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Introduction: A mandated reduction in the nicotine content of cigarettes may decrease smoking,
but also increase demand for other nicotine products. The present study tested the impact of smok-
ing cigarettes with very low nicotine content and concurrent use of a transdermal nicotine patch.

Study design: A balanced 2£ 2 factorial randomized clinical trial investigating the impact of ciga-
rette nicotine content (double-blind, very low nicotine content versus normal nicotine content) and
use of a transdermal nicotine patch (open label, patch versus no patch).

Setting/participants: Adult daily smokers (n=240) in the Pittsburgh, PA area.

Intervention: Participants were provided with research cigarettes and transdermal nicotine
patches (if assigned to patch condition) for 7 weeks. Cigarettes were Spectrum brand (National
Institute on Drug Abuse) and either 15.8 mg nicotine/g tobacco (normal nicotine content) or
0.4 mg nicotine/g tobacco (very low nicotine content). In the 7th week, participants were monetar-
ily incentivized to abstain from smoking.

Main outcome measures: Participants reported daily cigarette use throughout the trial and the
primary outcome was average number of cigarettes smoked per day (study + nonstudy) during
Week 6. Participants were recruited from 2015 to 2017 and data were analyzed between 2017 and
2018.

Results: Assignment to very low nicotine content cigarettes and assignment to wear a nicotine
patch both reduced the number of cigarettes smoked per day during Week 6 (p=0.001 and 0.04,
respectively). However, assignment to the patch along with very low nicotine content cigarettes did
not significantly reduce cigarette smoking compared with assignment to very low nicotine content
cigarettes alone.

Conclusions: A mandated reduction in the nicotine content of cigarettes is likely to reduce the
number of cigarettes smoked per day, but the added benefit of concurrent transdermal nicotine is
unclear. Future studies should investigate whether alternative sources of noncombusted tobacco,
such as e-cigarettes, enhance the effects of very low nicotine content cigarettes on smoking.
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Trial registration: This study is registered at www.clinicaltrials.gov NCT02301325.
Am J Prev Med 2019;57(4):515−524. © 2019 American Journal of Preventive Medicine. Published by Elsevier
Inc. All rights reserved.
INTRODUCTION
The U.S. Food and Drug Administration has pro-
posed to mandate a reduction in the nicotine
content of cigarettes sold in the U.S. to a mini-

mally addictive or nonaddictive level. The goal of such a
policy would be to reduce the rate of smoking initiation
among youth and help adult smokers quit.1 Clinical trials
in which adult smokers are switched to cigarettes with a
very low nicotine content (VLNC) have shown that a
reduction in cigarette nicotine content can reduce nicotine
exposure,2−5 smoking rate,2,3,5 toxicant exposure,2,5 nico-
tine dependence,3,5 and increase cessation rates.2,5

Clinical trial data suggest that participants who are
switched to VLNC cigarettes seek out additional forms of
nicotine, most often commercially available normal nico-
tine content (NNC) cigarettes, despite instructions not to
do so.6 Concurrent use of noncombusted nicotine and
tobacco products, including nicotine-replacement therapy
(NRT) or e-cigarettes, may facilitate the transition to
VLNC cigarettes and reduce nonadherence with VLNC
cigarettes. Two existing studies suggest that adjunct NRT
may reduce cigarette smoking, reduce withdrawal, and
increase adherence with VLNC cigarettes.7,8 However, a
third study found that adjunctive NRT did not enhance
the effects of VLNC cigarettes on smoking reductions.9

The present study tested the effects of VLNC cigarettes
in adult smokers, alone and combined with NRT, across 7
weeks. Participants were randomized to either receive
VLNC or NNC cigarettes and either a transdermal nico-
tine patch or no patch. To explore whether VLNC ciga-
rettes and NRT may affect the ability to abstain from
smoking, participants were given a monetary incentive to
abstain from smoking during the 7th week.
Participants were asked not to use nonstudy cigarettes

and an adherence incentive system was used. The pres-
ent paper also includes a secondary analysis to estimate
the treatment effects if all participants had been adherent
(i.e., causal inference model).10 This analysis is impor-
tant because following implementation of a tobacco
product standard, participants would not have the
choice to legally purchase NNC cigarettes.
METHODS

The study was conducted at the University of Pittsburgh,
in Pittsburgh, PA, from 2015 to 2017, and data analysis
took place between 2017 and 2018. The protocol was
approved by the University of Pittsburgh IRB, reviewed
by the Food and Drug Administration Center for
Tobacco Products, and monitored by an independent
data and safety monitoring board. The full protocol can
be found in the Appendix.
The present study was a between-subjects balanced

2£ 2 factorial RCT of cigarette nicotine content (NNC,
15.8 mg nicotine/g tobacco; VLNC, 0.4 mg nicotine/g
tobacco) and transdermal nicotine patch (patch, no
patch). Spectrum research cigarettes were provided by
the National Institute on Drug Abuse and have been
described in detail elsewhere.3 Participants were assigned
a cigarette that matched their menthol preference, an
equal number of menthol and nonmenthol cigarette
smokers were recruited, and randomization was strati-
fied by menthol status. Participants were also random-
ized to receive either adjunctive transdermal nicotine
(Novartis Pharmaceuticals; purchased for the study) or
no adjunctive transdermal nicotine. Nicotine patch dose
was matched to participants’ baseline number of ciga-
rettes smoked per day (CPD): 21 mg (>20 CPD) or
14 mg (5 to 19 CPD). Participants experiencing discom-
fort associated with wearing the patch were eligible to be
switched to a lower nicotine dose when recommended
by the study licensed medical professional (LMP).
Research cigarettes and nicotine patches were provided
to participants at no cost. Participants, investigators, and
study staff were blind to the nicotine content of the ciga-
rettes; patch assignment was not blinded. Procedures for
blinding, cigarette management, and randomization
were consistent with those reported previously.11

Study Sample
Current daily smokers (n=240) were recruited using
standard media outlets. Inclusion criteria were the fol-
lowing: age ≥18 years and smoking at least five CPD
(expired carbon monoxide [CO] ≥10 ppm, or urinary
cotinine >2,000 mg/mL). Exclusion criteria were the fol-
lowing: any intention to quit smoking in the next
30 days or quit attempt resulting in ≥3 days of absti-
nence in the past 30 days; seeking treatment or using
medication for smoking cessation; exclusively using “roll
your own” cigarettes; using tobacco products other than
cigarettes, including e-cigarettes; binge drinking on
>9 days in the past 30 days; testing positive for illicit
drugs; having schizophrenia or schizoaffective disorder;
www.ajpmonline.org
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a suicide attempt in the past 5 years; being pregnant, try-
ing to become pregnant, or breastfeeding; CO >80 ppm;
or having any other psychiatric or medical condition
that would put the participant at risk or limit participa-
tion as determined by an LMP. There was no racial or
gender bias in the recruiting of participants. Participants
provided written informed consent. Participants could
receive up to $863.50 for study participation.

Measures
Participants attended weekly lab sessions to complete in-
person assessments and receive study products. Each
week, participants received a 2-week supply of research
cigarettes and nicotine patches to ensure that partici-
pants did not run out of supplies in the event of an
unanticipated missed visit and to allow for any compen-
satory smoking. Participants reported the number of
study and nonstudy cigarettes they smoked each day via
an automated phone system (Intervision Media, IVR).
Participants were instructed to only use the study

products and to refrain from using other nicotine or
tobacco products. Because of the importance of VLNC
adherence for modeling the potential effects of a prod-
uct standard reducing nicotine to minimally addictive
or nonaddictive level, a financial incentive system was
adopted to increase adherence. The incentive system
aimed to increase adherence with exclusively using
study cigarettes, honesty about nonstudy cigarette use,
and visit attendance. Briefly, participants earned lottery
tickets at each visit for these behaviors that were “vali-
dated” as appropriate based on a urinary analysis, which
determined adherence. Once per month, lottery tickets
were drawn and participants earned cash prizes if their
ticket was drawn and it was valid (Appendix, available
online).
During Week 7 of the study, participants were pro-

vided with a descending monetary incentive for daily
abstinence. Incentive value was high on the first day to
encourage the initiation of abstinence, and decreased
daily to facilitate the detection of a smoking lapse within
this 1-week period.12 Participants assigned to NRT were
encouraged to continue using their patches during this
week. Participants were instructed to use their assigned
study cigarette during the abstinence week if they
were not able to abstain from smoking (Appendix, avail-
able online).
The primary outcome was the average number of cig-

arettes smoked (study + nonstudy) each day during
Week 6 of the trial assessed via the daily telephone dia-
ries. Secondary outcomes included breath CO level, col-
lected weekly; the Fagerstr€om Test for Nicotine
Dependence (FTND) at Weeks 2 and 6; the Brief Wis-
consin Inventory of Smoking Dependence Motives at
October 2019
Week 6; and the Minnesota Nicotine Withdrawal Scale,
the 10-item Questionnaire of Smoking Urges (QSU),
and a modified version of the Cigarette Evaluation Ques-
tionnaire (Cigarette Evaluation Scale), collected weekly.
Both QSU factors were analyzed (Factor 1: desire and
intention to smoke; Factor 2: relief from negative affect or
withdrawal).13 Heart rate, blood pressure, and respiratory
health symptoms were collected weekly (Appendix Table 2,
available online). Participants provided a spot urine at
each visit and their first morning urine void at baseline,
Week 2, and Week 6. First morning samples were used
to quantify the concentrations of total nicotine, total
cotinine, total 3-HCOT, and nicotine N-oxide. Total
nicotine equivalents (TNEs) were calculated as the
molar sum of these 4 values. Spot urines were analyzed
for anatabine levels and used for the adherence incentive
program (data not shown). After the trial, an unpub-
lished analysis determined that total anatabine had
greater specificity for adherence than anatabine alone,
and an analysis of total anatabine at Week 6 was con-
ducted. All urinary analyses were determined by liquid
chromatography tandem mass spectrometry analysis
using previously described methods, and total refers to
the analyte and its glucuronide.14,15 A puff topography
assessment from a single cigarette was collected using a
pocket CreSS device at baseline (usual brand), Week 2
(study cigarette), and Week 6 (study cigarette); total
puff volume is reported here. During Week 7 of the trial
when participants were incentivized to remain abstinent
from smoking, outcomes included days to first lapse and
total days abstinent over the entire week.

Statistical Analysis
Data were analyzed using R, version 3.4.2,16 and SAS,
version 9.4. A linear mixed-model with a random inter-
cept to account for repeated measures was used. The pri-
mary model included terms for cigarette nicotine
content (VLNC and NNC), transdermal nicotine patch
(patch and no patch), visit, the baseline value of the out-
come variable, and menthol status, along with all the
two- and three-way interactions between the two treat-
ment factors and visit. Interactions with visit were
dropped from the model if not significant. The second-
ary model also adjusted for age, gender, and race, along
with any other covariates that differed across treatment
groups at baseline with p<0.20 (education, natural log of
salivary nicotine metabolite ratio). Analyses on the time
to lapse in the abstinence incentive week were analyzed
using Kaplan−Meier curves and Cox proportional haz-
ards regression. Missing data were imputed using the
last observation carried forward, and sensitivity analyses
were conducted using complete cases and the baseline
observation carried forward. The primary analysis
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followed the intention-to-treat (ITT) principle and an
a value of 0.05 was used to determine statistical signifi-
cance. Furthermore, the effect of the intervention had all
participants been adherent with exclusively using study
cigarettes (i.e., the causal inference) was estimated using
the inverse probability of compliance weighted estima-
tor.10 The propensity score for adherence included base-
line variables that were significantly associated with
adherence at Week 6: age, FTND score without CPD,
QSU Factor 1, Cigarette Evaluation Scale-craving sub-
scale, Cigarette Evaluation Scale-enjoyment subscale,
and treatment assignment. Nonadherent participants
were given a weight of 0 and adherent subjects were
weighted inversely to their propensity score to estimate
the causal effect. The effect of patch was unchanged in
all the causal inference analyses because if cigarette nic-
otine content is regulated, smokers may still fail to
adhere to patch instructions. Adherence with VLNC
cigarettes at Week 6 was defined as total anatabine
<0.014 nmol/mL and self-reporting zero nonstudy ciga-
rettes smoked. Missed visits were imputed as nonadher-
ence for all analyses.
RESULTS

On average, participants were aged 47.7 years, 50.8%
were male, 57.1% were white, and 52.5% had at least
some college education. Participants smoked an aver-
age of 19.5 CPD, and average FTND was 5.7. There
were no significant differences between the groups on
any of the demographic or baseline smoking character-
istics (Table 1 and Appendix Figure 1, available online).
There were no significant differences between groups
in study completion (Week 6 IVR call). Seventy-one
percent of participants in the NNC + NRT group and
68% of participants in the VLNC + NRT group
reported using NRT on at least 85% of days in Week 6
(Appendix Table 3, available online).
Figure 1 shows the impact of cigarette nicotine con-

tent and NRT on total cigarettes and study CPD from
baseline through Week 6 (Appendix Tables 4 and 5,
available online). Participants assigned to receive VLNC
cigarettes and those assigned to NRT smoked signifi-
cantly fewer total CPD than participants assigned to
NNC cigarettes (�4.58 CPD, 95% CI= �7.18, �1.97)
and those not assigned to NRT (�2.74 CPD, 95% CI=
�5.36, �0.12), respectively. Those who received VLNC
cigarettes also smoked significantly fewer study CPD
than participants assigned to NNC cigarettes (�6.35
CPD, 95% CI= �9.27, �3.44), but the effect of NRT on
study cigarettes was not significant (�2.58 CPD, 95%
CI= �5.51, 0.36). There was no significant interaction
between cigarette and NRT assignment on either total or
study CPD. When the VLNC +NRT group was com-
pared directly to the VLNC-only group on total CPD
and study CPD, the difference was not significant
(�0.86 CPD, 95% CI= �3.48, 1.77 and �0.39 CPD, 95%
CI= �3.34, 2.55, respectively). There was no significant
interaction between menthol status and treatment on
total CPD at Week 6 (p=0.762; Appendix Table 6, avail-
able online).
There was no significant effect of cigarette or NRT on

CO or total puff volume, and there was not a significant
interaction between cigarette and NRT on CO or total
puff volume (Appendix Tables 4 and 5, available online).
Self-reported and biochemically estimated adherence

are shown in Figure 2 (Appendix Tables 7 and 8, avail-
able online). Participants who received VLNC cigarettes
were significantly more likely to self-report use of non-
study cigarettes than those who received NNC cigarettes
(OR=0.09, 95% CI=0.04, 0.22), but the effect of NRT
was not significant, and the cigarette X NRT interaction
failed to reach significance (p=0.093). The percentage of
participants assigned to VLNC cigarettes who were bio-
chemically determined to be fully adherent was 50% for
the VLNC +NRT group and 37% for the VLNC-only
group (not significant; p=0.197). Rates of partial adher-
ence, defined as 75% use of study cigarettes, were 66.7%
in the VLNC +NRT group and 60% in the VLNC-only
group. Participants were generally honest about their
nonstudy cigarette use. In both of the VLNC groups,
only 5% of participants self-reported adherence but were
biochemically determined to be nonadherent.
A secondary analysis was used to estimate the causal

inference of VLNC cigarettes (i.e., the effect assuming all
participants had been adherent with the study cigarettes
after accounting for observed differences at baseline
related to adherence). In this analysis, the impact of
VLNC cigarettes on total CPD was even larger than in the
ITT analysis (�6.00 CPD, 95% CI= �10.22, �1.22), but
there was no significant interaction with NRT (p=0.57).
In this analysis, CO was significantly lower for partici-
pants assigned to VLNC cigarettes than for those assigned
to NNC cigarettes (�9.27 ppm, 95% CI= �17.5, �1.98),
but there was no significant interaction between the ciga-
rette and NRT conditions (Appendix Table 9, available
online, shows all causal inference results).
There was a significant interaction between the ciga-

rette and NRT conditions at Week 6 (p=0.03), such that
the VLNC-only group had significantly lower TNEs
than the NNC-only group; however, the VLNC + NRT
group did not have significantly different TNEs than
the NNC-only group (ratio of geometric means relative
to NNC-only condition: VLNC-only=0.29, 95%
CI=0.19, 0.43; VLNC + patch=0.78, 95% CI=0.52, 1.16;
Appendix Tables 10 and 11, available online). TNEs for
www.ajpmonline.org



Table 1. Demographic and Baseline Smoking Characteristics of Study Participants According to Assigned Group

Variables
Overall
(N=240)

NNC only
(n=61)

NNC + NRT
(n=59)

VLNC only
(n=60)

VLNC + NRT
(n=60) p-valuea

Age, years 47.7 (12.8) 47 (12.7) 47.1 (12.2) 47.8 (12.4) 48.9 (13.9) 0.84

Male 122 (50.8) 36 (59.0) 28 (47.5) 31 (51.7) 27 (45.0) 0.44

Race — — — — — 0.06

White 137 (57.1) 34 (55.7) 31 (52.5) 34 (56.7) 38 (63.3) —
Black 77 (32.1) 22 (36.1) 17 (28.8) 17 (28.3) 21 (35.0) —

Hispanic 3 (1.25) 1 (1.6) 1 (1.7) 1 (1.7) 0 (0.0) 0.91

Some college or more 126 (52.5) 25 (41.0) 35 (59.3) 32 (53.3) 34 (56.7) 0.19

Menthol 120 (50.0) 31 (50.8) 30 (50.85) 29 (48.3) 30 (50.0) 0.996

CPD 19.5 (10.4) 18.2 (8.2) 19.6 (10.1) 18.7 (9.4) 21.5 (13.1) 0.32

Daily smoking initiation
age, years

19 (6.4) 19.2 (6.2) 19.5 (6.2) 18.7 (6.4) 18.6 (7) 0.87

NMRb 0.296 (0.03, 1.8) 0.24 (0.05, 0.98) 0.332 (0.05, 1.46) 0.293 (0.03, 1.8) 0.329 (0.03, 1.73) 0.055

TNE,b nmol/mL 61.669 (0.6, 327.7) 63.469 (0.8, 280.8) 54.667 (0.6, 225.8) 58.33 (13, 260) 71.177 (0.6, 327.7) 0.41

CO, ppm 24.5 (11.9) 23.9 (12) 23.2 (10.6) 25.4 (13.2) 25.4 (11.9) 0.68

FTND 5.7 (2) 5.5 (2.1) 5.8 (2.1) 5.5 (1.9) 5.9 (2.1) 0.54
aContinuous variables were tested using ANOVA to see if there were any differences between the treatment groups at baseline. Categorical variables were tested using Fisher’s exact test to see if there
were any difference between the treatment groups at baseline.
bNMR and TNE were summarized using geometric mean, minimum and maximum of the untransformed data. ANOVA was performed to these variables on the log-transformed scale.
CO, carbon monoxide; CPD, cigarettes per day; FTND, Fagerstr€om Test for Nicotine Dependence; NMR, nicotine metabolite ratio; NNC, normal nicotine content; NRT, nicotine-replacement therapy; TNE,
total nicotine equivalents; VLNC, very low nicotine content.
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Figure 1. Number of total (A) and study (B) cigarettes smoked per day from baseline through Week 6 of the study.
NNC, normal nicotine content; NRT, nicotine-replacement therapy; VLNC, very low nicotine content.
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the NNC +NRT group were not significantly higher than
TNEs for the NNC-only group (ratio of geometric means
relative to NNC-only condition: NNC+NRT=1.47, 95%
CI=0.98, 2.19).
There was no reduction in FTND, Brief Wisconsin

Inventory of Smoking Dependence Motives, total
QSU, QSU Factor 1, or Minnesota Nicotine With-
drawal Scale score as a function of cigarette or NRT
assignment, and there was no significant interaction
between cigarette and NRT condition on any of these out-
comes (Appendix Tables 12 and 13, available online). Par-
ticipants in the VLNC condition had significantly reduced
QSU Factor 2 scores compared with those in the NNC
condition, but assignment to NRT did not significantly
affect Factor 2 scores, and there was no interaction.
When a causal model was used to estimate the treat-

ment effects assuming all participants had been adher-
ent, FTND and QSU Factor 1 scores were significantly
reduced for participants who received VLNC cigarettes
Figure 2. Adherence with use of study cigarettes: (A) percent of sub
Week 6; (B) percent of participants with urinary total anatabine lev
adherence with study cigarettes.
NRT, nicotine-replacement therapy; NNC, normal nicotine content; VLNC, ver
compared with those who received NNC cigarettes
(�0.79 points, 95% CI= �1.45, �0.08 and �5.15 points,
95% CI= �9.58, �0.62, respectively). Effects on QSU
Factor 2 were not significant in the causal inference
model. In this analysis, the impact of VLNC cigarettes
on Minnesota Nicotine Withdrawal Scale symptoms was
larger than in the ITT model, but still failed to reach sig-
nificance (1.44 points, 95% CI= �0.6, 3.72).
There were 15 serious adverse events and none of

these were deemed related or possibly related to the
study assignment (NNC-only, five; NNC +NRT, five;
VLNC-only, four; VLNC +NRT, one). There were 19
adverse events that were deemed by the LMP to be
severe and 7 of these were classified by the LMP as possi-
bly related to treatment. All 7 of these events were
reported concurrently by the same participant in the
NNC +NRT group at the Week 3 visit (restlessness,
chest pain, nausea, vomiting, headaches, weakness, and
confusion). However, the participant was evaluated in
jects in each group who self-report using only study cigarettes in
els <0.014 nmol/mL, the level used to biochemically estimate

y low nicotine content.
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an urgent care clinic after the visit and received a diag-
nosis of costochondritis unrelated to study participation.
There was a significant interaction between the cigarette

and NRT conditions on time to lapse during the absti-
nence week (p=0.02; Figure 3, Appendix Tables 14 and 15,
available online). Pairwise comparisons testing the nature
of the interaction revealed that no groups differed signifi-
cantly from the NNC-only group, and there was a trend
for the VLNC-only group to lapse sooner than the NNC-
only group (hazard ratio=1.48, 95% CI=0.96, 2.29). There
was no such trend for the VLNC+NRT group (hazard
ratio=0.87, 95% CI=0.55, 1.36). The same pattern was
present for the outcome of total number of days abstinent
during Week 7 (interaction between VLNC and NRT:
p=0.046). Again, none of the groups differed significantly
from the NNC-only group, but the mean difference in
the total number of days abstinent for the VLNC-only
and VLNC+NRT groups compared with the NNC-only
group were in opposite directions (VLNC-only: �0.92,
95% CI= �2.00, 0.015; VLNC + NRT: 0.5, 95% CI=
�0.57, 1.57).
These effects were moderated heavily by study ciga-

rette adherence. When the effect of VLNC cigarettes on
abstinence was estimated as if all participants had been
adherent with the study cigarettes, the effect of time to
lapse and total days abstinent was reversed—assignment
to receive VLNC cigarettes increased time to lapse and
total days abstinent. However, this effect failed to reach
Figure 3. Intent to treat (A) and causal inference model (B) estimat
week.
NNC, normal nicotine content; NRT, nicotine-replacement therapy; VLNC, ver

October 2019
significance (difference in restricted mean survival=0.74,
95% CI= �0.38, 1.92 and 0.98, 95% CI= �0.32, 2.22,
respectively).
DISCUSSION

Findings from the present study replicate earlier litera-
ture showing that smoking VLNC cigarettes results in a
reduction in the total number of CPD.2,3,5 Additionally,
a causal inference analysis estimating the treatment
effect if all participants had been adherent found a sig-
nificant reduction in CO in the VLNC condition. These
findings, along with previously published trials,2,3,5,17

suggest that if the Food and Drug Administration or a
regulatory agency outside of the U.S. were to mandate a
reduction in the nicotine content of cigarettes to 0.4 mg
nicotine/g tobacco, there would be a reduction in the
number of CPD among current smokers.
These data provide information about the likely

impact of a tobacco product standard in which nicotine
is lowered to a minimally addictive or nonaddictive level
when smokers are provided with a source of nicotine
other than cigarettes, which may include a form of
medicinal nicotine or a noncigarette tobacco product,
like e-cigarettes or smokeless tobacco.18 In this study,
concurrent use of a nicotine patch and VLNC cigarettes
did not further reduce CPD compared with VLNC ciga-
rettes alone. The lack of an interaction between VLNC
es for time to first lapse during the Week 7 abstinence incentive

y low nicotine content.
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cigarettes and NRT for CPD is inconsistent with 2 prior
studies.7,8 However, a third study also found that the
effects of VLNC cigarettes on smoking were not
enhanced by NRT.9 Most participants wore their
assigned nicotine patch almost every day, suggesting
that the lack of the effect was not because of nonadher-
ence with the patch. It is not surprising that NRT would
reduce the number of CPD for NNC cigarettes but not
VLNC cigarettes, as it may be necessary to reduce smok-
ing of NNC cigarettes when using NRT to keep nicotine
levels in a range that is not aversive. However, using
VLNC cigarettes would have very little additional impact
on nicotine exposure when using NRT. Concurrent use
of e-cigarettes, rather than NRT, may be more likely to
reduce smoking rates of VLNC cigarettes because e-ciga-
rettes would be more likely to, at least partially, replace
the sensorimotor effects and the pharmacologic effects
of cigarettes. The nicotine delivery profile of e-cigarettes
can also more closely mimic conventional cigarettes
than transdermal nicotine.
However, there may be a benefit associated with NRT

related to adherence. Although not a significant differ-
ence, rates of adherence with VLNC cigarettes were
higher among individuals assigned to wear the nicotine
patch (biochemically verified adherence: 50% vs 37%).
Rates of nonadherence in prior clinical trials have raised
concerns that a product standard for cigarettes would
create incentives for the development of an illegal ciga-
rette market.19,20 If nonadherence with VLNC cigarettes
is predictive of interest in an illicit cigarette market, these
data suggest that concurrent use of NRT may reduce
seeking of illicit NNC cigarettes.
Adherence with the study cigarettes likely played an

important role in this study. Complete adherence was
low in this trial, consistent with previous VLNC tri-
als.3,5 VLNC cigarette use would likely have had a
larger impact on many of the outcomes if participants
had not been able to legally access NNC cigarettes, as
would be the case following implementation of a nico-
tine standard. Indeed, effect sizes were larger for the
causal inference analysis than the ITT analysis for
many outcomes. Thus, if a nicotine standard is imple-
mented, VLNC use is likely to result in greater reduc-
tions in smoking behavior and dependence than
reported in the ITT analysis.
Adherence appeared to heavily moderate the impact

of VLNC cigarettes on ability to remain abstinent from
smoking. In the ITT analysis, VLNC use reduced the
ability of smokers to remain abstinent from smoking.
However, in the causal inference analysis, which esti-
mates the effect of VLNC use under complete adherence,
VLNC use increased the ability of smokers to remain
abstinent from smoking. If a product standard is
implemented, smokers will not be able to legally access
NNC cigarettes. Thus, under these conditions, smokers
who are motivated to remain abstinent from smoking
will be better able to do so. It is unclear why participants
in the VLNC condition were less likely to remain absti-
nent from smoking in the ITT analysis. Participants who
failed to be adherent during the trial may have developed
learned helplessness, a phenomenon in which repeated
failures result in reduced effort in the future.21 Partici-
pants may have tried repeatedly to be adherent in the
beginning of the trial, but failed, and ultimately exerted
less effort toward the end of the trial, including during
the abstinence incentive week. Consistent with this the-
ory, time to first lapse was shortest in the VLNC-only
group, where nonadherence was highest.

Limitations
The present study had several limitations. First, despite
the use of an adherence incentive system, nonadherence
was high among those assigned to VLNC cigarettes, and
this nonadherence may have affected the dependence,
craving, withdrawal, and abstinence outcomes. The
effectiveness of the adherence incentive program may
have been reduced because it was complex, targeted mul-
tiple behaviors (attendance, honesty, adherence), and
necessitated delays between the target behaviors and
reinforcement. The use of financial incentives for adher-
ence is not a perfect model for a post-regulation market-
place where NNC cigarettes are not legally available.
Nonetheless, it is important to understand the impact of
VLNC cigarettes in the context of adherence, as nonad-
herence could affect important outcomes and is unlikely
to be widespread after implementation of a policy.22 Sec-
ond, the causal inference results control for baseline dif-
ferences between individuals who were adherent and
those who were not. However, it is possible that unmea-
sured baseline differences may exist and would limit the
utility of the model to accurately predict the impact of a
product standard in a fully adherent sample. Third, the
sample size was smaller compared with some prior clini-
cal trials,3,5 which may have limited the power to detect
certain effects (e.g., dependence, causal inference model).
Fourth, the data may not reflect the impact of a product
standard in populations that differ in important ways
from this sample (e.g., cigarette smokers who are trying
to quit, smokers with schizophrenia).
CONCLUSIONS

This study contributes to a growing body of research on
the potential effects of a policy lowering nicotine to a
minimally addictive or nonaddictive level.3,5 This body
of work shows that a reduction in the nicotine content
www.ajpmonline.org
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of cigarettes to a very low level is likely to decrease both
smoking rates and exposure to harmful constituents
among current smokers. This trial showed that NRT
failed to produce additional decreases in smoking
behavior, although there may be a nonsignificant trend
for NRT to increase adherence with VLNC cigarettes.
Trials are underway to investigate the interactive effects
of VLNC cigarettes with other noncigarette tobacco
products, like e-cigarettes.23,24 Ongoing or recently
completed research has also investigated the impact of a
product standard within vulnerable populations, such
as those with mental illness.25,26 These trials, together
with this one and those already published,2−5,7,8,27−30

provide a strong foundation for making regulatory deci-
sions regarding a product standard lowering nicotine to
a minimally addictive or nonaddictive level in the U.S.
and more broadly.
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