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Abstract
In a placebo-controlled bupropion smoking cessation trial, we examined blind integrity, the link
between blind integrity and quit rates, and whether side effects and changes in nicotine withdrawal
symptoms or mood were mechanisms through which blind integrity is threatened. At a 12-month
follow-up, 498 participants indicated whether they thought they received bupropion, placebo, or were
not sure. Potential mediators of treatment effects on treatment arm guess (i.e., side effects,
withdrawal, and mood) were measured during treatment and 7-day point prevalence cessation was
assessed at the end of treatment (EOT) and at 6- and 12-months post quit date. Overall, 55% of
participants guessed their randomization correctly. Compared to guessing not sure, participants who
guessed they were taking bupropion were more than twice as likely to have been randomized to
bupropion. Similarly, participants who guessed placebo were twice as likely to have been randomized
to placebo. Treatment arm guess was associated with quit rates. Including treatment arm guess with
actual treatment arm in models of quit rates significantly reduced the odds ratio for bupropion efficacy
at EOT and at 6- and 12-months post quit date. There was no evidence for mediation. In bupropion
smoking cessation trials, blind failure may occur and participant guess about treatment arm
assignment is associated with quit rates.
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1. Introduction
The double-blind procedure is used to determine if a therapeutic outcome is isolated from
sources of bias such as experimenter and participant judgment (Goodwin, 1995). Although the
double-blind study is the gold standard for scientific research, studies can have their blind
integrity violated and this violation can bias results (Bang, Ni & Davis, 2004). Few studies,
however, measure blind integrity, the potential effect of violations on study results, or factors
that may facilitate blind violations (Desbiens, 2002; Mooney, White & Hatsukami, 2004).

Clinical trials of pharmacotherapies for nicotine dependence may be particularly susceptible
to violations of blind integrity since these medications are psychoactive and, thus, may be
discriminated from a placebo based on the experience of side effects (Henningfield, Fant,
Buchhalter & Stitzer, 2005; Perkins et al., 1996). Further, since smoking cessation typically
leads to a withdrawal syndrome (e.g., craving) and since medications for nicotine dependence
are often designed to diminish these symptoms, participants may interpret their study arm
assignment by whether or not the intensity of the withdrawal syndrome has been mitigated
(Mooney et al., 2004). A meta-analysis of blind integrity in nicotine replacement therapy (NRT)
double-blind clinical trials reported blind failure in 12 of 17 studies (71%), although blind
failure was not related to quit rates (Mooney et al., 2004).

The anti-depressant bupropion (Zyban) for the treatment of nicotine dependence doubles quit
rates versus placebo and outperforms NRT (Hughes, Stead & Lancaster, 2004; Jorenby et al.,
1999). Yet, relatively few bupropion studies report data on blind integrity. Ahluwalia, Harris,
Catley, Okuyemi & Mayo (2002) and Simon, Duncan, Carmody & Hudes (2004) reported that
58–59% of participants correctly judged they were receiving bupropion and 41–47% correctly
guessed that they were receiving placebo (see also Hall et al., 2002; Killen et al., 2004, 2006;
Wagena et al., 2005). These studies, however, did not assess if failure to maintain blind integrity
was related to quit rates. Further, these studies did not evaluate whether bupropion’s impact
on side effects or nicotine withdrawal serve as potential mechanisms through which study blind
can be threatened. Finally, since bupropion is an anti-depressant, trial participants may discern
their treatment arm via changes in positive and negative mood. Considering broad
recommendations for the use of bupropion for the treatment of nicotine dependence (Fiore et
al., 2000), more systematic study of blind integrity in bupropion clinical trials is needed.

To fill this gap, we examined blind integrity in a randomized, double-blind, placebo-controlled
bupropion smoking cessation trial. To assess blind integrity, the rate at which participants
correctly guessed they received bupropion or placebo was examined (Desbiens, 2002). To
extend past studies of blind integrity within bupropion smoking cessation trials, we examined
if: 1) correctly guessing treatment arm was related to the probability of cessation at the end of
treatment (EOT), and at the 6- and 12-month assessment time-points, and 2) self-reported
treatment side effects, and changes in nicotine withdrawal symptoms and positive and negative
mood, served as mechanisms through which the study blind could be determined. The findings
from this study could have implications for the evaluation of pharmacotherapies for nicotine
dependence, further enhance knowledge concerning the use of the double-blind procedure in
clinical trials, and highlight the relationship between the smoker’s beliefs about treatment and
clinical outcome that could be considered in the context of smoking cessation treatment.

2. Materials and Methods
2.1. Participants

Participants who responded to flyers and newspaper advertisements for a free smoking
cessation research program were enrolled in a double-blind pharmacogenetic bupropion
smoking cessation trial approved by the Georgetown IRB between May 1999 and September
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2001 (Collins et al., 2004; Epstein et al., 2004; Lerman, Berrettini, et al., 2004; Lerman, Jepson,
et al., 2006; Lerman, Niaura et al., 2004; Lerman, Roth, et al., 2002; Lerman, Shields, et al.,
2002; Lerman, Shields, et al., 2003; Wileyto et al., 2004; Wileyto et al., 2005). Participants
were enrolled at Georgetown University in Washington, DC, and the State University of New
York at Buffalo in Buffalo, NY, and received the same treatment across the two sites. Informed
consent was ascertained. To be eligible, individuals must have been smoking ≥ 10 cigarettes
a day for one year, could not be pregnant, have a past or current psychiatric disorder defined
by the Diagnostic and Statistical Manual of Mental Disorders, and have a medical condition
or use a medication contraindicated with bupropion (American Psychiatric Association,
1994). Initially, 670 people were randomized (341 bupropion, 329 placebo); 116 people
withdrew pre-treatment (56 bupropion, 59 placebo), leaving 555 participants. Lastly, 51
subjects did not provide data at 12-months (when judgment about treatment group was
assessed) and 6 subjects did not provide data on covariates. This resulted in a sample of 498
(254 bupropion, 244 placebo).

2.2. Procedure
Participants were randomly assigned to receive 10 weeks of placebo or bupropion, which was
initiated at Week 1 and delivered according to standard therapeutic dose (150 mg/day for the
first 3 days, followed by 300 mg/day; Lerman, Shields et al., 2002). Counselors provided 8
sessions of standardized group behavioral counseling focusing on self-monitoring and
behavioral modification to all participants. Trained health educators delivered this counseling
and weekly supervision and videotaping of sessions were performed to maintain the integrity
of the structured intervention protocol. Initial sessions focused on preparing for quitting (e.g.,
gradual reduction, eliciting support from friends and family), whereas subsequent sessions
focused on relapse prevention (e.g., understanding and avoiding tempting situations,
reinforcement). A quit date for Week 3 was identified. At baseline, and then weekly from Week
2 to Week 6, participants completed assessments of withdrawal symptoms and mood. Side
effects were assessed weekly from Week 2 to Week 8. Smoking status was assessed and
biochemically confirmed (cotinine < 15ng/ml) at the EOT and at a 6- and 12-month follow-
up. Guess about treatment arm assignment was assessed at the 12-month assessment.

2.3. Measures
Covariates—Demographic characteristics (e.g., age) and smoking history were assessed at
baseline. Participants completed the Fagerström Test of Nicotine Dependence (FTND), a 6-
item self-report measure of nicotine dependence (Heatherton, Kozlowski, Frecker &
Fagerström, 1991). A score of ≥6 indicates a high level of nicotine dependence (Fagerström
et al., 1996). Race/ethnicity was assessed with self-report, using categories defined by study
personnel, to assess potential variation in treatment response due to this variable.

Predictors—As in past studies, guess about treatment arm assignment was assessed after
treatments and assessments were completed by asking: “Which pills do you think you were
taking during the smoking cessation program, Zyban or placebo (sugar pill)?” (Desbiens,
2002). Subjects could say “not sure”. Responses were coded: −1 (placebo), 0 (not sure), or +1
(Zyban).

Mediators—A withdrawal symptom checklist (Hughes et al., 1984; Piasecki et al., 2000),
which consists of 18 items such as irritability, anxiety, and physical complaints (e.g., dizziness),
assessed withdrawal. Responses to items (0 = not at all, to 3 = severe) were summed for a
withdrawal index at each time point. The change score from Week 2 (1 week pre-quit) to Week
4 (1 week post-quit) was used since withdrawal symptoms peak in the first week post-quit
(Ward, Swan and Jack, 2001). For side effects, a list of 17 physical complaints possibly related
to bupropion (e.g., headache, dry mouth) was used. At each time-point, items were summed

Schnoll et al. Page 3

J Subst Abuse Treat. Author manuscript; available in PMC 2009 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



for a side effects index score. The average from Weeks 2 and 3 (i.e., first 2 weeks on medication)
was used, since medication reaction would be most evident at drug initiation. The positive and
negative affect schedule (PANAS) assessed mood. There are 10 items for each subscale (e.g.,
enthusiastic, distressed) and a 1-week time frame is used. The PANAS is internally consistent
and valid (Watson, Clark and Tellegen, 1988). The change score from differences between
Week 2 (1 week pre-quit) and Week 4 (1 week post-quit) was used.

Outcomes—Self-reported 7-day point prevalence abstinence at the EOT and at 6- and 12-
months following the quit date, was biochemically verified with urine cotinine (Society for
Research on Nicotine and Tobacco, Subcommittee on Biochemical Verification, 2002).
Participants with a cotinine > 15 ng/ml were smokers (n = 34, 19, 16, respectively) (SRNT
Subcommittee on Biochemical Verification, 2002). Those who provided self-report only (n =
307, 346, 392, respectively), or no data (n = 11, 18, 0, respectively) were considered smokers
(intention-to-treat). The remaining participants (n = 146, 115, 90, respectively) were
considered abstinent. The sample remained 498 across all time-points.

2.4. Data Analysis
Using STATA, we first determined whether participants remained blind to their treatment arm
with contingency table analysis and chi-square. This was followed by multinomial logistic
regression, with randomization predicting treatment arm guess, controlling for covariates.
Next, a proportional odds model evaluated the degree to which actual assignment to bupropion
affected the odds of being in the bupropion guess group, versus the placebo guess or not sure
group. Quit rates across the guess groups were assessed using frequency distribution. To
determine whether participant guess biased the estimate of the bupropion effect on quit rates
across time-points, we assessed the effect of actual treatment arm on quit rate with and without
the variable measuring treatment arm guess in the analysis. Logistic regression and Generalized
Linear Models, controlling for covariates, was used for two models: Model A (only actual
treatment arm) and Model B (actual treatment arm and treatment arm guess; Desbiens, 2002).
Models were compared using seemingly unrelated estimation and the Wald (χ2) test. The robust
variance estimate adjusted standard errors for correlation within-subjects.

Finally, we used path analysis to assess changes in mood, side effects, and withdrawal as
mediators of violations of blind integrity. Mediation of blind failure would be demonstrated
if: 1) actual treatment arm predicted treatment arm guess; 2) actual treatment arm predicted
changes in mediators; and 3) inclusion of the mediators in the analysis led to a significant
reduction of effects of actual treatment arm on treatment arm guess (Baron & Kenny, 1986).
Variables were standardized and multiple regression estimated standardized coefficients for
the path model were used2. The products of the coefficients were used with each of the
respective paths from actual treatment arm to treatment arm guess to determine the indirect
path effects using seemingly unrelated estimation to assemble the full path model and the delta
method to obtain confidence intervals on indirect effects. If mediators are identified, the direct
effects should be about zero and one or more of the indirect paths should be relatively large.

2Path analysis uses standardized variables, which keeps the regression outcome and all predictors in the same units. One of the properties
resulting from this standardization is that a regression effect that needs explaining (e.g., actual treatment predicting judgment about
treatment) may be partitioned into the fractions attributable to suspected mediating variables vs. a direct effect. The standardization makes
these fractions of regression coefficients additive.
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3. Results
3.1. Sample Characteristics

Sample characteristics are shown in Table 1. The participants who did not complete the 12-
month evaluation (n = 51) were compared to the 498 participants who did complete these
measures. Non-completers were less likely to have quit smoking at EOT (7%), versus
completers (29%; χ2 [1] = 12.9, p < .05).

3.2. Assessment of Blind Integrity
Table 2 shows the relationship between treatment arm guess and actual treatment arm (χ2 [2]
= 39.3, p < .0001); 54% of participants randomized to bupropion indicated they were in the
bupropion arm, versus 28% of placebo arm participants, and 54% of participants randomized
to placebo indicated they were in the placebo arm, versus 29% of those randomized to
bupropion. Using multinomial logistic regression (Figure 1), and treating “Not Sure” as the
reference group, participants who indicated they were taking bupropion were more than twice
as likely to have been randomized to bupropion (OR = 2.09 [1.24−3.50], p = 0.005), while
participants who indicated placebo were half as likely to have been randomized to bupropion
(OR = 0.54 [0.33−0.91], p = 0.02). A proportional-odds model showed that assignment to
bupropion tripled the odds of guessing that one received bupropion, relative to placebo or not
sure (OR = 3.10 [2.19−4.37], p < 0.0001).

3.3. Assessment of the Relationship between Treatment Arm Guess and Quit Rates
Figure 2 illustrates the quit rates for bupropion vs. placebo, stratified by treatment arm guess.
At EOT, for placebo participants, guessing that one received bupropion nearly doubled quit
rate, versus guessing that one received placebo (32% vs. 16%); for bupropion participants,
guessing that one received bupropion increased the EOT quit rate by close to 70%, versus
guessing that one received placebo (43% vs. 25%). At 6- and 12-months, placebo participants
who indicated that they received bupropion showed higher quit rates (19% and 19%), versus
placebo participants who indicated that they received placebo (15% and 12%). For bupropion
participants, those who guessed that they received bupropion showed a 6-month quit rate that
was close to double that of participants who guessed that they received placebo (36% vs. 19%).
The 12-month quit rate for bupropion participants more than doubled if participants guessed
that they received bupropion, versus placebo (29% vs. 12%).

Table 3 shows the effect of bupropion on quit rates, with (Model B) and without (Model A)
controlling for treatment arm guess. Adding guess about treatment arm to the model improved
model fit (change in deviance = −28.99). The odds ratios for actual treatment arm at each time
point differed significantly in Models A and B (Wald χ2[1] > 9.7, p < 0.002). In Model B,
fitting a single effect for actual treatment arm across time (OR = 1.46 [0.98−2.18], p = 0.06)
and treatment arm guess (OR = 1.48 [1.18−1.84], p = 0.001) improved quit rates to an almost
equal extent.

3.4. Assessment of Side Effects, Withdrawal Symptoms, and Mood as Mediators of Study
Blind

Since many subjects were missing one or another data point, the sample was reduced to 381
for these analyses. Figure 3 depicts the path analysis of the relationship between actual
treatment arm, treatment arm guess, and the mediators. Actual treatment arm was a significant
predictor of treatment arm guess, satisfying criterion one of mediation. Actual treatment arm
predicted withdrawal symptoms and negative and positive mood (but not side effects), partially
satisfying the second criterion of a mediation. However, the mediators were not better
predictors of treatment arm guess than actual treatment arm, when controlling for actual
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treatment arm assignment. The total effect of the prediction model was 0.308. When this effect
was partitioned into direct vs. indirect (i.e., mediating) effects, 0.260 was attributable to the
direct effect of actual treatment arm, with all indirect pathways accounting for the remaining
0.048. Thus, these variables do not appear to represent mediators of the relationship between
actual treatment arm and treatment arm guess.

4. Discussion
Many participants randomized to bupropion were able to guess that they were randomized to
bupropion. When compared to the not sure category, those who guessed that they were
randomized to bupropion were more than two times as likely to have actually been randomized
to bupropion, while those who guessed that they were randomized to placebo were about half
as likely to have actually been assigned to bupropion. The rate of correctly guessing that one
received bupropion was lower than that reported in NRT trials (59%), perhaps because NRT
more effectively reduces withdrawal symptoms than bupropion (Mooney et al., 2004). Our
results also differed from previous bupropion trials, which showed that participants were far
better at correctly guessing they were taking bupropion versus their ability to correctly guess
that they were taking placebo (Ahluwalia et al., 2002; Simon et al., 2004). Subjects in this trial
were as good at guessing either treatment arm. Thus, researchers may not be able to fully rely
on the double-blind procedure to ensure that participants are unaware of treatment arm
assignment in trials using bupropion for treating nicotine dependence.

Guessing treatment arm correctly was associated with quit rates. In models of abstinence,
model fit was significantly enhanced when guess about treatment arm assignment was added
to the model, compared to when actual treatment arm alone was a predictor. Further, there was
a significant decrease in the odds ratios for actual treatment arm when treatment arm guess
was included in the models. The effect of treatment arm guess appears most pronounced at
EOT, but may fade somewhat in the placebo arm over time, remaining evident only for
bupropion participants in the long-term. It is tempting to speculate that, for bupropion
participants, guessing correctly about treatment arm assignment may increase the probability
for cessation and guessing incorrectly about treatment arm assignment may decrease the
likelihood for cessation. Likewise, for placebo participants, guessing correctly may decrease
the probability for cessation and guessing incorrectly may increase the likelihood for cessation.
These results may converge with a long-line of research on placebo and anti-placebo effects
(Carpenter, 1968; Guess, Kleinman, Kusek & Engel, 2002). Perkins, Sayette, Conklin and
Caggiula (2003) described two sources of influence on participant beliefs that can lead to
placebo and anti-placebo effects. First, stimulus expectancies are beliefs that people have about
the medication being administered that can originate from previous experience with the
medication or from the context in which it is introduced at the outset of the study. Second,
response expectancies are beliefs that participants have regarding the likely effects that the
study medication will have on their behavior, affect, and cognitions. Thus, participants may
have entered this trial with expectancies about bupropion (or had these expectancies formed
when the experimenters introduced the study) and these expectancies affected responsiveness
to treatment. As such, the double-blind procedure may not adequately prevent bias in quit rates
within placebo-controlled double-blind clinical trials arising from participant expectations and
beliefs. However, it is also plausible that beliefs about treatment arm are influenced by quitting
success. Participants who successfully quit simply may have subsequently concluded that they
must have received bupropion while participants who were unable to quit smoking
subsequently concluded that they received placebo.

Finally, contrary to our hypotheses, the mediational analyses failed to show that side effects,
withdrawal symptoms, and mood were mechanisms through which participants guessed
treatment arm assignment. Participants randomized to bupropion did report reduced
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withdrawal symptoms and negative mood and increased positive mood, versus placebo
participants. And, reduced negative mood and increased positive mood was related to a greater
likelihood that participants would guess that they were taking bupropion. However, after
controlling for the amount of variability in treatment arm guess attributable to actual treatment
arm, the proposed mediators accounted for a small and non-significant proportion of variance
in treatment arm guess. The processes through which participants constructed their beliefs
concerning which arm of the study they had been randomized to remains unclear and is an
important area for future research. Participants in placebo-controlled bupropion smoking
cessation trials may form beliefs about which treatment arm they have been selected for,
independent of potential physical and psychological changes experienced following the
initiation of study treatment, and these beliefs may influence cessation. However, which
behaviors, cognitions, emotions, or physical processes enable this treatment arm guess remains
poorly understood. The present analyses should be interpreted very cautiously given that
guess about treatment arm assignment was assessed long after actual treatment arm assignment,
the experience of side effects, and changes in withdrawal symptoms and mood (i.e., up to one
year). The model tested here assumes that guess about treatment arm randomization is stable,
which may not be the case.

Interpretation of these results must be considered in the context of important study limitations.
Perhaps the most important study limitation is that we assessed guess about treatment arm
assignment at the end of the trial, not during or after treatment. It is entirely plausible that
abstinence informed guess, not guess informing abstinence. Thus, interpreting a predictive,
cause-effect relationship between guess about treatment arm randomization and cessation rates
would not be appropriate. Ongoing and future placebo-controlled bupropion smoking cessation
trials need to utilize a more optimal study design to examine the temporal link between
guess about treatment arm assignment and quitting success. Second, participant guess about
their treatment arm assignment was assessed at one time point. This belief may vary over time
as changes occur in side effects or success within the trial and ongoing and future trials should
repeat assessments of participant guess regarding treatment arm assignment over time (Mooney
et al., 2004). Third, we did not assess guess about treatment arm assignment among study
personnel. This could have validated participant reports and may have provided information
critical to understanding how study blind is threatened. Lastly, the measure of blind integrity
may not have fully captured the concept. When the study was being designed, alternative
measures of this variable could not be located. Thus, a face-valid question was used.

Despite these important shortcomings, the results from this study shed initial light on the issue
of the double-blind procedure in the context of bupropion smoking cessation clinical trials and
may have implications for future research. First, the results suggest that future studies should
assess participant beliefs about treatment arm assignment, as this variable likely contributes to
prediction of medication efficacy. However, since smokers’ expectations about their
medications taken in the clinical setting contribute to efficacy, it may not be necessary to covary
this effect out of the study’s analysis, but simply assess this effect and describe it in outcome
studies. Second, meta-analysis across bupropion cessation trials can be used to assess the rate
of maintaining the study blind and the degree to which participant guess independently predicts
cessation outcome as done in the context of NRT (Mooney et al., 2004). Identifying the
mechanisms through which participants are guessing their treatment arm is also an important
direction for future research and this research should consider the temporal stability of
participant guess about treatment arm assignment.

Lastly, should the present findings affect what clinicians do with their patients to treat nicotine
dependence? Importantly, given that the present findings are limited by the study design issues
previously described, clinicians should not broadly question the literature on bupropion
treatment for nicotine dependence. Bupropion is an effective treatment for nicotine
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dependence. Nevertheless, the present findings do suggest that some degree of the benefits of
bupropion for treating nicotine dependence is related to the smoker’s beliefs about receiving
the medication. As such, the present findings suggest that clinicians may want to discuss with
their patients what their expectations are for treatment response and address negative
expectancies using behavioral counseling techniques. Given the substantial difference in quit
rates between smokers who guessed that they received bupropion and those who were not sure
or guessed that they had received placebo (Figure 2), adjunctive assessment and treatment for
negative expectancies in the context of bupropion treatment for nicotine dependence may have
benefits for maintaining and advancing the effectiveness of bupropion for the treatment of
nicotine dependence.
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Figure 1. Percent Randomized to Actual Treatment Arm by Treatment Arm Guess Category (N =
498)
Note: * Odds ratios reflect odds of actual assignment to bupropion versus placebo based on
participant judgment, using “not sure” as the reference group. Those judging that they received
placebo were less likely to be in the bupropion group than those not sure (OR = 0.55, p = 0.02),
and those judging that they received bupropion were more likely to be in the bupropion group
than those not sure (OR = 2.09, p = 0.005).
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Figure 2. Longitudinal View of Abstinence Rates by Actual Treatment Arm and Treatment Arm
Guess Across Time (N = 498)
Note. While overall abstinence declined over time, both actual assignment to treatment arm
and judgment about treatment arm assignment improve abstinence at all timepoints (see Table
3). Effects of judgment about treatment arm did not differ across timepoints.
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Figure 3. Path Diagram of Suspected Mediators of Blind Failure (N = 381)
Note. Total effect of actual treatment arm on treatment arm guess is 0.308. Total direct effect
of actual treatment arm is 0.260, while total indirect effect is 0.048. Dotted lines represent non-
significant beta values.
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Table 3
Longitudinal Logistic Regression Models of Cessation Controlling for Covariates (N = 498).

Prediction Models Odds Ratio 95% CI p

Model A (Deviance = 1582.67)    
Actual Treatment Arm (Bupropion) at EOT 1.98* 1.33–2.95 0.001
     At 6 Months 1.83* 1.19–2.83 0.006
     At 12 Months 1.46* 0.92–2.34 0.11

    
Model B (Deviance = 1553.66)    
Actual Treatment Arm (Bupropion) at EOT 1.64* 1.08 2.48 0.02
     At 6 Months 1.51* 0.97–2.37 0.07
     At 12 Months 1.20* 0.74–1.94 0.45
Treatment Arm Guess 1.48 1.18–1.84 0.001

Note. Model B was an improvement over model A, with a decrease in deviance of 29.01

*
indicates estimate of treatment effects differ significantly in Models A and B (all Wald χ2(1) > 9.70, p < 0.002)

sex, race, FTND, and depression were included in both models as covariates (for estimates, see Lerman, Shields et al., 2002).
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