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A B S T R A C T

Background: Mandating a reduction in the nicotine content of cigarettes to a minimally addictive level could
dramatically reduce smoking rates in the US. However, little is known about the effects of reduced nicotine
content cigarettes in adolescents.
Methods: Following overnight abstinence, adolescent daily smokers (ages 15–19, n=50) reported on their
craving, withdrawal, and positive and negative affect pre- and post- ad lib smoking of one cigarette containing
varying nicotine content (15.8, 5.2, 1.3 and 0.4 mg/g of tobacco) in the laboratory and reported their subjective
evaluations of each cigarette. Carbon monoxide (CO) boost from pre- to post-cigarette was calculated to de-
termine if lower-nicotine cigarettes led to differential acute changes in toxicant exposure.
Results: All four nicotine cigarette types significantly reduced abstinence-induced craving, withdrawal, and
negative affect (all p’s < .05). Mixed models evaluating the effect of nicotine content, with nicotine dependence
level and gender included as covariates, revealed a significant effect of nicotine content on craving and sub-
jective evaluations: higher nicotine content resulted in greater reductions in craving and increases in both po-
sitive and negative subjective evaluations. There were no significant effects of nicotine dose on withdrawal
symptoms, negative affect, or CO boost.
Conclusions: These results suggest that lower nicotine cigarettes might result in reduced abuse liability compared
to higher nicotine content cigarettes due to reduced positive subjective effects, while still reducing withdrawal,
in adolescents. These results highlight the potential feasibility of this policy approach and support continued
research on how a nicotine reduction policy may affect adolescent smoking patterns.

1. Introduction

Cigarette smoking is one of the leading causes of preventable death
worldwide (World Health Organization (WHO, 2015), and smokers on
average lose ten years of life expectancy compared to nonsmokers
(Thun et al., 2013). The vast majority of adult cigarette smokers begin
smoking in adolescence (USDHHS, 2013) and early smoking onset is
correlated with increased dependence and greater risk for smoking-re-
lated disease and death (Jha et al., 2013; Kendler et al., 2013; Marshall
et al., 2006). As of 2016, 18.2% of high schoolers in the United States
had ever tried cigarettes (Johnston et al., 2017). While recent data
indicate that adolescent daily smoking is at its lowest recorded levels
(Johnston et al., 2017), current rates of use remain unacceptably high,
particularly in certain subgroups of vulnerable youth. Given the po-
tential toll of cigarettes on youth, novel public health policy initiatives

that can reduce smoking in all adolescents are warranted.
With the 2009 passage of the Family Smoking Prevention and

Tobacco Control Act (FSPTCA), the Food and Drug Administration
(FDA) acquired regulatory jurisdiction over tobacco products, including
the authority to reduce, although not eliminate, nicotine in cigarettes to
a minimally-addictive level (United States Congress, 2009). Recently
the FDA announced its intention to pursue such a policy (Gottlieb and
Zeller, 2017). Reducing levels of nicotine to below the threshold that
can maintain addiction has the potential to impact the pattern of ci-
garette smoking over the lifetime (Benowitz and Henningfield, 2013).
For first-time smokers, very low nicotine content (VLNC; 2.5 mg/g ni-
cotine or less) cigarettes may be less addictive, which may result in
fewer youth who experiment transitioning from occasional to daily
smoking; for young and adult current smokers, VLNC cigarettes could
facilitate abstinence from smoking (Donny et al., 2015).
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As discussion of a nicotine reduction policy for cigarettes moves
forward, it is important to consider potential consequences for current
smokers. Two important considerations are the potential for discomfort
from acute nicotine withdrawal that smokers might experience when
nicotine levels are reduced, and the potential abuse liability of VLNC
cigarettes that would minimize progression and facilitate cessation of
smoking. Among adult smokers, VLNC cigarettes have been shown to
acutely reduce withdrawal symptoms, craving, and negative affect in
the laboratory, indicating that withdrawal is alleviated by VLNC ci-
garettes in adults (Butschky et al.,1995; Higgins et al., 2017). Effects of
VLNC cigarettes on withdrawal may be due, in part, to the conditioned
reinforcing effects of sensorimotor smoking cues that have been re-
peatedly paired with nicotine delivery (Rose and Levin et al., 1991).

Abuse liability can be measured by asking about subjective effects of
cigarette use, as positive subjective evaluations may indicate greater
abuse liability (Schoedel and Sellers, 2008). Adults show dose-depen-
dent effects of nicotine content on subjective responses to cigarettes
under acute smoking conditions. For example, when comparing three
nicotine doses in cigarettes (11.4–12.8 mg/g 5.7–5.8mg/g, and 0.4 mg/
g) in a single laboratory session, adults rated higher-nicotine content
research cigarettes as having significantly more psychological reward,
satisfaction, enjoyment of sensations, and craving reduction than VLNC
cigarettes (Hatsukami et al., 2013). In another recent study comparing
acute responses to several doses of nicotine (15.8, 5.2, 2.4 and 0.4 mg/
g) in research cigarettes in the laboratory, VLNC cigarettes were rated
as less satisfying than normal-nicotine content (NNC) cigarettes; simi-
larly, higher dose was associated with greater reinforcing efficacy both
when measured behaviorally and using hypothetical measures (Higgins
et al., 2016, 2017).

However, relatively little is known about the potential effects of
reducing nicotine content in cigarettes, including the potential for
VLNC cigarettes to alleviate withdrawal and the abuse liability of these
cigarettes for adolescent smokers. Compared to adults, adolescents are
more likely to be lighter or intermittent smokers (Colby et al., 2000a;
Mermelstein et al., 2002); however, they tend to be less responsive to
empirically-supported cessation interventions (Colby and Gwaltney,
2007). Like adult smokers, adolescent smokers experience significant
negative effects of smoking abstinence such as withdrawal symptoms,
craving to smoke, and increased negative affect, and these effects are
reversed with smoking reinstatement (Bidwell et al., 2013; Colby et al.,
2010). Furthermore, given their shorter smoking histories, adolescents
may be less sensitive than adults to the effects of smoking-associated
sensorimotor cues. Thus, the conditioned reinforcing effects of VLNC
cigarettes, which effectively buffer the effects of nicotine reduction on
withdrawal symptoms and craving in adults (e.g., Higgins et al., 2017),
may be less effective at buffering these effects in adolescents.

In one laboratory study of adolescent smokers age 15–18, both ni-
cotine-containing and denicotinized cigarettes (0.06 mg/g of nicotine)
acutely reduced negative affect, and this effect was stronger in parti-
cipants with greater nicotine dependence (Kassel et al., 2007a,b). In a
recent double-blind, within-subjects study with young adult smokers
(ages 18–25; M age=22), responses to four doses (corresponding to
approximately 15.8, 5.2, 1.3 and 0.4 mg/g of tobacco) of nicotine in
research cigarettes were compared. Young adult smokers rated the
highest nicotine content cigarettes as more satisfying than the lower
doses; however, there were no significant effects of nicotine dose on
withdrawal and craving (Faulkner et al., 2017). To date no studies have
compared effects of different doses of nicotine in cigarettes on craving,
withdrawal symptoms or subjective effects indicative of abuse liability
in adolescents, and basic questions about the effects of nicotine in ci-
garettes in adolescents are unanswered.

The aim of this study was to investigate the effects of varying ni-
cotine content in cigarettes (15.8, 5.2, 1.3 and 0.4 mg/g of tobacco) on:
(1) abstinence-induced withdrawal symptoms, craving, and negative
affect; and (2) positive and negative subjective evaluations of cigarettes
in adolescent daily cigarette smokers, using a within-subjects

experimental design, we also explored differences in carbon monoxide
(CO) boost pre-to post-smoking as an exploratory aim to determine if
reducing the level of nicotine would lead to acute changes in toxicant
exposure, which may occur if adolescents were to inhale more deeply or
more frequently at lower doses (Kassel et al., 2007a,b). The four nico-
tine conditions were tested in four separate laboratory sessions, in
counterbalanced order, following overnight abstinence. We chose these
doses to provide a control dose (15.8mg/g) that contains roughly the
same amount of nicotine as a commercial cigarette; a dose (5.2 mg/g)
that was hypothesized to be above the reinforcing threshold; and two
doses below the hypothesized threshold (1.3 mg/g and 0.4mg/g) to
determine if differential effects on behavior were evident at these very
low levels in this population (Donny et al., 2015). The lowest dose
tested results in a nicotine yield of ∼0.04mg, which is effectively de-
nicotonized; however, because the FDA does not have the authority to
reduce nicotine content in cigarettes to zero (US Congress, 2009),
testing the effects of a completely nicotine-free cigarette would not be
informative for tobacco regulation.

2. Materials and methods

2.1. Recruitment, screening, and consent

Participants were recruited from Rhode Island and surrounding
areas via Craigslist, Facebook, Instagram, local bus advertisements, and
informational tables set up at schools during lunchtime and at various
other community events. Interested adolescents called the research
office and were read a short script with information about the study. If
they remained interested in participating, they were asked to complete
a brief, confidential telephone screening interview to establish elig-
ibility. If adolescents were recruited in-person, they had the option to
self-administer an identical screening questionnaire using an iPad.

The screening questionnaire asked about demographics, past six-
month cigarette use, past 30 day frequency of other tobacco/nicotine,
alcohol, and other drug use, and plans to quit smoking. If the partici-
pant met eligibility criteria and remained interested in participating in
the study, the study staff asked permission to contact the participant’s
parent (minors only) and asked for contact information. Research staff
then called the parent and described the study; if the parent verbally
consented to their child’s participation, a parental consent form was
mailed to the parent to sign (and one to keep). Minor participants were
required to bring the signed consent form to their first session to par-
ticipate. During the initial baseline session, minor participants com-
pleted an informed assent process and signed a written assent form.
Participants over 18 provided their own written consent. All study
procedures were approved by the Brown University Institutional
Review Board.

2.2. Eligibility criteria

To be eligible at screening, adolescents were required to be 15–19
years old, to have smoked at least one cigarette per day on 28 of the last
30 days determined by the Timeline Followback and to be self-reported
established daily smokers (for at least the last six months) assessed by
the Tobacco Use History Questionnaire (see Section 2.7 below). Parti-
cipants had to be able to read and write in English. Those who were
pregnant, seeking treatment for smoking, planning to quit in the next
30 days, or reported daily alcohol or drug use were excluded (to
maximize generalizability to typical adolescent smokers, daily mar-
ijuana use was permitted; recent research has shown that the majority
of adolescent smokers also use marijuana frequently (Rubinstein et al.,
2014)). Those who reported past 30-day suicide plan or attempt were
excluded after speaking with the study clinician. At the baseline session,
all of the above criteria were re-assessed in person, and pregnancy tests
were administered to female participants. Participants were excluded
for failing to meet any of the above criteria. In addition, participants
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were required to provide a breath CO of greater than 6 ppm. If they did
not, their urine was checked via NicAlert for the presence of cotinine
(reading of 3 or higher, indicative of recent smoking, required to par-
ticipate).

2.3. Research cigarettes

All cigarettes tested were Spectrum research cigarettes (22nd
Century Group, Inc.), which are produced for the National Institute on
Drug Abuse (NIDA; NOT-DA-14-004). The four doses tested in the
current study contained 15.8, 5.2, 1.3 and 0.4mg of nicotine per gram
of tobacco, and all tar yields were 9 ± 1.5mg. These correspond to
roughly 0.8mg, 0.26mg, 0.07mg and 0.03mg yield of nicotine per
cigarette. All doses of research cigarettes were available in menthol and
nonmenthol versions, and participants were assigned research cigar-
ettes that corresponded to the menthol status of their usual brand.

2.4. Baseline session

At the initial session, participants completed a battery of inter-
viewer- and self-administered questionnaires and behavioral measures
(described below). If participants remained eligible after this visit, their
next four experimental sessions were scheduled.

2.5. Experimental sessions

2.5.1. Abstinence criteria
Before each of the four experimental sessions, participants were

asked to abstain from smoking cigarettes and (if applicable) marijuana,
beginning at 10 PM on the night prior to the study session. Abstinence
was confirmed via a breath CO level ≤6 ppm or a 50% or greater de-
crease from their baseline CO reading; if participants did not meet the
CO criteria, the instructions were explained again and the session was
rescheduled. Participants were also asked to sign a written statement
that they had not smoked cigarettes or marijuana since 10 PM the night
before, and had not consumed caffeine in the last hour (as caffeine
consumption could interfere with perception of nicotine withdrawal
symptoms; Swanson et al., 1994; Treloar et al., 2014).

2.5.2. Procedure
At all experimental sessions, participants completed a battery of pre-

cigarette assessments (described below) and were then instructed to
smoke a single research cigarette through a smoking topography mea-
surement device.1 The order of dose across sessions was counter-
balanced. Within five minutes after finishing the cigarette, participants
completed the post-cigarette assessments.

2.6. Compensation

Participants were compensated $25 for completing the in-person
screening/baseline session, regardless of eligibility, and $35 for each
experimental session completed. A completion bonus of $100 was given
to participants who complete all four sessions. The total possible
compensation was $265.

2.7. Baseline measures

Expired breath CO level, a reliable and valid assessment of recent
smoking, was measured using a Smokerlyzer ED50 CO meter (Bedfont
Instruments). Baseline saliva samples were analyzed (Salimetrics, LLC)
for cotinine, a sensitive and specific measure of nicotine exposure
(Hukkanen et al., 2005; Scherer et al., 2007). Participants provided
demographic information, including date of birth, sex, grade in school,

race and ethnicity, via self-administered questionnaire. Depressive
symptoms were measured using the Center for Epidemiological Studies-
Depression questionnaire (CES-D; Radloff, 1991). Participants reported
their past-month cigarette, alcohol, marijuana and other tobacco use
using a Timeline Follow Back (TLFB; Lewis-Esquerre et al., 2005).
Baseline dependence was measured via the Modified Fagerström Tol-
erance Questionnaire (mFTQ), which has been adapted for use in
adolescent populations from the Fagerström Test for Nicotine Depen-
dence; items include cigarettes smoked per day, how soon after waking
the participant smoked, and whether they find it difficult to abstain
from smoking when they are not able to smoke (Heatherton et al., 1991;
Prokhorov et al., 1996).

2.8. Experimental measures

Before and after smoking, nicotine withdrawal symptoms were
measured using the Minnesota Nicotine Withdrawal Scale (MNWS;
Hughes and Hatsukami, 1986), on which individuals rate seven with-
drawal symptoms (anger/irritability/frustration, anxiety/nervousness,
difficulty concentrating, impatience/restlessness, hunger, depression,
cigarette craving) using a 5-point scale (none, slight, mild, moderate,
severe); the possible range is 7–35. Craving was assessed via the Brief
Questionnaire on Smoking Urges (QSU) on which 10 items are rated on
7-point scales; Factor 1 assesses the positive reinforcement aspects of
smoking, including desire to smoke; and Factor 2 assesses the negative
reinforcing aspects of smoking, including relief from withdrawal (Cox
et al., 2001; Tiffany and Drobes, 1991); the possible range is 1 to 7.
Negative affect was assessed via the Positive and Negative Affect Scale
(PANAS), on which 10 positive and 10 negative items are rated on 5-
point scales (Watson et al., 1988); the possible range is 10–50. Expired
breath CO was also measured before and after smoking each cigarette
(CO Boost).

Subjective responses to cigarettes were assessed post-smoking via
the modified Cigarette Evaluation Scale (mCES), which contains 12
items rated on a 0–6 point Likert scale from ‘not at all’ to ‘extremely’
(Arger et al., 2017; Cappelleri et al., 2007). The mCES is comprised of
several subscales: Smoking Satisfaction (e.g., did you enjoy smoking?),
Psychological Reward (e.g., did smoking make you feel less irritable?),
Aversion (e.g., did smoking make you nauseous?), Enjoyment of Re-
spiratory Tract Sensations (single item; did you enjoy the sensations in
your throat and chest?) and Craving Reduction (single item; did
smoking immediately relieve your craving for a cigarette?).

2.9. Data analysis plan

All demographic variables were summarized using descriptive sta-
tistics. Pre-and post-smoking measures of craving, withdrawal and ne-
gative affect were plotted as means. In all reported analyses, effects of
cigarette condition on pre-post difference scores (post- minus pre-
score) were tested. Modified CES data were also summarized and
plotted using descriptive statistics. For all outcomes, we then used a
multi-level modeling approach to examine the effects of nicotine con-
tent and included nicotine dependence (mFTQ score, centered on the
grand mean) and sex in the models based on studies showing that these
variables affect responses to cigarettes varying in nicotine content
(Kassel et al., 2007a,b; Perkins and Karelitz, 2015). The first level of the
model predicted each outcome as a function of cigarette nicotine yield
within-person, while the second level modeled the effects of person-
level covariates on both initial value of the outcome and sensitivity to
changes in nicotine content. Sex and dependence were included as time-
invariant predictors of both initial status and rate of change across ni-
cotine level2. We chose this regression-based approach in order to best

1 Topography measures not reported due to intermittent equipment failure.

2 Age was tested but ultimately excluded due to insufficient range and potential mul-
ticollinearity with dependence.
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model the potential magnitude effects of nicotine in cigarettes, by
conceptualizing the effects as a continuous measure rather than a
comparison means across doses while robustly modeling both across-
and within-subject change (Singer and Willett, 2003). All analyses were
conducted using HLM Version 7 for Windows (SSI Inc). Tests of sig-
nificance were considered significant at p≤ .05.

3. Results

A total of 195 adolescents were phone screened and 120 (61.5%)
were eligible. Of these, 88 participants (73%) completed an in-person
screening/baseline session. Of these 88, 55 were confirmed eligible
(62.5%). Of the 55 participants who were eligible at baseline, four
withdrew voluntarily prior to the first experimental session, and one
participant was withdrawn by the PI for excessive rescheduling; leaving
50 participants who completed all sessions. Characteristics of the final
sample can be found in Table 1. Participants did not differ by gender on
any demographic variables.

3.1. Effects of nicotine dose on withdrawal, craving and negative affect

Fig. 1 shows pre- and post-smoking measures of withdrawal symp-
toms (MNWS), craving (QSU Factor 1 and Factor 2) and negative affect
(PANAS negative affect scale). Table 2 shows the results of the mixed
models examining the effect of dose on the pre- to post-smoking dif-
ference score calculated for each of these outcomes, whereby a negative
value indicates a decrease in the symptom after smoking and a higher
absolute value corresponds to greater change. CO boost is expressed in
parts per million, and a positive change indicates an increase in CO
from pre- to post-smoking. A significant outcome for the intercept
factor (initial status) indicates that the intercept of the model was sig-
nificantly different from 0. The slope refers to the effect of dose, with a
significant slope factor indicating that there was a significant change in
slope across nicotine yield (Singer and Willett, 203). For withdrawal
(MNWS), negative affect (PANAS NA scale) and CO boost, no main
effect of dose was evident. For craving (QSU), however, a main effect of
dose was evident for both QSU Factor 1 and Factor 2 such that greater
nicotine dose yielded greater reduction in craving (see Fig. 1). There
was a significant interaction between baseline dependence (mFTQ) and
QSU Factor 2, such that adolescents of both sexes with higher depen-
dence were more likely to show a stronger decrease in craving in re-
sponse to higher doses of nicotine.

3.2. Effects of nicotine dose on subjective responses

Fig. 2 shows the observed values of the effects of nicotine dose on
subscales from the Cigarette Evaluation Scale. Table 3 shows the results

of the mixed models examining the effect of dose on each subscale. A
main effect of dose was found for all subscales, such that smoking ci-
garettes with greater nicotine content resulted in more smoking sa-
tisfaction, psychological reward, craving reduction, enjoyment of re-
spiratory sensations, and aversion. There was a significant interaction
between nicotine dose and sex on enjoyment of respiratory tract sen-
sations, such that males showed greater enjoyment of respiratory sen-
sations at higher nicotine contents than females.

4. Discussion

As the FDA considers mandating a reduction in the maximum al-
lowable amount of nicotine in cigarettes to make them less addictive
(Food and Drug Administration (FDA, 2017), basic questions remain
about how reducing nicotine levels in cigarettes may affect young
people. To our knowledge, this is the first study to directly test the
effects of different levels of nicotine in cigarettes on responses to ci-
garettes in adolescents, with the goal of informing regulatory policy.
The current study demonstrated that, in adolescent daily smokers,
withdrawal symptoms, craving and negative affect were all reduced by
smoking cigarettes containing varying levels of nicotine. We did not
find that reductions in withdrawal and negative affect varied sig-
nificantly with nicotine content, whereas reductions in craving were
dose-dependent, with higher doses of nicotine having a greater effect on
craving reduction than lower doses. Further, we found that for negative
reinforcement aspects of craving, as measured by Factor 2 on the QSU,
adolescents with higher dependence showed a greater decrease in
craving at higher nicotine levels than those with lower dependence.
This indicates that level of dependence may affect the extent to which
VLNC cigarettes can alleviate craving for negative reinforcing effects of
cigarettes (i.e., craving to smoke in order to reduce withdrawal dis-
comfort) in adolescent smokers. In terms of subjective evaluations, ci-
garettes with higher nicotine content were rated as more satisfying,
more psychologically rewarding, producing greater enjoyment of re-
spiratory sensations, more aversive, and more effective for reducing
craving than cigarettes with lower nicotine content. Nicotine content
did not affect CO boost, indicating that lower levels of nicotine did not
result in compensatory increases in smoke intake.

Our pattern of findings is consistent with recent findings from young
and older adult smokers undergoing similar experimental procedures
(Faulkner et al., 2017; Higgins et al., 2017). As in those studies, effects
were modestly dose dependent, and effects such as withdrawal showed
a nonsignificant trend that might be significant in a larger sample and/
or with longer exposure. As with these acute studies in young and older
adults, our findings should be interpreted in the context of several
limitations. The most significant is that this study only compares the
effects of acute exposure to each nicotine content in the laboratory.

Table 1
Participant Characteristics by gender (n= 50).

Variable Female (n= 25) M (SD) Male (n= 25) M (SD)

Age 17.7 (1.0) 17.7 (1.1)
Race 48% White, 2% Pacific Islander, 16% Black, 8% Asian4%

American Indian/Alaskan Native, 5% mixed race
60% White, 4% Black, 28% Asian, 4% American
Indian/Alaskan Native, 1% mixed race

Menthol Status 48% Menthol 40% Menthol
Average Cigarettes per Day 7.9 (4.4) 8.6 (4.8)
Modified Fagerström Tolerance Questionnaire score 4.4 (1.6) 4.0 (1.5)
Salivary cotinine (ng/mL) 198.4 (144.0) 240.4 (159.3)
CESD score 12.4 (9.1) 12.4 (9.7)
CO (ppm) 10.6 (7.9) 11.8 (6.5)
Age at First Cigarette in years 14.2 (2.3) 14.1 (2.6)
Age of Onset of Daily Smoking in years 16.0 (1.7) 16.0 (1.7)
Number of Participants Reporting any Marijuana use 13 17
Average Marijuana Use (Days out of past 30) Among

Those Reporting Use
10.0 (10.46) 8.0 (11.8)

Note. CO refers Carbon Monoxide. CESD refers to the Center for Epidemiological Studies Depression questionnaire score.

R.N. Cassidy et al. Drug and Alcohol Dependence 188 (2018) 153–160

156



Fig. 1. Pre- and Post-smoking measures of abstinence symptoms as a function of nicotine yield. Error bars represent standard error of the mean. MNWS refers to the
Minnesota Nicotine Withdrawal Scale (possible range 7–35). QSU refers to the Questionnaire on Smoking Urges. PANAS Negative refers to the Positive and Negative Affect
Scale measure (possible range 1–7), Negative Affect subscale (possible range 10–50). All pre-post comparisons are significant (p’s < .05).

Table 2
Multilevel model of abstinence-induced outcomes across dose.

Predictor Withdrawal MNWS Craving QSU F1 Craving QSU F2 Negative Affect PANAS CO Boost ppm

B SE B SE B SE B SE B SE

Intercept −4.41** 0.52 −1.95** 0.26 −1.2** 0.16 −1.78** 0.44 4.26** 0.49
Baseline Dependence1 −0.52 0.38 −0.03 0.10 −0.04 0.08 −0.11 0.24 0.13 0.26
Sex2 −1.75 1.09 −0.10 0.36 −0.27 0.28 −1.90 0.83 −0.29 0.78

Slope
Dose3 −0.98 1.23 −1.3** 0.42 −0.59** 0.25 −1.6 1.24 −0.13 0.62
Dependence x Dose −0.38 0.45 −0.31 0.17 −0.42** 0.11 −0.46 0.51 −0.04 0.51
Gender x Dose 2.14 1.68 0.82 0.59 0.29 0.34 2.39 1.71 1.60 1.01

Note. All outcomes except CO boost are expressed as difference scores (post-pre smoking score); negative values indicate a decrease from pre- to post-smoking. MNWS
refers to the Minnesota Nicotine Withdrawal Scale. QSU F1 and QSU F2 refer to the Questionnaire on Smoking Urges Factor 1 and 2, respectively. PANAS refers to the
Positive and Negative Affect Scale. CO boost is presented in parts per million (ppm) from pre- to post-smoking, positive values represent an increase in CO. Statistical
significance is denoted by bold text.

1 Baseline Dependence was mean-centered across participants.
2 Sex was entered with males as the referent category.
3 Dose was entered in to the model as nicotine yield per cigarette dose level.
** p < .01.
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Each participant was presented with each cigarette only once, and
under abstinence conditions. No dose information was given (admin-
istration was under double-blind conditions), and the doses were not
compared concurrently. It is very likely that longer exposure to these
cigarettes under naturalistic conditions, as in other clinical trials with
adults (Donny et al., 2015), would better approximate how adolescent
smoking behavior would change in response to a national policy of
nicotine reduction. We currently have such a study underway with
adolescents (NCT02587312). Further, in the current study we relied
mainly on subjective measures as an index of abuse liability, rather than
using a behavioral choice procedure. Future studies can use such
paradigms to determine behavioral preference and other indices of
abuse liability in this population.

We did not exclude daily marijuana smokers from our sample in
order to enhance generalizability due to the high rates of marijuana use
in this population (N=6 participants who reported smoking on 28 out
of the last 30 days); however, as we also asked participants to abstain
from marijuana use overnight in order to ensure a decreased CO value,
this may have differentially impacted their withdrawal reports. The
within-subjects nature of the design mitigates this concern, however, as

all participants experienced all doses. Another potential limitation is
the nature of the sample itself, which included only daily smokers.
Compared with adults, adolescents tend to be lighter and more inter-
mittent smokers on average, and therefore the severity of withdrawal
across the sample is highly variable, though adolescents do report
withdrawal even at low levels of smoking during laboratory abstinence
protocols (Colby et al., 2000b). In general, smoking in adolescent
samples is more heterogeneous than that of adult samples, as adolescent
trajectories of smoking differ both within and across individuals
(Hampson et al., 2013; Orpinas et al., 2016). Further, many adolescents
are nondaily smokers (Rubinstein et al., 2014); therefore, this study
may not generalize to this group; this study also does not inform in-
itiation of use in adolescents. On the other hand, the results of this study
are relevant to adolescent smokers who are most at risk for continuing
to smoke into adulthood, i.e., those who are daily smokers. Further-
more, we controlled for cigarette dependence in our analyses, and did
not find significant interactions between dependence and nicotine
content in the current sample, with the exception of the QSU Factor 2
craving subscale as noted above. The heterogeneity of adolescent
smoking trajectories highlights the need for research specifically on

Fig. 2. Modified Cigarette Evaluation Scale subscale outcomes as a function of nicotine yield. Error bars represent standard error of the mean. Asterisks represent a
significant effect of dose.

Table 3
Multilevel model of the modified Cigarette Evaluation Subscale outcomes across dose.

Predictor Psychological Reward Smoking Satisfaction Enjoyment of Respiratory Tract Sensations Aversion Craving Reduction

B SE B SE B SE B SE B SE

Intercept 2.23** 0.18 2.46** 0.25 2.43** 0.31 0.46** 0.13 2.12** 0.24
Baseline Dependence 0.17 0.10 0.02 0.12 −0.03 0.13 0.07 0.07 −0.08 0.12
Sex −0.27 0.28 0.19 0.38 0.23 0.43 0.17 0.22 −0.21 0.35

Slope
Dose1 0.69* 0.32 1.44** 0.36 1.54** 0.40 0.84** 0.28 1.55** 0.49
Dependence x Dose 0.16 0.14 0.27 0.19 0.36 0.23 −0.19 0.09 −0.07 0.25
Sex x Dose −0.72 0.46 −1.09 0.57 −1.82** 0.63 −0.51 0.40 −0.95 0.71

Note. Statistical significance is denoted by bold text. Baseline Dependence was mean-centered across participants.
1 Dose entered in to the model as nicotine yield per cigarette.
* p < .05.
** p < .01.
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adolescent populations, as results generated with adult populations
cannot always be assumed to generalize to adolescents. As vast majority
of adult cigarette smokers begin smoking in adolescence (USDHHS,
2013), it is essential to investigate adolescents’ responses to potential
tobacco control policies.

In sum, the current data provide preliminary evidence that nicotine
reduction would be unlikely to have differentially adverse effects on
adolescent smokers. All doses of nicotine in the research cigarettes,
including the VLNC cigarettes, were able to reduce symptoms of with-
drawal, craving and negative affect in study participants. Subjectively,
adolescents did not rate VLNC cigarettes as very satisfying, suggesting
that they may be likely to have a lower abuse liability than traditional
cigarettes. Finally, smoking VLNC cigarettes did not result in an acute
increase in CO exposure. This acute laboratory study, while not mi-
micking real-life conditions, is an important first step to establish acute
safety and tolerance in this vulnerable population before moving to
longer-term exposure studies that will more directly inform FDA policy.
These promising results will help regulatory agencies evaluate the
feasibility of a nicotine reduction policy and how it may affect ado-
lescent smokers.
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