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ABSTRACT

Introduction: The rate of smokeless tobacco use in India is 20%; its use causes serious health problems, and no trial has
assessed behavioral or pharmacological treatments for this public health concern. This trial evaluated varenicline for treating
smokeless tobacco dependence in India.

Methods: This was a double-blind placebo-controlled randomized trial of varenicline (12 weeks, 1 mg, twice per day) with
237 smokeless tobacco users in India. All participants received behavioral counseling. Outcomes included self-reported and
biochemically verified abstinence at the end of treatment (EOT), lapse and recovery events, safety, and medication adherence.

Results: Self-reported EOT abstinence was significantly greater for varenicline (43%) versus placebo (31%; adjusted odds
ratio [AOR] = 2.6, 95% CI = 1.2-4.2, p = .009). Biochemically confirmed EOT abstinence was greater for varenicline versus
placebo (25.2% vs. 19.5%), but this was not statistically different (AOR = 1.6, 95% CI = 0.84-3.1, p = .15). Compared with
placebo, varenicline did not reduce the risk for a lapse (hazard ratio [HR] = 0.86, 95% CI = 0.69-1.1, p = .14), but it did increase
the likelihood of recovery to abstinence (HR = 1.2, 95% CI = 1.02-1.4, p = .02). Greater adherence increased EOT cessation
rates for varenicline (39% vs. 18%, p = .003) but not for placebo (28% vs. 14%, p = .06). There were no significant differences
between varenicline and placebo in rate of side effects, serious adverse events, hypertension, or stopping or reducing medication.

Conclusions: Varenicline is safe for treating smokeless tobacco dependence in India, and further examination of this medica-
tion for this important public health problem is warranted.

examinations with risk feedback, have been found to be
efficacious for reducing smokeless tobacco dependence when

INTRODUCTION

In contrast to the United States, where the rate of smokeless
tobacco use is less than 5% (Substance Abuse and Mental Health
Services Administration, 2011), the rate of smokeless tobacco use
in India is 20% and exceeds 50% in certain provinces (Global
Adult Tobacco Survey, 2009). Smokeless tobacco contains known
cancer-causing agents, such as nitrosamines and polycyclic aro-
matic hydrocarbons, and its use may account for at least 10,000
deaths each year from oral cancer (Critchley & Unal, 2003).
Although public health campaigns designed to educate users
across the community about the health risks of smokeless tobacco
have helped to reduce the incidence of smokeless tobacco use
and leukoplakia in certain geographic regions of India, to date,
there have been no clinical trials of individual-level treatments for
smokeless tobacco use in India (Gupta & Ray, 2003).

In the United States, behavioral interventions, including
telephone counseling, web-based counseling, and oral
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tested in clinical trials (Ebbert, Montori, Erwin, & Stead,
2011a). However, quit rates in such trials rarely exceed 15%.
Clinical trials of nicotine replacement therapies (NRTs) have
shown efficacy for the lozenge on withdrawal and short-term
cessation but not for long-term cessation (Ebbert, Severson,
Croghan, Danaher, & Schroeder, 2009). Further, clinical trials
testing other NRTs and bupropion have not yielded positive
results (Ebbert et al., 2009, 2011a). In contrast, a large placebo-
controlled trial in Scandinavia found that varenicline was
efficacious for smokeless tobacco dependence (Fagerstrom
et al., 2010), and a recent pilot trial in the United States
reported preliminary support for an additional large clinical
trial evaluation of varenicline for smokeless tobacco users
in the United States (Ebbert, Croghan, Severson, Schroeder,
& Hays, 2011b). Given that varenicline is relatively more
effective for treating tobacco smoking than NRT (Aubin et al.,
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2008) and bupropion (Gonzales et al. 2006) and that varenicline
significantly reduces craving to use smokeless tobacco (Ebbert
et al., 2011b), varenicline may be efficacious for treating
smokeless tobacco dependence in India. In light of the
paucity of any pharmacotherapy trials for smokeless tobacco
dependence in India, the relatively few clinical trial evaluations
of varenicline for smokeless tobacco dependence, worldwide,
and the potential increase in the prevalence of smokeless
tobacco use in the United States as a harm reduction approach
or as new marketing campaigns are initiated; the results of
this trial could have broad implications. We hypothesized,
therefore, that varenicline would increase rates of smokeless
tobacco cessation. Given conflicting studies about the potential
adverse risks associated with varenicline (e.g., Prochaska &
Hilton, 2012; Singh, Loke, Spangler, & Furberg, 2011;), this
study also sought to assess varenicline safety for use in this
group of tobacco users.

METHODS

Participants

The study was conducted at the National Drug Dependence
Treatment Centre, All India Institute of Medical Sciences
(AIIMS), New Delhi, India. Participants (N = 237) were
recruited from the Centre for Dental Education and Research
(CDER) at AIIMS. Potential participants were screened
in person for eligibility, including a physical examination
and a psychiatric evaluation using the MINI International
Neuropsychiatric Interview (MINI; Sheehan et al., 1998).
Eligibility criteria included the following: use of smokeless
tobacco each day for the past year (confirmed with urinary
cotinine assessment; >50ng/ml), age over 18, and residing
within 60 miles of New Delhi. Exclusions were as follows:
current cigarette use (confirmed with breath carbon monox-
ide [CO] >10 ppm); current or planned use of tobacco cessa-
tion treatment; current use of cocaine, marijuana, or opioids
or current consumption of >25 alcoholic drinks/week; current
or recent use of psychiatric, pain, or asthma medications;
current pregnancy or lactation; history or current diagnosis
of psychosis, schizophrenia, bipolar disorder, or suicidal-
ity; current diagnosis of depression; diagnosis of cancer,
heart disease, or HIV/AIDS in past 6 months; history of epi-
lepsy/seizures; history or diagnosis within the last 6 months
of abnormal heart rthythms and/or tachycardia (>100 beats/
min); history or current diagnosis of chronic obstructive pul-
monary disease, cardiovascular disease, heart attack in the
last 6 months, and uncontrolled hypertension (systolic blood
pressure > 150 or diastolic blood pressure > 90); and his-
tory of kidney or liver failure. Illiterate participants were not
excluded from the trial.

Accrual and retention data are shown in Figure 1. A total of
697 individuals were assessed for study eligibility; 345 individu-
als were considered ineligible (including 64 for a CO level above
10 ppm and 17 for current use of a contraindicated medication),
79 individuals refused to complete the assessment, and 273 indi-
viduals were considered eligible for the trial and were scheduled
for the initial treatment session. Of the 273 participants sched-
uled for treatment, 36 participants failed to attend the session,
leaving 237 individuals who were considered the intent-to-treat
(ITT) sample. There was no significant difference in the rate
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of missed outcome data due to participant withdrawal or being
unreachable across the treatment arms (x*[1] = 0.11, p = .77).

Procedures

The procedures were approved by the University of
Pennsylvania Institutional Review Board, the AIIMS Ethics
Committee, Drug Controller General India, and the Indian
Council for Medical Research. During routine visits to the
AIIMS CDER, a trained research assistant approached
patients to assess their interest in participating in the clinical
trial. Those who interested were scheduled for an in-person
visit to assess their eligibility (Week 1). At this visit, the study
physician and psychiatrist evaluated inclusion and exclusion
criteria, including confirmation of smokeless tobacco use with
urinary cotinine (cutoff for inclusion 250 ng/ml) and assess-
ment of tobacco smoking (participants were excluded if they
had a breath CO > 10 ppm). Quantitative urinary cotinine was
done using ELISA kits (Calbiotech), which uses solid-phase
competitive ELISA. Assays were carried out as directed by
the manufacturers, and the detection limit of the cotinine
assay was 1 ng/ml. A urine drug screen was conducted as was
a pregnancy test for female participants. Eligible participants
were randomized to 12 weeks of placebo or varenicline 1 mg
twice per day. Consistent with drug labeling and past trials
(Gray, Carpenter, Lewis, Klintworth, & Upadhyaya, 2012),
participants whose weight was <55kg were given vareni-
cline 1 mg once per day. All participants received behavioral
counseling, a six-session, manual-based intervention mod-
eled on past studies (Dale et al., 2007; Severson, Andrews,
Lichtenstein, Gordon, & Barckley, 1998) and revised for
cultural relevance based on studies conducted in India (e.g.,
Stigler et al., 2007). The intervention was designed to enhance
awareness of the harmful effects of smokeless tobacco, assist
the person in developing skills to quit and avoid relapse, and
instruct the participant on medication use (Ebbert, Carr, &
Dale, 2004).

Treatment was initiated at baseline (Week 0). Medication
(varenicline or matching placebo) was taken for 12 weeks fol-
lowing labeling and previous varenicline trials (Gonzales et al.,
2006): 0.5mg taken once per day for 1-3 days, 0.5mg taken
twice per day for 4-7 days, and 1.0 mg taken twice per day for
11 weeks. Counseling was provided at 0, 1, 3, 5, 7, and 9 weeks
in person at AIIMS. A target quit date was established for Week
1. Assessments were conducted at baseline (Week 0) and at 1,
3,5, 7, and 9 weeks. Participants reporting abstinence at the
EOT (Week 12) were asked to attend AIIMS to provide a urine
sample for cotinine assessment.

Assessments

Covariates

At baseline, demographic (e.g., age, education), and smokeless
tobacco use (e.g., rate, years of use) data were collected. The
smokeless tobacco version of the Fagerstrom Test for Nicotine
Dependence (FTND-ST; Ebbert et al., 2006) was completed.

Medication Adherence

Medication adherence was measured by self-report pill count.
At each assessment from Week 0-12, participants indicated if
they used the appropriate number of pills each day. Participants
were classified as adherent if they reported taking 280% of the
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CONSORT diagram. There were no significant differences between treatment arms with respect to the number of

participants who were lost to follow-up, withdrew from the trial, or were not reachable for biochemical confirmation of tobacco use.

prescribed medication across the 12 weeks (Catz et al., 2011;
Ebbert et al., 2011b), a method previously validated (Buchanan
etal., 2012).

Side Effects

Side effects were assessed at 0, 1, 3,5, 7, 9, and 12 weeks
using a symptom checklist from past trials (Patterson et al.,
2009; Schnoll et al., 2011). Each symptom (e.g., nausea,
depressed mood, suicidal ideation) was rated from 1 (none) to
4 (severe). Participants were instructed to contact study person-
nel if they experienced any serious medical problems between
assessments. Adverse events were considered serious if the
participant considered them debilitating or if they required hos-
pitalization. Blood pressure was assessed at each visit.

Tobacco Cessation

At the EOT (Week 12), tobacco quit rates were assessed. Self-
reported 7-day point prevalence abstinence was assessed at this
time, and those who indicated abstinence were asked to attend
clinic for biochemical confirmation of smokeless tobacco ces-
sation with urinary cotinine (cutoff for abstinence <50ng/ml;
Benowitz et al., 2002) and absence of tobacco smoking using
breath CO (>10 ppm). For lapse and recovery events, a smoke-
less-tobacco-use lapse was defined as any day between the quit
date and EOT on which participants used smokeless tobacco;
recovery was defined as any 24-hr period of self-reported absti-
nence postlapse (Schnoll et al., 2010; Wileyto et al., 2005). The
outcome of interest was time to transition between runs of
smokeless-tobacco-use days and runs of abstinent days.

Statistical Analysis

Sample characteristics were examined using descriptive
statistics and differences across treatment arms were assessed
using chi-square test or analysis of variance. The rates of
completion of the EOT assessment across treatment arms were
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compared using chi-square test. Next, we examined differences
in abstinence rates across the treatment arms using logistic
regression, computing odds ratios (ORs), and 95% CIs with
alpha of .05. We present the unadjusted models and the models
adjusted for covariates, controlling for variables related to rates
of smokeless tobacco use and abstinence (FTND-ST, baseline
tobacco use, duration of use, duration of past abstinence, and
medication adherence). Separate models were conducted
using self-reported versus biochemically verified abstinence
rates and separate models were conducted for ITT, with
missing outcome data considered continued use of smokeless
tobacco, and completers only (including only participants who
completed the Week 12 assessment; n = 173). Multivariate
time-to-event (cox regression) models determined whether
treatment arm predicted transitions from abstinence to lapse
and from lapse to recovery using alpha of .05. This type of
alternating-state multivariate data consists of times to transition
between runs of tobacco-use days (21 day) and runs of tobacco
abstinent days (21 day; Wileyto et al., 2005). Up to 16 cycles
of lapse and recovery events were evaluated, and participants
could cycle through multiple events. Standard errors were
adjusted for repeated measures using the cluster-correlated
robust variance estimate (Williams, 2000). Participants lost to
follow-up on the timeline follow-back were removed from the
risk set without registering an event. The clock is reset to zero
every time there is a move (e.g., from smoking to abstinence).
The analysis is stratified by the sequence of events, so the
baseline is adjusted for each lapse (in the lapse model) and for
each recovery (in the recovery model). Finally, the frequency
of moderate-to-severe side effects, serious adverse events, and
hypertension (systolic > 160 or diastolic > 90) at 1, 3, 5, 7, 9,
and 12 weeks were compared across treatment arms using chi-
square test (o = .05). Chi-square test was also used to evaluate
rates of medication adherence (>80% of medication taken) and
counseling adherence across the treatment arms (o = .05).



RESULTS

Sample Characteristics

On average, participants were 34.2 years old (SD = 9.2 years).
Ninety-seven percent of the sample was male, 32% of the sam-
ple had a primary school education or less, 76% of the sample
reported an annual family income of <1 lakh (<$1,782U.S. dol-
lars), 78% of the sample was married, and the average weight
of participants was 62.9kg (SD = 11.2). In addition, most
(81%) of the sample were Hindu. The average FTND score was
7.0 (SD = 1.9), the average number of times smokeless tobacco
was used per day at baseline was 12.7 (SD = 7.8), the number
of years smokeless tobacco was used before entering the trial
was 11.2 years (SD = 7.6), the longest previous duration of
abstinence from smokeless tobacco use prior to study entry was
22.0 days (SD = 55.0), and the average baseline cotinine value
was 7360.5ng/ml (SD = 7612.7; range = 84-49065ng/ml).
There were no significant differences in these characteristics
across the treatment arms (ps > .05; Table 1).

Treatment Arm Effect on Tobacco Abstinence

The left part of Figure 2 presents the quit rates across treatment
arm for the ITT analyses. At Week 12, a significantly greater
proportion of participants were treated with varenicline self-
reported abstinence from smokeless tobacco us compared with
participants treated with placebo (42.9% vs. 30.5%; unad-
justed OR = 1.7, 95% CI = 1.001-2.92, p = .05; adjusted OR
[AOR]= 2.6, 95% CI = 1.2-4.2, p = .009). A greater propor-
tion of varenicline-treated participants showed biochemically
confirmed abstinence from smokeless tobacco compared with
placebo-treated participants (25.2% vs. 19.5%), but this com-
parison was not statistically significant (unadjusted OR = 1.4,
95% CI=0.75-2.58, p = .29; AOR = 1.6, 95% CI = 0.84-3.1,
p=.15).

The right part of Figure 2 presents the quit rates across treat-
ment arm for the completers-only analyses. At Week 12, a greater
proportion of participants treated with varenicline self-reported
smokeless tobacco abstinence versus placebo-treated partici-
pants (54.5% vs. 41.2%). This comparison approached signifi-
cance in the unadjusted model (OR = 1.7, 95% CI = 0.94-3.13,
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p = .08) and was significant in the adjusted model (AOR = 2.4,
95% CI=1.2-4.8, p = .01). A greater proportion of varenicline-
treated participants showed biochemically confirmed abstinence
from smokeless tobacco compared with placebo-treated partici-
pants (34.1% vs. 27.1%), but this comparison was not statisti-
cally significant (unadjusted OR = 1.4, 95% CI = 0.73-2.67,
p =.32; adjusted OR = 1.7, 95% CI = 0.71-2.8, p = .15).

The analysis of transitions from alternating periods of absti-
nence and tobacco use showed that varenicline did not affect
the likelihood of a lapse event (hazard ratio [HR] = 0.85, 95%
CI = 0.69-1.05, p = .14), but it did increase the likelihood of
recovery from a lapse to recovery (i.e., abstinence; HR = 1.2,
95% CI =1.2-1.38, p=.02; Table 2). Participants in the vareni-
cline arm were 20% more likely to recover from a lapse than
participants in the placebo arm.

Side Effects and Adherence

There were no significant differences in the frequency of self-
reported moderate-to-severe side effects from the checklist
administered at 1, 3, 5,7, 9, and 12 weeks between the treat-
ment arms (Table 3; all ps > .05). The most frequently reported
moderate-to-severe side effects were sleep problems (includ-
ing general sleep problems, insomnia, and abnormal dreams):
11 reports for placebo participants (9.3%) versus 8 reports for
varenicline participants (6.7%); and gastrointestinal problems
(nausea, pain, flatulence, indigestion, vomiting, constipation,
diarrhea): 9 reports for placebo participants (7.6%) versus 8
reports for varenicline participants (6.7%). Notably, there were
no reports of suicidal ideation or behavior or depressed mood,
and there was no significant difference across treatment arms
in the rate of high blood pressure at any assessment timepoint.
There were two side effects reported by participants in addition
to the checklist: one reported erectile dysfunction at Week 9 and
another reported loss of libido at 1 and 3 weeks; both received
placebo. There were no reported serious adverse events.
Finally, there were no significant differences across treatment
arms in the rate of medication adherence. Among varenicline-
treated participants, 34.5% of participants indicated taking at
least 80% of the doses versus 39% of placebo-treated participants
(*[1] = .52, p = .50). Rate of adherence, which was controlled

Table 1. Baseline Participant Characteristics by Treatment Arm Assignment

Placebo Varenicline Overall
Characteristic (n=118) (n=119) (n=237)
Sex (% male) 96.6 97.5 97.0
Age (years; M, SD) 34.7 (9.9) 33.8 (8.4) 34.2(9.2)
Marital status (% married) 78.0 77.3 77.6
Education (% < primary school) 29.7 34.5 32.1
Income (% < 1 lakh or < $1,782U.S. 77.1 75.6 76.4

dollars, annually)

Religion (% Hindu) 83.1 79.8 81.4
Weight (kg; M, SD) 63.1 (10.8) 62.8 (11.7) 62.9 (11.2)
FTND-ST (M, SD) 7.1(1.7) 7.0 (2.0) 7.0 (1.9)
Smokeless tobacco use per day (M, SD) 12.3 (6.7) 13.0 (8.8) 12.7 (7.8)
Years of smokeless tobacco use (M, SD) 11.4 (7.6) 10.9 (7.6) 11.2 (7.6)
Longest duration of previous abstinence 22.1 (48.7) 21.9 (60.8) 22.0 (55.0)

from smokeless tobacco (days; M, SD)

Cotinine (ng/ml; M, SD) 7871.0 (8811.9)

6854.3 (6196.6)

7360.5 (7612.7)

Note. FTND-ST = Fagerstrom Test for Nicotine Dependence-ST; n = number of participants.
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Figure 2. End-of-treatment 7-day point prevalence abstinence rates across treatment arms, ITT (left), and completers only
(right). ITT indicates intent-to-treat analysis; bars show proportion quit, and numbers atop columns show number of participants.
Logistic regression models controlled for nicotine dependence (Fagerstrom Test for Nicotine Dependence), baseline rate of smoke-
less tobacco use, duration of smokeless tobacco use, longest previous quit duration, gender, and adherence.

Table 2. Models of Lapse and Recovery Events

Transition HR (95% CI) p Value
To lapse 0.85 (0.69-1.05) 0.14
To recovery 1.20 (1.02-1.38) 0.02

Note. HR = hazard ratio; CI = confidence interval.
Participants were allowed up to 16 transition events;

models controlled for gender, nicotine dependence, baseline
smokeless-tobacco-use rate, years of smokeless tobacco use,
and longest duration of previous cessation; separate models
with adherence added as interaction with treatment showed no
interaction effect for lapse (HR = 1.19, 95% CI = 0.85-1.90,
p =.24) but a significant interaction for recovery (HR = 1.34,
95% CI =1.01-1.77, p = .04).

for in the logistic regression and lapse-recovery event models,
was correlated with abstinence. Specifically, in the varenicline
treatment arm, abstinence rates among participants who adhered
to treatment were significantly greater than abstinence rates
among those who did not (39% vs. 18%; x*[1] = 9.26, p = .003).
In contrast, in the placebo treatment arm, abstinence rates among
participants who adhered to treatment were not significantly
different from abstinence rates among those who did not
(28% vs. 14%; ¥*[1] = 3.60, p = .06). There was no significant
difference in the rate of reducing or stopping medication between
placebo (4.2%) and varenicline groups (8.4%; x*[1] = 1.77,
p =.29). Rates of completion of the counseling sessions were
equivalent across treatment arms (all ps > .05). For varenicline-
treated participants, counseling session adherence was 100%,
9%, 82%, T7%, T14%, and 71%, whereas for placebo-treated
participants, it was 100%, 89%, 80%, 75%, 70%, and 69%.

DISCUSSION

This study was designed to evaluate the efficacy and safety
of varenicline for treating smokeless tobacco dependence in
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India where there are exceptionally high rates of smokeless
tobacco use and very little existing data on which to formulate
initiatives to address this significant public health problem.
Several notable results were yielded from this trial.

First, in terms of the efficacy of varenicline for treating
smokeless tobacco dependence in India, the results were mixed.
On the one hand, compared with placebo, varenicline yielded
significantly higher self-reported EOT smokeless tobacco
abstinence rates in unadjusted and adjusted models and signifi-
cantly increased the likelihood of a recovery to abstinence after
a lapse. Further, cessation rates—biochemically confirmed—
were significantly higher for those who adhered to varenicline,
versus those who did not. On the other hand, biochemically
verified abstinence was not significantly different for vareni-
cline versus placebo, and varenicline was not associated with a
reduced likelihood of a lapse to tobacco use following a period
of abstinence. Thus, overall, the results concerning efficacy
suggest that larger clinical trials, which incorporate interven-
tions to promote medication adherence (e.g., Anton et al.,
2006), are needed to discern the potential efficacy of vareni-
cline for treating smokeless tobacco use in India.

Second, the results of this trial were supportive of the safety
of varenicline for clinical use in this population. In addition
to overall low rates of varenicline-related side effects, such
as headache, nausea, and insomnia, this study found no evi-
dence that varenicline was associated with adverse cardio-
vascular or psychiatric effects, including hypertension and
suicidality. There was also no significant difference in the
rate of reducing or stopping medication between the treat-
ment arms. These results converge with findings from previ-
ous varenicline trials for treating smokeless tobacco (Ebbert
et al., 2011b; Fagerstrom et al., 2010) and tobacco smokers
(Garza, Murphy, Tseng, Riordan, & Chatterjee, 2011; Gunnell,
Irvine, Wise, Davies, & Martin, 2009; Prochaska & Hilton,
2012; Svanstrom, Pasternak, & Hviid, 2012), and challenge
recent studies indicating psychiatric and cardiovascular risks
of varenicline (Moore, Furberg, Glenmullen, Maltsberger, &
Singh, 2011: Singh et al., 2011). Although the present study



Table 3. Frequency of Moderate-Severe Side Effects by Treatment Arm
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Week 1 Week 3 Week 5 Week 7 Week 9 Week 12
(N=213) (N=191) (N=178) (N=171) (N =166) (N=173)
Variable PLA VAR PLA VAR PLA VAR PLA VAR PLA VAR PLA VAR
Nausea 329 0(.0) 1(1.1) 0(.0) 1(1.1) 0(.0) 0(.0) 0(.0) 0(.00 0@.00 00.00 0.0
Abdominal pain 0(0.0) 109 0.0 0.0 0000 000 0.0 0.0 0(.0) 0(.0) 0(0.0) 0(0.0
Vomiting 1(1.0) 2(1.9 0(.0) 1(1.0) 0(.0) 0(.0) 0(.0) 0(.00 0(.00 0(.00 0(.00 0(0.0
Constipation 0(0.0) 0(.0) 1(1.1) 2@.1) 1(1.1) 0(.0) 0(.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0
Irritability 1(1.0) 0(.0)0 1(1.1) 2(@2.1) 0.0 0.0 0.0 0.0 0.0 0.0 0(@.00 0(.0
Dry mouth 0(0.00) 0(.0) 0.0 1(1.0) 0(.0) 0(.00 0(.0)0 0@.0) 0(.00 0(.00 0(.0) 0(0.0
Insomnia 1(1.0) 1(09) 1(1.1) 0(.0) 0(.00 0¢.0)0 1(1.2) 0(.00 1(1.2) 0(0.0) 0(0.0) 0(0.0)
Abnormal dreams 1(1.0) 109 1(1.1) 3@3.1) 0.0 1(1.1) 337 2@22) 1(1.2) 0(0.0) 0(0.0) 0(0.0)
Sleep problems 1(1.0) 0(0.0) 0(.0) 0(.0) 0(.0) 0(.0) 0(.0) 0.0 0.0 0.0 0.0 0.0
Irregular heartbeat 0(0.0) 0(.0) 0(.0) 1(1.0) 0(.0) 0(.00 0(.00 0(.00 0(0.0) 0(0.0) 0(0.0) 0(0.0
Increased heartrate  0(0.0) 1(0.9) 1(1.1) 2(2.1) 0(0.0) 1(1.1) 0(0.0) 0(0.0) 0(.0) 0(0.0) 0(0.0) 0(0.0)
Anxiety 1(1.0) 0(.0) 1(1.1) 1(1.0) 1(1.1) 0(.0) 0(.0) 0(.00 0(.00 0@.00 0.00 0(.0
Fatigue 1(1.0) 0(.0)0 0(.0) 0(.0) 0(.0) 1(1.1) 0¢.0) 0.00 0(.00 0@.00 0.00 0(.0
Diarrhea 0(0.0) 1(0.9) 0(.0)0 1(1.0) 0.0 0.0 1(L.2) 0(.0) 0(.0) 0(.0) 0(.0) 0(0.0
Skin redness 0(0.0) 109 00 1(1.0) 0(.0) 0(.0) 1(1.2) 0(.00 0(.00 0¢.00 0(.00 0(0.0
Swelling 0(0.0) 0(.0) 1(1.1) 0(.0) 0(.0) 0.0 1(1.2) 0@.00 0(.00 0(.0) 0(.0) 0(0.0
Dizziness 1(1.0) 0(.0) 0(.0) 0.0 0.0 0.0 0@0 0@.0 0.0 0@.0) 0(.00 0(0.0
Hostility 1(1.0) 0(0.0) 2(@2.1) 0(.0) 0(.0) 0.0 0.0 0.0 0.0 000 0.0 0(0.0
Agitation 1(1.0) 0(0.0) 2(@2.1) 0(.0) 1(1.1) 0(.0) 0(.0) 0(.0)0 0(.00 0(.00 0.00 0(0.0
Chest pain 0(0.0) 0(.0) 0(.0) 0.0 0.0 00 0.0 0.0 0.0 0(.0) 0(0.0) 0(0.0
Weakness (one side) 0(0.0) 0(0.0) 0(0.0)0 0¢.00 0¢.0) 0(.0) 0(.0) 0(.0) 0(.0) 0(0.0) 0(0.0) 0(0.0)
Depressed mood 0(0.0) 0(.0) 0(.00 0.0 0.0 00 0.0 0(.00 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Suicidal ideation 0(0.0) 0(.0) 0(.00 0.0 0.0 0.0 0(.0) 0(.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0
High blood pressure  5(4.8) 54.6) 5(5.3) 6(62) 5(5.7) 444 337 334 225 225 225 33.6

Note. PLA = placebo, VAR = varenicline.

Number listed indicates number of participants at timepoint reporting moderate or severe side effect; number in parentheses
represents proportion of treatment group at that timepoint; there were two reports provided by participants in addition to the
checklist: one participant reported erectile dysfunction at Week 9, and one participant reported loss of libido at 1 and 3 weeks.

Both participants received placebo.

did not conduct an inferiority test to more rigorously evalu-
ate the safety of varenicline for treating smokeless tobacco
dependence in India, the present sample size does compare
with several previous studies that report safety of varenicline.
As such, these safety data can make a contribution to future
meta-analytic analyses of varenicline safety.

Two additional findings are worth highlighting. First, rela-
tive to other clinical trials of varenicline for smokeless tobacco
dependence, the present study showed that adherence to medi-
cation use is low in this population. For instance, the current
adherence rate among varenicline users was about one-half
that reported by Ebbert et al. (2011b). There are data to sug-
gest that, like the present trial, adherence to varenicline may
require particular attention among subgroups of users such as
light smokers (de Dios, Anderson, Stanton, Audet, & Stein,
2012) and among those receiving care through a general medi-
cal practice (Blak, Wilson, Metcalfe, Maguire, & Hards, 2010).
Further, there are fairly convincing data from numerous studies
showing that varenicline efficacy is strongly affected by level
of adherence (Catz et al., 2011; Hays, Leischow, Lawrence,
& Lee, 2010; Nollen et al., 2011). Thus, what can be done to
boost varenicline adherence? First, a systematic assessment of
reasons for nonadherence may be needed to understand unique
barriers to adherence in this population of tobacco users. Once
completed, a medication adherence component could be inte-
grated into the behavioral counseling program as has been done
in previous trials (Gariti, Lynch, Alterman, Kampman, Xie, &

Varillo, 2009; Schnoll et al., 2008). This counseling module
could be modeled on the medical management framework that
was used in Project COMBINE (Anton et al., 2006), which
formally assesses participant reasons for nonadherence using
scenarios and uses specific strategies to enhance compliance.
At each counseling session, adherence would be assessed, and
for those who are classified as nonadherent, counselors would
attempt to identify the reasons for nonadherence (e.g., uninten-
tional forgetting, convinced the medication is placebo, concern
about side effects, convinced that they do not need medication,
lack of trust). Counselors could then use established strategies
to directly address the participant’s reasons for nonadherence
(e.g., place medication in prominent place or use reminders;
discuss difficulties discerning medication effects and that eve-
ryone receives counseling; emphasize that side effects typi-
cally diminish and problem solve about ways to decrease side
effects; and indicate that stopping medication prematurely can
lead to relapse). Future studies to assess the efficacy of vareni-
cline for smokeless tobacco dependence in India should inte-
grate such adherence counseling elements into standard care.
Finally, it is worth noting the high rate of false self-reported
abstinence. It was 36% in this trial, although not statistically dif-
ferent between varenicline and placebo participants. Typically,
clinical trials for tobacco dependence see a false reporting
rate of about 10% (Gariti, Alterman, Ehrman, Mulvaney, &
O’Brien, 2002), although false reporting rates as high as 25%
have been found for subgroups who may face unique stigma
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from continuing to smoke, such as pregnant women (Shipton
et al., 2009). Consequently, this population may represent a
subgroup of tobacco users for whom biochemical verification
procedures is required in a clinical trial such as this.

This trial is not without limitations. First, although the sam-
ple size is relatively large for a tobacco cessation clinical trial,
our a priori power analysis indicated that a 17% difference
between treatment arms was needed to detect a statistically sig-
nificant treatment effect with the current sample size and 80%
power. Thus, the present sample was not adequately powered
to detect small, yet clinically meaningful, differences. Second,
the present study does not report long-term treatment effects to
assess if any benefits are maintained. Third, the adjusted mod-
els controlled for covariates associated with smokeless tobacco
use and cessation, and although this was planned a priori and
done in other clinical trials, this should be considered when
interpreting the present results. Finally, as described above,
adherence to medication was considerably lower than typi-
cally found and false reporting of abstinence was considerably
higher than is typically found. As such, if varenicline is to be
examined further as a treatment for smokeless tobacco depend-
ence in India, researchers should target a large sample, include
long-term follow-up, utilize biochemical verification proce-
dures for all reports of abstinence, and integrate a medication
adherence component into cessation counseling regimens.

Nevertheless, this trial provides the first systematic evalu-
ation of the efficacy and safety of varenicline for treating
smokeless tobacco dependence in India. Although the efficacy
results were mixed, the safety data were consistent. Overall,
the results of this study suggest that a future trial to evaluate
the efficacy of varenicline for smokeless tobacco use in India
is warranted, but such a trial should be designed to address the
potential lower effect size and lower medication adherence
rates in this population. Such a trial may provide more conclu-
sive findings to support the use of varenicline to treat smoke-
less tobacco use in a region of the world with exceptionally
high rates of use and a limited evidence base on which to base
treatment decisions.
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