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Abstract

Background: Nonadherence to smoking cessation medication is a frequent problem. Identifying
pre-quit predictors of nonadherence may help explain nonadherence and suggest tailored
interventions to address it.

Aims: Identify and characterize subgroups of smokers based on adherence to nicotine
replacement therapy (NRT).

Method: Secondary classification tree analyses of data from a 2-arm randomized controlled trial
of Recommended Usual Care (R-UC, n=315) versus Abstinence-Optimized Treatment (A-OT,
n=308) were conducted. R-UC comprised 8 weeks of nicotine patch plus brief counseling whereas
A-OT comprised 3 weeks of pre-quit mini-lozenges, 26 weeks of nicotine patch plus mini-
lozenges, 11 counseling contacts, and 7-11 automated reminders to use medication. Analyses
identified subgroups of smokers highly adherent to nicotine patch use in both treatment conditions,
and identified subgroups of A-OT participants highly adherent to mini-lozenges.

Results: Varied facets of nicotine dependence predicted adherence across treatment conditions 4
weeks post-quit and between 4- and 16-weeks post-quit in A-OT, with greater baseline dependence
and greater smoking trigger exposure and reactivity predicting greater medication use. Greater
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quitting motivation and confidence, and believing that stop smoking medication was safe and easy
to use were associated with greater adherence.

Conclusion: Adherence was especially high in those who were more dependent and more
exposed to smoking triggers. Quitting motivation and confidence predicted greater adherence,
while negative beliefs about medication safety and acceptability predicted worse adherence.
Results suggest that adherent use of medication may reflect a rational appraisal of the likelihood
that one will need medication and will benefit from it.

Keywords

Classification tree; adherence; nicotine replacement therapy; nicotine dependence; smoking
cessation

1. INTRODUCTION

Nonadherence to smoking cessation medication is common amongst people trying to quit
smoking (Mooney, et al., 2005; Shiffman, et al., 2008). In population studies and clinical
trials, smokers typically take less than half of prescribed doses or discontinue medication
prematurely (Burns and Levinson, 2008; Schlam et al., 2018). Poor adherence to smoking
cessation medication is associated with failure to quit (Raupach, et al., 2014; Shiffman et al.,
2008). Multiple adherence-focused interventions have been developed, but have modest
effects on long-term abstinence rates (e.g., Graham et al., 2017; Hollands, et al., 2019;
Schlam et al., 2016; Tseng et al., 2017; cf. Nieuwlaat et al., 2014). Nonadherence is an
important limiter of smoking cessation treatment impact that has not been adequately
treated.

An excellent recent literature review of 50 studies (Pacek et al., 2018) identified several
correlates consistently associated with nonadherence to smoking cessation pharmacotherapy,
including male sex, youth, racial minority status, low education, socioeconomic
disadvantage; low quitting experience, motivation, and confidence (e.g., Shadel, et al.,
2016); negative beliefs about medication (e.g., Voci, et al., 2016; Wiggers et al., 2006);
exposure to others smoking (e.g., Cropsey et al., 2017; Grandi et al., 2016); and side effects.
This review reported that greater nicotine dependence and stress were generally related to
lower adherence (e.g., Balmford, et al., 2011), although there were some findings of positive
relations with adherence (e.g., Hood et al., 2013; Okuyemi, et al., 2010; Voci, et al., 2016).

Despite the many studies reviewed by Pacek et al., (2018), important questions remain. Prior
research defies easy integration due to inconsistencies across studies in the nature of the
study designs, types of interventions, and types and breadth of predictors analyzed. The
current study attempts to fill knowledge gaps by using somewhat novel and powerful
methods. The present secondary analysis of adherence data in a randomized controlled trial
(RCT) of a tobacco abstinence-optimized treatment (A-OT) versus recommended usual care
(R-UC) adds to the literature on predictors of nicotine replacement therapy (NRT) adherence
via several methodological features. First, analyses focused on a broad range of predictors
(Pacek et al., 2018). Second, we report on adherence to the same agent (nicotine patches) in
two different, randomly assigned treatments (A-OT vs. R-UC), which enables examination
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of adherence in intensive care that actively promoted adherence and in the less intensive R-
UC. Third, we used efficient machine learning classification tree analyses to screen varied
predictors, and their combinations, for associations with adherence. Previous research
typically used regression-based analytic approaches (e.g., Cropsey et al., 2017; Vaz et al.,
2016) that may fail to identify complex interactions amongst factors associated with
adherence. Fourth, we examined correlates of adherence at different times (4 and 16 weeks
following a target quit day (TQD)) in the A-OT that involved extended (26-week) treatment,
to explore the extent to which adherence correlates vary over time. The present study relies
on self-reported adherence data, as the parent trial was conducted in a pragmatic manner in
primary care settings; burdensome and invasive assessment was minimized in keeping with a
pragmatic research approach (Thorpe et al., 2009). The goal of this study is to identify
reliable predictors, or combinations of predictors, that can differentiate subgroups of
smokers with high versus low self-reported NRT adherence, using variables assessed prior to
the quit attempt in a randomized RCT.

In the parent RCT (Piper et al., 2018), adults recruited in primary care were randomized to
receive either a low-intensity R-UC intervention (including nicotine patch, n=315), or a
more intensive, A-OT (n=308) comprising components found to be particularly effective in
earlier factorial experiments (Piper et al., 2016; Schlam et al., 2016). Analyzing relations of
pre-cessation predictors with adherence in the context of this RCT allows us to examine the
extent to which of these relations are robust across the independent samples randomized to
different conditions, and across different treatment contexts. Pre-cessation variables were
selected as predictors rather than variables assessed during NRT use (e.qg., lapsing,
withdrawal symptoms) for three reasons: 1) to enhance causal inference via clear temporal
precedence; 2) to have greater potential for clinical adoption by not relying on costly
repeated assessments; and 3) to identify factors that could be used to prevent nonadherence
rather than react to it. The current study aimed to identify reliable predictors of
nonadherence relevant to both low and high intensity treatments and to identify risk
subgroups who may benefit from future interventions to promote adherence.

METHODS

Participants

Participants were recruited from primary care clinics in two Wisconsin health systems. To be
eligible, participants needed to be: willing to quit smoking in the next 30 days, at least 18
years old, smoking at least 5 cigarettes per day for the previous 6 months, literate in English,
planning to remain in the area for at least 12 months, and reachable by telephone. Exclusion
criteria included: current use of bupropion or other smoking medication; history of stroke,
heart attack, transient ischemic attack, or an abnormal electrocardiogram in the past 4
weeks; diagnosis of psychosis; or pregnancy or unwillingness to use an approved method of
birth control during treatment. Eligible patients provided written informed consent at a study
visit at their primary care clinic. Study procedures were approved by an Institutional Review
Board.
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2.2. Treatments

Participants were randomized to either R-UC or A-OT, unblinded, in a 1:1 ratio, blocked by
sex. Consistent with the Public Health Service (PHS) Clinical Guideline 7reating Tobacco
Use and Dependence (Fiore et al., 2008), R-UC comprised (1) 8 weeks of nicotine patches
for use starting on the TQD; (2) one 10-minute, in-person counseling session; (3) faxed
referral to the Wisconsin Tobacco Quit Line (WTQL) offering one proactive counseling call
with a trained quit coach and unlimited opportunities for the participant to call in for
support; and (4) instructions for installing the QUITNOW application, a free smoking
cessation mobile app from the WTQL. R-UC participants were instructed to start using
patches on the TQD and received a full 8-week supply of patches at a visit one week pre-
TQD.

A-QOT participants received (1) nicotine mini-lozenges for use in the 3 weeks pre-TQD; (2)
26 weeks of post-quit combination nicotine patches and nicotine mini-lozenges; (3) three
20-minute, in-person cessation counseling sessions focused on providing support and help
coping with withdrawal symptoms and smoking triggers; (4) eight 15-minute phone
counseling sessions to provide support for smoking cessation and problem solving; and (5)
7-11 automated calls to promote medication adherence (7 calls for those who achieved 7-day
abstinence by 8 weeks post-TQD, 11 calls for those smoking 8 weeks post-TQD). A-OT
participants were asked to use 9-20 mini-lozenges daily (1 every 1-2 hours) starting 3 weeks
pre-quit and tapering off in weeks 25-26 post TQD, and were instructed to wear one patch
daily starting on the TQD. Mini-lozenges were dispensed 3 weeks pre-quit, and patches and
more mini-lozenges were dispensed one week pre-quit and after follow-ups 8 and 16 weeks
post-TQD (if still using medication). A-OT offered more skill-based, supportive counseling
to encourage medication adherence and boost cessation success than did R-UC.

2.3. Measures

2.3.1. Predictors assessed at baseline—Baseline predictors of adherence are
presented with descriptive statistics in Tablel (demographics and smoking history) and
Supplementary Tables 1 (other categorical predictors) and 2 (continuous predictors).

Tobacco dependence was measured by the 6-item Fagerstrom Test of Cigarette Dependence
(FTCD, Fagerstrom, 2012; Heatherton, et al., 1991, Cronbach’s a=0.58 in this sample) and
the 37-item Brief Wisconsin Inventory of Smoking Dependence Motives (Brief WISDM,
Smith et al., 2010) with 11 subscales: Affiliative Attachment (a=0.85), Affective
Enhancement (a=0.82), Automaticity (a=0.86), Loss of Control (a=0.79), Cognitive
Enhancement (a=0.87), Craving (a=0.82), Cue Exposure/Associative Processes (a=0.63),
Social and Environmental Goads (a=0.91), Taste and Sensory Properties (a=0.86),
Tolerance (a=0.75), and Weight Control (a=0.82).

Eight items from the Wisconsin Beliefs Assessment on Smoking and Cessation (WI-BASC,
Schlam et al., 2018; Schlam et al., 2016) and one novel item assessed agreement that stop-
smoking medicine is: less important than willpower, not needed if smoking urges are gone,
not needed if smoking again, not needed for longer than a couple of weeks, not needed in the
recommended amounts, ineffective, addictive, dangerous, or hard to use as instructed. Items
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were rated on a 7-point Likert scale ranged from 1= “Strongly disagree” to 7= “Strongly
agree” and were analyzed individually.

Withdrawal symptoms and affect were assessed with items from the Wisconsin Smoking
Withdrawal Scale (WSWS, Welsch et al., 1999) and the Positive and Negative Affect
Schedule (PANAS, Watson, et al., 1988). Two items assessed stress-elicited distress and
craving to smoke: “Think about the most stressful thing that happened today. How upsetting
was it?” and “How much did you want to smoke when this happened?” and two items
assessed quitting motivation and confidence: “How motivated are you to quit smoking?” and
“How confident are you that you can quit smoking successfully?” rated on a scale from 1=
“Not at all” to 7= “Extremely”. Self-reported history of psychiatric disorder and binge
drinking (National Institute of Alcohol Abuse and Alcoholism, 2004) were also assessed.

2.3.2. Adherence outcomes—~Past-week patch use was assessed via timeline follow-
back (Sobell, et al., 1988) during phone interviews 4 weeks post-TQD (for both R-UC and
A-OT) and 16 weeks post-TQD (for A-OT). Mini-lozenge use in the past week was assessed
at 4 and 16 weeks post-TQD in A-OT. Based on non-normal distributions of adherence,
daily patch use was coded as binary (O=used patches 6 or fewer days in the past week and
1=used patches every day for the past week) and mean daily mini-lozenge use was coded as
an ordered categorical variable (O=used 0 mini-lozenges per day in the past week, 1=used a
mean of 0.1-3.9 mini-lozenges per day in the past week, and 2=used a mean of 4 or more
mini-lozenges per day in the past week).

2.4. Data Analysis Plan

The Generalized, Unbiased, Interaction Detection and Estimation (GUIDE; (Loh, 2002,
2009) wwwv.stat.wisc.edu/~loh/quide.html) classification tree modeling program was used to
identify predictors of patch use (in R-UC and A-OT) and mini-lozenge use in A-OT, and to
distinguish subgroups of smokers based on medication use. Primary analyses were
conducted separately in the R-UC and A-OT conditions. Given the differences in treatment
conditions in terms of medication intensity (patch alone vs. patch and mini-lozenge),
duration (8 vs. 26 weeks), and counseling intensity, duration, and focus on medication
adherence (all greater in A-OT than R-UC), we anticipated that predictor-adherence
relations might vary across conditions and did not want to obscure this in pooled analyses.
We examined interactions between treatment condition and predictors of patch use at 4
weeks post-TQD to see if treatment context significantly moderated predictor-adherence
relations during the period of common patch availability. Because GUIDE makes no
underlying distributional assumptions about predictors or outcomes and effectively handles
non-linear outcomes by means of partitioning (Loh, 2002), we modeled adherence outcomes
as categorical. Analyses treating mini-lozenge use as continuous yielded similar results (not
shown). Both continuous (e.g., age) and categorical predictors (e.g., sex) were included
without transformation because GUIDE identifies optimal cut-points for each continuous
variable.

GUIDE is a nonparametric, algorithm-based method that uses binary recursive partitioning
cuts to construct a hierarchical decision tree based on a defined outcome. In each
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partitioning step, GUIDE uses chi-square tests to evaluate associations between each
predictor and outcome, and selects the most important predictor variables (tree splitters) to
subdivide the sample into groups, with each group as homogeneous on the outcome as
possible. Through a successive partitioning process, GUIDE identifies the unique
combinations of predictor variables and cut-points that most accurately capture subgroups
that differ maximally on the outcome; these are partitioned graphically as a decision tree.
The GUIDE approach was selected given its advantages over traditional logistic regression.
Logistic regression typically determines the average associations between predictors and an
outcome across a sample, without exhaustively searching all possible interactions among
predictors (which is not feasible with numerous predictors). In contrast, GUIDE examines
interactions amongst all predictor combinations and aids interpretation by identifying
subgroups of individuals that are homogeneous in adherence via tree diagrams. Logistic
regression tests interactions across an entire sample of individuals. GUIDE, however,
initially splits individuals based on the best predictors and the resulting subgroups are then
recursively and separately split so that the most informative predictors are identified for each
subgroup. This accords with the notion that very different factors may predict outcomes
(e.g., adherence) in one subgroup versus another. In addition, GUIDE offers several
advantages over other decision tree modeling programs (e.g., CART; Breiman, et al, 1984)
by producing unbiased splits, treating missing predictor data as informative, and identifying
predictor variables that exceed a threshold (1.0) for importance across possible tree models
(Loh, 2014). Importance score ratios greater than 1.0 indicate that a variable is important in
predicting the outcome across trees, as determined across all relations within the predictor
variable space (both as a sole variable and across all interactions). Importance scores do not
indicate the direction of association between a predictor and outcome, however. To verify the
direction of the association in the absence of a classification tree, bivariate logistic
regression analyses were conducted for each predictor with an importance score above 1.0
for a particular adherence outcome. These logistic regression analyses were conducted to
explore relations identified as important by GUIDE; they were not used to test the
significance of relations between predictors and adherence outcomes.

In the analyses presented, cases with missing adherence outcome data were omitted.
Because data may not be missing at random (e.qg., if subjects with missing data were
especially likely to be nonadherent), we conducted sensitivity analyses under a range of
assumptions about missing adherence data. We ran three imputed models for every outcome,
assuming three levels of nonadherence for the missing cases (e.g., with 50%, 70%, 90% of
missing responses coded as nonadherent). Missing values in each outcome were imputed
based on predicted probabilities derived from logistic regression models and random draws
from a Bernoulli distribution. Results of sensitivity analyses for each adherence outcome
were essentially the same as those in which missing cases were omitted, and thus are not
reported. Missing data for predictors were treated as missing, as GUIDE treats missing
predictors as informative, categorical values.

3. RESULTS

Table 1 presents demographic and smoking history data for the 623 adult smokers
randomized in this RCT. Of the 315 R-UC participants, 76.5% (n=241) reported on patch
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use at 4 weeks post-TQD. Of 308 A-OT participants, 61.7% (n=190) and 63.0% (n=194)
completed adherence assessments 4 and 16 weeks post-TQD, respectively. Approximately
49.8% of R-UC participants and 71.1% of A-OT participants assessed reported using
patches every day in the previous 7 days at 4 weeks (y? (M=431) =19.9, p<.001). In A-OT,
69.1% of participants assessed reported using at least 4 mini-lozenges per day in the past
week at 4 weeks post-TQD. At 16 weeks, 52.6% of assessed A-OT participants reported
daily patch use and 43.8% reported using at least 4 mini-lozenges per day in the past week.

Patch use at 4 weeks.

In R-UC, quitting motivation was the only splitting variable in the GUIDE classification
tree. Participants high in baseline motivation to quit (n=152) were more likely to use patches
daily (n=87, 57.2%) than the less motivated (n=89), of whom 33 (37.1%) used patches daily.
WISDM Taste and Sensory Properties scores and stress-elicited craving had high importance
scores and were both associated with higher probabilities of daily patch use (Table 2). In A-
OT, no baseline predictors were associated with daily patch use at 4 weeks and no
classification tree model was identified. In the pooled R-UC and A-OT sample, an
interaction between treatment condition and baseline stress-elicited craving was detected.
Follow-up logistic regression analyses revealed that stress-elicited craving was more weakly
related with daily patch use in A-OT than in R-UC (AOR=0.86, 95% CI1=0.72-1.03).

Mini-lozenge use at 4 weeks.

Although no classification tree model was identified, importance scores revealed that greater
WISDM Cognitive Enhancement and Tolerance scores, older age at first cigarette, having a
smoking ban at work, and having more smokers in the household were all positively related
to mean daily mini-lozenge use in A-OT at 4 weeks (Table 2).

3.3. Patch use at 16 weeks.

In A-OT, hours of exposure to others smoking was the first splitting variable in the
classification tree of daily patch use at 16 weeks, and belief that cessation medication is
dangerous was the second splitting variable (Figure 1). Participants who reported at baseline
that they were exposed to others smoking >12 hours/day (n=34) showed the highest rate of
daily patch use (n=28, 82.4%). Among participants exposed to others smoking <12
hours/day (n=160), those not viewing medication as dangerous (n=86) were more likely to
use the patch every day (n=51, 59.3%) versus others (n=74, of whom only 23, 31.1% used
patches daily). Importance scores and logistic regression analyses revealed that not viewing
cessation medication as dangerous, greater WISDM Taste and Sensory Properties scores,
more hours of exposure to others smoking, and greater quitting confidence predicted greater
likelihood of daily patch use at 16 weeks in A-OT (Table 3).

3.4. Mini-lozenge use at 16 weeks.

Believing that stop-smoking medication is hard to use as instructed was the primary splitting
variable predicting lower mean daily mini-lozenge use at 16 weeks in A-OT. Those who

disagreed that stop-smoking medicine is hard to use (n=142) were more likely to use at least
4 mini-lozenges per day (n=68, 47.9%) than those who endorsed this baseline belief (n=52),
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of whom only 17 (32.7%) used at least 4 mini-lozenges per day. Importance scores identified
WISDM Primary, Secondary, Automaticity, Taste and Sensory Properties, and Tolerance
scores, and WSWS sleep disturbance at baseline (Table 3) as important predictors. Higher
levels of dependence on these subscales were associated with more daily mini-lozenge use,
whereas sleep disturbance was associated with less use.

4. DISCUSSION

In this secondary analysis of data from a smoking cessation RCT, diverse pre-cessation
individual difference and environmental exposure variables were meaningfully related to
NRT use. Although the forms of medication (nicotine patch vs. mini-lozenge) and adjuvant
treatments (e.g., counseling intensity, adherence reminders) varied across analyses, similar
variables emerged as predictors of adherence across analyses.

Nicotine dependence facets predicted greater use of NRT, in contrast to most previous
research showing lower adherence among more nicotine-dependent smokers (Balmford et
al., 2011; Hollands et al., 2013; Pacek et al., 2018). However, the Pacek et al. (2018) review
noted that previous findings on this relation have been somewhat mixed. In the current study,
higher WISDM Taste and Sensory Properties scores predicted greater use of both the patch
and the mini-lozenge in A-OT. Higher scores on at least one facet of primary dependence
motives (Tolerance, Automaticity) and at least one facet of secondary dependence motives
(e.g., Cognitive Enhancement, Taste and Sensory Properties) predicted greater use of mini-
lozenges at both follow-ups. These positive relations suggest that NRT adherence may be
driven by perceived dependence. Individuals may be rational actors titrating NRT to their
perceived needs. These relations also could reflect an indirect effect of dependence: i.e., the
most dependent may benefit most from NRT and this benefit may enhance adherence.

In contrast to previous studies (e.g., Cropsey et al., 2017; Grandi et al., 2016), greater
environmental exposure and reactivity to smoking triggers predicted greater NRT adherence.
Craving cigarettes in response to environmental stress predicted patch use in R-UC, and to a
lesser degree, in A-OT. These findings add to a mixed literature on relations between stress
and cessation therapy adherence. While some studies identify stress as predictive of
nonadherence (Voci, et al., 2016), others show stress-related increases in NRT use
(Okuyemi, et al., 2010). Unlike earlier studies that found that exposure to others smoking
predicted worse adherence (Cropsey et al., 2017; Grandi et al., 2016; Pacek et al., 2018), we
found mini-lozenge use was greater among those living with smokers at 4 weeks, and hours
of exposure to others smoking was the first splitter in the classification tree of greater patch
use at 16 weeks. Perhaps people who perceive many smoking triggers are more adherent as a
strategy for reducing this risk. Also quitting motivation and confidence were predictive of
greater medication use, as in past studies (Pacek et al., 2018; Shadel et al., 2016). Those
with greater motivation used more patches in R-UC and those with more confidence in
quitting used more patches 16 weeks into A-OT. Thus, while much attention has been
focused on the fact that smokers’ misconceptions about medication may undermine
adherence (Cummings et al., 2004; Mooney, et al., 2006), many smokers appear to act as
rational actors; they use more medication if they really want to quit and if they believe they
need it due to high dependence and exposure to smoking triggers.
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Endorsement of specific beliefs regarding NRT dangerousness and difficulty of use
predicted lower use of patches and mini-lozenges, respectively, at 16 weeks in A-OT. Prior
research has also found that beliefs about treatment predict adherence (Pacek et al., 2018).
Modifying such beliefs to improve adherence is difficult, as shown by recent studies of
interventions focused on medication beliefs (Hollands et al., 2019; Schlam et al., 2016;
Smith et al., 2013). Meta-analysis of adherence interventions suggests that practical
interventions may be more effective than trying to change beliefs (Hollands et al., 2019).
The use of automated phone reminders to use NRT in A-OT may be such a practical
intervention contributing to the higher self-reported rates of patches in A-OT vs. R-UC,
although the multiple intervention components used in the A-OT treatment make that
explanation difficult to evaluate.

Collectively, these results suggest a simple clinical decision model to predict adherence
based on baseline individual differences. This approach may identify individuals at
particularly high risk for nonadherence that may benefit from targeted interventions to
promote medication use. If the hypothesis that individuals who perceive greater need for
medication (due to high levels of self-reported dependence, stress reactivity, and exposure to
smoking triggers) use more smoking medication is corroborated, then interventions that
increase perceived need may also enhance adherence. One reason for inconsistency in
relations between these results and the literature on adherence correlates may be that some
measures may capture a risk factor (e.g., nicotine dependence) whereas others capture
awareness of the significance of the risk factor (e.g., awareness of the tendency to lose
control over smoking). If the rational actor hypothesis is correct, then it is the awareness of
personal risk (rather than risk per s¢) that may drive adherence. Providing feedback about
levels of dependence, stress reactivity, or environmental risk may motivate adherence.

Limitations of this study include the possibility that the particular pattern of results may
reflect psychometric rather than construct-related differences among measures (i.e., the most
reliable rather than the most valid measures emerged as predictors of adherence). Also, this
study relied upon self-reported adherence, which is prone to presentation and recall bias but
is more practical and affordable in large clinical trials (Hollands et al., 2019; Lam and
Fresco, 2015). Objective and more rigorous measures of NRT adherence were not feasible
due to concerns about burden and possible assessment reactivity in this pragmatic trial. As
Pacek et al. (2018) have noted, it is important to improve the rigor of adherence assessments
in the future (e.g., through electronic monitoring of use as in Schlam et al., 2016). Text
messaging reminders and mobile assessments may be useful in enhancing the accuracy of
self-reported adherence in the future (Dowshen, et al., 2013; Ershad Sarabi, et al., 2016). In
addition, missing adherence data may have affected results, although sensitivity analyses
across a range of missing data values yielded similar results.

5. Conclusions

Classification tree models identified nicotine dependence, environmental exposure to
smoking triggers, motivational variables, and medication beliefs as important predictors of
nicotine patch and mini-lozenge use across two different intensities of smoking cessation
treatment for adult smokers motivated to quit. Results suggest that for many smokers the
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adherent use of medication reflects a rational appraisal of the likelihood that they will need
medication and will benefit from it. This information may be useful in developing targeted
intervention strategies to promote adherence, and thereby enhance cessation success.
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Highlights
. Classification trees identified smokers high vs. low in adherence to
medication.
. Nicotine dependence, quitting motivation, and smoking triggers predicted
adherence.
. Negative beliefs about nicotine medication predicted nonadherence.
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Figure 1.

GUIDE classification tree predicting daily patch use at 16 weeks in A-OT
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Sample characteristics, overall and by treatment condition
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Total sample (N=623)

Recommended usual care
(n=315)

Abstinence-Optimized
treatment (n=308)

Variable Level n (%)
Gender Female 357 (57.3) 184 (58.4) 173 (56.2)
Male 266 (42.7) 131 (41.6) 135 (43.8)
Race White 431 (69.3) 211 (67.0) 220 (71.7)
Member of a racial minority | 191 (30.7) 104 (33.3) 87 (28.3)
Marital status Married 225 (36.5) 112 (35.6) 113 (37.4)
unmarried 392 (63.5) 203 (64.4) 189 (62.6)
Education Less than college 346 (55.6) 188 (59.9) 158 (51.3)
Some college or more 276 (44.4) 126 (40.1) 150 (48.7)
Household income | Less than $24,999 per year 298 (53.1) 147 (51.2) 151 (55.1)
$25,000 or more per year 263 (46.9) 140 (48.8) 123 (44.9)
Mean (SD)
Age in years 49.7 (12.7) 49.4 (12.9) 50.0 (12.5)
Age at first cigarette 14.7 (3.8) 14.8 (3.8) 14.7 (3.9)
Cigarettes per day 16.8 (9.4) 17.1(9.8) 16.5(9.0)
FTCD score 48(2.2) 4.9 (2.2) 48(2.2)
Number of past quit attempts 4.1 (6.0) 3.8(4.5) 4.4 (7.3)

Note: There were no statistically significant differences on any variables between treatment conditions. FTCD: Fagerstrém Test of Cigarette

Dependence.
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Table 2.

Ranking the predictors with importance scores greater than 1.0 in models of daily patch use (in R-UC) and
mean daily mini-lozenge use at 4 weeks (in A-OT)

Outcome Predictor Importance score | Odds Ratio (95% CI)

Daily patch use at 4 weeks in R-UC WISDM Taste and Sensory Properties | 1.54 1.10 (0.96-1.27)
Quitting motivation 1.17 1.32 (1.00-1.75)
Stress-elicited craving 1.09 1.08 (0.97-1.21)

Mean daily lozenge use at 4 weeks in A-OT | WISDM Cognitive Enhancement 2.33 1.20 (0.96-1.52)
WISDM Tolerance 1.45 1.04 (1.04-1.69)
Age at first cigarette 1.19 1.11 (0.98-1.26)
Bans on smoking at workplace 1.05 3.07 (1.15-8.18)
Number of smokers in the household 1.01 1.81 (0.93-3.54)

Odds ratios in logistic regression predicting adherence (values <1.0 indicate higher values on the predictor are associated with lower log odds of
adherence; values >1.0 indicate that high scores on the predictor are associated with increased log odds of adherence); 95% ClI: 95% confidence
interval. R-UC = Recommended usual care. A-OT = Abstinence-Optimized treatment. WISDM = Wisconsin Inventory of Smoking Dependence
Motives.
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Ranking the predictors with importance scores greater than 1.0 in models of daily patch use and mean daily

lozenge use at 16 weeks in A-OT

Outcome Predictor Importance score | Odds Ratio (95% CI)

Daily patch use at 16 weeks in A-OT Belief medication is likely dangerous | 2.22 0.73 (0.60-0.88)
WISDM Taste and Sensory Properties | 1.84 1.21 (1.02-1.43)
Hours exposure to others smoking 1.67 1.31 (1.06-1.62)
Quitting confidence 1.15 1.12 (0.91-1.39)

Mean daily lozenge use at 16 weeks in A-OT | WISDM Primary Dependence 1.51 1.44 (1.10-1.88)
WISDM Secondary Dependence 141 1.31 (0.98-1.75)
WISDM Automaticity 1.15 1.23 (1.01-1.50)
WISDM Taste and Sensory Properties | 1.08 1.12 (0.92-1.36)
WISDM Tolerance 1.06 1.29 (1.06-1.57)
WSWS sleep disturbance 1.03 0.93 (0.80-1.08)

Odds ratios in logistic regression predicting adherence (values <1.0 indicate higher values on the predictor are associated with lower log odds of
abstinence; values >1.0 indicate that high scores on the predictor are associated with increased log odds of adherence); 95% ClI: 95% confidence

interval. A-OT = Abstinence-Optimized treatment. WISDM = Wisconsin Inventory of Smoking Dependence Motives; WSWS = Wisconsin

Smoking Withdrawal Scale. WISDM Primary Dependence Motives scale = mean of Automaticity, Loss of Control, Craving, and Tolerance.
WISDM Secondary Dependence Motives scale = mean of Affiliative Attachment, Cognitive Enhancement, Cue Exposure/Associative Processes,
Affective Enhancement, Social/Environmental Goads, Taste and sensory properties, and Weight Control.
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