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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.
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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.

Methods

Participants

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.

Design

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, 22nd 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.

Measures

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/74ZSRWgTl, http://www.webcitation.org/

74ZSSwysz).

Analyses

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 II 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 × 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-OS, 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).
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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 c) 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, c) 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 

Klemperer et al. Page 10

Addiction. Author manuscript; available in PMC 2020 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



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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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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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; bSignificant 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.
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