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Abstract

Background and Aims: The United States Food and Drug Administration has proposed
regulation to require cigarettes contain very low nicotine content (VLNC). In contrast, reducing
the number of cigarettes per day (CPD) is the most common current method to reduce nicotine.
This trial aims to explore whether gradually transitioning to VLNC cigarettes plus nicotine patch
or reducing CPD plus nicotine patch is more effective at decreasing nicotine dependence.

Design: A two-arm, individually randomized open label trial.
Setting: Community setting, Vermont, USA

Participants: 68 adult daily smokers (40% female) of = 10 cigarettes/day who were not planning
to quit in the next 30 days.

Interventions: All participants smoked study cigarettes with a nicotine yield similar to most
commercial cigarettes ad lib for 1 week (baseline). Participants then gradually reduced to 70%,
35%, 15% and 3% of baseline nicotine over 4 weeks by either a) transitioning to lower nicotine
content cigarettes (N=36) or b) reducing the number of full nicotine cigarettes (N=32). All
participants received nicotine patches.

Measurements: The primary outcome was change in nicotine dependence assessed at baseline
and weekly during the intervention with the Nicotine Dependence Syndrome Scale.
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Findings: Dependence declined over time for both VLNC and CPD participants but declined
more for VLNC (mean decrease in z-score of 1.0) than CPD (mean decrease in z-score of 0.5)
participants over time (interaction p=.018).

Conclusions: Transitioning to very low nicotine content cigarettes reduced nicotine dependence
over a 4-week period to a greater extent than reducing cigarettes per day when both conditions
were aided by nicotine patch.

Keywords

Cigarette smoking; Nicotine dependence; Reduction; Very low nicotine content cigarettes;
Tobacco regulatory policy; Harm reduction

Introduction

Currently, more than 20% of the world’s population smokes cigarettes and approximately 6
million people die from smoking related illness each year (1). In the United States, the
prevalence of smoking has declined dramatically since 1964 but the decline has appeared to
slow to less than 1% per year (2—4). Most smokers do not plan to quit in the near future (4,
5). This may be because actual or perceived dependence is a barrier to making a quit attempt
(2). One way to reduce dependence is to decrease smokers’ nicotine intake (6-8). Presently,
reducing cigarettes per day (CPD) is a common strategy to reduce nicotine intake and
dependence (5, 9, 10). A second method is to transition to very low nicotine content (VLNC)
cigarettes. The US Food and Drug Administration (FDA) recently proposed regulation to
require that all US cigarettes have minimally addictive levels of nicotine in cigarettes; i.e.,
could force smokers to transition to VLNC cigarettes (11). In contrast to traditional “light”
cigarettes (12), VLNC cigarettes contain tobacco with reduced nicotine content and result in
reduced nicotine intake and minimal compensatory smoking (13).

It is unclear whether switching to VLNC cigarettes or reducing CPD is a) more effective at
decreasing dependence and b) more acceptable. One prior trial found a transition to “lighter”
cigarettes (12) appeared more acceptable than reducing CPD (14), but none have tested
transitioning to cigarettes containing tobacco with reduced nicotine content (i.e., VLNC
cigarettes) vs reducing CPD. Though both methods aim to reduce nicotine intake, switching
to VLNC cigarettes and reducing CPD may work in different ways. Switching to VLNC
cigarettes reduces the magnitude of cigarettes’ pharmacological reinforcement, which could
decrease dependence by disrupting operant and Pavlovian conditioning. In contrast, reducing
CPD restricts the pattern and frequency of smoking behavior. This could decrease
dependence by providing increased opportunity to practice not smoking in the presence of
stimuli that would have otherwise prompted smoking.

Policy to regulate cigarettes could a) mandate an abrupt switch to the lowest nicotine content
VLNC cigarettes, b) mandate progressively lower nicotine content over time to gradually
transition to the lowest nicotine VLNC cigarettes, or c) create a market where cigarettes with
various levels of nicotine are available simultaneously to allow smokers to choose whether
or how to transition to the lowest nicotine VLNC cigarettes. Some have proposed the latter
scenario with taxation according to nicotine content to incentivize transitions to cigarettes
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with less nicotine (15). A recent multi-site trial found that an abrupt switch to VLNC
cigarettes was more effective at reducing biomarkers and dependence than a gradual
transition but increased withdrawal symptoms more and was less acceptable (16). Despite its
efficacy, a mandated abrupt switch to a market with only the lowest nicotine cigarettes
available may be less politically feasible than a market that allows smokers the option to
gradually transition to VLNC cigarettes. Acceptable implementation of VLNC cigarettes is
especially important given that the overall impact will be determined by both efficacy and
feasibility. Therefore, further research is needed to examine feasibility of transitioning to
VLNC cigarettes and how that strategy compares to current common nicotine reduction
strategies.

In this exploratory randomized trial, we compared gradual reduction via transitioning to
VLNC cigarettes versus reducing CPD. Our VLNC condition explores a reduction strategy
that could be used if cigarettes were regulated to have reduced nicotine. In contrast our CPD
condition explores a common reduction strategy. We instructed participants to make large
reductions in nicotine content or number of CPD in order to detect differences between
reduction strategies and dose-response relationships in dependence and acceptability. We
provided both groups with nicotine replacement therapy (NRT) to aid reduction via VLNC
or CPD for the reasons described below. This trial aimed to determine: a) which reduction
strategy decreases dependence more and b) which reduction strategy is more acceptable. We
will examine intention to quit, quit attempts, cessation, self-efficacy, carbon monoxide, and
participants’ evaluation of cigarettes in subsequent papers.

Research personnel recruited 74 participants via Internet advertising, flyers, and word of
mouth in the Burlington, VT area. Major inclusion criteria were a) = 18 years old, b) smoke
>10 cigarettes/day seven days per week c) meet DSM-5 criteria for Tobacco Use Disorder,
and d) have no plans to stop smoking in the next 30 days (see Supplemental Methods). All
participants smoked ad lib during the baseline week of the study. Only the 68 participants
who attended the initial visit and the visit at the end of the baseline week were retained for
analysis (Figure 1). Table S1 provides a description of the 6 excluded participants. The study
was approved by the Committee on the Use of Human Subjects in Research at the University
of Vermont and registered on ClinicalTrials.gov (http://www.webcitation.org/73yePQUWH),
record: . All participants provided written informed consent.

Data were collected between February 2017 and January 2018 for this unblended parallel
group, randomized trial. All participants attended an initial visit and five subsequent weekly
visits (Table 1) to answer questionnaires, provide urine samples, and receive study cigarettes
and NRT. Participants also answered nightly questionnaires during weeks 0 through 4 via
telephone using an Interactive Voice Response system or online survey using smartphone or
computer. Participants completed an online follow-up survey 1 month after the final study
visit (i.e., 9 weeks after their initial study visit).
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Study cigarettes were packaged with labels displaying their varying nicotine content. We
used the same study cigarettes (Spectrum cigarettes, 22"d Century Group, Inc.) as prior
studies of VLNC cigarettes (8, 17) and report the nicotine contents estimated by RTI
International (http://www.webcitation.org/744KC5wXz) for the cigarettes used in this trial
(Table S3). During the baseline week (week 0), we provided participants in both conditions
with 17.6 mg/g nicotine content study cigarettes. Because access to free cigarettes could
increase smoking (18), we provide smokers with 150% of their self-reported number of
cigarettes/day. This cigarette has a nicotine yield (0.97 mg/cigarette) similar to most
commercial cigarettes. Participants were instructed to smoke only study cigarettes, but to
smoke as usual during the baseline week. After the baseline week, we scheduled a similar
magnitude of reduction in nicotine provided to participants via either VLNC cigarettes or
reduced number of CPD (Table 1).

We provided participants who were randomized to use VLNC cigarettes with 100% of their
mean number of cigarettes/day during the baseline week to use throughout weeks 1 to 4 and
instructed them to only smoke cigarettes provided by the study. We limited VLNC
participants to 100% of their baseline (i.e., week 0) cigarettes/day so that reducing
cigarettes’ nicotine content over the study period would match the magnitude of reduction in
total nicotine provided to CPD participants (Table 1). Cigarettes in the VLNC condition had
progressively lower nicotine content beginning with 12.3 mg/g during week 1; 6.3 mg/g
during week 2; 2.3 mg/g during week 3; and 0.6 mg/g during week 4 to provide
approximately 70%, 35%, 15% and 3% of baseline nicotine (Table 1).

We provided participants randomized to reduce CPD with full nicotine study cigarettes (17.6
mg/g) during weeks 1 to 4 and instructed them to only smoke cigarettes provided by the
study. They received progressively fewer number of cigarettes beginning with 70% of the
mean number of week 0 cigarettes/day for week 1; 35% for week 2; 15% for week 3; and
3% for week 4 (Table 1).

At the time of this trial, the only available Spectrum study cigarettes that had consistent
qualities (e.g., filter type) across nicotine contents were mentholated. Therefore we recruited
only participants who had past (n=52) or current (n=16) experience smoking menthol
cigarettes. We used a computer generated stratified blocked randomization schedule so that
the proportion of current menthol smokers was similar between groups. Participants were
randomized at their initial visit in a 1:1 allocation ratio.

We provided all participants with 21-mg NRT patches and instructed them to use patches
daily during weeks 1 through 4 (see Supplemental Methods) for two reasons. First, in order
to increase internal validity, our CPD condition required large magnitudes of reduction to be
comparable to nicotine reduction from transitioning to VLNC cigarettes. In prior studies,
large reductions in cigarettes/day without NRT were very rare (19). For example, in our prior
study, reduction without NRT produced only a 19% reduction in cigarettes/day (20). In
contrast multiple studies have found NRT aided reduction produces large reductions in
cigarettes/day (21-23). Second, many researchers believe that the provision of alternate
nicotine sources is essential for a tobacco regulatory policy to be successful (24) and that
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many who transition to VLNC cigarettes will supplement with alternative nicotine products
such as nicotine patch (25).

Participants reported compliance with our instruction to use NRT patches on nightly
questionnaires. At the final study visit, we a) stopped providing study cigarettes, b) advised
smokers to quit, and c) offered an additional 1-month supply of NRT patches to increase the
likelihood of cessation. Participants completed a 1-month online follow-up survey.

Dependence: Our primary measure of dependence was the Nicotine Dependence
Syndrome Scale, which includes an overall score (NDSS-OS) and five subscales: 1) Drive
(NDSS-D) to assess craving, withdrawal, and compulsion to smoke, 2) Priority (NDSS-P) to
assess preference for smoking over other reinforcers, 3) Tolerance (NDSS-T) to assess
sensitivity to the effects of smoking, 4) Continuity (NDSS-C) to assess the regularity of
smoking rate, and 5) Stereotypy (NDSS-S) to assess changes in invariance of smoking (26).
The NDSS scales produce z-scores using weighted parameters and have good reliability and
predictive validity (26, 27). We also administered the Fagerstrom Test for Cigarette
Dependence (FTCD) (28) questionnaire modified to exclude the cigarettes/day item, the
Glover-Nilsson Smoking Behavioral Questionnaire (GN-SBQ) (29), and a single-item
Addiction Ladder to assess cigarette addiction on a 10-point Likert scale (30). The NDSS,
FTCD, and GN-SBQ were measured weekly and the Addiction Ladder was measured
nightly. All were assessed at the 1-month follow-up.

Acceptability: Although both groups were instructed to only smoke study cigarettes, they
were also told that honest reporting of use of non-study cigarettes was important because we
were interested in the acceptability of each strategy. The primary measure of acceptability
was the percent of participants’ daily cigarettes that were non-study cigarettes. Participants
reported their number of study and non-study cigarettes/day on nightly questionnaires and
via timeline follow-back at weekly study visits. In order to increase the validity of
participants’ self-reports, we a) informed participants that self-reported noncompliance
would not influence their payment or participation and b) employed a bogus pipeline
technique (31) by falsely telling participants we could detect non-study cigarettes via breath
and urine tests. In fact, biochemical estimation of compliance using cotinine was not
possible because participants used NRT and using cotinine to estimate use of study vs non-
study cigarettes containing full or moderate levels of nicotine does not appear accurate (32).
Participants were debriefed about this deception at the end of the study period. Each week
we also asked participants to rate on five-point Likert scales how willing and able they
would be to smoke the type and number of cigarettes provided to them over the past week
for the next year if only those study cigarettes were available.

Nicotine exposure: Weekly urine samples were analyzed for cotinine using semi-
quantitative enzyme immunoassay (Microgenics, Fremont, CA, USA). Weekly breath
samples were analyzed for carbon monoxide (CO) using a handheld Covita Micro
Smokelyzer.
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Baseline: We administered the modified cigarette evaluation questionnaire (MCEQ) (33)
after the baseline week of ad-lib smoking study cigarettes.

Adverse events (AE): We assessed AEs at each study visit by asking if participants
experienced any new problems over the past week. We defined AEs based on FDA
guidelines (http://www.webcitation.org/74ZSRWgT], http://www.webcitation.org/
T74ZSSwysz).

We used nQuery Advisor module MTT3-1 (http://www.webcitation.org/74ilQcdg4) to
calculate that a sample size of 32 per group would provide power of 0.8 with a two-sided
alpha of 0.05 to detect a 10% within-group difference (0.5 units) in dependence using the
NDSS-OS trend across time for the two conditions. We assumed a between-participant
standard deviation of 1.0 and within-participant correlation in NDSS-OS of 0.8 (20, 26). We
stopped recruitment after consenting 74 participants to account for attrition. Sixty-eight
participants attended the visit at the end of baseline and were retained for analysis. We used
multi-level modeling with restricted maximum likelihood (REML) and participant as a
random effect to examine the condition by time interaction for dependence, acceptability,
and cotinine outcomes. Covariance structure was chosen to minimize Akaike and Bayesian
information criteria (Table S4). For measures assessed nightly, we used weekly means as the
time variable because parameter estimates are less accurate in multi-level models when there
are small sample sizes and a large number of time-points (34). Participants were instructed
to smoke only study cigarettes throughout the entire study (weeks 0-4) and use NRT patches
daily during weeks 1-4. Thus, we examined percent of days using NRT and percent non-
study cigarettes/day as time-varying covariates for all models testing an interaction to
determine if dependence or nicotine intake were influenced by compliance factors. Finally,
we tested sex and pre-study menthol vs non-menthol status as moderators of all outcomes.
Neither variable moderated any outcome (Table S11). We used t-tests to compare
participants’ evaluation of study cigarettes after the baseline week using the mCEQ. We did
not include p-value corrections in this exploratory trial because, like others, we are
concerned that these adjustments are based on arbitrary cutoffs and increase the probability
of type Il errors (35).

At the 1-month follow-up, we used linear regression to make between- and within-
participant comparisons as well as condition by time interactions for dependence measures.
In addition, we tested all condition by time interactions after controlling for patch use during
follow-up.

Missing data did not significantly differ between conditions (Table S5). Of the 68
participants included in our analyses, 58 (85%) attended the final study visit. Across the
2,380 total nightly surveys (68 participants x 35 day study period), 326 (14%) were missing.
We imputed missing daily values using weekly retrospective surveys when possible. This
decreased the number of missing values to 209 (9%). In our primary analyses, missing data
were handled as prescribed in multi-level modeling (36). Most participants (59%) completed
the 1-month follow-up survey. Missing data at follow-up were treated as missing.
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Results

Participant Characteristics

Compared with US current daily smokers (37, 38), participants in this study appear younger,
more likely to be white, non-Hispanic males, more educated, more dependent, and smoked
more cigarettes/day (Table 2). Characteristics did not significantly differ between conditions
(Table S2).

Baseline Smoking, NRT Patch Compliance, and Adverse Events

During the baseline week, there were no significant between- or within-participant
differences across the two groups for items assessed daily (Table S6). Prior research
indicates that participants smoke more cigarettes when they are free (18). We used a t-test to
compare pre-study (mean=19.4, between-subjects standard deviation [SD]=8.4) vs baseline
cigarettes/day (mean=20.6, SD=10.5), and found differences were marginally significant (t=
-1.8, p=.084). During baseline, participants in both conditions reported smoking few non-
study cigarettes (median=1.2%). With regard to evaluation of study cigarettes on the mCEQ,
there were no differences between conditions or between participants who identified as
menthol vs non-menthol smokers (Table S7). Compliance with NRT patch was high
(median=91% of days) and a t-test found no difference between conditions (t=0.7, p=.468).
There were no serious adverse events related to participation in either condition.

Dependence

In the whole sample, dependence decreased from baseline to the end of the study period on
the NDSS-0OS, NDSS-D, FTCD without cigarettes/day, GN-SBQ, and Addiction Ladder
(Table 3). Among VLNC participants, there were decreases in NDSS-OS, NDSS-D, FTCD
without cigarettes/day, GN-SBQ, and Addiction Ladder scores over time. Among CPD
participants there were decreases in NDSS-OS, NDSS-D, GN-SBQ, and Addiction Ladder
scores over time (Table S8). Main effects for differences between conditions were not
significant on any dependence measure (Table 3).

There were condition by time interactions where VLNC participants’ dependence decreased
more over time than CPD participants on the NDSS-OS, NDSS-D, and the Addiction Ladder
(Table 3, Figure 2). The difference in change in NDSS-OS remained significant after
controlling for NRT use but was no longer significant when controlling for percent non-
study cigarettes/day. The difference in change in NDSS-D remained significant after
controlling for both NRT and non-study cigarette use. Change in the Addiction Ladder
outcome did not differ between conditions after controlling for either covariate (Table 3).
Post-hoc t-tests comparing conditions at each week found that, at week 4 (3% nicotine), the
VLNC condition had numerically less dependence on the NDSS-OS and significantly less
dependence on the NDSS-D. Differences between groups were not significant for the
Addiction Ladder at any single week (Figure 2).

At the 1-month follow-up, there were no significant between-group, within-group, or time
by condition interactions for any dependence measure (Table S10).

Ad(diction. Author manuscript; available in PMC 2020 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Klemperer et al. Page 8

Acceptability

The percent of cigarettes/day that were non-study cigarettes was greater in CPD participants
than VLNC participants, indicating that reducing CPD was less acceptable than transitioning
to VLNC cigarettes (Table 3). Percent non-study cigarettes/day is influenced by number of
total cigarettes/day (study + non-study), which differed between conditions. For example,
though CPD participants reduced from a mean total cigarettes/day (study + non study) of
21.1 (SD=12.2) to 8.5 (SD=6.9), their non-study cigarettes/day increased by a mean 64.7%
(Figure S1). Further, CPD participants reported a decrease in willingness and ability to
smoke the number of cigarettes provided (Table S8). VLNC participants also reduced from a
mean total of 20.1 (SD=8.8) to 16.2 (SD=9.8) cigarettes/day. However, there were no
changes over time in their percent non-study cigarettes/day, willingness, or ability to smoke
the progressively reduced nicotine content study cigarettes provided (Table S8).

There were condition by time interactions where the percent non-study cigarettes/day
increased and self-reported willingness and ability to smoke the number of cigarettes
provided decreased among CPD but not VLNC participants over time (Table 3, Figure 3).
These findings remained significant after controlling for NRT use (Table 3). Post-hoc t-tests
found that, in comparison to VLNC participants, CPD participants smoked more non-study
cigarettes/day and reported that they were less willing and able to smoke the number of
study cigarettes provided at week 2 (35% nicotine), week 3 (15% nicotine), and week 4 (3%
nicotine; Figure 3).

Nicotine Exposure

Cotinine values were significantly less for VLNC than CPD participants (Table 3). Over
time, VLNC participants’ cotinine decreased. In contrast, there was an unexpected small but
significant increase in cotinine for CPD participants (Table S8) despite a 59.7% reduction in
mean total cigarettes/day (study + non study; Figure S1).

There was an interaction where cotinine decreased for VLNC but increased for CPD
participants over time (Table 3, Figure 3). This remained after controlling for NRT use but
was no longer significant after controlling for percent non-study cigarettes/day (Table 3).
Post-hoc t-tests found that, in comparison to CPD participants, VLNC participants had less
cotinine at week 2 (35% nicotine), week 3 (15% nicotine), and week 4 (3% nicotine; Figure
3).

To further examine the CPD condition’s unexpected increase in nicotine exposure, we
controlled for participants” weekly CO levels and found the condition by time interaction
described above remained significant (F=6.2, p=.001). In addition we plotted changes in CO
(Figure S3) and tested NRT patch use, CO, and time as predictors of cotinine in a
multivariable model. Time remained significant but neither patch use nor CO predicted
cotinine among the CPD or VLNC group (Table S12). This suggests the increase in nicotine
exposure was not directly due to compensatory smoking per se.
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Discussion

This exploratory randomized trial directly compared transitioning to VLNC cigarettes versus
the commonly used strategy of reducing CPD as methods to decrease dependence and
provide adequate acceptability. We found that gradually reducing nicotine by transitioning to
VLNC cigarettes is more effective at decreasing dependence and cotinine and more
acceptable than reducing number of CPD. The only prior similar trial compared a 2-week
taper to abstinence without NRT via transitioning to “light” cigarettes (i.e., cigarettes low in
nicotine due to dilution of smoke) vs reducing CPD (14). In contrast, we used a 4-week
taper with NRT in both groups and cigarettes containing tobacco with less nicotine content.
Despite these methodological differences, the prior trial also found that switching to reduced
nicotine cigarettes was more acceptable than reducing CPD. The prior trial did not measure
change in dependence or cotinine (14).

Transitioning to VLNC cigarettes with approximately 3% nicotine appeared to decrease
dependence more than instruction to make equivalent reductions in CPD. One possible
mechanism is that responding to environmental or internal cues by smoking cigarettes with
less pharmacological reward (i.e., VLNC cigarettes) disrupts conditioning and decreases the
drive to smoke cigarettes. In contrast, the mechanism for reducing full nicotine CPD could
be that it helps smokers temporarily resist the drive to smoke with less actual change in
dependence per se. Differences between conditions appeared to emerge during week 4,
suggesting that the influence on dependence may differ only at the greatest magnitudes of
reduction.

There was a large decline in acceptability as CPD participants were instructed to reduce 97%
of their cigarettes. In contrast, a similar magnitude of reduction via transitioning to VLNC
cigarettes remained relatively acceptable. Thus, reducing the frequency of smoking behavior
appears less acceptable than reducing the magnitude of pharmacological reward associated
with each cigarette. This finding is particularly notable because it suggests that regulation to
reduce cigarettes’ nicotine content could result in an option for harm reduction that is more,
not less, acceptable than the current common practice of reducing CPD among smokers not
ready to quit.

Nicotine exposure (cotinine) decreased for VLNC but increased for CPD participants over
time. The decrease in cotinine in the VLNC condition supports prior research that suggests
minimal compensatory smoking with VLNC cigarettes (13). The reason for an increase in
cotinine in the CPD condition is less clear. The CPD condition received full nicotine
research cigarettes and had a 59.7% reduction in total cigarettes/day (study + non-study).
One potential explanation could be that CPD participants inhaled their remaining cigarettes
more vigorously (i.e., compensatory smoking), which caused a net increase in cotinine.
However, higher CO levels, a measure of smoke inhalation, were not associated with higher
cotinine levels or the time by condition interaction. Further, we could not find any prior
research on whether reducing number of full nicotine Spectrum research cigarettes causes
compensatory smoking. Another potential explanation is that supplemental nicotine from
NRT caused the increase in cotinine for CPD participants. However, NRT use did not differ
between conditions or influence outcomes in our analyses. Thus it remains unclear why
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CPD participants had an increase in nicotine exposure. Further research is needed to parse
out the influences on change in cotinine from reducing CPD. Nonetheless, transitioning to
VLNC cigarettes appears to be a more effective strategy to reduce nicotine exposure than
reducing CPD.

Limitations and Considerations

We provided NRT to aid reduction and increase internal validity of our comparisons.
Though this may have decreased the generalizability of our findings, if mandated to use
VLNC cigarettes, many smokers will likely seek alternative nicotine sources such as NRT
(25). On the other hand, provision of nicotine via NRT may have blunted the impact of
reduction, thereby decreasing the sensitivity of our test. However, we found reliable
differences in our primary outcomes suggesting the study had sufficient sensitivity.

All study cigarettes were mentholated because of limitations at the time of recruitment,
which limits the generalizability of our findings. However, participants’ current versus past
menthol status did not a) differ between groups, b) influence subjective evaluation of study
cigarettes, or ¢) moderate any outcome. We were unable to biochemically verify compliance
with study cigarettes. We attempted to increase the validity of self-report by informing
participants that payment and participation would be unaffected by noncompliance and
employing a bogus pipeline technique (31). We instructed participants to make large
reductions over a short period of time: it is possible our results might differ if reduction
goals were smaller or the duration of reduction was longer. We tested a single reduction
schedule. It is unclear how the FDA will regulate cigarettes’ nicotine content or smokers will
transition to VLNC cigarettes. In addition, our findings for two dependence measures and
cotinine were no longer significant after controlling for non-study cigarettes/day which
suggests that the effectiveness of the VLNC reduction strategy is likely influenced by its
acceptability. Time-by-condition interactions were not significant on multiple secondary
measures of dependence and thus future research is needed to replicate our primary findings.
This trial was unblinded because reducing CPD is an observable behavior. Thus expectancy
may have influenced outcomes. The study entered only smokers not planning to quit in the
near future. Our findings could differ among smokers who intend to quit now. Finally,
findings at follow-up are limited because VLNC participants could not, but CPD participants
could continue their assigned reduction strategy.

Conclusions

We compared a proposed (VLNC) vs a common (CPD) reduction strategy and found that a
gradual transition to VLNC cigarettes appears to be more effective at decreasing dependence
and nicotine exposure and more acceptable than gradually reducing CPD. Future research is
needed to a) replicate findings in a larger sample size with a control condition of no attempt
to reduce, b) test different reduction goals and schedules, ¢) test reduction with the aid of e-
cigarettes or no nicotine replacement, and d) examine potential biological and behavioral
moderators and mediators of reduction’s effects on dependence. Our major conclusion is
that a policy to reduce the nicotine content of cigarettes could provide smokers not ready to
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quit with a reduction strategy that is more acceptable and effective at decreasing dependence
and nicotine exposure than the common strategy of reducing CPD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Total contacted = 359

Referred from another study = 167 (47%)
Internet advertising = 99 (28%)

Flyers = 35 (10%)

Word of mouth = 31 (9%)

Other = 27 (8%)

Total screened ineligible = 230 (64%)

+ Smokes < 10 CPD, non-daily smoker, or began smoking
<1 year ago = 67 (29%)

E-cigarette or smokeless user = 41 (18%)

Plans to quit in next 30 days = 37 (16%)

Never smoked menthol = 36 (15%)

Reduced > 25% CPD in past 30 days = 31 (13%)

On opioid maintenance medication = 29 (12%)
Chose to participate in another study = 26 (11%)

Of reproductive potential or unwilling to complete
pregnancy test = 25 (11%)

Has health contraindication for NRT patch = 19 (8%)
Does not meet criteria for DSM 5 Tobacco Use
Disorder = 15 (6%)

Used Cessation aid in the past month = 12 (5%)

+ Excluded for other reasons = 52 (22%)

-

Y

Screened initially
eligible = 129 (36%)

4\5

No show or
lost contact = 55 (43%)

Attended initial visit = 74 (57%)

$\$

Consented &

Did not consent = 0

randomized = 74 (100%)

VLNC dropout before
visit 0 = 3 (4%) v

CPD dropout before
visit 0 = 3 (4%)

Included in analyses = 68 (92%)

Total VLNC = 36 (53%)
= Missed Visit 1=4(11%)
« Missed Visit 2 = 3 (8%)
» Missed Visit 3 = 5 (14%)
+ Missed Visit 4 = 5 (14%)

\

Total CPD = 32 (47%)

Missed Visit 1 = 2 (6%)
Missed Visit 2 = 3 (9%)
Missed Visit 3 = 5 (16%)
Missed Visit 4 = 5 (16%)

VLNC completed 4-week
follow-up = 23 (64%)

A

CPD completed 4-week
follow-up = 17 (53%)

Figure 1: Participant flow diagram.
CPD=Condition that reduced cigarettes/day; DSM-5=Diagnostic and Statistical Manual of

Mental Disorders Fifth Edition; NRT=Nicotine replacement therapy; TCORS=Tobacco
Center on Regulatory Science; VLNC=Condition that switched to very low nicotine content

cigarettes.
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(15% nic)

p=1313
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Figure 2: Dependence outcomes.

aPost-hoc between-condition t-tests at week 4; CPD=Condition that reduced cigarettes/day;
NDSS=Nicotine Dependence Syndrome Scale; nic=Nicotine; VLNC=Condition that
smoked low nicotine cigarettes. The presented values are estimated marginal means from the

mixed model.
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Figure 3: Acceptability and Nicotine Exposure Outcomes.

aSee Figure S2 for daily change; PSignificant post-hoc between-condition t-tests at each
week; CPD=Condition that reduced cigarettes/day; nic=Nicotine; VLNC=Condition that
smoked low nicotine cigarettes. The presented values are estimated marginal means from the

mixed model.

Ad(diction. Author manuscript; available in PMC 2020 September 01.




Page 17

Klemperer et al.

 Y98M JO pua ay) Ja)e Yyuow T AaAins dn-mojjo) auljuo ue palajdwod siuedidied “T09DHN = SY9aM |[e Jo) senaleblo Apnis uonipuod

Aadd 3y ul "€0TOUN = ¥ 499M pue ‘TOEDHUN = € %8aM ‘TOFOUN = Z %89M ‘TOSOHN = T %88M ‘TO9DHN = 0 8am Je sanaiebio Apnis ‘uonipuod DNTA 8yl ul (€S 8|qeL 9as) [eu siy) ul pasn sanasebio
wnu10ads Jo saydreq syl Joj [euolieulalu] | 1Y Aqg sBuiiel ay} 198]4a1 SUSJUOI BUNOIIU pajuasald 8y JUsIU0d aunodIu Mo] AIBA=DNTA 029eqo} weib Jad aunodiu webijn=06/6w ‘Aep Jad sanasebio=ado

‘Aep/anaJebio T JO winwiuiw e paAladal syuedionied

1Y

‘3Inb 01 pasiApe aiam syuedioned usym HSIA \cem_ogm._u

‘Aep Jad yored auo asn 01 suononsul pue sayored Adetay) Juswade|das sunodiu Bw-Tz panladas siuedionted usaym susiA Alojeloge]

q

‘awin siyr Bunnp paystiqelsa Aep/senarebio suljeseg,

(Bw92T) %00T | (Bw 9°2T) %00T | (Bw 9°2T) %00T | (Bw 9°2T) %00T | (Bw 9°2T) %00T | Jwar0o suioIIN
ddD aunodiu [Ny JO Jequinu padnpay

093940 %Ey | 03489 40 %GT | 0X23M 40 %GE | 0 493M 40 %60L an py Aep/sanaieblo

(Bw 9°0) %€ (Bw £7) %ST (Bw £'9) 9%65¢ (Bw ezT) %0L | (Bw 9°LT) %001 | wwapuoo suoaiN

Sena1ebid DN/ OF pauonisuer]
0133\ J0 %00T | 0183M JO %00T | 0>88M J0 %00T | 0 >88M 10 %00T al py Aep/sanaleblo
RN RETN AR T 93\ 0193,
v, & % Tq Og [eniuj WSIA Apris
"SUSIA ApNS pue uononpal Jo ajnpayos
T 9|qeL

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Ad(diction. Author manuscript; available in PMC 2020 September 01.



Page 18

Klemperer et al.

*$a118.4e619 JUBIU0D BUNOJIU MO| AJSA 0} PAYDNMS ey} UOIIPUOD=DNTA ‘Sidwane IND=yO ‘AsAINS MaIAIBIU| Ui[eaH [eUONeN Sa1eIS PaluN=SIHN ‘Aep Jad senasefio paonpal 1eyy UoIpUOD=adDd

“USIA ApnIs [emul 8y e pessassy

p
_amw
‘(se
( VQ
.Qam
- (Lv) ze (ov) €T (€9) 6T v 1sed e Bunp 14N pasn (%) 'ON
- z € z a1 ul syQ 40 Jaquinu uelpain
- (§y=as) L'T (€'9=as) 'z (§T=0s) 0T stpuow zT 3sed ui 1nb jou Ing 8onpaJ 03 palduwisiie SaWil JO JsgquINU Ues|A|
oLl (Tv=as) 791 (e'e=@s) 9'sT (Lv=as) L'9T Bupjows Jo 33su0 Je abe ues|y
,(6€) o) o1 (s2) 8 @) 8 s> oWs [oypuaW (96) ON
- (£'812=as) TZT#'T | (2'€02=AS) 5¥9¥'T | (¥'6€,=AS) T¥9E'T | Iw/Bu suIUNOD UBSIN
- (0e=as) g€ (0'e=as) g€ (0'e=as) v'e (saA Ajanunyep A18n=0T ‘ou Ajanuyep A18a=0) yauow 3xau ays Ut 1inb 03 uonusIUl UBSIN
gdveEY (0z=as) T's (z'z=as) 0's (6'1=as) £'s (3s8yB1y=0T 158M0|=0) 80uUapUadaq am18eb1D 40} 1581 WosISIabeS [e101 Ues|N
297 (r'8=as) v'6T (r'01=0as) 8'6T (1°9=as) 0'6T Kep/sanaiebio uesiy
J0]SI upjow
Kaoisiy Buny Sy
- (82) 8T (52) 8 (te) 0T patLrew (96) 'ON
- (ev) 62 (8¢) ¢1 (Lv) LT awin |ny pakojdws (%) 'ON
(68) @) 6 @) ez @) 9z UOIBONPA JO SJB3A ZT < YNM (96) "ON
2(82) (28) 95 (88) 82 (81) 8z a1uedSIH-UOU ‘8HUM (9%) "ON
2(9) (o) Lz (1p) €1 (6) v1 usLIOM (%) ‘ON
[44 (7€1=as) 8'8¢ (9°€T=0A8) £'6€ afe uea|y

('€1=as) v'8e

Soiydeibowiag

2q

sAaAINS Jay10 pue eSIHN

(89=N) eroL

(ze=u) add

(9g=U) ONTA

Author Manuscript

‘¢ 9|qeL

Author Manuscript

‘A101s1y Bujows pue saydesbowap juedionied

Author Manuscript

Author Manuscript

Ad(diction. Author manuscript; available in PMC 2020 September 01.



Page 19

Klemperer et al.

"S3W02IN0 BUIU0D pue ‘Aljiqedadde ‘souspuadap uesw Joj 6S a|qel
puUe $31N12NJIS 82URLIBAOD 10} S 8]qeL 89S ‘sewodno Arewid syuasaidal sBulpuly pjog sanaefio Jusjuod aunodiu Mo| AIsA 01 PayINIMS Jeyl uonIpuod=JNIA ‘Adesayl Juswade|dal aunOIIN=14N :9|edS
aWoIpUAS souapusdaq aunodIN=SSAN ‘aireuuonsand) [eoireyag Buows Uoss|IN-18A0|9=0gS-NO ‘souspuadaq snaiebi) 1oy 1sa] wonsiabed=a14 ‘Aep Jad senarebio paonpal eyl UOIPUOD=AdD

(¥60) €T (to0>) €6 (To0>) 2L (To0>) €6 (so0) €8 auIunod
31nsodxg aunodIN
- (08) 70 (99) 8°0 W) ot (05) 50 aneseb1d Jo adA exows o) AIgy
- (S0 (09) L0 (z6) 20 (¥6') T0°0 anaeb1d Jo adA sxows o} sseubu
- (S00) T (6007 5°€ (z00) 8 (100°>) 09T | SsenaseBio Jo Jsquinu axows o) AN|IqY
- (T00>) 09 (s007) 0 (100>) 'S (z00") vo1 sanaseb1d Jo Jaquunu axjous 0} ssaubu
- (T00>) 562 (T00>) 0'8 (T00>) €92 (€10 99 Keq@yseanateb1y Apnis-uoN %
AHigeIdsoy
(sz) g0 1) 8T (6v07) v'e (T00>) T've (s8)o 13ppe] uoIppY
(ee) et (€620 (6610 (T00>) 8'2T (¥67) 0 08s-N9
(ee) et (620 (02) 50 (€00) v (0210 AKep/senaieb1o noyum ao14
we)er (910 (t9) L0 (08) 80 (tL0) ¥'e Anunuod SSaN
(€97 L0 (z6) 20 (26D 10 (o) 60 (€2)v1 8oueIR|OL SSAN
(€9) L0 (88)¢€0 (89990 (8990 (ev) 90 Aoud SSaN
(z6) 20 (sv) 60 (9s) 80 we) vt (ee) ot AdAy08181S SSAN
(¥00) T'S (T10) 5°¢ (€100 €€ (T00">)L'¥T (v) <o aAld SSAN
(tv)oT (€20 0°¢ (810 C°€ (T00>) 6°€T (8270 81028 |[e43A0 SSAN
gouspusdag
-uou 9 L&%n_mww%w_%% LYN 10} m:___omwwuowwwség 183 x LORPUOD M adO SAONTIA

Author Manuscript

"S9LI09IN0 aulu1l0d pue ‘Aljiqeidadsde ‘eouspuadap Joy senjea (@) 4

‘€ 9|qeL

Author Manuscript

Author Manuscript

Author Manuscript

Ad(diction. Author manuscript; available in PMC 2020 September 01.



	Abstract
	Introduction
	Methods
	Participants
	Design
	Measures
	Dependence:
	Acceptability:
	Nicotine exposure:
	Baseline:
	Adverse events (AE):

	Analyses

	Results
	Participant Characteristics
	Baseline Smoking, NRT Patch Compliance, and Adverse Events
	Dependence
	Acceptability
	Nicotine Exposure

	Discussion
	Limitations and Considerations

	Conclusions
	References
	Figure 1:
	Figure 2:
	Figure 3:
	Table 1:
	Table 2:
	Table 3:

