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Abstract

Introduction: Women have lower rates of quitting than men with both bupropion and nicotine 
replacement. It is unknown whether varenicline demonstrates differential efficacy for men and 
women. The purpose of this study was to conduct the first comprehensive meta-analysis of clinical 
trial data examining sex differences in the efficacy of varenicline for smoking cessation.
Methods: Searching MEDLINE, EMBASE, and PsychINFO, 17 of 43 clinical trials of varenicline for 
smoking cessation published through December 31, 2014 were low-bias randomized double-blind 
placebo-controlled trials. Data (n = 6710 smokers, 34% female, n = 16 studies, 96% of available 
data) was analyzed with Metafor program in R. Outcome endpoints were 7-day point-prevalence 
(PP) and continuous-abstinence (CA) at week 12 (end of treatment), week 24 (6-month follow-up), 
and week 52 (12-month follow-up).
Results: Using placebo, women were less likely than men to quit (PP-12, CA-24; P < .05 for sex). 
Using varenicline, similar rates of abstinence for men and women were demonstrated for all six 
outcomes (eg, PP-12 abstinence rates were 53% in both women and men). Varenicline versus pla-
cebo outcomes demonstrated that varenicline was more effective for women for short and inter-
mediate outcomes (PP-12, CA-12, CA-24; P < .05 sex × medication interaction). For end-of-treatment 
PP, varenicline was 46% more effective for women. For continuous abstinence, varenicline was 
34% (CA-12) and 31% (CA-24) more effective for women.
Conclusions: Unlike other smoking cessation medications, varenicline demonstrated greater effi-
cacy among women smokers for short and immediate-term outcomes and equal efficacy for 1-year 
outcomes. Varenicline may be particularly useful for reducing the sex disparity typically seen in 
rates of smoking cessation.
Implications: Varenicline is currently the most effective FDA-approved smoking cessation medica-
tion and this is the first demonstration that women compared with men have a preferred thera-
peutic response for a smoking cessation medication when considering short-term outcomes. 
Importantly, this is also the first demonstration that women have similar rates of quitting to men 
when considering longer-term, 1-year outcomes.
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Introduction

Tobacco use is the leading preventable cause of mortality and mor-
bidity in the United States resulting in 556 000 deaths per year1 
and an annual economic burden of $96 billion in medical expenses 
and $97 billion in lost productivity.2 Currently, 21.6% of men and 
16.5% of women in the United States are smokers.2 While both 
men and women who smoke experience significant smoking related 
diseases and greater mortality than nonsmokers,3 women exhibit 
greater vulnerability than men to certain serious health conse-
quences of smoking (eg, lung cancer, heart disease).4,5 Additionally, 
women experience sex-specific consequences including altered men-
strual function, infertility, ectopic pregnancy, earlier menopause, and 
cancer of the cervix.6

Smoking cessation can prevent and reduce many of the harmful 
consequences of smoking, and successful smoking cessation exerts 
greater cardiovascular7 and respiratory8 benefits for women com-
pared to men. However, despite being more likely to report a quit 
attempt than men,9 women are less successful in quitting smok-
ing. This disparity in quitting has been found in numerous clini-
cal trial investigations.10,11 In pooled analysis of clinical trial data, 
women taking placebo were up to 50% less likely to quit than 
men.11 Some population based investigations support similar find-
ings,12,13 although findings have been more mixed (Jarvis et  al.14). 
Importantly, studies which isolate single quit attempts have almost 
unanimously found that women have more difficulty sustaining 
abstinence, even when accounting for other forms of tobacco use.12 
Data from the International Tobacco Control (ITC) Four Country 
Survey (n = 7825)12 determined that women had 41% lower odds 
than men to achieve 30-day abstinence from smoking, when quit-
ting “cold-turkey” (ie, without the use of smoking cessation medica-
tions). Findings from the National Epidemiologic Survey on Alcohol 
and Related Conditions (n  = 33 309)  identified that women were 
44% more likely than men to have relapsed back to smoking over 
a 3-year period.13

Compounding the sex disparity in quitting are data finding dif-
ferential efficacy of smoking cessation medications across women 
and men. Studies have demonstrated that women may be less respon-
sive to nicotine replacement therapy as a cessation aid,15,16 and find-
ings for sex differences in bupropion efficacy have been mixed.10,17,18 
Smith et al.12 examined sex differences in smoking cessation medi-
cation effectiveness that used population-based data from smokers 
attempting to quit in real-world contexts. Results demonstrated that 
the use of any medication attenuated the sex difference in the likeli-
hood of successfully quitting smoking, supporting the promotion of 
smoking cessation medication use among women.

Varenicline (Chantix), a nicotinic acetylcholine receptor partial 
agonist, was approved as a first-line medication for nicotine depend-
ence in the United States by the Food and Drug Administration 
(FDA) in 2006. In preclinical studies, varenicline reduces nicotine 
self-administration, lowers progressive ratio break points, and sub-
stitutes for nicotine.19 In humans, varenicline reduces tobacco crav-
ing, withdrawal symptoms, and the reinforcing effects of smoking 
relative to placebo and other FDA-approved treatments for smoking 
including bupropion and transdermal nicotine patch.10–22 Clinically, 
varenicline demonstrates some of the highest smoking cessation rates 
compared to placebo and other FDA-approved treatments for nico-
tine dependence (eg, bupropion, transdermal nicotine patch).20,21,23,24 
Two Phase-III investigations demonstrated that varenicline increased 
the rate of end-of-treatment continuous-abstinence (CA) by an odds 
of 3.85.20,21 A Cochrane review determined that the pooled relative 

risk ratio for continuous or sustained abstinence at 6  months or 
longer for varenicline with standard dosing (2 mg/d) versus placebo 
was 2.27 (95% CI = 2.02–2.55; n = 6166).24

To date, 11 available studies of varenicline investigate sex differ-
ences in outcomes20,25–34 with six of these studies providing limited 
data by sex.20,25–29 While these studies find no sex differences in varen-
icline outcomes, it is unclear if these studies had sufficient statistical 
power to examine sex differences in medication efficacy. Supported 
by the Institute of Medicine, National Institutes of Health, and the 
Federal Drug Administration, there is a growing awareness, as well 
as federal regulation prompting the consideration of sex and gender 
in treatment development, efficacy, and reporting.35–37 The primary 
objective of this study was to conduct the first meta-analytic review 
determining if sex differences exist in the efficacy of varenicline for 
smoking cessation.

Methods

Data Sources and Searches
A review protocol for this investigation is available from the authors 
upon request. PRISMA guidelines were followed (www.prisma-
statement.org/statement.htm). Clinical trials of varenicline for smok-
ing cessation published through December 31, 2014 were identified 
through MEDLINE, EMBASE, and PsycINFO searches in May 2013 
and January 2015. The search terms “clinical trial,” “varenicline,” 
and “smoking cessation” were searched for in the following fields: 
abstracts, titles, substance words, subject headings, keywords, con-
cept words, and unique identifiers. Duplicate records among the three 
databases were removed and the remaining records were screened 
by two authors (AHW, MK) to determine whether they were pub-
lished in English and whether they were clinical trials of varenicline 
for smoking cessation. Discrepancies in the screening decisions were 
discussed among the authors until a consensus was reached.

Data Extraction and Quality Assessment
The full-text articles were examined individually by two of the 
authors (AHW, MK) using a piloted coding form. The following 
variables were extracted from each article and entered on the cod-
ing form: publication identification (eg, first author, journal, date of 
publication), funding source/s, location of the study (country/coun-
tries), sample size, gender composition, racial/ethnic composition, 
type of sample (ie, community sample of smokers versus a subgroup 
of smokers such as adolescents or adults with a medical or psychiat-
ric disorder), inclusion/exclusion criteria, design (eg, randomization, 
inclusion of placebo-control condition), treatment conditions (eg, 
dose/s of varenicline, other treatments provided, length of treatment, 
rates of attrition by medication condition), and smoking outcomes. 
Smoking outcomes that were extracted from each article included 
the number of male and female participants who were abstinent 
by condition (varenicline, placebo) for each outcome time point 
(week 12, week 24, week 52) and type of abstinence (7-day point-
prevalence [PP], continuous). Quality assessment for each study was 
conducted by AHW using The Cochrane Collaboration’s tool for 
assessing risk of bias38 which allows for the categorization of risk 
of bias as “low,” “unclear,” or “high” in each of five categories (ie, 
Selection Bias, Performance Bias, Detection Bias, Attrition Bias, and 
Reporting Bias). For a clinical trial to be included, it was judged as 
“low” bias for each of the five categories. Clinical trials judged to be 
“low bias” were randomized, double-blind, placebo-controlled stud-
ies without evidence of differential attrition.
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As the published reports contained limited outcome data by sex, 
corresponding authors and Pfizer, Inc were contacted after the data 
extraction described above was completed to request data regarding 
sex-specific smoking outcomes. For all Pfizer, Inc studies included in 
this review, data were collected by investigators at academic institu-
tions. The data requested included the number of male and female 
participants who (1) received varenicline, (2) received varenicline 
and were abstinent at each of the endpoints listed below, (3) received 
placebo, and (4) received placebo and were abstinent at each of the 
endpoints listed below. The six outcome endpoints requested were 
7-day PP and CA at week 12 (end of treatment), week 24 (6-month 
follow-up), and week 52 (12-month follow-up). Seven-day PP was 
defined as no smoking in the prior 7 days of each time point (PP-12; 
PP-24; PP-52), and continuous abstinence was defined as no smok-
ing for the last 4 weeks of study drug for each of the three outcomes: 
weeks 9 through 12 (CA-12), weeks 9 through 24 (CA-24), or weeks 
9 through 52 (CA-52).

Data Synthesis and Analysis
We conducted meta-analyses using the Metafor program in R39 for 
all six outcomes. We first specified a model with only fixed effects, 
using odds ratio as the summary measure. If there was evidence of 
significant heterogeneity in effect size (P value for Q-statistic < .05), 
we then calculated a mixed-effects model. First, we stratified analy-
ses by treatment group (varenicline and placebo), and examined sex 
differences in abstinence rates. Second, we stratified by sex and com-
pared abstinence rates in the varenicline treatment condition versus 
placebo. Third, we tested a sex by treatment interaction. Finally, we 
conducted sensitivity analyses for treatment group sample size. For 
this set of analyses, we only included studies in which each analysis 
subgroup (eg, women receiving varenicline who achieved abstinence) 
contained data from at least five participants. The number 5 was 
selected to remove studies with the smallest subgroup sizes, while 
retaining adequate numbers of studies for analyses.

Role of Data and Funding Source
While all data summarized in this meta-analysis was collected at aca-
demic centers, Pfizer, Inc provided data for 15 studies and data for 
one study was provided by the study author (Table 1). Funding for 
the study was supported by the National Institutes of Health. Those 
providing data or funding had no role in the design and conduct 
of the study; management, analysis, and interpretation of the data; 
preparation, review, or approval of the manuscript; and decision to 
submit the manuscript for publication.

Results

Supplementary Figure  1 includes a flow diagram for study inclu-
sion. We identified 80 abstracts through MEDLINE, 630 through 
EMBASE, and 83 through PsycINFO. Out of these initial 793 
records, 136 records were duplicates across databases, eight were 
not published in English, and 606 were not clinical trials. Forty-three 
clinical trials of varenicline for smoking cessation were identified. 
Of these, 17 studies were randomized, double-blind, placebo-con-
trolled studies without evidence of differential attrition and were 
thus judged to be “low bias.” Data were requested and obtained for 
16 of the 17 studies. Pfizer, Inc provided outcome data by sex for 15 
studies20,21,29,32,33,40–49 and corresponding authors provided data for 
one study.50 Data for one study was not obtained.34 Thus, 16 of 17 
eligible studies had data on sex and smoking outcomes, representing 

96% of all available published clinical trial data with varenicline for 
smoking cessation meeting Cochrane’s low bias criteria (n = 6710). 
Of the 27 clinical trial studies that were not included, 12 studies 
were not placebo-controlled trials,25,27,28,30,31,51–57 seven studies had 
very small sample sizes,58–64 five studies recruited only (or nearly 
only) male or female participants,65–69 two studies70,71 used the same 
data as Swan et al.28

Study Characteristics
See Table 1 for the study characteristics for the 16 studies that were 
included in the analyses. The sample sizes of the individual studies 
ranged from 79 to 703 (M = 419, SD = 202). Percentage of female 
participants within studies ranged from 3% to 50%, with an average 
of 34% (SD = 16%).

Interactions of Sex Within Placebo and 
Varenicline Arms
We examined sex differences within each of the varenicline and 
placebo arms. Among those receiving placebo, women were less 
likely to achieve abstinence than men for PP-12 (OR = 1.31; 95% 
CI  =  1.05–1.62) and CA-24 (OR  =  1.37; 95% CI  =  1.02–1.83; 
Table 2, Supplementary Figure 2). For these two outcomes, women 
were 31% and 37%, respectively, less likely than men to achieve 
abstinence. Among those receiving varenicline, there were no signifi-
cant differences between men and women for likelihood of quitting 
at any of the six outcome-time points. For example, at PP-12, 53.3% 
of men and 52.6% of women had quit smoking.

Interactions of Sex and Medication on Rates of 
Abstinence
Effect size heterogeneity was found only for PP-12 (Q = 53.93, P 
< .05). For this outcome, a mixed effect model was specified. For 
all other outcomes, fixed effects models were specified. For all six 
outcomes, the odds of quitting on varenicline versus placebo was 
significant for both men and women. In determining whether sex 
moderated the efficacy of varenicline, the effect size for varenicline 
was significantly larger for women than men for three of the six out-
comes: PP-12, CA-12, and CA-24 (sex × medication interaction P < 
.05, Table 2, Figure 1). For example, at PP-12, varenicline increased 
the odds of quitting in women by 4.95 times and by 3.42 times in 
men with the interaction demonstrating that varenicline was 46% 
more efficacious in women (Figure 2).

Sensitivity Analyses: Sample Size
We removed all studies with analysis subgroup sample sizes of n < 5. 
This procedure resulted in removal of the following studies for each 
outcome: PP-12 (42, 45, 48–50), PP-24 (42, 45, 50), CA-12 (40, 42, 
45), CA-24 (42, 44, 45), CA-52 (44). When examining sex differ-
ences by treatment condition, the pattern of results were consistent 
with the full-sample analyses (data not shown).

Discussion

With the meta-analytic approach, we were able to pool 96% of avail-
able high-quality clinical trial data to maximize power to examine 
whether sex moderated the efficacy of varenicline. Results demon-
strated that varenicline was more efficacious for women compared 
to men for short and intermediate term smoking cessation outcomes. 
Varenicline significantly increased the odds of quitting in women by 
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4.95 times compared to 3.42 times in men by the end of 12 weeks of 
treatment with abstinence assessed over the past 7 days, indicating 
that varenicline was 46% more efficacious for women. Women also 
had a preferred response for continuous abstinence by the end of 
treatment and at a 6-month follow-up, with results demonstrating 
that varenicline was 34% and 31% more efficacious for women, 
respectively. At longer-term, 1-year outcomes, women and men were 
quitting at equal rates.

Varenicline is currently the most effective FDA-approved smok-
ing cessation medication,72 and this is the first demonstration in pla-
cebo-controlled trials that women compared to men have a preferred 
or equal therapeutic response for a smoking cessation medication. 
One recent study73 examined varenicline or varenicline plus bupro-
pion in an adaptive design following nonresponse to nicotine patch. 
Although not placebo-controlled, results appear to suggest that 
women had a preferred response in the varenicline only group (31% 
women vs. 20% men).74 Given that tobacco is the single greatest 
preventable cause of morbidity and mortality in the United States, 
these findings have significant public health relevance.

Overall, women demonstrated a pattern of lower rates of quit-
ting in the placebo arm (eg, 31% less likely for end-of-treatment 
PP). This finding replicates other clinical trial findings demonstrat-
ing lower rates of smoking cessation in women receiving placebo 
medication.10 While a number of factors have been identified for 
why women have poorer quit rates than men (stronger associations 
with psychiatric disorders, increased withdrawal symptoms, smok-
ing for negative affect and stress, menstrual cycle factors, smoking 
for weight management),75 it is currently unknown why women have 
lowered rates of quitting in placebo arms across studies of pharma-
cological interventions. Factors which are known to interact with 
medication outcomes (eg, subclinical depression, menstrual cycle 
status) are often not studied as part of standard clinical trial designs.

Unlike nicotine replacement and bupropion, varenicline com-
pletely attenuated sex differences in rates of smoking cessation that 
were found with placebo. In the current study, 53% of women and 
53% of men successfully quit by the end of treatment with vareni-
cline. In comparison, a meta-analysis with bupropion10 demonstrated 
that women were 23% less likely to quit regardless of whether they 
received placebo or bupropion. With nicotine replacement, a meta-
analytic review found that women were less likely to quit with either 
placebo or medication, with the interaction of sex and medication 
demonstrating that nicotine replacement therapy was 40% more 
effective for men when compared with women.15

While sex differences in varenicline efficacy exist, it is unknown 
what mechanisms may underlie these differences. Smoking in 
women is more strongly tied to negative affect and stress76,77 and 
varenicline may directly target negative affect and improve mood 
during nicotine withdrawal.18,48 However, this same mechanism 
has been hypothesized for bupropion,78 and as stated above, meta-
analysis of bupropion demonstrate lower quit rates in women.10 
Women are also more likely to clear nicotine more quickly from 
their systems than men, as assessed by the nicotine metabolite ratio 
(3′-hydroxycotinine:cotinine).79 This effect is known to be partially 
mediated by estrogen with even higher rates of nicotine clearance 
seen in women taking estrogen through birth control or hormone 
replacement.79 Prospectively randomizing smokers based on their 
nicotine metabolite ratio determined that faster metabolizers had a 
better therapeutic response with varenicline versus nicotine replace-
ment.80 Given that women have greater nicotine metabolite ratios 
compared to men, these results support the current meta-analytic Ta
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findings. Additional translational research to understand how sex-
sensitive mechanisms interact with medication efficacy are impor-
tant to pursue. Currently, there are no placebo-controlled studies 
of varenicline examining outcomes by factors that are known to 
differentially impact smoking behavior or smoking cessation out-
comes for women (eg, stress, menstrual cycle, reproductive status, 
or weight concerns81,82).

With regard to study limitations, the majority of the samples 
were primarily Caucasian and it is unknown how study findings 
would generalize to other ethnic and racial groups. Safety, attrition, 

or compliance were not investigated in this meta-analysis, which 
would be important avenues for future research. With regard to 
safety, evidence indicates that women taking varenicline may be 
more likely to report experiencing nausea than men taking vareni-
cline.83–85 It is important to note that while the black box warning 
remains in effect for varenicline, the medication has been found 
to be safe and well-tolerated in smokers and does not appear to 
exacerbate mental illness or neuropsychiatric side effects in sam-
ples ranging up to 80 000.86–89 Results of two FDA-sponsored stud-
ies conducted by the Department of Defense (n = 19 933) and the 

Figure 2. Forest plot of odds ratios for 12-week (end of treatment) point-prevalence abstinence, varenicline vs. placebo (referent), by study and sex.

Figure 1. Interactions of sex and medication efficacy on odds of point prevalence and continuous abstinence at the end of treatment (12 weeks), 6-month follow-up 
(24 weeks), and 12-month follow-up (52 weeks). *P < .05 indicating that varenicline was 46%, 34%, and 31%, more effective for women for PP-12, CA-12, and CA-24 
respectively. Seven-day point-prevalence was defined as no smoking in the prior 7 days of each time point (12-week; 24-week, 52-week), and continuous abstinence 
was defined as no smoking for the last 4 weeks of study drug (ie, weeks 9 through 12; week 12), or weeks 9 through 24 (week 24), or weeks 9 through 52 (week 52).
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Veteran’s Administration (n = 14 131) evaluating the risk of hos-
pitalizations due to neuropsychiatric events in varenicline versus 
nicotine patch found no differences across the two medications.87 
With regard to compliance, Hays and colleagues90 examined 
pooled data from two clinical trials20,21 and reported that sex was 
not a predictor of medication adherence across varenicline, bupro-
pion, and placebo conditions. Studies also varied with regards to 
nonmedication factors (eg, length, type, delivery of counseling) and 
it is possible that these factors influenced sex differences in medica-
tion outcomes.

Conclusion

Despite significant evidence that sex differences exist in smoking 
cessation outcomes and medication response, few studies examine 
and report outcomes by sex. Current federal regulations exist to 
support the study, analysis, and reporting of treatment efficacy by 
sex.35,37 Results of this study support such efforts and highlight the 
importance of examining medication efficacy by sex. In the current 
clinical care guidelines for smoking cessation it is acknowledged 
that nicotine replacement therapy may be less effective for women 
and other medications, such as varenicline, should be consid-
ered.23 Current meta-analysis of FDA-approved smoking cessation 
therapeutics,10,15 as well as our findings, demonstrate that women 
are less likely to quit smoking indicating a significant sex dispar-
ity with regards to smoking cessation. Our findings indicate that 
varenicline, unlike prior findings with nicotine replacement and 
bupropion, attenuates lowered rates of quitting seen in the placebo 
arms thereby demonstrating greater efficacy among women smok-
ers for short and immediate-term outcomes and equal efficacy for 
longer term 1-year outcomes. Varenicline may be particularly use-
ful for reducing the sex disparity typically seen in rates of smoking 
cessation.

Supplementary Material

Supplementary Figures 1 and 2 can be found online at http://www.
ntr.oxfordjournals.org
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