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Abstract

Impulsivity is associated with smoking, difficulties quitting smoking, and approach tendencies
toward cigarette stimuli among adolescents. We examined the effects of impulsivity on (a) the
association between approach tendencies and adolescents” smoking status and (b) the effectiveness
of Cognitive Bias Modification (CBM), a smoking cessation intervention focused on changing
approach tendencies, among adolescent smokers. We conducted a secondary analysis of evidence
from 2 previous published studies: Study 1: a cross-sectional study comparing impulsivity and
approach tendencies between adolescent smokers (7= 67) and nonsmokers (/7= 58); Study 2: a
treatment study that randomized 60 adolescent smokers to receive either CBM or sham training.
Impulsivity was measured using the Barratt Impulsiveness Scale (BIS) and the Experiential
Discounting Task (EDT). We found higher impulsivity, as determined by the BIS but not the EDT,
increased adolescents’ odds of being smokers. We observed that the interaction between EDT and
approach tendencies also significantly predicted smoking status, however post hoc comparisons
were not significant. Adolescents with higher BIS scores receiving CBM had increased odds of
being abstinent at the end of treatment, but we found no association between EDT and treatment
outcome. Our findings suggest that approach-bias modification (a form of CBM) may be more
effective in impulsive adolescent smokers. Differences in findings for BIS and EDT highlight the
complexity of the construct of impulsivity. Future studies with larger samples are needed to further
disentangle the effects of different aspects of impulsivity on smoking behaviors and cessation
outcomes among youth.
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Despite numerous prevention and cessation efforts, cigarette smoking remains one of the
leading causes of death worldwide (World Health Organization, 2015). Existing evidence
clearly suggests that smoking is typically initiated during adolescence, leading to a greater
likelihood of becoming addicted (Centers for Disease Control and Prevention, 2015). Youth
smoking is a concern not only in the U.S., but also in other countries. For instance, 9% of
U.S. 12th graders (Childstats.gov, 2015) and 12% of Dutch 15-year-olds (De Looze et al.,
2013) are daily smokers. Although adolescent smokers want to quit smoking, they are not
usually successful (Sussman & Sun, 2009). Thus, there is an urgent need for more effective
smoking cessation interventions for adolescent smokers.

Tailoring cessation programs to individual characteristics, especially to high-risk youths,
may be the key to the development of effective smoking cessation and prevention
intervention for youth smokers. High impulsivity is considered to be a risk factor for
adolescent substance use (Elkins, King, McGue, & lacono, 2006; Stautz & Cooper, 2013).
Impulsivity is a complex construct (Dick et al., 2010) which is thought to encompass
different aspects such as impulsive motor actions, a lack of planning and impaired attention
(Patton, Stanford, & Barratt, 1995). Because of its complexity, impulsivity is often measured
using different self-report and behavioral measures, all of which seem to assess slightly
different aspects and therefore often correlate poorly (Caswell, Bond, Duka, & Morgan,
2015; J. L. White et al., 1994). There is some evidence to suggest that adolescent substance
use, including smoking, increases impulsivity (Treur et al., 2015; H. R. White et al., 2011).

Previous studies have consistently found adolescent smokers to score higher on behavioral
and self-report impulsivity measures compared with nonsmokers (Audrain-McGovern et al.,
2004; Memetovic, Ratner, Gotay, & Richardson, 2016; O’Loughlin, Dugas, O’Loughlin,
Karp, & Sylvestre, 2014; Reynolds et al., 2007). Interestingly, impulsivity might not only be
a risk factor for smoking, but it may also influence the success of smoking cessation efforts
among adolescents. For instance, Krishnan-Sarin et al. (2007) implemented a 4-week
smoking cessation intervention combining contingency management (CM) and cognitive—
behavioral therapy (CBT) for adolescent smokers, and observed that adolescents achieving
smoking abstinence at end of treatment (EOT) were less impulsive (as measured by a
behavioral measure of delay discounting), when compared with those who did not achieve
abstinence. Further, a secondary data analysis of a follow-up trial that tested the individual
and combined effects of CBT and CM, observed that impulsive smokers who received CM
based rewards for abstinence had higher abstinence rates when compared with impulsive
smokers who did not receive CM for abstinence (Morean et al., 2015). These findings
indicate that impulsive adolescent smokers may respond differently to smoking cessation
interventions. Therefore, a better understanding of the role of impulsivity in smoking
behaviors is needed to improve cessation interventions for this high-risk group of adolescent
smokers.

The role of impulsivity in adolescent smoking can be understood in the context of dual
process theories of addiction. According to Wiers et al.’s (2007) dual process theory of
adolescent addiction, addictive approach behaviors are the result of an imbalance between
two qualitatively different types of processes: impulsive and reflective processes. Impulsive
processes are fast and associative and are influenced by affective states, with positive affect
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eliciting addictive approach behaviors. Reflective processes, in contrast, operate more slowly
and render self-control in approach behaviors through consideration of past and possible
future consequences of actions (Strack & Deutsch, 2004). In an addicted individual,
reflective processing is often diminished, resulting in greater impulsivity and lower self-
control, especially when faced with cues associated with drug use. In addition, repeated drug
use in the addicted individual also enhances approach tendencies toward the drug and drug
cues. Approach tendencies are believed to reflect automatic action tendencies of approach
that are triggered by the subjectively positive valence of a stimulus. With continued drug
use, approach tendencies toward drug stimuli become stronger, and can only be weakly
controlled by the poorly developed reflective system (Robinson & Berridge, 2003; Stacy &
Wiers, 2010). This phenomenon is expected to be even more pronounced in adolescents who
are developmentally prone to heightened impulsivity (R. W. Wiers et al., 2007). Thus,
adolescent smokers, because of their weak reflective system, would be expected to score
higher on impulsivity, and also to display stronger approach tendencies toward cigarette
stimuli compared to nonsmokers.

Approach tendencies can be assessed using a computerized Approach Avoidance Task
(AAT; Rinck & Becker, 2007). In this task, participants are instructed to respond to various
pictures with either an approach movement (i.e., pulling a joystick which increases the size
of the picture) or an avoidance movement (i.e., pushing a joystick away which makes the
picture smaller); this zooming effect creates a sensation of approach or avoidance. Previous
studies with adults that used variations of this task found stronger approach biases toward
substance-related stimuli, including cigarettes, compared with neutral stimuli. These
differences in approach biases were more pronounced in substance users, compared to
nonusers (Bradley, Field, Mogg, & De Houwer, 2004; Bradley, Field, Healy, & Mogg, 2008;
Mogg, Field, & Bradley, 2005; C. E. Wiers et al., 2013). In contrast, our earlier work
(Larsen et al., 2014) examining approach tendencies in adolescents did not detect an
approach bias toward cigarette stimuli among adolescent smokers when compared to
adolescent nonsmokers.

Given that impulsivity is known to be heightened during adolescence (Steinberg & Chein,
2015) and adolescent smokers are known to be more impulsive than nonsmokers (Lewis,
Harris, Slone, Shelton, & Reynolds, 2015; Reynolds et al., 2007), heightened impulsivity in
adolescent smokers may enhance approach tendencies to cigarette cues. In the present study,
we first conducted a secondary data analysis of the evidence collected in Larsen et al. (2014)
to examine whether impulsivity has a moderating effect on the association between approach
tendencies and smoking status. We hypothesized that a co-occurrence of high impulsivity
and strong approach tendencies would increase the odds of being a smoker relative to being
a nonsmoker.

Because approach tendencies play a role in addiction, they have also been a target for
interventions. Cognitive Bias Modification (CBM) is a computerized intervention aimed at
changing approach tendencies through the use of a modified AAT that trains individuals to
push away the smoking-related stimuli (Eberl et al., 2013; C.E. Wiers et al., 2014; Kong et
al., 2015). CBM is thought to work by decreasing approach tendencies toward smoking
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stimuli, thereby weakening the impulsive system and allowing for an improved reflective
control of smaoking behavior in the presence of smoking stimuli.

CBM has shown promising results when used in the treatment of adults with alcohol
addiction (Eberl et al., 2013; C. E. Wiers et al., 2014), online gaming addiction (Rabinovitz
& Nagar, 2015), and smoking (Macy, Chassin, Presson, & Sherman, 2015). However, only a
limited number of studies have used CBM to treat adolescent addictions. Our previous work
(Kong et al., 2015) tested the efficacy of CBM, when provided with Cognitive Behavioral
Therapy (CBT), in a 4-week long randomized controlled trial (RCT) with adolescent
smokers in the U.S. and in the Netherlands. Although we did not find a change in approach
tendencies over the course of treatment, we observed a trend toward higher EOT abstinence
in the CBM group compared to the control group. Given the close connection between
impulsivity and approach tendencies, it is possible that CBM might be more effective for
impulsive adolescents. Thus, in the present study, we also conducted a secondary data
analysis of the evidence collected in Kong et al.’s (2015) study to examine the role of
impulsivity on the efficacy of the CBM intervention. We hypothesized that more impulsive
smokers would benefit more from the CBM intervention than less impulsive smokers.

We briefly review key aspects of the Larsen et al. (2014) and Kong et al. (2015) study
designs below.

Participants

Hypothesis 1.—To address the first hypothesis (i.e., Impulsivity moderates the association
between approach tendencies and smoking status), we analyzed the data from both Study 1
and 2; Study 1 (Larsen et al., 2014): smokers: 7= 66 (American: 1= 26; Dutch: n=40);
nonsmokers: 7= 58 (American: n= 20; Dutch: 7= 38); Study 2 (Kong et al., 2015):
smokers: M= 75 (American: n= 26; Dutch: 1= 49). For this study, we examined baseline
evidence prior to initiating treatment (Kong et al., 2015). The total combined sample
included 141 adolescent smokers (Dutch [#= 89]; American [/7=52]) and 58 nonsmokers
(Dutch [n7=38]; American [n= 20]). Participants were 13-18 years old (M= 16.27; SD=
1.31). The smokers (defined as self-reported smoking at least 5 cigarettes daily for at least 6
months) from Study 1 and 2 did not differ significantly on any of the baseline measures (see
Table 1).

Hypothesis 2.—To address the second hypothesis (i.e., CBM + CBT treatment will be
more effective for impulsive adolescents), we used evidence from Study 2 (Kong et al.,
2015). A total of 60 adolescent smokers (Dutch [ =42] and American [/7= 18]) were
randomized to four weeks of CBM + CBT (1= 29) or sham + CBT (= 31) treatment.

Procedures

Recruitment procedures.—For both studies, participants were recruited in local public
high schools in the United States (New Haven area, Connecticut) and The Netherlands
(Amsterdam and Haarlem area). Prior to recruitment, information letters were sent out to
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inform parents about the details of the study and giving them the opportunity to contact the
research team if they did not want their child to participate. Interested adolescents signed up
at recruitment tables during lunch period. Assent was obtained from adolescents 14-17 years
old and consent was obtained from 18 years and older. In both studies, participants had to be
between ages 14 and 18, and exclusion criteria were meeting the current criteria for
dependence on another psychoactive substances, diagnosis of psychosis, major depression or
panic disorder as evaluated by a trained clinician, and the use of psychotropic medication
less than 2 months prior to the assessment. No participants were excluded based on these
criteria (Larsen et al., 2014). For Study 2, an additional inclusion criterion was willingness
to participate in a smoking cessation program (Kong et al., 2015).

Ethics.—Both studies were approved by the Ethical Committee of the Faculty of Social
Sciences, University of Amsterdam, the Institutional Review Board at Yale University
School of Medicine, and participating schools.

Study procedures.

Study 1.: Smokers and nonsmokers were recruited into this study. Research assistants
administered the assessments to each participant within a single session. Participants were
reimbursed for their participation with €5 (NL) or $25 (U.S.).

Study 2.: Research assistants administered the assessments to each participant at baseline
prior to treatment. Eligible participants (see below for smoking criteria) were randomized
into the 4-week smoking cessation intervention where adolescent smokers received weekly
CBT for smoking cessation with either CBM or sham training. Participants could receive up
to €50 (NL) or $180 (U.S.) for their participation.

All measures indicated below were obtained in both Study 1 and 2.

Smoking status at baseline was assessed with an open-ended question inquiring about the
number of cigarettes smoked per day over the last 6 months. Smokers had to report having
smoked at least five cigarettes per day over the last 6 months. Nonsmokers had to report
never smoking a cigarette in their lifetime. We also assessed the number of cigarettes and
days smoked using Time Line Follow Back (TLFB; Sobell, Toneatto, Sobell, Leo, &
Johnson, 1992; Lewis-Esquerre et al., 2005) on a weekly basis during the treatment period in
Study 2. Self-report of not smoking any cigarettes in the last 7 days prior to end of treatment
(EOT) was considered abstinence.

Nicotine dependence was assessed among smokers using the modified Fagerstrdm Tolerance
Questionnaire (MFTQ); Prokhorov, Pallonen, Fava, Ding, & Niaura, 1996). The mFTQ
summed score ranges from 0 to 9 (0-2 = no nicotine dependence, 3-5 = moderate
dependence, 6-9 = high dependence; Farber & Sachs, 2010).

Approach-avoidance bias was assessed using the computerized Smoking Approach
Avoidance Task (S-AAT; Larsen et al., 2014; Watson, Cousijn, Hommel, & Wiers, 2013). In
brief, participants were presented with neutral or cigarette images that were rotated 3° to the
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left or to the right. Participants were instructed to push the stimuli away or pull the stimuli
toward themselves using a joystick depending on the orientation of the image, and not on the
image content. To increase the perception of pulling or pushing, the image decreased in size
if pushed, and increased in size if pulled. A total of 40 images were used (20 smoking-
related, 20 neutral) and each image was presented four times, twice rotated in each direction
(total number of trials /= 160). Reaction times (RT) were measured for each trial. To
correct for outliers, RTs below 200 ms, and more than 3 SD above and below the individual
mean were removed for each participant. Approach and avoidance biases were calculated for
cigarette- and neutral images separately, by subtracting the mean RT for each image type in
the pull condition from the mean RT for the same image type in the push condition. Based
on these values, a mean bias value (bias mean) was calculated by subtracting the bias for
cigarette images from the bias for neutral images. Positive bias mean values indicate that
approach tendencies are stronger than avoidance tendencies.

Impulsivity was assessed with the Barratt Impulsiveness Scale (BIS-11; Patton et al., 1995)
and the Experiential Discounting Task (EDT; Reynolds & Schiffbauer, 2004).

The BIS-11 is a 30-item self-report measure of trait impulsivity. Cronbach’s alpha of the
present sample was acceptable at .75. We used the BIS total score in our analysis (Du et al.,
2016).

The EDT measures participants’ ability to delay gratification. It is a computerized
behavioral measure assessing the rate at which a monetary reward loses its subjective value
depending on the delay and probability with which it is received. In the EDT version used
(Reynolds & Schiffbauer, 2004), participants received the reward at the end of the session.
Monetary rewards were converted into Euros for the Dutch sample. The area under the
discounting curve (AUC) was used to quantify discounting (Myerson et al., 2001). Smaller
AUC values reflect faster discounting and therefore higher impulsivity.

These impulsivity measures were chosen based on our earlier work showing that both
measures were related to smoking cessation outcomes among adolescent smokers
(Krishnan-Sarin et al., 2007; Morean et al., 2015).

Treatment Conditions for Study 2

Cognitive—behavioral therapy (CBT) for smoking cessation was delivered by experienced
therapists with at least a master’s level of education. Therapists followed a manual-guided
protocol (Cavallo et al., 2007; Krishnan-Sarin et al., 2006, 2013). The manual was translated
into Dutch for participating therapists in The Netherlands. All therapists were supervised by
licensed clinical psychologists, and cases were discussed with supervisors on a monthly
basis. Participants received a “preparation to quit” CBT session one week prior to quitting,
and a “pre-quit” session on the day before quitting. Following the “pre-quit” session,
participants had their first CBM or sham training session. CBT therapists were blind to
whether participants received CBM or sham training.

Cognitive bias modification (CBM) training was conducted with a modified version of the S-
AAT described above (Kong et al., 2015). Unlike the S-AAT, 90% of cigarette images were
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presented in the push, and only 10% in the pull condition. The opposite was the case for
neutral images. As in the S-AAT, 40 different images were used (20 cigarette, 20 neutral).
Each CBM session consisted of 260 training trials, during which each image was shown 6.5
times on average. Preceding these training trials, participants completed 15 practice trials,
followed by 25 trials during which only 20 of the images were used (10 cigarette, 10 neutral)
and each image was presented 50% in the pull and 50% in the push condition. In total,
participants completed 300 trials during each session.

Sham training was identical to the S-AAT. Participants receiving sham treatment also
completed a total of 300 trials during each session.

Treatment Outcome Measure for Study 2

As mentioned earlier, smoking status during the treatment period was assessed using TLFB
procedures (Sobell et al., 1992; Lewis-Esquerre et al., 2005). Abstinence was defined as
self-reports of 7-day point prevalence abstinence (7-day PP) at EOT (Hughes, Carpenter, &
Naud, 2010); specifically, participants had to report not having smoked in the last 7 days
prior to the EOT assessment in order to be coded as abstinent.

Data analysis

All data analysis was conducted using IBM SPSS Statistics version 21 (SPSS Inc., Chicago,
IL). All variables were checked for outliers. Scores of both impulsivity measures (EDT, BIS)
and bias mean scores were centered prior to the analyses.

Hypothesis 1.—To examine the first hypothesis, whether impulsivity moderated the
association between approach tendencies and smoking status, we first used #tests and chi-
square tests to evaluate differences in baseline measures between smoking status (smokers
vs. nonsmokers) and site (U.S. vs. Netherlands). Then we conducted separate binary logistic
regressions for both of the impulsivity measures (BIS and EDT). We assessed the influence
of BIS and EDT on smoking status using separate models due to the large number of
predictors relative to sample size. Conducting a single binary logistic regression containing
all variables would have increased the risk of missing predictive variables due to overfitting
the model.

The first logistic regression model tested the effect of BIS and approach tendencies (bias
mean) on smoking status. Smoking status was entered as the dependent variable. Predictor
variables were BIS, bias mean, and the interaction between BIS and bias mean.

The second logistic regression model tested the effect of EDT and bias mean on smoking
status. In this model, smoking status was entered as the dependent variable. Predictor
variables were EDT, bias mean, and the interaction between EDT and bias mean.

In both logistic regression models, age and sex were entered as covariates, as they differed
significantly between smokers and nonsmokers (see Table 1). Additionally, site (U.S. vs.
Netherlands) was entered as covariate, because we found differences in approach and
avoidance tendencies between the two sites in previous analyses (Kong et al., 2015; Larsen
et al., 2014). We also conducted the two logistic regression models described above by
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including the smoking bias scores while controlling for neutral bias scores instead of the
bias mean. We obtained comparable results so we presented the models using the bias mean.

Hypothesis 2.—Similar to the data analysis for Hypothesis 1, for Hypothesis 2, we
examined whether CBM + CBT treatment was more effective for impulsive adolescents by
conducting two binary logistic regressions to examine the predictive value of impulsivity
(BIS and EDT) and treatment condition (CBM vs. sham) on abstinence.

The first logistic regression model tested the effect of BIS and treatment condition on
abstinence. The dependent variable was 7-day PP abstinence. Predictor variables were
treatment condition, BIS, and the interaction between BIS and treatment condition.

The second logistic regression model tested the effect of EDT and treatment condition on
treatment outcome. Again 7-day PP abstinence was entered as the dependent variable.
Predictor variables were treatment condition, EDT, and the interaction between EDT and
treatment condition.

As for Hypothesis 1, site (U.S. vs. Netherlands) was entered as covariate in both logistic
regression models. Additionally, in both logistic regression models, mFTQ was entered as a
covariate, as abstinent and nonabstinent participants differed significantly on this measure
(see Table 1). Because age and sex did not differ significantly between abstinent and
nonabstinent participants (see Table 1), they were not entered as covariates.

Results

Hypothesis 1

Does impulsivity moderate the association between approach tendencies and smoking
status?

See Table 1 for baseline variables. Smokers were significantly older than nonsmokers, {196)
=-2.77, p=.006 and more likely to be male Xz[l, N=198] = 6.83, p=.009). Smokers and
nonsmokers did not differ significantly in baseline BIS total score, bias mean, or EDT.

The logistic regression model showed that the interaction between BIS and bias mean was
not significant, but that BIS was associated with smoking status (p = .05, OR = 1.04; Table
2). There was a 27% increase in odds of being a smoker with a one standard deviation
increase in the BIS score. Although EDT by itself was not predictive of smoking status, the
interaction between EDT and bias mean was significant (p= .03, OR = 0.97; Table 2).

Figure 1 illustrates the direction of the interaction between EDT and bias mean. For post hoc
comparison, we assessed the correlation between EDT and bias mean for nonsmokers and
for smokers, separately. We did not find any significant associations (smokers: r=C215.04; p
=.63; nonsmokers: r=.22; p=.09). We also categorized bias mean into low and high based
on SD (Bias mean high [H11350] Mean + 1 SO, Bias mean low < Mean — 1 SD) and
conducted #tests to examine the difference between EDT and low/high bias mean separated
by smoking status (see Figure 1). There were no differences in EDT scores between
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participants with high bias mean scores and participants with low bias mean scores
(smokers, {24) = -.07, p= .95, and nonsmokers, #9) = .84, p=.42).

Hypothesis 2

Is CBM + CBT treatment more effective for impulsive adolescents?

See Table 1 for baseline variables. Participants in the sham condition were significantly
older than participants in the CBM condition, {58) =—2.016, p = .05. Participants in the two
conditions did not differ significantly in other variables.

Differences Between Abstinent and Nonabstinent Participants

Participants who were abstinent at EOT had lower mFTQ scores at baseline (abstinent (7=
16): M=2.25 (SD=1.31); nonabstinent (n=44): M= 3.08 (SD=1.30); {58) =2.19, p=.
03). Abstinent and nonabstinent participants did not differ in other variables (see Table 1).

The interaction between BIS and treatment condition was significantly related to treatment
outcome (see Table 2). Neither EDT, nor its interaction with condition, were predictive of
treatment outcome (see Table 2).

Figure 2 illustrates the interaction between treatment condition and BIS, separated by
treatment outcome. We further explored the interaction between BIS and treatment condition
using two separate independent sample ftests for abstinent and nonabstinent participants.
For abstinent participants, BIS scores differed significantly between the CBM condition and
the sham condition, with participants in the CBM condition scoring higher, {13) = 2.90, p

= .01, indicating more impulsivity. For nonabstinent participants there was no difference in
BIS scores between the CBM and sham condition, #32) =-1.16, p=.25.

Discussion

The goals of this study were to (a) investigate whether the co-occurrence of higher
impulsivity and stronger approach tendencies toward cigarette-stimuli would increase
adolescents’ odds of being a smoker, and (b) to examine whether impulsive smokers would
benefit more from a smoking cessation treatment that was focused on retraining these
approach tendencies.

Regarding the first hypothesis, we detected a significant interaction between EDT and
approach tendencies, which shows evidence that low impulsivity (as indicated by higher
EDT scores) in the presence of strong approach tendencies is associated with being a
nonsmoker. However, our post hoc analysis did not support this hypothesis. This could be
attributable to our small sample size. Future studies with larger sample sizes should further
explore the possibility of a moderating effect of impulsivity, as measured with the EDT, on
the association between approach tendencies and smoking status.

We further found that more impulsive adolescents, as measured with the BIS, had higher
odds of being smokers independent of their approach tendencies toward cigarette stimuli.
Previous studies also found adolescent smokers to be more impulsive than nonsmokers
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(Lewis et al., 2015; Reynolds et al., 2007; Schepis, McFetridge, Chaplin, Sinha, &
Krishnan-Sarin, 2011). However, in the current study, impulsivity as assessed using the EDT,
was not related to differences in smoking status. This could be attributable to the two
measures assessing different aspects of impulsivity. Earlier studies have shown that
impulsivity is a multidimensional construct with multiple domains, and that behavioral and
self-report measures of this construct do not always measure the same domain (e.g., Meda et
al., 2009). Previous research has also shown that the results of self-report and behavioral
impulsivity measures do not correlate well (Caswell et al., 2015; J. L. White et al., 1994).
Similar to our previous work (Krishnan-Sarin et al., 2007), we did not find a significant
correlation between EDT and BIS (r=.02; p=.84) in the current study. Our findings are
further evidence for the heterogeneous nature of impulsivity and highlight the importance of
considering different impulsivity measures when exploring the effects of impulsivity.

Regarding our second hypothesis, adolescents who were more impulsive on the BIS-11 and
received CBM treatment were more likely to report being abstinent than impulsive
adolescents who received sham treatment. We found no difference in treatment outcome
regarding treatment condition for nonimpulsive adolescents. These findings suggest that
smoking cessation among impulsive adolescents may be supported by training approach
tendencies through CBM.

The finding that CBM differs in efficacy for impulsive and nonimpulsive adolescents
corresponds with findings from previous studies that likewise found differences in treatment
efficacy depending on participants’ impulsivity. Although cognitive—behavioral therapy
(CBT), by itself, appears to be generally less effective for smoking cessation among
impulsive adolescents (Krishnan-Sarin et al., 2007; Wegmann, Biihler, Strunk, Lang, &
Nowak, 2012), contingency management (CM) was found to be more effective at achieving
smoking abstinence among impulsive adolescents (Morean et al., 2015). CM targets
difficulties in delaying rewards by offering money or vouchers as a more immediate reward
for smoking abstinence (Higgins & Petry, 1999). Instead of offering alternative rewards,
CBM is directed at decreasing approach tendencies toward cigarette-stimuli. Decreasing
approach tendencies toward cigarette-stimuli is thought to indirectly decrease the incentive
value associated with cigarettes (Deutsch, Gawronski, & Strack, 2006).

In sum, both CM and CBM target impulsive processes, whereas CBT targets mainly the
reflective processes. Our collective evidence suggests that treatments targeting impulsive
processes appear to be beneficial for smoking cessation among impulsive adolescents.

Surprisingly, we did not find a difference in treatment outcome when EDT was used as an
impulsivity measure. As discussed above, this could be a result of EDT and BIS assessing
different aspects of impulsivity. Future studies that examine the role of impulsivity in
adolescent smoking should continue to use both self-report as well as behavioral measures.
The use of multiple impulsivity measures might not only help to cover all aspects of
impulsivity, but in the long term, further identify these different aspects and their roles in the
development of addictive behaviors.
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Although results of the present study are promising, there are several limitations that should
be acknowledged. First, in the present study, the BIS total scale was used instead of the three
subscales suggested by Patton et al. (1995) separately assessing motor, attentional, and
nonplanning impulsivity. This was done to decrease the total number of predictors in the
logistic regression models to accommodate our limited sample size. It is possible that
subscales of the BIS correlate better with the EDT. This possibility is supported by our
previous work where we found the BIS subscale to be differently predictive of the outcome
of a smoking cessation treatment (Morean et al., 2015).

A further limitation of the present study is that other forms of tobacco use besides
conventional cigarettes, particularly e-cigarette use, were not assessed. However, data
collection took place between June and September 2012 and e-cigarettes, although currently
the most popular tobacco product among adolescents in the U.S., only began to surpass
conventional cigarettes in this age group in 2014 (Singh et al., 2016). Moreover, the
adolescent smokers who participated in these studies were light smokers. While other
research has observed that current adolescent smokers tend to be lighter smokers who smoke
fewer than 5 cigarettes per day (ConstanceWiener, Trickett Shockey, & Morgan, 2016),
future studies with heavier smokers, as well as those who use other forms of combustible
and noncombustible tobacco, are needed. Finally, future larger RCTSs are needed to assess
the main and interaction effects of CBM and impulsivity on biochemically confirmed
smoking cessation outcomes.

In summary, to our knowledge, this study is the first to investigate the effect of impulsivity
on (a) the association between approach tendencies toward smoking stimuli and smoking
status and on (b) the efficacy of a novel smoking cessation treatment employing CBM. Our
results suggest that impulsive adolescents appear to be at a heightened risk for cigarette
smoking, and may benefit from the use of CBM for smoking cessation. Larger scale studies,
potentially also addressing the influence of peer presence on adolescents’ impulsivity, are
needed to further explore the clinical utility of CBM in adolescent smoking cessation
treatments.
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Public Health Significance

This study suggests that approach bias modification, a form of cognitive bias
modification, may be a more effective treatment for impulsive adolescent smokers
compared with nonimpulsive adolescent smokers. This finding supports the importance
of considering the effects of impulsivity on adolescent smoking behavior in the research
of smoking cessation treatments.
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Figure 1.

This figure illustrates the direction of the interaction effect between bias mean and EDT.
Error bars = 95% Confidence interval; EDT = Experiential Discounting Task (area under the
curve; higher scores indicate lower impulsivity); Bias mean high = Mean + 1 Standard
Deviation; Bias mean low < Mean + 1 Standard Deviation.
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This figure illustrates the direction of the interaction effect between treatment condition and
BIS Error bars = 95% Confidence interval; BIS = Barratt Impulsiveness Scale 11 — total
score; 7-day PP = self-report 7-day point prevalence abstinence.
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