day for longer than 6 weeks is associated with
adverse gastrointestinal effects. In realistic terms, for every 5 treated subjects, there will be an event of nausea, and
for every 24 and 35 treated subjects, we will expect an event of constipation and flatulence respectively. Family
physicians should counsel patients of such risks accordingly during their maintenance therapy with varenicline.

Background
Tobacco smoking remains the most modifiable risk
factor for premature death and all-cause mortality [1],
with a global estimate of 4.83 million attributable deaths
in year 2000 [2]. As a result, many pharmacological
agents have been developed to help patients stop tobacco
smoking, some of which can be administered either
nasally, orally (chewable gum or tablets) or topically (e.g.,
nicotine replacement patch). Amongst these agents, vare-
nicline (branded as Champix© in UK and Canada, Chan-
tix© in USA) has been shown to be the one of the most
effective oral pharmacological agents for continued

abstinence. Varenicline acts as a partial a4b2 nicotinic
acetylcholine receptor agonist in the brain to potentially
decrease the degree of cravings and withdrawal symp-
toms during the period of smoking cessation, with effects
superior to both placebos and other pharmacological
agents [3]. Animal studies have found that tobacco addic-
tion is mediated via nicotinic acetylcholine receptors
(nAChRs) in the meso-limbic area of the brain that con-
tain a4 and b2 subunits. While a4 subunits are needed
for sensitization and reinforcement to nicotinic effects
and their tolerance, involvement of b2 subunits are indis-
pensable for development of dependence [4]. In vivo stu-
dies have shown that in the presence of nicotine,
varenicline acts as a partial agonist which stimulates the
release of dopamine (to ameliorate the symptoms of crav-
ing and withdrawal) and simultaneously block the
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nicotine receptors (to reduce the likelihood of depen-
dence)[5,6]. When compared to other mainstream phar-
macotherapies (e.g., nicotine replacement therapy and
bupropion), varenicline remains as the most effective
choice for smoking cessation [7] and is validated by high-
quality meta-analysis [8]. Nevertheless, varenicline has
been associated with adverse events like headache, fati-
gue, sleep disorder, nausea and constipation [9,10].
Whilst risks of neuropsychiatric adverse events due to
varenicline have already been reported in a polled analy-
sis [11], the likelihood of major gastrointestinal adverse
effects (such as nausea, constipation and flatulence) dur-
ing maintenance phase lacks precise documentation. We
hereby performed a meta-analysis of randomized double-
blinded placebo-controlled trials to critically examine the
relative risks of nausea, constipation and flatulence due
to maintenance dose of varenicline (1 mg twice a day for
at least 6 weeks) in the context of smoking cessation.

Methods
Eligibility criteria
Our primary interest was the reported gastrointestinal
adverse-effects in using varenicline at the indicated
maintenance dose (1 mg) for duration longer than six
weeks. To minimise heterogeneity, we limited our scope
to double-blind randomised placebo-controlled trials
with comparable sample sizes and a satisfactory score
from the Cochrane risk of bias assessment tool
described by Higgins [12]. Eligible studies must use a
one-week titrated dose (0.5 mg) of varenicline prior to
maintenance dose (1 mg twice a day), and contain at
least one extractable adverse gastrointestinal event of
nausea, constipation or flatulence.

Search strategy
A literature search of published medical reports was
performed in all languages from PUBMED (from 1947
to December 2010), EMBASE (from 1947 to December
2010) and All EBM Reviews using the OVID Portal of
Queen’s University, Kingston, Ontario. Abstracts were
initially obtained using keywords of “smoking cessation”
AND “varenicline. They were further narrowed down by
imposing keywords of “human” AND “controlled trial”.
Manual searches of references and review articles sup-
plemented the computerized search.

Study selection, data extraction and quality assessment
Two reviewers (LL and FP) worked independently and
went over the initial search for abstracts that satisfied the
keywords as mentioned in the search strategy section.
They then adopted a simple form to select trials that
satisfied the eligibility criteria stated above. Evaluation of
selected studies were performed independently by each
reviewer according to the Cochrane risks of bias tool [12]

in regards to the quality of study, randomization proto-
col, adequacy of concealment and blinding and, rigor of
follow-up for dropouts. Information was extracted and
tabulated in spreadsheet regarding the demography of
the study population, duration of study, the types of
adverse events, the number of affected subjects taking
varenicline and placebo respectively and finally a numeric
score for the Cochrane risk of bias. Spreadsheets were
compared and any disagreement was discussed and
resolved to reach mutual consensus.

Statistical Analysis
All data were synthesized in a meta-analysis and odds
ratios (OR) were calculated with appropriate confidence
intervals (CI) basing on the number of subjects report-
ing the relevant adverse effects in the study. Where
necessary, the value of 1 was added to any arm with
zero outcome event according to the Sheele +1 rule
[13]. The random effects analysis model as described by
DerSimonian and Laird [14] was adopted instead of the
fixed effects model to account for extra variance due to
heterogeneous samples drawn from a wide population
[15]. Forest plots [16] were generated basing on OR for
each gastrointestinal symptom of nausea, constipation
and flatulence. Basing on the values of OR and the base-
line risks of adverse effects, the number needed to harm
(NNH) was also calculated which gives a realistic idea of
the likelihood of the adverse effects. Funnel plots [17]
were displayed as a reference for possible publication
bias. To assess heterogeneity across included studies, we
adopted the Cochran Q-statistic [18] and the I2 index
[19,20] with 95% confidence intervals. We assumed a p-
value of less than 0.10 for the Cochran Q-statistic and
an I2 index of greater than 50% as a threshold of hetero-
geneity. Statistical advice was provided by data analyst at
our Centre of Studies in Primary Care.

Results
Study description
1431 abstracts were identified using keywords of “smok-
ing cessation” AND “varenicline”, which were reduced
to 108 abstracts when imposing extra keywords of
“human” AND “controlled trial” with supplementation
from reference lists of included abstracts. 10 duplicates
were removed and 82 abstracts were further excluded
on grounds of having no placebo control group, com-
bined mixed treatments, no relevant gastrointestinal
adverse events data, or duplication trial publication or
report. 16 relevant full text paper publications were then
retrieved for potential inclusion. After imposing the elig-
ibility criteria as described, only 12 studies were deemed
eligible upon which mutual consensus was reached
between the reviewers after discussion and comparison
of the data spreadsheets. Using the 2009 PRISMA
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checklist [21] (Additional File 1), all 27 items were pre-
sent and identified scored. A flow diagram of the litera-
ture search and selection process according to the
PRISMA format [21] was given in Figure 1, and the
included studies were tabulated in Table 1. From the 12
studies, 2,622 patients were randomly assigned to
receive varenicline (oral dose of 1 mg twice per day),
and 2,492 patients were randomly assigned to receive
placebo. Total sample size per study ranged from 248 to
714 and three studies had a total size of greater than
500. Except for the study by Tashkin et al. [22] which
specifically targeted patients with COPD, all other stu-
dies recruited subjects from the general population. One

trial used varenicline for 6 weeks [23] while another for
52 weeks [24], the rest used 12 weeks. All but one study
[23] employed the standard low-dose titration regime
before using the 1 mg twice per day dosage. There was
no exclusion as for the type of tobacco used by smokers
in all trials except for the study by Fagerstrom et al. [9]
which recruited subjects using smokeless tobacco.

Assessment of study quality
All 12 studies achieved a score of at least 4 out of 6, using
the Cochrane risk of bias assessment [12] (See table 1)
and was considered satisfactory with mutual agreement
between the two reviewers. After consultation with our

Figure 1 Flow diagram (in PRISMA format) of literature search.
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statistician, the random effects model was adopted for
subsequent analysis.

Outcome Measures
Nausea
All 12 studies [9,22-32] reported adverse effects of nausea
with a total sample size of 5114. Out of the total 2622
subjects randomized to varenicline, 826 reported nausea;
of the 2492 subjects taking placebo, 232 had nausea. The
pooled OR was 4.45 (95% confidence levels [CI] of 3.79-
5.23, p < 0.001) with a non-significant Cochrane Q-statis-
tic of 11.01 (p = 0.443) and an I2 index of 0.06% (95%
confidence levels of 0% - 58.34%). With a baseline risk of
nausea at 9.3%, the number need to harm (NNH) is 5.
The Forest plot was shown in Figure 2 and funnel plot in
Additional File 2.
Constipation
8 studies [23-30] reported adverse effects of constipation
with a total sample size of 3539. 146 of 1839 subjects in
the varenicline group and 53 of 1700 in the control group
reported adverse effects of constipation. The pooled OR
was 2.45 (95% confidence levels [CI] of 1.61-3.72, p <

0.001) with a non-significant Cochrane Q-statistic of 10.62
(p = 0.156) and an I2 index of 34.09% (95% confidence
levels of 0% - 70.81%). The baseline risk of constipation is
3.1%, yielding a NNH of 24. The Forest plot was shown in
Figure 3 and the funnel plot in Additional File 2.
Flatulence
5 studies [22,24,25,27,30] were included reporting
adverse effects of flatulence with a total sample size of
2516 subjects. 102 of 1325 subjects in the varenicline
group and 50 of 1191 in the control group reported
adverse effects of flatulence. The pooled OR was 1.74
(95% confidence levels [CI] of 1.23-2.48, p = 0.002) with
a non-significant Cochrane Q-statistic of 1.82 (p =
0.768) and an I2 index of 0% (95% confidence levels of
0% - 79.2%). With a baseline risk of flatulence at 4.2%,
the NNH is 35. The Forest plot was shown in Figure 4
and the funnel plot in Additional File 2.

Discussion
Our meta-analysis data confirms that using varenicline
at maintenance dose of 1 mg twice per day for a period
of more than 6 weeks is significantly associated with

Table 1 Summary of the 12 studies included for meta-analysis

Study Total
Sample Size
(n)

Adverse
effects¥

Mean
Age

%
Male

Trial Duration with 1 mg
BID dose(Weeks)

Size of
Trial group

Size of
Control
Group

Cochrane risk of bias
assessment§

P Q R S T U Overall
score

Gonzales et al
(2006)32

696 A, B, C 42.55 52.05 12 352 344 1 1 1 1 1 1 6/6

Jorenby et al
(2006)29

685 A, B, C 43.45 56.65 12 344 341 1 1 1 1 1 0 5/6

Oncken et al
(2006)27

259 A, B, C 41.1 50.2 12 130 129 1 1 1 1 0 0 4/6

Nides et al
(2006)25

248 A, B 41.7 51.2 6 125 123 1 1 0 1 1 0 4/6

Nakamura et
al(2007)30

310 A, B 40 77.6 12 156 154 1 1 1 1 1 1 6/6

Tsai et al
(2007)28

250 A, B 40.3 88.8 12 126 124 1 1 0 1 1 0 4/6

Williams et al
(2007)26

377 A, B, C 47.7 48.6 52 251 126 1 1 0 1 1 0 4/6

Niaura et al
(2008)34

312 A 41.8 51.9 12 157 155 1 1 1 1 1 0 5/6

Wang et al
(2009)33

333 A 38.7 96.7 12 165 168 1 1 0 1 1 0 4/6

Rigotti et al
(2010)31

714 A, B 56.45 78.7 12 355 359 1 1 0 1 1 1 5/6

Fagerstrom et
al(2010)8

431 A 43.9 89.3 12 213 218 1 1 1 1 1 1 6/6

Tashkin et al
(2010)24

499 A, C 57.2 62.3 12 248 251 1 1 0 1 1 0 4/6

¥A = Nausea, B = Constipation, C-Flatulence.
#Denote use of 1-week low-dose titration treatment.
§Cochrane risk of bias assessment: P = Allocation sequence adequately generated?; Q = Allocation adequately concealed?; R = Knowledge of allocated
intervention adequately concealed?; S = incomplete outcome data adequately addressed?; T = Reports free of selective outcome reporting?; U = study free of
other factors leading to high risk of bias?; 1 = item positive; 0 = negative or unknown.
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Figure 2 Forest plot showing odds ratio for nausea.

Figure 3 Forest plot showing odds ratio for constipation.
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adverse effects of nausea and, to a lesser extent, consti-
pation and flatulence. Using pooled odds ratios (OR)
and subsequently translating them to number need to
harm (NNH), we showed that for nausea, constipation
and flatulence, the NNH is 5, 24 and 35 respectively.
Such numbers provide clinicians with a realistic picture
of the likelihood for gastrointestinal adverse effects
when prescribing varenicline as a drug of choice for
smoking cessation. As the commonest gastrointestinal
adverse effect, nausea accounts for failure of varenicline
treatment amongst 1.8% to 7.6% of our study population
[24,26,27,30,31]. The effects of nausea usually peak
around 4 weeks of treatment and becoming less there-
after [24]. No similar discontinuation rates due to effects
of constipation or flatulence have been reported.

Limitation of studies
Our study has two limitations. Gastrointestinal adverse
effects like nausea and flatulence are primarily subjective
feelings which are difficult to quantify, despite crude stra-
tification into mild, moderate or severe in several studies.
Definition for constipation is also not standardised as per
Rome criteria [33] amongst the included studies in terms
of bowel frequency or patient’s difficulty in defecation.
They may constitute data heterogeneity across studies in
our meta-analysis.

The second limitation is the potential of publication
bias. Our search strategy only isolated full-length pub-
lished trials with sufficient population sizes to maintain
statistical significance. In addition, we excluded studies
with populations less than 40. However adoption of the
random effects model in meta-analysis will help compen-
sate irregularities due to small and potentially negative
studies that we have excluded. Our funnel plots do not
show obvious asymmetry (Additional File 2), suggesting
the low likelihood of publication bias in our analysis.
Thus said, the visual asymmetry of funnel plots should
not be used to confirm the extent of publication bias
[34], especially when the number of studies is small [35].
The I2 index suggests very low heterogeneity across stu-
dies for both nausea and flatulence (both at 0%) and
slightly higher but still acceptable heterogeneity for con-
stipation (34%)[20]. Like the Cochran Q-statistic, the I2

index is known to have limitations with its power affected
by the actual number of included studies [36].

Conclusions
Varenicline is one of the most preferred pharmacological
options for smoking cessation and gastrointestinal
adverse effects have been mentioned but not documented
precisely. Our comprehensive meta-analysis on rando-
mised double-blind placebo-controlled trials concluded

Figure 4 Forest plot showing odds ratio for flatulence.
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that in realistic terms, use of varenicline at the indicated
maintenance dose (1 mg twice per day) for longer than 6
weeks will lead to one adverse event of nausea for every 5
treated subjects, one event of constipation for every trea-
ted 24 subjects and one event of flatulence for every 35
treated subjects. These data will better enable clinicians
in counseling patients when using varenicline for smok-
ing cessation both in facilitating and reinforcing optimal
smoking cessation rate.

Conflict of interests
The authors declare that they have no competing
interests.

Additional material

Additional file 1: PRISMA 2009 Checklist for the meta-analysis
study. All items in the 2009 PRISMA checklist are considered and verified
against the page of the original manuscript.

Additional file 2: Funnel plots showing bias of studies for adverse
effects of (a)nausea, (b)constipation, (c)flatulence. File contains the
funnel plots of various studies basing on the odds ratio, as categorised
by the adverse effects of nausea, constipation and flatulence respectively.

Author details
1Centre of Studies in Primary Care, Queen’s University, 220 Bagot Street,
Kingston Ontario, Canada K7L 5E9. 2Department of Family Medicine, Queen’s
University, 220 Bagot Street, Kingston Ontario, Canada K7L 5E9. 3School of
Medicine, Queen’s University, Kingston General Hospital, 18 Stuart Street,
Kingston Ontario, Canada K7L 3N6.

Authors’ contributions
LL and FP designed the review and performed the literature search. LL
performed the analysis and generation of the graphic plots. LL and FP
analysed and interpreted the data and both contributed to the drafting of
the manuscript. WR provided comments and advice on the overall study.
ALL authors have read and approved the submitted version for publication.

Received: 22 March 2011 Accepted: 28 September 2011
Published: 28 September 2011

References
1. Peto R, Lopez AD, Boreham J, Thun M, Heath C Jr, Doll R: Mortality from

smoking worldwide. Br Med Bull 1996, 52(1):12-21.
2. Ezzati M, Lopez AD: Regional, disease specific patterns of smoking-

attributable mortality in 2000. Tob Control 2004, 13(4):388-395.
3. Keating GM, Lyseng-Williamson KA: Varenicline: a pharmacoeconomic

review of its use as an aid to smoking cessation. Pharmacoeconomics
2010, 28(3):231-254.

4. Foulds J: The neurobiological basis for partial agonist treatment of
nicotine dependence: varenicline. Int J Clin Pract 2006, 60(5):571-576.

5. Rollema H, Chambers LK, Coe JW, Glowa J, Hurst RS, Lebel LA, Lu Y,
Mansbach RS, Mather RJ, Rovetti CC, et al: Pharmacological profile of the
alpha4beta2 nicotinic acetylcholine receptor partial agonist varenicline,
an effective smoking cessation aid. Neuropharmacology 2007,
52(3):985-994.

6. Coe JW, Brooks PR, Vetelino MG, Wirtz MC, Arnold EP, Huang J, Sands SB,
Davis TI, Lebel LA, Fox CB, et al: Varenicline: an alpha4beta2 nicotinic
receptor partial agonist for smoking cessation. J Med Chem 2005,
48(10):3474-3477.

7. Garrison GD, Dugan SE: Varenicline: a first-line treatment option for
smoking cessation. Clin Ther 2009, 31(3):463-491.

8. Mills EJ, Wu P, Spurden D, Ebbert JO, Wilson K: Efficacy of
pharmacotherapies for short-term smoking abstinance: a systematic
review and meta-analysis. Harm Reduct J 2009, 6:25.

9. Fagerstrom K, Gilljam H, Metcalfe M, Tonstad S, Messig M: Stopping
smokeless tobacco with varenicline: randomised double blind placebo
controlled trial. BMJ 2010, 341:c6549.

10. Fagerstrom K, Nakamura M, Cho HJ, Tsai ST, Wang C, Davies S, Ma W,
Lee TC, Russ C: Varenicline treatment for smoking cessation in Asian
populations: a pooled analysis of placebo-controlled trials conducted in
six Asian countries. Curr Med Res Opin 2010, 26(9):2165-2173.

11. Tonstad S, Davies S, Flammer M, Russ C, Hughes J: Psychiatric adverse
events in randomized, double-blind, placebo-controlled clinical trials of
varenicline: a pooled analysis. Drug Saf 2010, 33(4):289-301.

12. Higgins JAD: Assessing risk of bias in included studies. Cochrane
handbook for systematic reviews of interventions. 1 edition. John Wiley and
Sons; 2008, 187-241.

13. Sheehe PR: Combination of log relative risk in retrospective studies of
disease. Am J Public Health Nations Health 1966, 56(10):1745-1750.

14. DerSimonian R, Laird N: Meta-analysis in clinical trials. Control Clin Trials
1986, 7(3):177-188.

15. Fleiss JL: The statistical basis of meta-analysis. Stat Methods Med Res 1993,
2(2):121-145.

16. Lewis S, Clarke M: Forest plots: trying to see the wood and the trees. BMJ
2001, 322(7300):1479-1480.

17. Egger M, Davey Smith G, Schneider M, Minder C: Bias in meta-analysis
detected by a simple, graphical test. BMJ 1997, 315(7109):629-634.

18. Cochran WG: The combination of estimates from different experiments.
Biometrics Vol 1954, 10:101-129.

19. Higgins JP, Thompson SG: Quantifying heterogeneity in a meta-analysis.
Stat Med 2002, 21(11):1539-1558.

20. Higgins JP, Thompson SG, Deeks JJ, Altman DG: Measuring inconsistency
in meta-analyses. BMJ 2003, 327(7414):557-560.

21. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioannidis JP,
Clarke M, Devereaux PJ, Kleijnen J, Moher D: The PRISMA statement for
reporting systematic reviews and meta-analyses of studies that evaluate
healthcare interventions: explanation and elaboration. BMJ 2009, 339:
b2700.

22. Tashkin DP, Rennard S, Hays JT, Ma W, Lawrence D, Lee TC: Effects of
Varenicline on Smoking Cessation in Mild-to-Moderate COPD: A
Randomized Controlled Trial. Chest 2010.

23. Nides M, Oncken C, Gonzales D, Rennard S, Watsky EJ, Anziano R,
Reeves KR: Smoking cessation with varenicline, a selective alpha4beta2
nicotinic receptor partial agonist: results from a 7-week, randomized,
placebo- and bupropion-controlled trial with 1-year follow-up. Arch
Intern Med 2006, 166(15):1561-1568.

24. Williams KE, Reeves KR, Billing CB Jr, Pennington AM, Gong J: A double-
blind study evaluating the long-term safety of varenicline for smoking
cessation. Curr Med Res Opin 2007, 23(4):793-801.

25. Oncken C, Gonzales D, Nides M, Rennard S, Watsky E, Billing CB, Anziano R,
Reeves K: Efficacy and safety of the novel selective nicotinic
acetylcholine receptor partial agonist, varenicline, for smoking cessation.
Arch Intern Med 2006, 166(15):1571-1577.

26. Tsai ST, Cho HJ, Cheng HS, Kim CH, Hsueh KC, Billing CB Jr, Williams KE: A
randomized, placebo-controlled trial of varenicline, a selective
alpha4beta2 nicotinic acetylcholine receptor partial agonist, as a new
therapy for smoking cessation in Asian smokers. Clin Ther 2007,
29(6):1027-1039.

27. Jorenby DE, Hays JT, Rigotti NA, Azoulay S, Watsky EJ, Williams KE,
Billing CB, Gong J, Reeves KR: Efficacy of varenicline, an alpha4beta2
nicotinic acetylcholine receptor partial agonist, vs placebo or sustained-
release bupropion for smoking cessation: a randomized controlled trial.
JAMA 2006, 296(1):56-63.

28. Nakamura M, Oshima A, Fujimoto Y, Maruyama N, Ishibashi T, Reeves KR:
Efficacy and tolerability of varenicline, an alpha4beta2 nicotinic
acetylcholine receptor partial agonist, in a 12-week, randomized,
placebo-controlled, dose-response study with 40-week follow-up for
smoking cessation in Japanese smokers. Clin Ther 2007, 29(6):1040-1056.

29. 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):221-229.

Leung et al. BMC Clinical Pharmacology 2011, 11:15
http://www.biomedcentral.com/1472-6904/11/15

Page 7 of 8

http://www.biomedcentral.com/content/supplementary/1472-6904-11-15-S1.DOC
http://www.biomedcentral.com/content/supplementary/1472-6904-11-15-S2.DOC
http://www.ncbi.nlm.nih.gov/pubmed/8746293?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8746293?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15564623?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15564623?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20108995?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20108995?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16700857?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16700857?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17157884?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17157884?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17157884?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15887955?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15887955?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19393839?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19393839?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19761618?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19761618?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19761618?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21134997?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21134997?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21134997?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20666691?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20666691?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20666691?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20297861?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20297861?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20297861?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/5951494?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/5951494?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3802833?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8261254?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11408310?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9310563?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9310563?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12111919?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12958120?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12958120?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19622552?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19622552?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19622552?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16908788?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16908788?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16908788?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17407636?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17407636?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17407636?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16908789?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16908789?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17692719?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17692719?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17692719?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17692719?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16820547?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16820547?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16820547?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17692720?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17692720?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17692720?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17692720?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20048210?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20048210?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20048210?dopt=Abstract


30. Gonzales D, Rennard SI, Nides M, Oncken C, Azoulay S, Billing CB, Watsky EJ,
Gong J, Williams KE, Reeves KR: Varenicline, an alpha4beta2 nicotinic
acetylcholine receptor partial agonist, vs sustained-release bupropion
and placebo for smoking cessation: a randomized controlled trial. JAMA
2006, 296(1):47-55.

31. Wang C, Xiao D, Chan KP, Pothirat C, Garza D, Davies S: Varenicline for
smoking cessation: a placebo-controlled, randomized study. Respirology
2009, 14(3):384-392.

32. Niaura R, Hays JT, Jorenby DE, Leone FT, Pappas JE, Reeves KR, Williams KE,
Billing CB: The efficacy and safety of varenicline for smoking cessation
using a flexible dosing strategy in adult smokers: a randomized
controlled trial. Curr Med Res Opin 2008, 24(7):1931-1941.

33. Drossman DA: Rome III: the new criteria. Chin J Dig Dis 2006, 7(4):181-185.
34. Terrin N, Schmid CH, Lau J: In an empirical evaluation of the funnel plot,

researchers could not visually identify publication bias. J Clin Epidemiol
2005, 58(9):894-901.

35. Song F, Khan KS, Dinnes J, Sutton AJ: Asymmetric funnel plots and
publication bias in meta-analyses of diagnostic accuracy. Int J Epidemiol
2002, 31(1):88-95.

36. Ioannidis JP, Patsopoulos NA, Evangelou E: Uncertainty in heterogeneity
estimates in meta-analyses. BMJ 2007, 335(7626):914-916.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1472-6904/11/15/prepub

doi:10.1186/1472-6904-11-15
Cite this article as: Leung et al.: Gastrointestinal adverse effects of
varenicline at maintenance dose: a meta-analysis. BMC Clinical
Pharmacology 2011 11:15.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Leung et al. BMC Clinical Pharmacology 2011, 11:15
http://www.biomedcentral.com/1472-6904/11/15

Page 8 of 8

http://www.ncbi.nlm.nih.gov/pubmed/16820546?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16820546?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16820546?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19192221?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19192221?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18513462?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18513462?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18513462?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17054578?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16085192?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16085192?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11914301?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11914301?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17974687?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17974687?dopt=Abstract
http://www.biomedcentral.com/1472-6904/11/15/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Eligibility criteria
	Search strategy
	Study selection, data extraction and quality assessment
	Statistical Analysis

	Results
	Study description
	Assessment of study quality
	Outcome Measures
	Nausea
	Constipation
	Flatulence


	Discussion
	Limitation of studies

	Conclusions
	Conflict of interests
	Author details
	Authors' contributions
	References
	Pre-publication history


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


