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The incentive-sensitization theory (IST) has emerged as a potentially useful theory in explaining substance
addiction. IST postulates that the prolonged use of a substance can alter neural systems that are often involved
in incentive motivation and reward processes, leading to an increased “sensitization” to the substance and
associated stimuli. However, this increased sensitization is thought to mediate only the individual’s craving
of the substance (e.g., their “wanting”), not their enjoyment of the substance (e.g., their “liking”), a process
that may involve unconscious implicit changes in cognitive networks linked to specific substances.
Consequently, IST may better explain the real-world dissonance reported for individuals who want to
accomplish long-term substance cessation but fail to do so, a phenomenon that is common in adolescent
smokers. Thus, the present study aimed to examine the principles of IST in a sample of 154 adolescent ad
libitum smokers (Mage = 16.57, SDage = 1.12, 61.14% male) utilizing ecological momentary assessment.
Data were analyzed utilizing a multilevel structural equation model examining changes in positive affect
(PA), negative affect (NA), and stress from Time 1 (T1) and Time 2 (T2) as a function of smoking and tested
the influence of implicit cognition (specifically, implicit attitudes about smoking [Implicit Association Test
(IAT)]) on these associations. Consistent with the principles of IST, results found a modest significant
negative association between smoking status at T1 and PA at T2 (B = −0.11, p= .047). This association was
further moderated by IAT (B = −0.19, p = .029) and was particularly potentiated at high levels of IAT (B =
−0.44, p < .001), compared to low (B = −0.05, p = .663) or mean levels of IAT (B = −0.25, p = .004).
Findings from this study provide additional support to the principles underlying IST and indicate that, in
adolescents, smoking may result in thwarted PA indicative of a transition from “liking” toward “wanting,”
and this is especially pronounced among those with stronger implicit smoking cognitions.

Public Health Significance
Findings from this study add support to the incentive-sensitization theory as an approach to
understanding tobacco addiction in adolescents. These findings have critical implications for improving
long-term smoking cessation efforts within this population, suggesting that alterations of substance
“wanting” (e.g., a key driver in both prolonged substance use and substance use relapse) may be made
through the modification of implicit smoking attitudes.
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Although there has been a decrease in prevalence in recent years
(Miech et al., 2019; Park-Lee et al., 2022), adolescent tobacco use
continues to be a public health concern. In the United States,
approximately 3.08 million adolescents between the ages of 14 and
18 reported engaging in some form of tobacco use in 2022. Though
recent trends have seen a shift in the popularity of different tobacco
consumption devices, with a high number of adolescents highlighting
electronic cigarettes as their preferred method of tobacco use (i.e.,
“vaping”; Park-Lee et al., 2022), many adolescents still utilize
traditional tobacco cigarettes. Indeed, approximately 16.7% of
adolescents still report prolonged ad libitum (i.e., as desired) use
of traditional tobacco cigarettes (Park-Lee et al., 2022). This is
concerning, as research has consistently found that cigarette smokers
are at an increased risk for a variety of adverse physical and mental
health outcomes (Farrell et al., 1998; Khaled et al., 2012; Lushniak et
al., 2014; U.S. Department of Health and Human Services, 2010).
Unfortunately, adolescent smoking cessation programs are often

ineffective in achieving long-term abstinence (Choi et al., 2002;
Fanshawe et al., 2017; Grimshaw et al., 2003; Hutton et al., 2011;
Turner & Mermelstein, 2004; Villanti et al., 2020). In a systematic
review, Bancej et al. (2007) found that nearly 71% of adolescent
smokers had unsuccessfully attempted to quit smoking at least once in
their lifetime. In fact, most (i.e., 92%) relapsed within 1 year of their
cessation attempt (Bancej et al., 2007). Thus, further examination of
specific factors that may underlie adolescent smokers’ addiction
processes may be critical in improving long-term smoking cessation
efforts within this population.
Many traditional models of addiction suggest adolescents

are particularly vulnerable to positive reinforcement mechanisms
(Cooper et al., 2000; MacPherson et al., 2010) and thus may be
motivated to engage in prolonged or continued substance use to gain
pleasure and enjoyment (Stewart et al., 1984; Thompson & Schuster,
1964; Wise & Bozarth, 1985). More specifically, these models
emphasize the neuroanatomical associations of the mesolimbic
dopamine system in addiction and highlight the importance of the
euphoric or rewarding effects of certain substances (Adinoff, 2004;
Volkow et al., 2019). Specifically, they suggest that hedonic “hot
spots” within the mesolimbic dopamine system can be stimulated
through euphoric reward, thus increasing dopamine neurotransmis-
sion, an individual’s craving or “want” for a substance, and their
overall motivation to continue to use and receive a future reward
(Adinoff, 2004; Robinson&Berridge, 2004). As a result, within these
traditional models, an individual’s “liking” and “wanting” of a
substance occur together as a single underlying process that drives
both motivation and reward approach behaviors that promote
prolonged substance use and addiction.
More recent research, however, has suggested that an individual’s

“liking” and “wanting” of a substance may be two distinct processes
that, although highly linked at the beginning of substance use, may
dissociate from one another over time (Berridge et al., 1989; Berridge
& Kringelbach, 2015; Hobbs et al., 2005; Ostafin et al., 2010), such
that an individual’s craving for a substance may increase over time
without commensurate changes in their overall enjoyment of a
substance. For example, in a recent longitudinal study examining
prolonged alcohol use in a sample of adults, King et al. (2021) found
that, although both participants’ “liking” and “wanting” for alcohol
increased across time as a function of their use, their “wanting”
showed more robust increases.

Robinson and Berridge (1993) were the first to suggest the
possible importance of this dissociation in substance addiction
within their IST (Berridge &Robinson, 2003; Robinson&Berridge,
1993), which postulates that the prolonged use of a substance can
alter the mesolimbic dopamine system, leading to an increased
“sensitization” to the substance and any substance-associated
stimuli, like internal (e.g., affective states) and external stimuli (e.g.,
stressors; Berridge & Robinson, 2003; Swadi, 1999). Importantly,
IST suggests that this increased sensitization to the substance and
any substance-associated stimuli only mediates the individual’s
craving of the substance (e.g., the “wanting”), not their enjoyment of
the substance (e.g., the “liking;”Robinson & Berridge, 1993). Thus,
individuals no longer derive the same euphoric reward or hedonic
pleasure from the substance. As a result, they may engage in
prolonged substance use or develop a substance addiction in a
“chase” to experience the expected positive reinforcing and/or
euphoric effects of the substance that, ultimately, no longer match
the increased craving. However, capturing “wanting” and “liking”
presents some difficulties, as individuals may not be consciously
aware of these related, but discrepant, motivating factors. One way
to operationalize this may be through changes in affective states
following use. For example, increases in positive affect (PA)
following use may serve as a proxy for “liking” at, or after, the
moment of use. In contrast, reductions in PA at, or after, the moment
of use may represent a thwarted reward state in which “liking” has
transitioned. If true, this pattern may be more robust for individuals
with stronger implicit drives for smoking.

Indeed, within the IST, the increased “sensitization” to the
substance and substance-associated stimuli is hypothesized to occur
via unconscious or implicit changes in cognitive networks, including
those related to attentional biases toward substance-associated
stimuli (Waters & Sayette, 2006), as well as implicit motivations,
expectancies, and attitudes (O’Connor & Colder, 2009; Ostafin &
Brooks, 2011; Waters et al., 2007; Wiers & Stacy, 2006). Implicit
attitudes have been implicated in substance addiction (Marhe et al.,
2013), with positive implicit attitudes about a substance being
associated with increased substance “wanting” in both adult and
adolescent samples (Chassin et al., 2010; Dvorak et al., 2018).

Despite the potential utility of IST in understanding substance use
and addiction, little research thus far has specifically examined this
theory in a sample of adolescent smokers (Bradley et al., 2003;
Grigutsch et al., 2019; Parker & Gilbert, 2008), though the theory
has found strong support in adult samples (i.e., in samples of
individuals over the age of 18 years). In the only known study
examining IST and its principles in a sample of adolescent smokers,
Palmeri (2016) asked 570 adolescents (ranging in age from 14 to 16
years) to complete explicit measures of smoking “liking” and
smoking “wanting” across a 2-year period. Overall, the findings of
this longitudinal study provided initial support for the IST and its
principles in this sample, with results demonstrating a strong
dissociation of substance “wanting” and substance “liking” over
time, with participants self-reporting decreased enjoyment from
smoking but increased craving (Palmeri, 2016). However, this study
only examined explicit experiences of “liking” and “wanting,”
which may not fully or comprehensively measure these complex
neurological processes.

Further, no research thus far has examined the principles of IST at
a momentary level. Although incentive sensitization is hypothesized
to develop over an extended period of time via the prolonged use of a
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substance (Berridge et al., 1989; Berridge & Kringelbach, 2015;
Hobbs et al., 2005; Ostafin et al., 2010), the mechanisms through
which this sensitization occurs may manifest at a more momentary
level as a result of dampened or thwarted reward expectations
immediately following the use of the substance. However, this
possibility has yet to be explored empirically.
Given these gaps in the literature, the aim of the present study is to

further examine a microlevel mechanism of the IST of addiction in a
sample of adolescent ad libitum smokers utilizing ecological
momentary assessments (EMAs) of affect, stress, and smoking
status. In addition, the present study aimed to examine the influence
of implicit cognitive processes on these associations. We hypothe-
sized that, following a smoking event, PA would be lower relative to
matched PA that does not follow a smoking event, as adolescents’
expectations of enjoyment from smoking are thwarted. Further, we
expected that this effect would be more pronounced among
individuals with stronger implicit smoking attitudes.

Method

We report how we determined our sample size, all data exclusions,
all manipulations, and all measures in the study. Participants for the
study were from a larger study on adolescent smoking cessation (N =
233; title: EcologicalMomentary Assessment of Adolescent Smoking
Cessation) that was approved by Brown University’s institutional
review board.

Participants

Participants included 154 adolescent ad libitum smokers who had
not yet attempted smoking cessation. Ages of the participants ranged
from 14 to 18 years (M = 16.56, SD = 1.12), and a majority (e.g.,
61.15%) identified as male. Additional descriptive information for
the final sample, as well as information regarding the present study’s
principal variables, can be found in Table 1.

Procedure

Participants were from a larger study on adolescent smoking
cessation (N = 233). Original data collection for this larger study
occurred from December 2007 to April 2011. Participants reported to
the lab for their first session, where they provided informed consent. If
adolescents were between the ages of 14 and 17 years of age, parental
consent was also obtained in addition to participant assent. Further, at
this session, participants were trained to use a palmtop computer (e.g.,
the Teen Electronic Diary [TED]; see Dvorak et al., 2018 for a detailed
description) and were asked to complete several paper-and-pencil
assessments. After several days carrying the TED, they reported back
to the lab to complete the Implicit Association Test (IAT) for smoking.
After completing the IAT lab assessment, participants utilized the TED
while ad libitum smoking to complete measures of momentary affect
and stress at either a self-initiated or random assessment.

Measures

Demographics

Participants completed a demographic questionnaire, which was
used to gather information regarding age, race, and gender identity.

Momentary PA, Negative Affect, and Stress

To measure participants’momentary PA and negative affect (NA),
as well as momentary stress, participants rated current affect and
stress at both smoking assessments and at random nonsmoking
assessments. Specifically, participants were asked to rate the extent to
which they were feeling stressed, sad, irritable, relaxed, fidgety, calm,
excited, and/or cheerful on a Likert-type scale that ranged from 0
(no!!) to 11 (yes!!). PAwas computed using the mean of cheerful and
excited. NA was computed using the mean of sad, irritable, and
fidgety. Stress was computed using the mean of stressed, reverse
relaxed, and reversed calm. A multilevel factor analysis of these three
factors indicated a reasonable fit to the data: χ2(30) = 383.59, root-
mean-square error of approximation, RMSEA = .04, comparative fit
index, CFI = .95, standardized root-mean-square residual,
SRMRwithin = 0.04, SRMRbetween = .08. Internal consistency
estimates for the three indicators in the present sample was adequate
(PA: ωwithin = .72; ωbetween = .90; NA: ωwithin = .83; ωbetween = .84;
stress: ωwithin = .93; ωbetween = .88).

Smoking Status

Smoking status (e.g., whether the participant had smoked prior to
the assessment) was identified via two methods: if the participant
self-initiated a smoking assessment and confirmed that they had
smoked previously (yes/no) and/or if the participant confirmed that
they had smoked previously (yes/no) at a random assessment.

Implicit Smoking Attitudes

To measure participants’ implicit smoking attitudes at baseline,
participants completed the IAT (Greenwald et al., 1998), a task that
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Table 1
Descriptive Statistics for Demographic and Principal Variables

Variable N (%)

Gender
Male 94 (61.15)
Female 60 (38.85)

Race
White/Caucasian 127 (82.47)
Black 3 (1.95)
Asian 1 (0.65)
Multiracial 15 (9.74)
Other 8 (5.19)

Ethnicity
Hispanic 9 (5.84)
Non-Hispanic 144 (93.51)
No response 1 (0.65)

Variable M (SD) Skew (SE) Range

Positive affect 4.88 (2.81) −0.02 0–10
Negative affect 3.01 (2.28) 0.66 0–10
Stress 3.91 (2.58) 0.48 0–10
IAT −0.41 (0.56) 0.16 −.71 to 1.03
mFTQ 4.74 (1.47) −0.09 2–8
Age 16.56 (1.11) −0.31 14–18

Note. All values are between-subject. N = 154; IAT = implicit smoking
attitudes, as measured by the Implicit Associations Test; mFTQ =
Modified Fägerstrom Tolerance Questionnaire; SE = standard error.

INCENTIVE-SENSITIZATION IN ADOLESCENT SMOKERS 3



aims to identify automatic associations between specific concepts
and attributes. For the purpose of the present study, the IAT was
coded using E-Prime (Schneider et al., 2002) and contained seven
unique blocks. Block 1 involved 24 trials of practice categorization
for the target concepts (e.g., smoking/not smoking). Block 2
involved 24 trials of practice categorization for the target attributes
(e.g., good/bad). Block 3 involved 24 trials of a combined
categorization task (e.g., “Task 1”; smoking + good/not smoking +
bad). Block 4 involved another 48 trials of Task 1. Block 5 involved
24 trials of practice categorization for the target concept, but with the
responses in an alternative reverse order (e.g., not smoking/
smoking). Block 6 involved 48 trials of a combined alternative and
reversed categorization task (e.g., “Task 2;” not smoking + good/
smoking + bad). Finally, Block 7 involved another 48 trials of Task
2. A full description of the specific IAT task used in the present
study, including detailed procedures, can be found elsewhere (e.g.,
Dvorak et al., 2018). Importantly, for the present study, a valence
IAT effect (e.g., the strength of the implicit association) was
calculated using an algorithm suggested by Greenwald et al. (2003),
whereby the difference between mean reaction times on Tasks 1 and
2 was divided by the pooled standard deviation of reaction times
across the task. In general, higher IAT scores indicate more a
positive implicit attitude toward smoking, which has been supported
elsewhere in the literature (Cunningham et al., 2001). Internal
reliability of the IAT in the present sample was good, with a split-
half reliability coefficient of .78. Only EMA data collected after the
IAT session were used in the analysis.

Nicotine Dependence

To measure and control participants’ overall level of nicotine
dependence, participants were asked to complete the Modified
Fägerstrom Tolerance Questionnaire (mFTQ; Prokhorov et al.,
1996, 1998). The mFTQ is a seven-item self-report questionnaire
that can be scored to identify nicotine dependence across three
discrete levels of possible dependence. Specifically, total scores of
0–2 suggest no dependence, total scores of 3–5 suggest moderate
dependence, and total scores of 6–9 suggest substantial dependence.
Internal consistency in the current sample was acceptable (α = .65).

Data Preparation and Analysis Plan

Data were structured such that adolescents’ Time 2 (T2) affect
and stress were the dependent variables, with Time (T1, which was
always the assessment just prior) affect and stress as predictor
variables. In addition, smoking status coded as 0 (did not smoke
between the T1 and T2 assessments) or 1 (did smoke between the T1
and T2 assessments) was added as a predictor variable. Interactions
between smoking status, the T1 affect, and stress variables were
created. The timeline of affect/stress and smoking status is depicted
in Figure 1.
A multilevel structural equation model with affect and stress as

the outcome variables was specified in Mplus V. 8.8 (Muthén &
Muthen, 2020). The analyses examined the associations between
smoking and affect at each time point across the day for PA, NA, and
stress at Level 1 (event level). At the within-subjects level, PA, NA,
and stress at T2 were regressed onto matching affect and stress at T1.
In addition, PA, NA, and stress at T2 were regressed onto smoking
status (yes/no) at T1 (the assessment just prior). Next, implicit

smoking attitudes, assessed at Level 2, predicted mean levels of T2
NA, PA, and stress. Finally, cross-level interactions of PA (T1) ×
IAT, NA (T1) × IAT, stress (T1) × IAT, and Smoking × IAT were
added to the model.

Results

Descriptive and Compliance Statistics

Descriptive statistics for the analysis sample can be found in
Table 1. In the larger study that these data were derived from,
participants were asked to carry the TED for 1 week prior to a
cessation attempt and then for 2 weeks following a cessation attempt
(see Roberts et al., 2015). For the present study, only data prior to the
cessation attempt were utilized. As a result, participants in the present
study carried the TED between 1 and 13 days (M = 4.20, SD = 2.23).
In all, participants carried the TED for a total of 1,069 days of
monitoring. During this time, a total of 5,175 random prompts were
planned to be sent to participants. However, due to technological
complications (i.e., battery difficulties and/or data error), a total of
4,839 (i.e., 93.53%) random prompts were ultimately sent.

Overall, participants completed a total of 7,170 assessments (M =
8.60; SD = 3.31; though only 6,160 assessments, nested across
1,069 days and 154 participants, were utilized in the final analysis.
This included a total of 2,905 self-initiated smoking assessments and
4,265 random assessments, yielding a compliance rate of 88.14%.

Primary Analysis

A multilevel structural equation model with affect and stress as
the outcome variables was specified in Mplus V. 8.6 (Muthén &
Muthen, 2020). As previously noted, there were a total of 7,170
ad libitum smoking assessments completed by the participants;
however, given the primary analysis required participants to have
both pre- and postassessments, a total of 6,160 assessments, nested
across 1,069 days and 154 participants, were utilized in the final
analysis.

PA, NA, stress, and smoking status at T1 predicted matching
affect and stress at T2 (see Figure 1). T1 affect and stress were
significantly and positively associated with matching affect and
stress at T2 (PA: B = 0.11, p < .001; NA: B = 0.10, p < .001; stress:
B= 0.09, p< .001). At Level 2, IAT predicted mean affect and stress
and had cross-level interactions with the affect and stress slopes, as
well as the smoking status slope (see Figure 1 structural model).
Consistent with IST, there was a modest negative association
between smoking at the previous assessment, and PA at the next
assessment (B = −0.11, p = .047). This association was moderated
by IAT (B = −0.19, p = .029). PA following a smoking event was
compared to PA that did not follow a smoking event at both high (+1
SD) and low (−1 SD) levels of IAT (see Figure 1 bar graph). At low
levels of IAT, there was no difference in PA as a function of
smoking (B = −0.05, p = .663). However, at mean IAT, PA was
lower after smoking compared to PA that did not follow smoking
(B = −0.25, p = .004). This effect was even more pronounced at
high levels of IAT (B = −0.44, p < .001). IAT did not moderate any
other model effects, and thus these cross-level interactions were
removed. Additionally, there were significant positive associations
of nicotine dependence scores on mean stress (B = .213, p = .007)
and NA (B = 0.227, p = .009), but not PA (B = −0.40, p = .640).
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Discussion

The aim of the present study was to examine principles consistent
with IST at the momentary level within a sample of adolescent
smokers utilizing EMA. Further, the present study also aimed to
examine the influence of implicit cognitive processes on these
associations. In general, there were no significant associations between
smoking status and changes in NA or stress. However, there was a
significant negative association between smoking and changes in PA.
Further, it was found that the negative association between smoking
and changes in PA was further moderated by implicit attitudes about
smoking, such that individuals with stronger implicit attitudes about
smoking experienced lower PA following a smoking event than those
with weaker implicit attitudes about smoking.
Results of the present study add support to previous research that

showed dissociation of substance “liking” and substance “wanting”
over time in smokers and further bolster this theoretical approach in
understanding tobacco addiction and high relapse rate in adolescents.

It may be that some adolescent smokers experience feelings of a
“thwarted reward” following a smoking event; that is, adolescents
may expect to receive some euphoric or rewarding effects as a result
of their substance use (e.g., more PA).When this does not occur, their
levels of PA are lower than in instances when they had not smoked
prior. Thismay result in stronger implicit substance “wanting” as they
continue to seek some concurrent positive reward following their
substance use, thereby reinforcing use patterns. Of note, this thwarted
reward effect was most pronounced among adolescent smokers who
held stronger positive implicit attitudes about smoking, further
highlighting the importance of understanding unconscious or implicit
changes in cognitive networks in substance addiction.

Taken together, these findings have critical implications for
improving long-term smoking cessation efforts within this popula-
tion. Smoking cessation programs for adolescents are often
ineffective in achieving long-term abstinence. The findings of the
present study suggest that alterations of substance “wanting” (e.g., a
key driver in both prolonged substance use and substance use
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Figure 1
Multilevel Structural Equation Model Examining Affect, Stress, Smoking Status, and Implicit Smoking Attitudes About
Smoking

Note. T1 = Time 1; T2 = Time 2. N participants = 154; N observations = 6,101; IAT = Implicit Association Test.
* p < .05. ** p < .01.

INCENTIVE-SENSITIZATION IN ADOLESCENT SMOKERS 5



relapse; Berridge & Robinson, 2003; Robinson & Berridge, 1993,
2004) may be made through the modification of implicit smoking
attitudes. This finding has been supported previously in the literature
(Chassin et al., 2010; Lee et al., 2017); however, further research is
needed to examine both the feasibility of using implicit attitudes as a
treatment target and to develop effective interventions that target this
variable.

Limitations

Although the present study has a number of strengths, including the
use of well-validated measures and ecologically valid data collection
methods, the findings should also be interpreted within the context of
several limitations. First, the present study’s sample was primarily
comprised White, cisgender male adolescent ad libitum smokers who
were preparing for, but not yet engaged in, a cessation attempt. Thus, it
is possible that the results of this studymay not generalize to adolescent
smokers within other ethnic or racial groups, nor to adolescent smokers
who are ultimately not seeking substance abstinence.
Further, the present study only examined adolescent smokers

who utilize traditional tobacco cigarettes. As mentioned previ-
ously, recent trends have seen a shift in the popularity of different
tobacco consumption devices, with a high number of adolescents
highlighting electronic cigarettes as their preferred method of
tobacco use (i.e., “vaping”; Park-Lee et al., 2022). This may hold
special relevance for vaping, as this route of administration has
other sensory attributes (e.g., flavor) that may enhance PA. Thus,
it is unclear whether these findings, as well as the principles of
IST more broadly, apply similarly to adolescents who either only
use or co-use e-cigarettes. Future research may want to specifically
examine, or at least control for, the use of this unique tobacco
consumption device/modality.
Additionally, the present study aimed to examine the principles of

IST but did not use explicit or implicit measurements of “liking” and
“wanting.” Instead, the present study aimed to examine these
principles by examining changes in affect as a function of smoking.
Although measurements of affect pre- and post-substance consump-
tion have been used in previous literature as an approximation for
substance “liking” (Nguyen et al., 2021; Tibboel et al., 2015), it is
possible that it may not fully be capturing substance “liking.” Future
research may want to use other measures or methods to better
examine the complex neurological processes highlighted by IST. For
example, Grigutsch et al. (2019) utilized two newly developed
variants of the IAT (specifically, a “liking” IAT and a “wanting” IAT)
to examine IST in a sample of adult smokers.
Finally, the accuracy of and compliance with assessments within

the present study may have been impacted by the timing of smoking
behavior (e.g., before, while, or after smoking) as well as having to
carry an additional electronic device throughout the day. Future
studies should consider including anchors to assess when smoking is
taking place during assessments and additionally consider utilizing a
more sophisticated EMA system that can send messages via text
messaging to eliminate the burden of, and associated limitations of,
carrying an extra device.

Summary and Conclusions

This study examined the effects of prior smoking on momentary
PA, NA, and stress among adolescent smokers. The results indicate

that smoking is associated with lower rates of PA but not NA or
stress, which may be indicative of thwarted reward, a phenomenon
consistent with a decoupling of “liking” and “wanting” that drives
drug motivation (e.g., craving). This association was more robust
among those with stronger implicit smoking cognitions. These
findings highlight the importance of understanding implicit changes
in cognitive networks in substance addiction.
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