
Nicotine and Tobacco Research, 2023, 25, 918–927
https://doi.org/10.1093/ntr/ntac279
Advance access publication 9 December 2022
Original Investigation

Received: May 6, 2022. Revised: November 13, 2022. Accepted: December 5 2022.
© The Author(s) 2022. Published by Oxford University Press on behalf of the Society for Research on Nicotine and Tobacco. All rights reserved. For 
permissions, please e-mail: journals.permissions@oup.com.

The Impact of Reducing Nicotine Content on Adolescent 
Cigarette Smoking and Nicotine Exposure: Results From a 
Randomized Controlled Trial
Rachel N. Cassidy PhD1, , Jennifer W. Tidey PhD1, Kristina M. Jackson PhD1, Patricia A. Cioe PhD1, 
Sharon E. Murphy PhD2, Suchitra Krishnan-Sarin PhD3, Dorothy Hatsukami PhD2, , 
Suzanne M. Colby PhD1,

1Center for Alcohol and Addiction Studies, Brown University, Providence, RI, USA
2Masonic Cancer Center, University of Minnesota, Minneapolis, MN, USA
3Tobacco Center of Regulatory Science, Yale University, New Haven, CT, USA
Corresponding Author: Rachel N. Cassidy, PhD, Center for Alcohol and Addiction Studies, Brown University, Box G-S121-5, Providence, RI 02903, USA. 
Telephone: 401-863-6621; Fax: 401-863-6647; E-mail: rachel_cassidy@brown.edu

Abstract 
Introduction: As the science base around the potential benefits of a reduced-nicotine standard for cigarettes grows, information on the poten-
tial effects on adolescent smokers is a high priority. The aim of this randomized trial was to test the influence of 3-week exposure to reduced 
nicotine cigarettes in a sample of adolescent daily smokers.
Aims and Methods: In this double-blind, two-arm, randomized controlled trial (NCT0258731), following a 1-week baseline, adolescent daily 
smokers not currently intending to quit (ages 15–19 years, n = 66 randomized) were urn randomized to use either very low nicotine content 
(VLNC; 0.4 mg/g; n = 33) or normal nicotine content (NNC, 15.8 mg/g; n = 33) research cigarettes for 3 weeks. Participants attended five study 
sessions at our clinical laboratory. The primary outcome was average total cigarettes smoked per day (CPD; including both study and non-study 
cigarettes) at week 3.
Results: Stepwise regression results demonstrated that compared with NNC cigarettes (n = 31), assignment to VLNC cigarettes (n = 29), was 
associated with 2.4 fewer CPD on average than NNC assignment (p < .05) week 3 when controlling for covariates (p < .01, Cohen’s d = 0.52 n = 
60 completed all procedures). VLNC cigarettes were also associated with lower levels of craving reduction than NNC cigarettes (Questionnaire 
on Smoking Urges Factor 2, p < .05). No group differences were found for secondary outcomes.
Conclusions: Adolescent participants assigned to VLNC use for 3 weeks smoked fewer total CPD relative to the NNC group. Overall, data sug-
gest that a VLNC policy would reduce cigarette smoking in adolescents who smoke, but high rates of incomplete adherence suggest that youth 
may seek alternative sources of nicotine in this scenario.
Implications: The US Food and Drug Administration may enact a reduced-nicotine product standard that would affect all commercially avail-
able cigarettes. One important population affected by this policy would be adolescents who smoke. This study, the first clinical trial of VLNC 
cigarettes in adolescents, demonstrates that adolescents switched to VLNC cigarettes for 3 weeks reduced their CPD relative to the normal-
nicotine cigarette control group, without leading to increased respiratory symptoms or increased withdrawal. Biomarkers indicated the use 
of other sources of nicotine, suggesting that such a policy will need to consider approaches to assist in transitioning away from smoking.

Introduction
In 2018, the US Food and Drug Administration, which has the 
authority to regulate cigarettes, released an Advanced Notice 
of Proposed Rulemaking that would reduce the public health 
burden of combustible cigarette smoking by setting a nico-
tine product standard that reduces allowable levels of nico-
tine in cigarettes and some other finished tobacco products 
to nonaddictive levels.1 In 2022, the Biden Administration 
announced an intention to pursue this policy, indicating a 
greater likelihood that a nicotine reduction standard could 
become a reality.2 Such a policy would impact not only cur-
rent smokers by reducing reinforcement from cigarettes but 
also would potentially reduce smoking initiation rates.3 This 

policy, if enacted, would fundamentally change the tobacco 
product landscape and would be likely to greatly impact 
public health.4 The empirical evidence base for the potential 
effects of such a policy lies in laboratory studies and clinical 
trials where participants are asked to switch to researcher-
provided very low nicotine content (VLNC) or normal nico-
tine content (NNC) control cigarettes, and effects on cigarette 
use are measured.

Nearly all studies of VLNC cigarettes have been conducted 
with adults. In several studies in adult daily cigarette smokers 
who were not trying to quit smoking, those who were switched 
to VLNC cigarettes reduced their smoking rate, nicotine ex-
posure, and cigarette toxicant exposure.5–7 These results have 
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been replicated in vulnerable populations of adults, including 
individuals with serious mental illness and socioeconomi-
cally disadvantaged women, without leading to exacerba-
tion of underlying conditions.8,9 Studies have also shown that 
an immediate switch to VLNC cigarettes led to less overall 
toxicant exposure than a gradual approach in which nico-
tine levels were stepped down over time.10,11 Furthermore, 
across studies, concerns about the potential for VLNC cig-
arette use to result in harmful compensatory smoking—that 
is, smoking low-nicotine cigarettes more intensely or more 
frequently—have not been supported.12,13 Overall, this large 
and growing body of evidence suggests that a low-nicotine 
product standard would likely lead to improvements in health 
outcomes for current adult smokers. However, little research 
has been conducted in adolescent smokers.

There are several reasons why adolescent smokers should 
be studied as an independent population, as results from adult 
studies may not generalize to youth. First, adolescent smokers 
(variously defined as age 13–17 years, or 6th- to 12th-grade 
students which encompass roughly ages 11 to 18 years) in the 
United States have different patterns of smoking: they tend to 
be lighter and more intermittent smokers,14 and therefore expe-
rience less nicotine exposure on average than adult smokers.15 
While adolescent smokers do develop nicotine depend-
ence symptoms,16,17 their smoking is also influenced by non-
nicotine factors such as peer context18,19 and endorsement of 
smoking identity.20 Furthermore, despite a similar prevalence 
of intentions to quit as reported in adults, adolescents rarely 
use evidence-based treatments to quit,21–23 and many adoles-
cent daily smokers in the United States, will continue to smoke 
into adulthood.24 Finally, the vast majority of American current 
smokers began smoking before the age of 20 years,25 and there-
fore reducing smoking among youth is essential to reducing 
the overall burden of smoking-related disease. These important 
factors have led to a growing body of work on the potential 
effect of a nicotine reduction policy on youth.26

In general, experimental data on the potential effects of 
cigarette nicotine reduction in youth in the United States 
have shown that such a policy would likely lead to reduced 
abuse liability of cigarettes. In a laboratory study of ado-
lescent smokers’ response to nicotine in cigarettes, adoles-
cent smokers aged 15–19 years sampled research cigarettes 
containing 15.8, 5.2, 1.3, and 0.4 mg nicotine/g of tobacco in 
the laboratory following overnight abstinence.27 These results 
showed that VLNC cigarettes reduced withdrawal symptoms 
and led to lower indices of abuse liability (positive subjective 
evaluations and cigarette craving) relative to NNC cigarettes. 
These findings comport with results from other acute labora-
tory studies showing that VLNC cigarettes reduced negative 
affect (NA) and cravings in youth.28

However, unlike in adults, acute studies in adolescents 
who smoke have shown that the reinforcing value of VLNC 
cigarettes was not lower than that of NNC cigarettes. In a labo-
ratory study in which adolescent smokers were asked to sample 
cigarettes varying in nicotine content, in separate sessions, and 
to estimate their hypothetical demand for each cigarette using a 
hypothetical purchase task, no differences were found between 
NNC and VLNC cigarettes.29 However, demand for all study 
cigarettes was significantly lower than demand for their usual 
brand cigarettes. These results were in contrast to what has 
been found with adults, who have shown greater sensitivity to 
nicotine content in cigarette purchase tasks,30,31 suggesting that 
perhaps NNC study cigarettes were less reinforcing for youth 

than for adults. The laboratory study was limited, however, by 
its acute exposure protocol; more differences in reinforcing ef-
ficacy may be expected to emerge over time.

To date, the available data on adolescent (age 15–19 years) 
response to nicotine reduction has been limited to acute ex-
posure. Herein, we report results from the first clinical trial 
of extended exposure to VLNC cigarettes in adolescents. We 
hypothesized that adolescents assigned to the VLNC condi-
tion would smoke fewer cigarettes per day and have lower 
total nicotine exposure at the end of the 3-week intervention 
than those assigned to NNC cigarettes. We also explored the 
effects of VLNC use on respiratory symptoms but did not hy-
pothesize changes due to the short exposure period.

Methods
Participants
Eligibility criteria included being 15–19 years old, having 
smoked at least one cigarette per day on ≥28 of the previous 
30 days, having smoked daily for ≥6 months, and providing a 
breath carbon monoxide (CO) of ≥6 ppm (or a NicAlert uri-
nary cotinine reading of greater than 3 if the CO criterion was 
not met). Participants who were pregnant or breastfeeding, 
currently intending to quit smoking, used other tobacco 
products more than 9 out of the last 30 days, reported daily 
alcohol or drug use (excluding marijuana), or who exclusively 
used roll-your-own tobacco, were excluded. Participants who 
reported past 30-day suicide plan or attempt were excluded 
after speaking with the study clinician. Participants who re-
ported a lifetime suicide attempt were also excluded to reduce 
the possibility of exacerbating underlying mood conditions 
during nicotine withdrawal.32 Sample size was determined 
based on group effects found in previous work in adults.7

Recruitment, Screening, and Consent
Participants were recruited in the United States between October 
2016 and August 2019 from Rhode Island and Southeastern 
Massachusetts area using websites and social media, col-
lege newspapers and listservs, and community and school 
in-person events. Schools were chosen from the Providence, 
RI and surrounding cities based on previous relationships 
and willingness of school administrators to hold an in-person 
event; these consisted of setting up a table at lunchtime with 
relevant information. Interested participants who called the 
study were given information about participating, and if still 
interested they completed a phone screener to establish initial 
eligibility based on recent smoking. Adolescents recruited in 
person could self-administer an identical screening question-
naire using an iPad. If the participant was eligible at phone 
screen and was under 18 years, the staff asked permission to 
call the adolescent’s parent or guardian. If the parent verbally 
consented to their child’s participation over the phone, a pa-
rental consent form was either mailed to the parent to sign 
and for their child to bring to their first session or was signed 
electronically via an emailed Qualtrics link. At the beginning 
of the first session, participants under 18 years completed and 
signed a written informed assent form, and participants over 
18 years provided written informed consent. All procedures 
were approved by the Brown University Institutional Review 
Board. The office of the Attorney General of the state in which 
the study was conducted provided a waiver of prosecution for 
the research, allowing for the distribution of study tobacco 
products to participants.
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Research Cigarettes
Spectrum research cigarettes (22nd Century Group, Inc.; 
produced for NIDA; NOT-DA-14-004) were used. The NNC 
cigarette contained 15.8 mg nicotine/g tobacco, and 10.5 ± 1.5 
mg tar; and the VLNC contained 0.4 mg/g nicotine, 9 ± 1.5 
mg tar. Participants were assigned menthol or non-menthol 
research cigarettes based on their usual brand preference.

Procedures
Screening/Baseline 1 Session
At the initial session, phone screen eligibility criteria were 
reassessed. If participants remained eligible, baseline 
procedures commenced. During this session, participants 
were asked to smoke one of their own usual brand cigarettes 
in the research laboratory. This was done to compare the 
acute effects of study cigarettes with those of usual brand 
under controlled conditions. Participants also provided a 
urine sample to test for total nicotine equivalents (TNEs) and 
pregnancy if female, and a saliva sample to test for cotinine 
Participants were compensated $25 for completing the 
in-person screening/baseline session, regardless of eligibility. 
Participants were also reimbursed for travel to the study site; 
either via a bus ticket provided by the study to our centrally 
located site, a prepaid taxi pickup and dropoff, or parking 
validation in our attached parking garage.

Randomization
All cigarette cartons from both conditions were assigned con-
dition codes upon shipment by the Principal Investigator (PI). 
Then, an unblinded research assistant (RA) (who was not in-
volved in assessing participants) created random codes for 
each carton, which were kept in a database and sorted by 
condition and menthol status. Following a successful base-
line, an unblinded RA would use an urn randomization pro-
cedure33 to stratify participants on gender, cigarettes smoked 
per day (≥8 CPD) and minor status (≤ or ≥18 years old) and 
make a condition assignment (equal assignment) and provide 
the study RA with a carton code corresponding to the con-
dition and menthol status to dispense to the participant. The 
study was triple masked such that during the trial, neither the 
participant, the investigators, nor the outcomes assessor was 
aware of condition assignment.

Baseline 2 (Randomization Session)
Following a battery of assessments, participants were 
asked to smoke their first study cigarette in the laboratory. 
Participants were dispensed either VLNC or NNC research 
cigarettes, totaling 125% of their usual weekly number of 
cigarettes smoked (calculated from the 30-day Timeline 
Follow Back at baseline [TLFB] administered at Baseline 1), 
under double-blind conditions. Participants were instructed 
to smoke only those assigned cigarettes for the remainder of 
the study, were encouraged to report any non-study cigarette 
or other tobacco product use honestly and that they would 
not be penalized for nonadherence, and not to share the 
cigarettes with anyone else. To encourage product accounta-
bility, participants were compensated $1.00 per empty pack 
returned. To discourage selling or losing unsmoked cigarettes, 
participants were offered a nominal amount for unsmoked 
cigarettes ($5.00 for returning 50%–75%, $2.50 for 25%–
49%); total possible compensation from returned packs of 
cigarettes was $5.00 per week. To discourage nonadherent 

use of usual brand cigarettes, participants were also told that 
if they ran out of cigarettes prior to their next session, they 
could come into the lab and obtain a supply to last them until 
their next session. This was rare, with only five participants 
requesting additional cigarettes throughout the study; the 
study site was available for appointments in the evening (6:30 
pm) and on weekends as needed.

Study Session Weeks 1–3
Participants returned to the lab on three subsequent occasions. 
Participants completed a battery of pre-smoking assessments, 
including respiratory symptoms, craving, withdrawal, and 
then were instructed to smoke a single study cigarette in the 
lab using a handheld smoking topography measurement de-
vice (Borgwaldt, KC, Richmond, VA). After completing the 
cigarette, participants completed post-smoking measures of 
craving, withdrawal, and subjective response to the cigarettes. 
Participants were not asked to be abstinent prior to the ses-
sion. At each session, participants were reminded to bring 
back their unsmoked cigarettes and empty packs and to ac-
count for the cigarettes that they smoked. At the week 3 ses-
sion, participants provided urine samples that were assayed 
for TNEs. Following the week 3 session, participants were 
given resources on quitting smoking and advised to do so. 
Participants were paid $30 for Baseline 2, $40, $50, and $60 
for Sessions 1–3 respectively, and a $50 bonus for completing 
all study sessions. Figure 1 depicts the flow of participants 
through the study.

Measures
Demographic Variables and Covariates
CO Level. Expired breath CO was measured using a 
Smokerlyzer ED50 CO meter (Bedfont Instruments).
Cotinine Level. Saliva samples were analyzed by an outside 
laboratory (Salimetrics, LLC, Carlsbad, CA) for cotinine, 
a measure of recent nicotine exposure, to characterize the 
sample at baseline using a widely used biomarker.34,35

Demographics and Smoking History. Participants self-
reported their age, self-identified gender (male or female), 
race and ethnicity, age they first smoked a whole cigarette and 
age at which they became a daily smoker, and menthol prefer-
ence. Participants were also asked about their sexual identity 
and sexual attraction.

Primary Outcomes
Total and Study Cigarettes per Day. Participants reported their 
past-month cigarette and other tobacco use (including their 
use of smokeless tobacco, little cigars and cigarillos, hookah, 
e-cigarettes, snus, and nicotine replacement therapies) using 
a TLFB,36 and reported on use between visits at each study 
session. Total cigarettes per day (number of study cigarettes 
smoked plus number of noncompliant non-study cigarettes 
smoked) was calculated at week 3 from the previous week’s 
TLFB.
Total Nicotine Equivalents. From urine, we extracted 
a measure of total nicotine exposure from all nicotine-
containing products.37 TNEs were natural log transformed 
due to skewness.
American Thoracic Society Questionnaire. The American 
Thoracic Society Questionnaire (ATSQ) asks about eight 
respiratory symptoms along a frequency scale of (1) (never), 
(2) less than once per week, (3) 1–2 times per week, (4) 
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several times per week, and to 5 (daily) scale: morning cough, 
daily cough, wheezing, shortness of breath when walking, 
shortness of breath during exercise, phlegm production, 
chest pain, and fatigue onset. ATSQ scores range from 8 
to 40. Participants report the frequency of experiencing 
each of eight respiratory symptoms (eg, morning cough, 
wheezing, shortness of breath when walking). We have 
demonstrated that cigarette smoking is associated with el-
evated respiratory symptoms measured by the ATSQ, with 
symptoms emerging in adolescent smokers; ATSQ scores 
in young smokers are significantly related to CPD and 
smoking dependence.38

Cigarette Dependence. Dependence was assessed at baseline 
and week 3 using a test modified for adolescent populations 
from the Fagerström Test for Cigarette Dependence, the 
Modified Fagerström Tolerance Questionnaire.39,40

Pre- and Post-smoking Measures
Before and after the study smoking a cigarette in the labo-
ratory at baseline and week 3, the following outcomes were 
assessed and characterized as difference scores (postscore 
minus prescore), to be compared with the same measures 
assessed at baseline using a usual brand cigarette.

Withdrawal. The Minnesota Nicotine Withdrawal Scale,41 
which assesses seven symptoms (anger/irritability/frustration, 
anxiety/nervousness, difficulty concentrating, impatience/
restlessness, hunger, depression, cigarette craving) was used 
to assess this construct.
Craving. Using the Brief Questionnaire on Smoking Urges 
(QSU), we assessed two factors of craving: positive reinforce-
ment aspects of smoking (Factor 1; eg, “A cigarette would 
taste good right now”) and negative reinforcing aspects of 
smoking (Factor 2; eg, “Smoking would make me less de-
pressed”)42,43 according to previously published factor 
analyses.
Negative Affect. NA was assessed using the Positive and 
Negative Affect Scale 10-item negative affect scale with a 
range of possible scores from 10 to 50.44

Smoking Topography. From the handheld topography device, 
several indices of smoking topography were generated: total 
puff volume (mL), average puff volume (mL), average puff 
duration (ms), and number of puffs.

Subjective Responses to Cigarettes
Cigarette Evaluation Scale. The 12-item CES45 asks 
participants to rate the subjective effects of the cigarette on 

Figure 1. CONSORT flow diagram. 
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a 0–6 point Likert scale from “not at all” to “extremely” and 
comprises five subscales: Smoking Satisfaction, Psychological 
Reward, Enjoyment of Respiratory Symptoms, Craving 
Reduction, and Aversion. The CES was administered after 
smoking a usual brand cigarette at baseline and after smoking 
an assigned study cigarette at weeks 1, 2, and 3.

Sample Size
We based our sample size on power analyses for hypothesis 
tests using effect sizes derived from a similar study of compa-
rable duration with adult smokers7. We aimed to retain a final 
sample of 32 participants per group, which were comparable 
to those in the referenced trial and would allow us to detect 
the between-groups effect of VLNC cigarettes on cigarettes 
per day given an effect size as small as 0.99.

Data Analysis Plan
Prespecified analyses included comparing the primary out-
come across groups at week 3; all other analyses were post 
hoc. We did not specify any secondary outcomes in the orig-
inal trial registration but identified secondary outcomes later 
to compare our findings to similar studies of adults, but as 
these were not pre-registered they should be considered ex-
ploratory. All demographic and pertinent smoking variables 
were summarized using descriptive statistics. Next, we used 
stepwise linear regression to determine the effect of treat-
ment group (0 = NNC, 1 = VLNC) on week 3 total CPD, 
TNEs, ATSQ score, withdrawal, craving, NA, and CES 
outcomes after entering baseline values of the outcome 
variable. This was to isolate the potential effects of group 
assignment in the presence of what were likely to be the 
strongest predictors of the outcome. We then added strat-
ification variables as covariates in the second block: age 
(dichotomized as 18 years and over or under 18 years, to 
account for potential differences stemming from legal ac-
cess to cigarettes prior to Tobacco 21 law implementation) 
and gender, a stratification variable as boys tend to smoke 
more heavily than girls. Residual analyses were conducted 
to test for normality and heteroscedasticity; we found no 
evidence for violations of these assumptions. We did not in-
clude corrections for multiple comparisons as our work is 
focused on the potential for negative effects of VLNC as-
signment in a vulnerable population, so avoidance of type 
I error was judged to be less important than avoiding type 
II error. Predictor variables were judged significant at alpha 
< 0.05, and all analyses were conducted in SPSS version 26 
(IBM). We hypothesized that the VLNC group would re-
port smoking fewer CPD than the NNC group. We further 
hypothesized that the VLNC group would have their with-
drawal symptoms reduced to a lesser extent by the VLNC 
cigarettes relative to the NNC group. As further exploratory 
analyses, we conducted a regression model to test whether 
treatment condition would be associated with self-reported 
use of non-study (usual brand) cigarettes at week 3, and 
compared means of reported days of e-cigarette use and 
other tobacco use using t tests to test for the possibility of 
a group difference in noncompliance with study cigarettes 
and/or use of other tobacco products. We also compared 
smoking topography variables at week 3 across groups 
using t tests; further analyses were not conducted due to 
intermittent equipment failure and unequal data loss across 
groups limiting interpretability. The trial was preregistered 
on ClinicalTrials.gov (NCT02587312).

Results
A total of 66 participants were randomized, and 60 (91%) 
participants completed all study sessions. No participants 
tested positive for pregnancy at any session. The character-
istics of the sample can be found in Table 1. On average, 
the sample was a little over 18 years old, and 49% was fe-
male. The sample was 71% white, 12% Hispanic, 3% black, 
9% Asian or Pacific Islander, and 14% reporting more than 
one race. The participants did not differ by group on any 
measure at baseline. Results of stepwise regression analyses 
that determined whether treatment group was a significant 
predictor when including the baseline level of the outcome 
only (Block 1) and stratification variables (Block 2) are 
shown in Table 2.

Primary Outcome
Treatment group was a significant predictor of total CPD at 
week 3 in both blocks, such that VLNC assignment was asso-
ciated with 2.4 fewer CPD on average than NNC assignment 
(p < .05). Expressed as a percentage of mean CPD in the NNC 
group at week 3, participants in the VLNC group smoked 
22% fewer cigarettes on average.

Study Cigarette, Respiratory, and Biomarker 
Outcomes
Treatment group was a marginally significant predictor of 
study CPD (p = .05), and the VLNC condition was associ-
ated with using 1.4 fewer study CPD on average relative to 
the NNC condition. Treatment group assignment was not a 
significant predictor of ATSQ (p = .95) scores, dependence 
(p = .28), or TNE (p = .11) at week 3. Primary outcomes are 
depicted in Figure 2.

Pre-post Smoking Measures of Withdrawal, 
Craving, and NA
At week 3, participants in the VLNC condition had less re-
duction in QSU Factor 2 craving scores after smoking a 
single study cigarette in the laboratory than those in the 
NNC condition, indicating that VLNC cigarettes were less 
effective at reducing negative reinforcement-related craving 
than NNC cigarettes (p < .05). No significant effects of 
treatment group assignment were found for post-smoking 
reductions in QSU F1, Minnesota Nicotine Withdrawal 
Scale withdrawal, or NA scores. These outcomes are 
depicted in Supplementary Figure 1.

Subjective Responses to Cigarettes
VLNC and NNC group assignment did not predict signif-
icantly different CES outcomes on any subscale at week 3. 
These outcomes are depicted in Supplementary Figure 2.

Other Tobacco Product Use
Group assignment was not a predictor of usual brand use (p 
= .49, M = 1.9 usual brand CPD in the NNC group, M = 1.2 
non-study CPD in the VLNC group). Mean days of reported 
other combustible tobacco product use (p = .06, M = 0.87 
days in the NNC group, M = 0.03 days in the VLNC group) 
was marginally significant. Mean days of e-cigarette use (p = 
.55, M = 0.12 days in the NNC group, M = .10 days in the 
VLNC group) were not significantly different across groups 
(ps > .05).

http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntac279#supplementary-data
http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntac279#supplementary-data
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Smoking Topography
Equipment failure resulted in missing data for 10 of the 60 
completers at week 3, and was unequal across groups (N = 
8 missing in the VLNC group, N = 2 missing in the NNC 
group). Preliminary comparisons of means for total puff 
volume did not show any group differences: NNC group 
mean 631.1 mL (SD 489.7), VLNC group mean 595.0 mL 
(SD 324.9), t = .29, p = .77. Comparisons between groups 
were also nonsignificant for average puff volume (NNC group 
mean 44.5 mL [SD 30.9], VLNC group mean 43.6 mL [SD 
18.3], t = 0.10, p = .91), average puff duration (NNC group 
mean 1430.1 ms [SD 1047], VLNC group mean 1536.5 ms 
[SD 592.5], t = −0.41, p = .67), and number of puffs (NNC 
group mean 15.1 [SD 5.3], VLNC group mean 13.7 [SD 4.7], 
t = 0.9, p = .33.

Discussion
This study presents the results of the first randomized 
controlled trial to model the potential effects of a nicotine 
reduction policy on young smokers, and as such provides 
important information to regulatory bodies that support 

the implementation of this policy. VLNC use across 3 weeks 
resulted in fewer total CPD relative to control cigarettes 
containing a normal amount of nicotine. Though this was the 
only primary outcome measure to show an effect of VLNC 
exposure, these results also do not indicate the potential 
for increased harm in this population. Overall, these data 
are in line with much of the reported literature on the ef-
fect of VLNCs on smoking behavior, and provide further evi-
dence that such a policy would be likely to lead to decreased 
smoking in youth.5,26 Unlike studies of longer duration with 
adults, we did not see a decrease in dependence in the VLNC 
group (e.g.5); this may be due to the relatively short duration 
of product exposure (often 6 weeks or more in adults studies), 
or to the generally lower levels of nicotine dependence seen in 
these young smokers relative to adults.

However, there are features of this randomized controlled 
trial data that need to be taken into account when attempting 
to generalize to a larger population of adolescents who 
smoke. In the seminal paper on VLNC use in adults,5 at base-
line participants smoked on average 15.6 cigarettes per day. 
Following 6 weeks of exposure, participants in the lowest 
nicotine groups (2.4, 1.3, and 0.4 mg/g nicotine) smoked 
on average 16.5, 16.3, and 14.9 CPD respectively, while the 
participants in the NNC group smoked 21.3 CPD on average. 
In other words, providing free cigarettes led to an increase 
in smoking, but this was not observed in the lowest nicotine 
groups. This same pattern of results was found here: at base-
line, participants smoked an average of 8.3 CPD, while at the 
end of the study, those in the VLNC group smoked 7.6 CPD 
and those in the NNC group smoked 10.9. Thus, much like 
adults, we saw a modest increase in reported smoking in the 
NNC group and a generally flat to slightly decreased rate of 
CPD in the VLNC group. In a real-world regulatory environ-
ment in which cigarettes cost money and usual brand and 
NNC cigarettes are no longer available in the legal market-
place, we expect based on casual inference models that a nic-
otine product standard would result in decreases in overall 
smoking.46

We also found that participants in the VLNC and NNC 
conditions rated these cigarettes similarly in terms of their 
efficacy to reduce withdrawal or NA. As these sessions did 
not follow overnight abstinence, we did not expect that 
participants arriving at the lab would have been in significant 
withdrawal. We used these data to explore the hypothesis that 
those in the VLNC group may have been experiencing mild 
withdrawal overall that may have been reduced to a lesser de-
gree by their VLNC cigarettes relative to the NNC condition; 
however, we did not find this. In terms of craving reduction, the 
effects of VLNC cigarettes were similar to NNC cigarettes in 
reducing craving as measured on one QSU subscale (indexing 
anticipated positive reinforcement from smoking) but led 
to smaller reductions in craving as measured by the second 
QSU subscale (indexing anticipated negative reinforcement 
from smoking). This indicates that the effects of the cigarettes 
measured pre- and post-smoking were largely similar in 
both groups. In the one measure where they differed, VLNC 
cigarettes had lower efficacy in reducing craving negative 
reinforcement-based than NNC; these findings are consistent 
with our acute study of adolescent response to nicotine dose 
in cigarettes,27 in which higher doses of nicotine significantly 
reduced the craving to a greater degree than lower doses, 
but this was not true for measures of withdrawal. However, 
when examining these outcomes relative to baseline when 

Table 1. Participant Characteristics and Outcome Variables Measured at 
Baseline as a Function of Group Assignment

Participant Characteristics (n=66)

Variable NNC group (n = 33)
M (SD)

VLNC group (n = 33)
M (SD)

Age 18.5 (0.6) 18.5 (0.6)

Gender 42% Female 54% Female

Race 18% nonwhite 36% nonwhite

Menthol status 45% Menthol 45% Menthol

Age at first whole cigarette 14.4 (2.2) 14.2 (2.1)

Age first started daily smoking 16.7 (1.5) 16.2 (2.1)

mFTQ score 4.0 (1.7) 3.3 (1.6)

Salivary cotinine (ng/mL) 225.0 (199.2) 217.0 (173.2)

CO (ppm) 11.8 (5.9) 10.0 (5.1)

Average Cigarettes per Day 9.2 (5.5) 7.1 (6.0)

ATSQ 18.7 (7.9) 17.3 (7.1)

Ln TNE 3.2 (1.4) 3.6 (1.2)

NWQ Diff −3.0 (3.7) −2.5 (2.6)

QSUF1 Diff −2.7 (1.7) −2.8 (1.7)

QSUF2 Diff −1.2 (1.2) −1.1 (1.2)

PANAS Neg Diff −0.8 (2.0) −2.0 (3.1)

CES SS 3.4 (1.4) 3.6 (1.6)

CES PR 2.2 (1.2) 2.2 (1.2)

CES ERTS 2.8 (1.8) 2.8 (1.8)

CES CR 3.6 (1.7) 3.2 (1.3)

CES AV 0.6 (0.6) 0.6 (0.8)

“Diff” refers to difference scores (post-smoking minus pre-smoking score, 
negative scores indicate a reduction in symptoms post-smoking). At 
baseline, both groups smoked a usual brand cigarette. 
ATSQ = American Thoracic Society Questionnaire; AV = aversion 
subscale; CES = Cigarette Evaluation Scale; CO = Expired breath carbon 
monoxide; CR = craving reduction subscale; Diff = difference score; ERTA 
= Enjoyment of Respiratory Tract Sensations; Ln TNEs = Total Nicotine 
Equivalents, natural log transofrmed; mFTQ = Modified Fagerström 
Tolerance Questionnaire; NWQ = Nicotine Withdrawal Questionnaire; 
PANAS Neg = Positive and Negative Affect Scale, Negative Affect subscale; 
PR = Psychological Reward Subscale; QSUF1/F2 = Questionnaire on 
Smoking Urges Factor 1/2; SS = Smoking Satisfaction subscale.
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adolescents were rating their own usual brand cigarettes (ie, 
in Supplemental Figure 2, comparing baseline levels to week 
3 in both groups), it is clear that while the effects of smoking 
the research cigarettes did not differ in most respects, both 
research cigarettes were generally rated as less subjectively 
satisfying and less able to reduce withdrawal and craving rel-
ative to their usual brand, regardless of nicotine content.

Biochemical data (ie, TNEs) indicated that there was in-
complete adherence to the study cigarettes, given that those in 
the VLNC group did not differ from the NNC group at week 
3. Differing degrees of incomplete adherence have also been 
found in adult studies,47 though those studies generally show 
a between-group effect on TNEs,11,48 which we did not find. 
Interestingly, while there was not a differential effect of con-
dition on TNE, Figure 2 shows that both groups experienced 
a decrease in TNE relative to baseline. This indicates that de-
spite self-reported similar or higher rates of smoking across 
groups, participants were exposed to less nicotine overall re-
gardless of group, perhaps by smoking less of each cigarette, 
though topography analyses did not suggest this but are lim-
ited in their interpretability due to data loss. The exploratory 
analysis was conducted to test whether there was a group dif-
ference in “cheating”; however, the treatment group was not 
a predictor of usual brand use, e-cigarette use did not differ 
between groups, and reported days of other tobacco product 
use was marginally significant but showed greater use in the 
NNC group, suggesting that the difference in overall CPD 
across groups was driven primarily by less study cigarette use 
in the VLNC group. Because these data are self-reported and 
participants were encouraged not to use non-study cigarettes, 
they are likely not fully reliable; though it does suggest that 

patterns of use of other nicotine-containing products may 
not be driven primarily by nicotine level in this group. As 
mentioned above, adolescents may have perceived even NNC 
cigarettes to be not very reinforcing. In qualitative interviews 
with youth following the study, participants in both cigarette 
conditions reported that they did not like the study cigarettes; 
this provides further evidence that the research cigarettes in 
general were not as reinforcing as their usual brand regardless 
of nicotine content.49 We also excluded adolescents who used 
other nicotine products more than 9 days out of the last 30; 
therefore, this sample may have been less likely than other 
youth tobacco users to shift their behavior to other nicotine 
products in response to reduced satisfaction from the research 
cigarettes.

Federal Tobacco 21 laws were passed after the completion 
of data collection for this study, as well as after data collec-
tion for previous studies of the effects of VLNCs on young 
adults included in larger adult trials.10,50 While this allows 
for a comparison of the current data with extant data from 
young adults included in adult trials, the new laws are likely 
to change youth and young adult tobacco use patterns. While 
data on the impact of nationwide Tobacco 21 laws are still 
being collected, it is likely that Tobacco 21 will accelerate the 
shift in age of initiation upward from adolescence to young 
adulthood,51 making young adults and increasingly important 
population to focus on when studying young people early in 
their smoking trajectories. Such changes will be important to 
monitor when considering implementation of a nicotine re-
duction policy.

This study has several limitations. The current study was 3 
weeks in duration; this is shorter than trials in adults, which 

Table 2. Hierarchical Regression Results Reporting Unstandardized Beta Coefficients for Treatment Group Assignment, 95% CI for Beta Coefficients, 
and p-values Referring to the Significance of the Group Assignment Predictor in Each Model

Unadjusted models Adjusted models

Mean difference
Beta (95% CI)

p Mean difference
Beta (95% CI)

p

Total CPD −2.4 (−4.2 to −0.62) .01* −2.4 (−4.3 to −.61) .01*

Study CPD −1.8 (−3.7 to 0.10) .05 −1.8 (−3.8 to 0.04) .05

Ln TNEs −0.44 (−0.96 to 0.07) .09 −0.40 (−0.90 to .009) .11

ATSQ 0.14 (−2.7 to 3.0) .91 −0.07 (−3.0 to 2.8) .95

mFTQ −0.42 (−1.2 to 0.43) .32 0.26 (−0.22 to 0.75) .28

MNWS Diff 0.50 (−1.0 to 2.0) .50 0.64 (−5.4 to 1.1) .40

QSUF1 Diff 0.19 (−0.45 to 0.83) .55 0.18 (−0.47 to 0.85) .57

QSUF2 Diff 0.55 (0.12 to .98) .01* 0.56 (0.13 to 0.99) .01*

PANAS Neg Diff 0.71 (−0.31 to 1.7) .17 0.67 (−0.37 to 1.7) .20

CES SS −0.04 (−.75 to 0.67) .91 −0.07 (−0.79 to 0.65) .84

CES PR −0.17 (−.75 to 0.41) .56 −0.17 (−0.77 to 0.42) .42

CES ERTS −0.13 (−.93 to 0.66) .74 −0.2 (−1.0 to 0.59) .60

CES CR −0.05 (−1.0 to 0.92) .91 −0.05 (1.0 to 0.94) .92

CES AV −0.39 (−0.86 to 0.07) .10 −0.42 (−0.89 to 0.05) .08

Unadjusted model included treatment condition and baseline level of the outcome. Adjusted models also included stratification variables gender (2-level, 
male and female) and age (2-level, over 18 years or under 18 years). Each row represents a model with the specified outcome variable.
ATSQ = American Thoracic Society Questionnaire; AV = aversion subscale; CES = Cigarette Evaluation Scale; CPD = Cigarettes Per Day; CR = craving 
reduction subscale; Diff = difference score, post- pre; ERTS = Enjoyment of Respiratory Tract Sensations; mFTQ = Modified Fagerstrom Tolerance 
Questionnaire; MNWS = Minnesota Nicotine Withdrawal Survey; PANAS Neg = Positive and Negative Affect Scale, Negative Affect subscale; PR = 
Psychological Reward Subscale; QSUF1/F2 = Questionnaire on Smoking Urges Factor 1/2; SS = Smoking Satisfaction subscale; TNEs = Total nicotine 
equivalents.
*Significant predictor, p < .05.

http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntac279#supplementary-data
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have been as long as 20 weeks. We chose this duration as 
an important first step and due to concerns about potential 
retention; longer trials appear feasible and are warranted. 
As noted, this study excluded frequent users of other to-
bacco products to better isolate the effects of the research 
cigarettes on nicotine exposure; however, other product use, 
and specifically e-cigarette use, frequently co-occurs with 
cigarette smoking in adolescents, limiting the generaliza-
bility of the findings. The study also excluded those who 
want to quit; this is an important population to study but 
ethically problematic in the current study protocol, in which 
cigarettes were provided to participants. The generaliza-
bility of the study is also limited in that, as in all clinical 
trials in this area of research, participants were given free 
cigarettes and paid to participate; real-world conditions will 
differ greatly from this scenario. Further, while we collected 
data on participants’ sexual identity, participants could not 
identify as gender non-binary or gender diverse, which is a 
limitation; our ongoing studies now routinely include such 
questions, so future work on this topic will be more infor-
mative in this regard. The study also did not specifically 
focus on vulnerable populations that are disproportionately 

affected by tobacco, such as minoritized or socially disad-
vantaged populations. However, youth who smoke in the 
United States tend to be from vulnerable groups so studying 
ways to reduce smoking in youth is inherently a health eq-
uity issue. Future studies should include youth community 
advisory boards and increase diversity in sampling to ad-
dress this. The study is also limited by the relatively small 
sample size; studies with larger sample sizes should be 
conducted. Furthermore, the study population was limited 
to daily-smoking youth; however, intermittent smoking is 
common in this population.52,53 In studies of adult intermit-
tent smokers, reductions in CPD and nicotine dependence 
were seen following exposure to VLNC cigarettes54; whether 
this would be true in youth given their differing patterns of 
response is as yet unclear. The risks and benefits of testing 
the potential effects of a nicotine reduction policy in inter-
mittently smoking youth should be weighed carefully given 
the need to provide relatively large quantities of cigarettes 
to model the policy. Finally, though our age inclusion cri-
terion was between ages 15 and 19 years, the average age 
of our population was over 18 years. This reflects current 
trends showing that the average age of initiation of smoking 

Figure 2. Main outcome means at baseline (usual brand) and at week 3 by group. Asterisks denote a significant effect of treatment group on the 
outcome at week 3.
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is shifting to young adulthood from adolescence,51 and 
indicates that young adulthood should become a focus of 
future studies of smokers early in their smoking trajectory.

This study represents the first clinical trial of testing the 
effects of reduced nicotine cigarettes in adolescent smokers. 
The current study’s strengths include a randomized, blinded 
design, a comprehensive suite of measures, and high reten-
tion of a relatively challenging population. Our group is 
also working to address further limitations of duration ex-
cluding polytobacco users via a recently concluded clinical 
trial examining the effects of VLNC cigarettes on total harm 
from tobacco in adolescent polytobacco users across a longer 
time frame of 5 weeks (R01 DA047356); these results will 
give greater insight into how adolescents who use other 
products may respond to a nicotine reduction policy. Taken 
together with previous studies, the current results suggest that 
VLNC cigarettes at a minimum do not result in greater harm 
and may result in reduced smoking in adolescent smokers, 
bolstering the existing data that show similar benefits for 
adults. As the FDA continues to weigh the potential benefits 
and drawbacks of a policy, continued work on the effects of 
such a monumental policy shift on vulnerable young smokers 
will be needed.
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