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Abstract

Introduction: Negative reinforcement models posit that relapse to cigarette smoking is driven in part by changes in affect and craving during the
quit attempt. Varenicline may aid cessation by attenuating these changes; however, this mediational pathway has not been formally evaluated
in placebo-controlled trials. Thus, trajectories of negative affect (NA), positive affect (PA), and craving were tested as mediators of the effect of
varenicline on smoking cessation.

Aims and Methods: Secondary data analysis was conducted on 828 adults assigned to either varenicline or placebo in a randomized controlled
trial for smoking cessation (NCT01314001). Self-reported NA, PA, and craving were assessed 1-week pre-quit, on the target quit day (TQD), and
1 and 4 weeks post-TQD.

Results: Across time, NA peaked 1-week post-quit, PA did not change, and craving declined. Less steep rises in NA (indirect effect 95% Cl: .01
to .30) and lower mean craving at 1-week post-quit (Cl: .06 to .50) were mediators of the relationship between varenicline and higher cessation
rates at the end of treatment. PA was associated with cessation but was not a significant mediator.

Conclusions: These results partially support the hypothesis that varenicline improves smoking cessation rates by attenuating changes in spe-
cific psychological processes and supported NA and craving as plausible treatment mechanisms of varenicline.

Implications: The present research provides the first evidence from a placebo-controlled randomized clinical trial that varenicline’s efficacy is
due, in part, to post-quit attenuation of NA and craving. Reducing NA across the quit attempt and craving early into the attempt may be important
treatment mechanisms for effective interventions. Furthermore, post-quit NA, PA, and craving were all associated with relapse and represent
treatment targets for future intervention development.

Introduction mechanisms can be formally evaluated using mediation mod-
eling. Path ¢ in Figure 1 represents the focus of most RCTs:
Does varenicline improve quit rates compared with a placebo
control? Additionally, many clinical trials (and laboratory
studies of varenicline) assess path a, which examines the ef-
fect of medication on posited mediators. Both the 4 and ¢
paths explore treatment effects on potential mediators and
outcomes, respectively. However, the relationship between
changes in candidate mediators and clinical outcomes (path
b) is typically not evaluated. Path b is critical, however, as
the multiplicative effect of the path a and b (a x b) provides
essential evidence for the proposed mechanistic link (the izn-
direct effect) in the causal chain.'® Assessing indirect effects

Tobacco smoking remains a leading preventable cause of
death,! and although many cigarette users attempt to quit in
any given year, most relapse within the first weeks of a quit
attempt.? Theory and empirical research suggest that changes
in several key psychological processes, including affect and
craving, contribute to relapse.’” Thus, these constructs are
viable treatment targets. Consistent with this perspective,
pharmacotherapies, including nicotine replacement therapy
(NRT), sustained-release bupropion, and varenicline,® reduce
negative affect (NA) and craving compared with placebo
in randomized clinical trials (RCTs).”® Of these treatments,
varenicline is the most efficacious monotherapy for smoking

cessation’ and was developed to facilitate greater craving
reductions.!®!!

Although numerous RCTs support the efficacy of varenicline
for quitting smoking,*'? little research has examined
how varenicline works to promote cessation. Treatment

distinguishes treatment mediators as those processes that are
both sensitive to treatment (path @) and are predictive of clin-
ical outcome (path b) within a single study.

Although RCTs are well suited for the full assessment
of the mediation chain and allow for repeated assessments
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Figure 1. Mediation model evaluating the relationship between
treatment group, changes in negative affect, and smoking abstinence at
end of treatment. Note. Negative affect (NA) is examined over fourtime
points: week -1 (intercept: pre-quit), week 0O (target quit day), week

1 (1-week post-quit), and week 4 (4 weeks post-quit). Coefficients are
unstandardized. *statistically significant. Dashed lines, not statistically
significant.

of posited mediators during the quit attempt to evaluate
treatment-associated changes in these processes, most re-
search has examined treatment effects, rather than treatment
mediators. Foulds et al.' conducted a pooled analysis of RCT
data and found NA peaked within the first few weeks of the
quit attempt, while craving continuously declined. Varenicline
attenuated the trajectories of NA and craving over time,
compared to placebo." For NRT and bupropion, Piasecki
et al.¥’ found withdrawal increased linearly over the first 8
weeks of the quit attempt and these trajectories were asso-
ciated with both short-term lapse and longer-term relapse.'
Together these studies provided support for both the a and b
paths in individual clinical trials. Less research has focused
exclusively on varenicline and, in order to fully study posited
treatment mechanisms, the multiplicative effect of these paths
(the indirect effect) must be assessed in a single study.
Despite varenicline being approved in 2006, we could find
no placebo-controlled study examining post-quit mediators of
varenicline for smoking cessation. Lu et al.'' and Kim et al.'¢
examined mediators of pre-quit changes in smoking rate and
short-term abstinence, respectively, but both studies compared
varenicline with NRT; thus, these studies were insensitive to po-
tential shared mechanisms that include craving and affect; see
Ferguson et al.” The present study seeks to fill that gap, providing
valuable information about how varenicline works to promote
smoking abstinence by testing the following hypotheses:

1. Hypothesis 1-Path a: Treatment with varenicline will at-
tenuate changes in NA, positive affect (PA), and craving
during the initial weeks of treatment, relative to placebo.

2. Hypotbhesis 2-Path b: Attenuated changes in NA, PA, and
craving will predict smoking abstinence at end of treat-
ment (EOT).

3. Hypothesis 3-indirect effect (Path a x Path b): Treatment-
associated changes in each of the individual variables will
uniquely mediate the relationship between treatment and
smoking abstinence at EOT. Sleep problems, a common
side effect of varenicline, were also examined as a media-
tor to determine if increases in sleep problems weakened
the relationship between varenicline and smoking absti-
nence. Sleep problems were unrelated to abstinence, see
Supplementary Materials Appendix 1.

Methods

Participants

Data were from 828 treatment-seeking, cigarette-using
adults randomly assigned to 12 weeks of treatment with
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Table 1. Sample Demographic and Baseline Smoking Information

Mean (SD) Varenicline Placebo p-value
n = 420 n = 408

Age 44.95 (11.71) 45.73 (11.07) .33

Mean baseline CPD 16.73 (6.00) 17.31(7.68) .22

FIND 5.10 (2.01) 5.36 (1.96) .06

Percent

Female 44.52 42.65 .59

POC 43.57 41.91 .79

Racen 52

White/Caucasian 232 225

Black/African American 160 151

Asian 14 13

Other 8 7

Multi-racial N 12

American Indian 1 0

Ethnicity n 31

Non-Hispanic/Non-Latinx 398 382

Hispanic/Latinx 19 25

Missing/did not disclose 3 1

Differences assessed using one-way ANOVA and chi-square tests. CPD =
cigarettes per day. FIND = Fagerstrom test for nicotine dependence.
POC = people of color.

varenicline or placebo in a multi-site trial (clinicaltrials.gov:
NCT01314001).'7 See Table 1 for baseline participant char-
acteristics. Primary inclusion criteria were typical of RCTs
for smoking cessation (eg, age 18-65 years, smoking > 10
cigarettes per day [CPD] for 6 + months, baseline carbon
monoxide [CO] reading > 10 parts per million [ppm]).
Participants were excluded for non-cigarette tobacco/nicotine
use, frequent/problematic use of other substances, medical
complications (eg, liver disease), other psychopathology, and
use of psychiatric medication; see Lerman et al.'” for details.

Procedures

Institutional review boards at each site approved the study
protocol; all participants provided written informed consent.
Participants were assessed for eligibility via phone screen
and an in-person intake visit. Eligible participants were
randomized to treatment and scheduled for an in-person pre-
quit visit (week —1) to receive medication, attend group coun-
seling, complete baseline measures for the posited mediators,
and assess smoking rate via timeline follow-back (TLFB).'8

Varenicline treatment followed standard titration during
the week prior to the TQD (0.5 mg once daily for 3 days,
0.5 mg twice daily for 4 days), followed by 11 post-TQD
weeks of treatment (1 mg twice daily). Phone sessions were
conducted on the TQD (week 0) and at 1 and 4 weeks post-
quit to collect TLFB, administer questionnaires, and con-
duct brief counseling. Study procedures can be found in
Lerman et al.'”

Measures

Consistent with the parent trial, the smoking outcome was
7-day point prevalence abstinence at end of treatment (EOT;
11 weeks post-TQD) using TLFB and bio-verified with a CO
breath sample (<8 ppm). At each time point (weeks -1, 0, 1, 4,
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and 11), at least 73% of the sample provided data. Participants
with missing smoking data were assumed smoking.

The posited mediators were assessed using the following
measures, informed by prior measurement modeling from
this dataset.!” Current craving was assessed with the 10-item
Questionnaire on Smoking Urges-Brief (eg, “I have a desire
for a cigarette right now”).2° We used the widely used Positive
and Negative Affect Scale, which is composed of two 10-item
scales, to assess past week NA (eg, “distressed”) and PA (eg,
“excited).”!

Data Analysis

Analyses were conducted using structural equation mod-
eling in Mplus: Version 8.2 Confirmatory factor analyses
using the robust maximum likelihood estimator established
a measurement model for the proposed mediators and
measurement invariance procedures evaluated the consist-
ency of the factor structure across weeks -1, 0, 1, and 4.%
Mean scores from these factors were used as indicators in
unconditional latent growth models (LGMs) to determine
the best fitting trajectory (slope) for each mediator (see
Supplementary Appendix 2).

Following the approach of Feingold et al.>* for mediation
with binary outcomes, a model was estimated for each me-
diator using the maximum likelihood estimator. Within these
models (Figures 1, 2, and 3), the treatment group predicted
smoking abstinence at EOT (path ¢) and the trajectory (slope)
of each mediator (hypothesis 1: path a), and the trajectories
of each mediator predicted smoking abstinence (hypothesis
2: path b). The indirect effect was assessed as the product of
path a and path b using bias-corrected bootstrapped 95%
confidence intervals (CIs; 10 000 draws) to evaluate the sta-
tistical significance of the mediated effect.!> Baseline levels
(intercept) of each mediator were controlled for by regressing
the intercept onto treatment group and abstinence. Effect
sizes were estimated as the proportion of the total effect
accounted for by the indirect effect and the proportion of
variance (R?) in EOT smoking abstinence accounted for by
the entire model.”* Consideration of both metrics provides
information on the magnitude of the effect with the R? value
indicating the total explained variance in smoking abstinence
and the indirect effect-total effect proportion indicating the
contribution of the mediated effect within the explained
variance.

After modeling each mediator individually, all significant
mediators were included in a single, multiple-mediator model
to examine the unique effect of each process, controlling for
the other mediators. Since continued smoking may atten-
uate changes in the posited mediators, subgroup analyses
contrasted participants who maintained (per TLFB) at least 1
day of abstinence versus those who did not (n = 212; 26%).
This approach was selected over continuous abstinence due
to unreliable model results related to low and unequal cell
sizes for the placebo group (week 4 continuous: abstinent
n = 57; smoking n = 351). Additionally, these analyses
improve the generalizability of the mediation effects across
individuals who experience smoking lapses and provide tem-
poral precedence for the test of mediation. Sex, race/ethnicity,
and NMR were explored as moderators of the mediational
effects.!”?%?” No significant moderation effects were observed
(see Supplementary Appendix 3).

Many factors influence the statistical power of LGMs
for mediational analyses, including sample size, effect size,
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Figure 2. Mediation model evaluating the relationship between
treatment group, changes in positive affect, and smoking abstinence at
end of treatment. Note. Positive affect (PA) is examined over fourtime
points: week -1 (intercept: pre-quit), week 0 (target quit day), week

1 (1-week post-quit), and week 4 (4 weeks post-quit). Coefficients are
unstandardized. *statistically significant. Dashed lines, not statistically
significant.
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Figure 3. Mediation model evaluating the relationship between
treatment group, changes in craving, and smoking abstinence at end of
treatment. Note. Craving is examined over fourtime points: week —1
(intercept: pre-quit), week 0 (target quit day), week 1 (1-week post-
quit), and week 4 (4 weeks post-quit). Coefficients are unstandardized.
*statistically significant. Dashed lines, not statistically significant.

number of time points, and the proportion of total vari-
ance accounted for by the growth factor for the observed
variables at each time point.”* A sample size > 600 is
needed to detect small-to-medium mediation effects if the
variance accounted for by the growth factors (R?) among
the observed indicator variables is moderate in size (~.5).%’
This suggests that the present work is adequately powered,
however, low R? from the LGMs would suggest that the
possibility of Type II error.

Results

Path c: Treatment Group Effects on EOT Smoking
Abstinence

As reported in Lerman et al., participants randomized to
the varenicline group had a higher likelihood of abstinence at
EOT than participants in the placebo group (34% vs. 18%;
b = 0.87,p < .001; odds ratio [OR] = 2.39).

Negative Affect

On average, NA increased modestly from pre-quit to 1-week
post-quit and then declined by 4 weeks post-quit (see
Supplementary Figure S1, Panel A). Mediation model results
for NA are presented in Figure 1; see Supplementary Table
S14 for full model results.

Hypothesis 1: a Path
As predicted, the increase in NA was modestly steeper, on av-

erage, for the placebo group (b = 0.11,p <.001) compared to the
varenicline group (b = 0.05,p = .06; b -0.06,p = .055).

a path =
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Hypothesis 2: b Path

NA trajectories were associated with EOT smoking abstinence
(b, o = —1.72,p = .02); on average, less steep increases in
NA were associated wrth a higher likelihood of abstinence
(OR = 0.18, CI: .04 to .53). For participants with average
increases in NA (M,,,.= 0.08), the likelihood of abstinence
was 24% (32% and 17% for varenicline and placebo groups,
respectively). Among participants for whom NA declined
over time (-1 SD = -0.11), the likelihood of abstinence
increased to 31% (40% and 23% for varenicline and placebo
groups). Conversely, among participants with above-average
increases in NA (+1 SD_ = 0.27), the likelihood of absti-
nence was only 18% (25% and 13% for varenicline and pla-
cebo groups).

Hypothesis 3: Indirect Effect

NA trajectories over the quit attempt significantly mediated
the relationship between the treatment group and EOT
abstinence (indirect effect = 0.10, CI: .01 to .30). NA
trajectories accounted for 11% of the total effect of
varenicline treatment on smoking abstinence, and the
model explained 12% of the variance in abstinence (R?=
0.12,p = .02).

Positive Affect

The mean slope was non-significant indicating PA, on average,
did not change across the quit attempt (see Supplementary
Figure S1, Panel B). The variance of the PA slope was sig-
nificant (p = .01), indicating PA trajectories varied between
individuals. Mediation model results for PA are presented in
Figure 2; see Supplementary Table S15 for full model results.

Hypothesis 1: a Path

Treatment group was not significantly associated with PA
trajectories (b = 0.06,p = .38).

a path

Hypothesis 2: b Path

PA trajectories were associated with EOT abstinence (b, , =
0.76,p = .01; OR = 2.15,CI: 1.25 to 4.17). The likelihood
of abstinence for participants with average, non-significant
change in PA (M dope = 0-05) was 25% (33% and 17% for
the varenicline and placebo groups, respectively). When PA
declined over time (-1 SD_ ope = —0-31) the likelihood of ab-
stinence decreased to 20% (27% and 14% for the varenicline
and placebo groups). When PA increased over time (+1
SD,,., = 0.41) the likelihood of abstinence increased to 30%
(409 /P and 22% for the varenicline and placebo groups).

Hypothesis 3: Indirect Effect

PA trajectories did not significantly mediate the treatment effect
on EOT abstinence (indirect effect = 0.04, CI: -.06 to .16).

Craving

On average, craving declined across the quit attempt (see
Supplementary Figure S1, Panel D). Mediation model results
for craving are presented in Figure 3; see Supplementary Table
$16 for full model results.

Hypothesis 1: a Path

Although treatment was randomly assigned, participants in
the placebo group reported, on average, greater baseline (pre-
quit) craving (see Supplementary Figure S1, Panel D) than
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the varenicline group (b = -0.22, p = .02). However, the
treatment group was not significantly associated with craving
trajectories (b . = -0.20,p = .08).

a path

Hypothesis 2: b Path

On average, steeper declines in craving were associated with
EOT abstinence (bb = —1.37,p=.004; OR = 0.25;CI:.10
to .44). The likelihood of abstinence for participants w1th av-
erage declines in craving (M, = -1.10) was 20% (24 % and
13% for the varenicline and pfacebo groups, respectively). For
steeper than average declines in craving (-1 SD, = -1.48)
the likelihood of abstinence increased to 31% (60% and 24%
for the varenicline and placebo groups). For less steep than
average declines (+1 SD,,..= -0.54) the likelihood of absti-
nence decreased to 10% (13% and 7% for the varenicline
and placebo groups). Pretreatment craving was associated
with smoking abstinence (b = -0.65, CL: -1.18 to -.18),
suggesting that baseline craving levels predicted abstinence.

Hypothesis 3: Indirect Effect

Craving trajectories did not significantly mediate the treat-
ment effect on EOT abstinence (indirect effect = 0.28, CI:
-.03 to .73).

Exploratory Analysis: Craving 1-Week Post-TQD
The absence of a treatment effect on craving trajectories was
surprising given prior work.!%* The week following the TQD
may be the most critical for relapse and craving;'*3*3! how-
ever, the present dataset only assessed the mediators once
during this window. A post hoc model evaluated craving at
week 1 post-TQD as a mediator. The intercept (0 point) of
the LGM was shifted from craving at pre-quit (week -1) to
1-week post-quit (week 1). After re-assigning the intercept,
treatment was used to predict the intercept (a path), which, in
turn, was used to predict smoking abstinence at EOT (b path).
Mediation was assessed by examining the significance of the
indirect effect (a x b) using bias-corrected bootstrapped 95%
CIs (10 000 draws).

Figure 4 shows model results for week 1 craving. As
predicted (hypothesis 1: a Path), week 1 craving was, on av-
erage, greater among participants in the placebo group (M =
2.31,SE = 0.07) compared with the varenicline group (M =
1.90,SE = 0.09; b, , = -0.38,p < .001). Week 1 craving
was associated with EOT abstrnence (hypothesis 2: b Path; b,

-0.65,p = .01); a 1-point increase in craving reduced
the hkehhood of abstinence by 34% (OR = 0.52). Week 1
craving significantly mediated the relationship between treat-
ment group and abstinence (hypothesis 3: indirect effect =

Treatment |-~ Path ¢ X Smoking
Group ) Abstinence
0.62*

Indirect Effect 95% CI: 0.06 to 0.50*

Figure 4. Mediation model evaluating the relationship between
treatment group, craving at 1-week post-quit, and smoking abstinence
at end of treatment. Note. Coefficients are unstandardized. *statistically
significant. Dashed lines, not statistically significant.
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0.25, CI: .06 to .50), accounting for 29% of the total effect
of varenicline treatment on smoking abstinence. This model
explained 31% of the variance in abstinence (R?> = 0.31,p =
.001).

A parallel week 1 analysis was conducted for NA; no

evidence for mediation was observed (see Supplementary
Table S17).

Multiple-Mediator Model

The single-mediator models support NA trajectories (but
not craving trajectories) and week 1 craving (but not week
1 NA) as mediators of the varenicline treatment effect. The
correlations among intercepts (week -1), slopes, and week
1 scores for craving and NA (r = 0.12-0.39) suggest that
the importance of running multiple-mediator models, due
to potentially overlapping effects. Unfortunately, it was not
possible to evaluate NA trajectories and week 1 craving in
the same model. Therefore, we conducted two multiple-
mediator models. The first examined the slopes/trajectories of
both NA and craving (intercepts set at week —1); the second
examined week 1 NA and craving (intercepts set at week 1) as
mediators. Due to model complexity, 95% Cls were estimated
using Monte Carlo simulation (20 000 repetitions). Models
including PA were attempted, but they failed to estimate. See
Supplementary Table S18 for results of the multiple-mediator
models.

Mediation by NA and Craving Trajectories

Consistent with the single-mediator models, the increase in
NA was steeper, on average, for the placebo group compared
with the varenicline group and treatment did not predict
craving trajectories (hypothesis 1: a Path). Steeper declines in
craving continued to be associated with EOT smoking ab-
stinence; however, NA trajectories were no longer associated
with abstinence (hypothesis 2: b Path). Craving trajectories
continued to show no evidence of mediation and, after con-
trolling for the slope of craving, NA trajectories no longer
significantly mediated the relationship between varenicline
treatment and abstinence (hypothesis 3: indirect effect =
-0.001, CI: -.12 to .12).

Mediation by Week 1 NA and Craving

Consistent with the single-mediator models, Week 1 craving
and NA were, on average, greater among participants in the
placebo group (M, = 1.49,SE_, = 0.03; Mg = 2-30,
SE, yins = 0.05) compared to the varenicline group (M, =
1.36,5E, = 0.04, M, = 1.92,SE_ . = 0.08; hypoth-
esis 1: a Path). Lower week 1 craving continued to be as-
sociated with EOT smoking abstinence, while week 1 NA
was not associated with abstinence (hypothesis 2: b path).
On average, a 1-point increase in Week 1 craving reduced the
probability of abstinence by 36% (OR = 0.57). Finally, after
controlling for week 1 NA, week 1 craving continued to me-
diate the relationship between varenicline treatment and ab-
stinence (hypothesis 3: indirect effect = 0.22, CI: .06 to .42).
Cumulatively, week 1 craving and NA accounted for 34% of
the total effect between varenicline treatment and smoking
abstinence; the majority of the explained variance was attrib-
utable to craving (23%), with NA accounting for a smaller
and non-statistically significant proportion of the variance
(10%; indirect effect = 0.10, CI: -.05 to .28). This model
explained 32% of the variance in abstinence (p < .001).
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Discussion

The present study used data from a placebo-controlled RCT
to evaluate NA, PA, and craving as candidate mediators of the
effect of varenicline versus placebo on smoking abstinence.
Below, we discuss how the present findings contribute to un-
derstanding varenicline’s effect on smoking, as well as the fu-
ture of other intervention efforts.3?33

Based on negative reinforcement models of addiction,*’
theories regarding varenicline’s efficacy,'® and prior work
examining the relationships between varenicline, affect, and
craving with relapse, the present research tested three primary
hypotheses: Hypothesis (1) Over the first month of the quit
attempt, varenicline would attenuate trajectories of NA, PA,
and craving compared to placebo, hypothesis (2) Attenuated
trajectories in each process would be associated with smoking
abstinence at EOT, and hypothesis (3) Each process would
significantly mediate the relationship between varenicline and
abstinence. There was partial support for these hypotheses.

The trajectory of NA across the first 4 weeks of the quit
attempt and mean craving 1-week post-quit were attenu-
ated by varenicline treatment (hypothesis 1), were associ-
ated with smoking abstinence at EOT (hypothesis 2), and
partially mediated the relationship between treatment group
and abstinence (hypothesis 3). In treatment settings, cessation
barriers, including NA or craving, may be addressed through
varenicline treatment. Additionally, new interventions can be
developed to specifically target these processes to further im-
prove cessation rates. NA and craving have been identified as
treatment mediators across smoking pharmacotherapies (bu-
propion,**3 NRT”7'1:3); thus, these processes may be useful
targets for screening new treatments®” including psychosocial
interventions.

The picture is less clear for PA. On average, PA did not
change across the first month of the quit attempt, although
there was significant between-person variability, which may
explain the mixed literature on lowered PA during quit
attempts.” Although changes in PA were not sensitive to
treatment, they were predictive of relapse; increases in PA
were associated with smoking abstinence. These findings raise
the possibility that enhancing PA, using interventions such as
behavioral activation, may improve quit rates.*>*' Combining
such an intervention with varenicline, which had no effect on
PA, may be particularly efficacious because it targets multiple
processes associated with abstinence.

Together, NA and craving explained approximately 35%
of the relationship between treatment and smoking absti-
nence at EOT, leaving a sizeable, unexplained proportion
of variance. Furthermore, the effect of NA was weak and
only craving early in the quit attempt was a significant and
independent mediator, indicating possible assessment limi-
tations and the omission of other key mechanisms. Changes
in craving are dynamic and primarily occur within the first
few weeks of the quit attempt!**° with craving peaking a
few days after the TQD.3%* This study only assessed craving
twice within the first week of quitting. EMA work suggests
that the relationship between craving and smoking lapse is a
short-term process with higher momentary urges predicting
lapse later that day or on the subsequent day.*>* Additionally,
the mediational effect of NA trajectories was not unique and
overlapped with declines in craving during the quit attempt,
indicating an interdependent relationship between changes in
NA and craving. Both experimental and naturalistic research
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has found NA and craving predict one another during smoking
abstinence.¥# Reduced craving from varenicline treat-
ment may also prevent rises in NA due to discomfort from
smoking urges. However, to better understand and test these
complex mediational pathways, daily, real-world assessments
are needed. The addition of other posited mediators of
varenicline including smoking expectancies,!! satisfaction,'®
and reinforcement*® may also explain a substantial amount of
the relationship between varenicline and smoking abstinence.

The present research provides a limited assessment of several
key variables as an initial examination of treatment mechanisms
for varenicline. However, even with this focus on a few can-
didate variables, numerous statistical tests were required,
increasing the probability of type I error using conventional
significance testing criteria. For example, the mediated effects
of NA achieved the arbitrary cutoffs for statistical significance,
but accounted for a small proportion of the total effect and NA
trajectories showed little change over time. It remains question-
able whether the small changes in NA observed between the
treatment groups (eg, less than a 1-point difference on a self-re-
port scale) actually represent a clinically significant effect.

Low sample diversity may have weakened effects due to
restricted range. Individuals with a significant psychiatric
history were ineligible for this study. Therefore, this sample
likely reflects lower levels of NA than more typical cigarette
users given the high comorbidity between smoking and psy-
chopathology.* Floor effects were evident for NA, allowing
little room for downward growth or variability to predict
between-person differences. Furthermore, all the mediators
showed little change and this limited range has been observed
in other clinical trials of varenicline.!'* In addition to the highly
selected samples that may restrict range,*® Foulds et al. (2013)
suggested that the anchors of common self-report measures
lead to a lower endorsement.!* Such limited variability may
have contributed to small R? lowering power within the me-
diation models.?” Low quit rates among the current sample
may have further attenuated effects. By EOT, only 34% of
participants in the varenicline group and 18% in the placebo
group were bio-verified abstinent, which is lower than other
varenicline trials (c.f., 7-day point prevalence rates at 11 weeks
post-quit from Jorenby et al. (2006)%: Varenicline = 51%,
Placebo = 21%. See Lerman et al. (2015) for discussion'”).

Despite these limitations, the present research provides
the first placebo-controlled evaluation of the post-quit psy-
chological processes that mediate the effect of varenicline on
smoking abstinence. Varenicline’s strong efficacy is partially
explained by reductions in NA and craving, which accounted
for 34%-36% of the effect of varenicline on abstinence at
EOT. Although PA was associated with relapse, it did not
mediate the relationship between varenicline and abstinence.
These results inform future directions for understanding how
varenicline and other effective interventions may work by
attenuating changes in affect and craving. Using mediational
modeling, the present research elucidates the processes un-
derlying varenicline’s efficacy and relapse. This work informs
intervention development by providing relapse prevention
targets and allowing more personalized treatment options
depending on an individual’s perceived cessation barriers.
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