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Abstract

Background—In samples from controlled randomized clinical trials, a smoker’s rate of nicotine
metabolism, measured by the 3-hydroxycotinine to cotinine ratio (NMR), predicts response to
transdermal nicotine. Replication of this relationship in community-based samples of treatment-
seeking smokers may help guide the implementation of the NMR for personalized treatment for
nicotine dependence.

Methods—Data from a community-based sample of treatment seeking smokers (N = 499) who
received 8 weeks of transdermal nicotine and 4 behavioral counseling sessions were used to
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evaluate associations between the NMR and smoking cessation. Secondary outcomes included
withdrawal and craving, depression and anxiety, side effects, and treatment adherence.

Results—The NMR was a significant predictor of abstinence (OR = .58, 95% CI: 0.35-0.98, p
=.04), with faster metabolizers showing lower quit rates than slower metabolizers (24% vs. 33%).
Faster nicotine metabolizers exhibited significantly higher levels of anxiety symptoms over time
during treatment, vs. slower metabolizers (NMR x Time interaction: F[3,357] = 3.29, p = .02).
NMR was not associated with changes in withdrawal, craving, depression, side effects, and
treatment adherence (p’s > .05).

Conclusions—In a community-based sample of treatment-seeking smokers, faster nicotine
metabolizers were significantly less likely to quit smoking and showed higher rates of anxiety
symptoms during a smoking cessation treatment program, vs. slower nicotine metabolizers. These
results provide further evidence that transdermal nicotine is less effective for faster nicotine
metabolizers and suggest the need to address cessation-induced anxiety symptoms among these
smokers to increase the chances for successful smoking cessation.

Keywords

smoking cessation; nicotine dependence; pharmacogenetics; biomarker; anxiety; nicotine
metabolite ratio

1. Introduction

Several studies suggest that a genetically-informed biomarker that characterizes smokers by
their rate of nicotine metabolism may be useful for selecting pharmacotherapy to maximize
treatment efficacy for smokers interested in cessation.12 This biomarker, referred to as the
nicotine metabolite ratio (NMR) and formed using a ratio of the two primary metabolites of
nicotine (3-hydroxycotinine and cotinine), is a surrogate marker for the rate of nicotine
clearance, representing genetic (CYP2A6) and demographic influences (e.g., race, gender)
on the rate of nicotine metabolism.3 Three independent randomized clinical trials#® have
shown that smokers characterized as having faster nicotine metabolism (higher NMR
values) are significantly less likely to quit smoking using transdermal nicotine than smokers
with slower nicotine metabolism (lower NMR values); in a fourth clinical trial,” bupropion
offset the relapse risk among faster nicotine metabolizers, suggesting that bupropion may
help fast nicotine metabolizers to quit smoking. Most recently, a randomized clinical trial
that prospectively stratified allocation to transdermal nicotine or varenicline showed that
varenicline can effectively treat nicotine dependence among fast nicotine metabolizers.8

Should the NMR be used clinically to determine treatment selection to maximize therapeutic
benefit, the relationship between the NMR and response to transdermal nicotine should be
replicated among community samples of smokers who may differ in important ways (e.g.,
higher rates of comorbid psychiatric conditions) from the participants in the efficacy clinical
trials which form the basis for knowledge regarding the effects of the NMR on treatment
response. In this study, data from a community-based effectiveness trial of transdermal
nicotine patches were used to assess the replication of the relationship previously found
between NMR and response to transdermal nicotine.6 In addition, this study examined how
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the rate of nicotine metabolism predicted secondary outcomes relevant to cessation
outcomes: withdrawal, craving, depression and anxiety symptoms, side effects, and
treatment adherence.® Assessment of secondary outcomes between slow and fast nicotine
metabolizers may elucidate potential mechanisms through which the NMR influences
response to treatments for nicotine dependence and offer insight into targets for adjunctive
treatment to help offset the heightened relapse risk documented among fast nicotine
metabolizers. The results from this study may provide further support for, and enhance
understanding of, the potential use of the NMR to guide the personalization of treatment for
nicotine dependence.

2. Methods

Data for this study were from an effectiveness study designed to evaluate long-term use of
transdermal nicotine for nicotine dependence (ClinicalTrials.gov Identifier: NCT01047527).
Community smokers were recruited through media advertisements and the trial was
conducted at the University of Pennsylvania and Northwestern University, which provided
Institutional Review Board oversight and approval. Potential participants called to inquire
about the study; an evaluation of study interest and initial eligibility was completed by
phone. An in-person visit confirmed eligibility and participants were randomly selected for
either 8, 24, or 52 weeks of transdermal nicotine patch therapy; all participants received 12
standardized, manual-based behavioral smoking cessation counseling sessions based on
established guidelines.1? For the present analysis, only data up to 8 weeks were used to
standardize treatment across participants (i.e., all participants received 8 weeks of nicotine
patch treatment and four behavioral counseling sessions) and to remain consistent with
previous studies.*8

2.1 Participants

Consistent with an effectiveness trial, inclusion and exclusion criteria were limited to
increase generalizability of findings (e.g., 20% of the present sample had current or past
major depression and 5% had current substance abuse). Eligible participants were > 18 years
of age, reported smoking = 10 cigarettes/day, and were interested in quitting smoking.
Participants were excluded if they had a current medical problem for which transdermal
nicotine is contraindicated (e.g., allergy to latex), had a lifetime DSM-IV diagnosis of
psychasis or bipolar disorder, reported current suicidality as identified by the Mini
International Neuropsychiatric Interview (MINI),11 or were unable to communicate in
English. Female participants were excluded if they were pregnant, planning a pregnancy, or
lactating.

2.2 Procedures

All participants received 8 weeks of 21mg transdermal nicotine patches (Nicoderm CQ;
GlaxoSmithKline, Research Triangle Park, NC). Participants received one in-person pre-quit
counseling session at week —2 (baseline), which focused on preparing for cessation, and then
set a quit date for week 0, at which time they were instructed to start using the nicotine
patch. At weeks 0, 4, and 8, participants received behavioral counseling over the telephone.
These sessions were based on standard smoking cessation behavioral treatment guidelines®
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focusing on managing urges and triggers to smoking and developing strategies to avoid
relapse. Assessments, described below, were conducted at baseline (in-person) and at weeks
0, 4, and 8 (by telephone). Week 8 self-reports of smoking cessation (for the 7 days
preceding this assessment) were biochemically confirmed using breath carbon monoxide
(CO).

2.3 Measures

2.3.1 Covariates—At baseline, participants self-reported demographics (e.g., age, race,
sex) and smoking history and behavior (e.g., cigarettes per day; the Fagerstrom Test for
Nicotine Dependence [FTND]).12

2.3.2 Nicotine Metabolite Ratio—Saliva samples (5ml) were collected during eligibility
assessment to determine NMR using liquid chromatography with tandem mass
spectrometry.13 Individual NMR values remain stable over time, and saliva NMR results
correlate strongly with plasma NMR results.14

2.3.4 Nicotine Withdrawal—The Minnesota Nicotine Withdrawal Scalel® assesses 7
DSM-1V items of nicotine withdrawal (e.g., restlessness, irritability) and items were
summed.

2.3.5 Nicotine Craving—The 10-item brief Questionnaire of Smoking Urges (QSU)16
contains 2 subscales (anticipation of reward, relief from negative affect).

2.3.6 Depression—The Inventory of Depressive Symptomatology (IDS) is a 30-item self-
report measure used to assess the severity and frequency (past 7-days) of depressive
symptoms, consistent with the American Psychiatric Association Diagnostic and Statistical
Manual of Mental Disorders — 41 Edition diagnosis of a major depressive episode.17-19

2.3.7 Anxiety—The 21-item Beck Anxiety Inventory (BAI) assessed anxiety symptoms
over the past week.20 Items were summed to obtain a total score.

2.3.8 Side Effects—A checklist of nicotine patch-related side effects used in past studies®
was administered. The occurrence and severity of side effects (e.g., nausea, rash) were rated
by subjects from 0 (none) to 4 (severe) and a summary score is used.

2.3.9 Treatment Adherence—Daily patch use from weeks 0-8 was assessed at each
session using a timeline follow-back measure as done previously.21:22 Total adherence
across the 8-week treatment, defined as wearing the patch for 42 out of 56 days (i.e., 75% or
6/7 days per week), was utilized, as done previously.23

2.3.10 Smoking Cessation—Self-reports of smoking were obtained at each session
using the timeline follow-back approach.?! At week 8, participants were asked to provide a
breath sample for biochemical verification of smoking status. Participants were considered
abstinent at week 8 if they self-reported abstinence for 7 days prior to the assessment and
provided a breath sample with CO < 10ppm.24 Participants who withdrew from the study,

Addict Behav. Author manuscript; available in PMC 2016 December 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kaufmann et al. Page 5

failed to provide a sample, or provided a CO breath sample >10ppm were considered
smokers.

2.4 Data Analysis

The sample was characterized in terms of demographic and smoking-related data (e.g., age,
race, nicotine dependence, smoking rate). Pearson correlation and analysis of variance
(ANOVA) were used to examine the relationship between NMR and demographic and
smoking-related data and variables related to NMR (p < .10) were included as covariates in
subsequent analyses. We conducted a Receiver Operator Characteristic (ROC) analysis to
determine the optimal cut-point using the NMR for distinguishing subjects who quit
smoking (i.e., week 8 abstinence), vs. those who did not, and examined this categorical
measure of nicotine metabolism as a predictor of week 8 quit rates, withdrawal and craving,
anxiety and depression, and side effects and treatment adherence. Determining a cut-point in
ROC analysis involves use of the point on the curve closest to (0,1) criterion.2526 The
conceptual basis for this criterion is that this point on the curve represents the place in the
distribution with the highest sensitivity and specificity, thus minimizing misclassification.2’
This approach was used in a previous study of the NMR.® Logistic regression was used to
examine the relationship between the categorical NMR measure (controlling for covariates)
and week 8 abstinence and multivariate repeated measures ANOVA was used to examine
the effects of the categorical NMR and time on withdrawal and craving, anxiety and
depression, and side effects and treatment adherence.

3. Results

3.1 Sample Characteristics

The intent-to-treat (ITT) sample was 525 but, for the present study, the subset of 499
participants who agreed to provide saliva for the NMR was analyzed. One-half of the sample
was female, 49% were African American and 49% were Caucasian, 31% were married or
living as married, and 32% of the sample had a high school education or less. The average
age of the sample was 46.5 years (SD = 12.1) and the average BMI was 28.6 (SD = 6.5).
The average age at which participants started to smoke was 16.3 years (SD = 5.0) and, on
average, participants had been smoking for 28.9 years (SD = 12.7). The average FTND
score was 5.1 (SD = 2.0) and, on average, participants smoked 17.2 cigarettes/day (SD =
8.4) at baseline. The average NMR was .35 (SD = .21). Among variables in Table 1, attrition
was significantly associated with age, BMI, and number of years smoked (p’s < .05).

3.2 The NMR and Demographic and Smoking Data

Caucasians had significantly higher NMR than African Americans (M = .38 vs. M = .32;
F[1,479] = 10.62, p = .001). The relationship between gender and NMR approached
significance (F[1,497] = 2.90, p = .09), with females showing a higher NMR than men (M
=.36 vs. M =.33). Age was positively correlated with NMR (r = .15, p =.001). NMR was
not associated with other demographic or smoking-related data, including FTND, baseline
smoking rate, age started smoking, years smoked, or BMI (p’s > .10).

Addict Behav. Author manuscript; available in PMC 2016 December 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kaufmann et al. Page 6

3.3 ROC Analysis

The results of the ROC analysis indicated a cut-point, based on the closest-to-(0,1) criterion,
at 0.47 for the NMR distribution (close to the cut-off for the top quartile of the NMR
distribution which was 0.45). Based on this result, a binary NMR variable was created at this
cut-point for subsequent analysis with slow metabolizers (N = 386) defined as NMR values
< 0.47 and fast metabolizers (N = 113) defined as NMR values = 0.47. Demographic and
smoking-related characteristics of these two groups are presented in Table 1.

3.4 The NMR and Abstinence at Week 8

Using this cut-point for the NMR, and controlling for covariates (gender, race, and age,
BMI, FTND, years smoked), the rate of nicotine metabolism was a significant predictor of
point-prevalence, CO-confirmed abstinence at week 8 (OR = .58, 95% CI: 0.35-0.98, p =.
04; Table 2). Among slow nicotine metabolizers (NMR < 0.47), 33% were confirmed
abstinent at week 8, vs. 24% of the fast nicotine metabolizers (NMR = 0.47).1

3.5 The NMR and Withdrawal, Craving, Depression, Anxiety, Adherence, and Side Effects

Models that examined variation in withdrawal, craving, depression, side effects and
adherence, controlling for covariates across slow and fast nicotine metabolizers based on the
NMR cut-off from the ROC analysis were not statistically significant (all p’s > .05). Only
the model that assessed variation in anxiety symptoms across slow and fast metabolizers was
statistically significant (NMR x Time interaction: F[3,357] = 3.29, p = .02). Controlling for
covariates, slow metabolizers showed very little increase in anxiety symptoms from baseline
to week 8, whereas the fast metabolizers showed a substantial increase in anxiety symptoms
over this time (Figure 2). Post-hoc tests indicated that, while slow and fast metabolizers
were not significantly different in their anxiety symptoms at baseline and week 0 (p > .05),
faster metabolizers showed a significant increase in anxiety at week 4 and 8, vs. slow
metabolizers (p’s < .01). Parenthetically, controlling for covariates, participants who were
smoking at week 8 exhibited increased anxiety symptoms from baseline to week 8, vs.
participants who were abstinent, but this relationship only approached significance (E[3,
357) = 2.43, p = .07; Figure 2).

4. Discussion

The primary aims of this study were to replicate the finding that the nicotine metabolite ratio
(NMR) predicts response to transdermal nicotine and behavioral counseling in a community-
based sample of treatment-seeking smokers and to explore secondary smoking cessation
outcomes that may also relate to variation in rate of nicotine metabolism. This study
provides additional support for the predictive value of the NMR for smoking cessation
outcomes. As two studies®6 found previously, faster nicotine metabolizers were
significantly less likely than slower nicotine metabolizers to achieve smoking abstinence
after 8 weeks of transdermal nicotine and behavioral counseling. Furthermore, the present

iiwhile separating the sample by race reduces power substantially, in addition to a model that controlled for race in predicting week 8
abstinence, we separated the sample by race and ran two separate regression models. Results were significant for Caucasian only
(resembling the overall sample). For African-Americans, NMR was not significantly related to primary outcomes.
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study demonstrated that faster nicotine metabolizers show a greater increase in anxiety
symptoms during treatment, relative to slower metabolizers. Whereas previous studies of the
NMR have focused on differences in withdrawal, craving, and treatment-related side
effects, 48 this study suggests that individual differences between fast and slow metabolizers
in anxiety symptoms — particularly after the first 2 weeks of treatment — may also
differentiate responses to smoking cessation treatment across these groups of smokers.

The primary finding — that faster nicotine metabolizers show significantly lower rates of
smoking cessation when treated with transdermal nicotine and counseling — lends further
support to the potential use of the NMR as a method for selecting treatments for individual
smokers. This is the fourth independent study to document this finding. The present study
replicates this relationship in a community-based sample, which better reflects the
characteristics of the smoking population than previous controlled trials. Compared with
past trials, the present study had far fewer inclusion and exclusion criteria, particularly with
regard to co-occurring substance abuse or psychiatric illness. Therefore, the present findings
offer replication and enhanced generalizability of the relationship between NMR and
response to transdermal nicotine. Indeed, the present findings may be more reflective of
individuals attempting to quit smoking by accessing transdermal nicotine over-the-counter
or individuals seeking access to transdermal nicotine through a healthcare provider.

While there were few additional differences noted between slow and fast nicotine
metabolizers across the eight weeks of treatment, faster nicotine metabolizers did show a
fairly stark increase in anxiety symptoms between the first counseling session (week —-2) and
initiation of the nicotine patch (week 0) relative to slow metabolizers; these symptoms
persisted across the 8 weeks of treatment. There is substantial documentation of the
relationship between smoking and anxiety,28 and several studies have implicated anxiety as
a risk factor for relapse during a smoking cessation attempt. For example, one trial found
that 16% of smokers felt anxious or tense prior to an initial lapse, and those who lapsed due
to anxiety or stress resumed smoking more quickly than those who lapsed for other
reasons.2® Post-quit negative affect—including stress or anxiety—has been identified as a
strong predictor of relapse.3% Smokers prone to anxiety sensitivity (i.e., those who fear
becoming anxious or experiencing negative affect) are more likely to lapse during a
cessation attempt.3! Lastly, one large randomized trial testing several medications for
nicotine dependence found that anxious smokers had the lowest long-term quit rates.32 The
present study found that faster nicotine metabolizers may be at greater risk for experiencing
anxiety symptoms, which heightens the individual’s risk for relapsing back to smoking. In
fact, while participants who were abstinent at week 8 showed very little change in anxiety
symptoms from baseline to week 8 (mean reduction of .01), participants who were smoking
at week 8 showed a substantial increase in anxiety symptoms over this period (mean
increase of 1.82, p = .02).

These results have clinical implications for improving response to treatments for nicotine
dependence. Given that faster nicotine metabolizers do not benefit as much as slow
metabolizers from transdermal nicotine, other cessation aids should be considered for this
sub-group of smokers. To date, one study’ has examined bupropion treatment for faster
nicotine metabolizers. This placebo-controlled randomized trial assessed the predictive
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value of the NMR for cessation rates among smokers using bupropion versus placebo.
Participants in the highest quartile of the NMR distribution in this study (i.e., the fastest
nicotine metabolizers) benefited significantly from bupropion: 34% of participants from the
active medication group had quit by the end of treatment, vs. 10% of participants using
placebo. In addition, participants in the lowest quartile of the NMR distribution in this study
(i.e., the slowest nicotine metabolizers) showed no benefit from bupropion over counseling
alone (quit rates of 32%). Further, a recently-completed placebo-controlled clinical trial,
which prospectively stratified slow and fast nicotine metabolizers prior to randomization to
nicotine patch or varenicline, showed that varenicline is also an efficacious treatment for fast
nicotine metabolizers.® Since slow metabolizers are adequately treated with either
behavioral counseling or transdermal nicotine — with no additional benefit from bupropion
or varenicline — and faster metabolizers are more effectively treated with bupropion or
varenicline, the NMR may serve as a useful biomarker for selecting treatments for
individual smokers.

These results also suggest the need to assess the potential effect of a behavioral intervention
specifically designed to address cessation-induced anxiety symptoms among fast nicotine
metabolizers. One ongoing trial33 is evaluating the role of exercise as a behavioral adjunct to
treating nicotine dependence among anxious smokers; another line of research is focused on
a behavioral intervention designed to reduce anxiety sensitivity among smokers in order to
increase cessation rates (ClinicalTrials.gov Identifier: NCT01789125). Promising results
have emerged concerning evaluation of behavioral interventions tailored to address
depression symptoms,34 so perhaps a similar approach for anxiety symptoms could also
prove efficacious.

The present study must be considered in the context of its limitations. First, although a
relationship was observed between the NMR and anxiety levels during a cessation attempt,
the nature of the relationship between nicotine metabolism, anxiety, and treatment response
remains unclear. Post-hoc analysis indicated that fast metabolizers do not initiate cessation
treatment with higher anxiety symptoms but, rather, experience increased anxiety early
during treatment. As such, heightened anxiety symptoms may be a dimension of the
withdrawal experience for fast metabolizers, or it may be a consequence of early failure in
treatment. Notably, participants who had returned to smoking at week 8 showed a prominent
increase in anxiety symptoms over time compared to participants who remained abstinent at
week 8, indicating that the experience of high levels of anxiety is clinically relevant. Second,
this study did not include long-term assessment of outcomes since after week 8 one-third of
participants no longer used transdermal nicotine. Consequently, it is unclear from this study
if the benefit of transdermal nicotine for slow metabolizers persists beyond 8 weeks or
interacts with treatment duration.ii Third, while this study improved generalizability by
including a more diverse sample than prior studies of the NMR,8 it is impossible to
generalize these results to all smokers interested in quitting. Finally, in the present study, the
NMR was assessed using saliva rather than plasma, as seen in previous trials.>-” This meant
that the cut-off used for the NMR to distinguish slow and fast nicotine metabolizers in the

iliThe authors are currently analyzing the long-term outcome data from the current trial to evaluate the interaction between NMR and
treatment duration.
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present study was based on the ROC analysis from the current data and varies from cut-offs
used in previous studies. Since there are currently no established cut-points for
distinguishing slow and fast nicotine metabolizers, this is a priority for future research.
While the present methods have been used in past studies,? the authors are hopeful that an
accumulation of studies such as this one will help facilitate the development of an
established cut-point. This work will facilitate the provision of treatment recommendations
using the three primary methods for determining NMR: plasma, urine, and saliva.

The present findings advance understanding of the potential use of the NMR for
personalizing the selection of treatments for nicotine dependence. This trial provides
important validation in a community-based sample of treatment-seeking smokers that
transdermal nicotine treatment is best suited for slow nicotine metabolizers. The NMR,
therefore, may help determine suitable candidates for treatment with transdermal nicotine in
the real world. The present study also expands the current NMR literature by highlighting
anxiety as a potential risk for fast nicotine metabolizers undergoing a quit attempt. While
previous studies have provided evidence of a correlation between nicotine metabolism and
trait anxiety,3! the data from this study suggest a relationship also exists between the NMR
and state anxiety. Further research could be directed toward assessing the role of anxiety
symptoms in mediating the relationship between NMR and response to cessation treatments
and determining if anxiety-reduction techniques are uniquely helpful for fast nicotine
metabolizers undergoing a cessation attempt. Increased understanding of the potential use of
the NMR as the first biomarker for individualizing treatment for nicotine dependence may
offer a critical tool for helping to reduce overall population smoking rates. This biomarker,
like other possible genetic markers for success in smoking cessation,3% may usher in a new
evolution in personalized medicine for nicotine dependence.
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1487 Telephone Assessment of Eligibility

863 Excluded
423 Did not meet inclusion criteria*
440 Declined/did not attend in-person eligibility
screen

624 Attended In-Person Eligibility Screen

101 Excluded
79 Did not meet inclusion criteria*
20 Declined participation

(Intent-to-Treat [ITT])

525 Completed Baseline Session

26 Excluded — Did not provide sample for NMR

499 Analytic Sample

76 Missed Week 8 Assessment
10 Withdrew prior to Week 8 Assessment
7 Refused Week 8 Assessment

406 Completed Week 8 Assessment

Figure 1.
CONSORT Diagram

Page 13

Note. *A list of the reasons for participant ineligibility can be provided by the authors upon

request.
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Variation in Anxiety Symptoms Over Time for Slow and Fast Nicotine metabolizers and for
Week 8 Abstainers and Smokers
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Demographic and Smoking-related Variables for Slow and Fast Metabolizers

Table 1

Characteristic (stlos\’/ge) (N%S) (ﬁv:ezgg)
Gender

Female 74.1 259 49.5

Male 81.0 19.0 50.5
Race

African American 81.1 18.9 49.5

Caucasian 75.3 247 50.5
Education

GED or less 75.3 24.7 317

Some College or More 78.6 21.4 68.3
Age (Mean, SD) 456 (125) 49.6(9.9) 465 (12.1)
BMI (Mean, SD) 28.6(6.4) 284(69) 28.6(6.5)
FTND (Mean, SD) 5.1(1.9) 5.1 (2.4) 5.1(2.0)
Cigarettes per Day (Mean, SD) 16.9 (8.1) 18.5(9.4) 17.2 (8.4)
Age Started Smoking (Mean, SD) 16.3 (5.0 16.4 (5.3) 16.3 (5.0)
Years Smoking (Mean, SD) 28.3(13.0) 31.1(11.3) 28.9(12.7)
3-HC/Cotinine 0.25(0.11) 0.65(0.18) 0.34 (0.21)

Note. Slow and fast metabolizers based on cut-off of 0.47 from ROC analysis.
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Multivariate Logistic Regression Analysis of Smoking Abstinence at Week 8 by NMR, Controlling for

Covariates (n = 499)

Predictor OR
Sex (Reference = Female) 0.82
Race (Reference = Caucasian)  0.95
Age 1.04
BMI 1.01
FTND 0.85
Years Smoked 0.97
NMR (Reference = Slow) 0.56

95% Cl1
0.55-1.23
0.62 - 1.46
1.01-1.08
0.98 - 1.04
0.77-0.94
0.94 -1.00
0.33-0.95

p
0.34

0.83
0.02
0.53
<0.01
0.07
0.03

Table 2

Page 16

Note. NMR based on cut-off of 0.47 from ROC analysis. FTND was included as a covariate since it is a common predictor of cessation outcomes
and was included as a covariate in prior studies.

Addict Behav. Author manuscript; available in PMC 2016 December 01.



