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Abstract

Introduction: E-cigarette (e-cig) use is widespread and may play an important role in facilitating 

smoking reduction. Racial/ethnic minorities are less likely than Whites to use e-cigs and suffer 

disproportionate tobacco-related disease, making them a priority for harm reduction. This paper 

explores factors associated with smoking reduction among African American (AA) and Latinx 
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smokers enrolled in a trial assessing toxicant exposure in those assigned to e-cigs or smoking as 

usual.

Methods: Participants were randomized to receive 6 weeks of JUUL e-cigs or continue smoking 

cigarettes as usual (N=187). This analysis focuses on 109 participants randomized to e-cigs. We 

modeled cigarettes smoked in the past week at baseline and week 6 as a function of a priori 
selected predictors (number of JUUL pods used throughout the study, baseline cigarette 

dependence, and baseline cotinine) using a Poisson model fit with generalized estimating 

equations.

Results: Over the six-week study, cigarette smoking decreased from an average of 82.4 to 15.5 

cigarettes per week. Greater numbers of JUUL pods used predicted a greater smoking reduction by 

week 6 (IRR = 0.94 [0.91, 0.96], p < 0.001). Higher baseline cigarette dependence (IRR = 1.03 

[1.01, 1.05], p = 0.004), and baseline cotinine (IRR = 1.18 [1.03, 1.37], p = 0.020) predicted a 

lesser smoking reduction.

Conclusions: AA and Latinx smokers reduced their cigarette consumption while using JUUL e-

cigs. Higher e-cig use during an intervention to switch to e-cigs to reduce harm may facilitate a 

transition to smoking fewer cigarettes, offering an opportunity to narrow smoking-related health 

disparities.
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1. INTRODUCTION

While cigarette smoking among U.S. adults has decreased over the past 50 years to an all-

time low prevalence of 13.7% (Creamer et al., 2019), smoking continues to be the leading 

nationwide cause of preventable death (Lariscy, 2019) with higher morbidity and mortality 

among racial/ethnic minorities (Trinidad, Pérez-Stable, White, Emery, & Messer, 2011). In 

recent years, the tobacco landscape has changed substantially to include increasingly 

popular non-combustible products including e-cigarettes (e-cigs). A national survey revealed 

that 21.6% of ever smokers reported current e-cig use in 2018 (Obisesan et al., 2020). 

Current cigarette smokers and those seeking to quit are especially likely to use e-cigs: nearly 

90% of adult e-cig users are either current or former cigarette smokers ("Percentage of 

Adults Aged >/=18 Years Who Currently Use E-Cigarettes, by Sex and Age Group - NHIS, 

2016," 2018).

The uptake of e-cigs among smokers has been shown to increase the odds of cigarette 

reduction and cessation; cigarette smokers who initiated daily e-cig use between Wave 1 

(2013–2014) and 2 (2014–2015) of the nationally representative Population Assessment of 

Tobacco and Health (PATH) study were 7.9 times as likely to achieve 30-day cigarette 

cessation as non e-cig users at Wave 2 (Berry et al., 2019). Although smoking reduction 

rather than cessation is the outcome in the current analysis, data from smoking cessation 

research is presented here given the substantial overlap between the processes of reduction 

and cessation. Decades of research show that smoking reduction is beneficial to the health of 

smokers (USDHHS, 2014). Reducing cigarette consumption through e-cig use is linked with 
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lower toxicant exposure and reduced short-term risks (Stratton, Kwan, & Eaton, 2018). 

While cessation of all tobacco products remains the ultimate goal for smokers, quitting 

smoking is difficult and relapse rates are high (Piasecki, 2006). Reducing smoking via 

substitution with nicotine-containing e-cigs may be an important harm reduction strategy for 

smokers who are unable to quit.

Racial/ethnic minority smokers face unique health risks and challenges in reducing their 

cigarette smoking. African American (AA) and Latinx smokers are less successful in 

attempts to reduce smoking and experience a disproportionate burden of smoking-related 

diseases despite generally smoking fewer cigarettes per day (CPD) and on fewer days than 

Whites ((Nollen et al., 2019; "Tobacco use among U.S. racial/ethnic minority groups--

African Americans, American Indians and Alaska Natives, Asian Americans and Pacific 

Islanders, Hispanics. A Report of the Surgeon General. Executive summary," 1998; Trinidad 

et al., 2011). Furthermore, AA and Latinx smokers, who belong to the two largest ethnic 

minority groups in the U.S., are less likely than their White counterparts to switch from 

combustibles to exclusive e-cig use (Friedman & Horn, 2019). If this trend continues, 

tobacco disparities will widen as disadvantaged groups continue to suffer from increased 

tobacco-related death and disease unmitigated by harm reduction strategies such as e-cig use 

(Giovenco, 2019). It is essential to focus research on racial/ethnic minority populations to 

narrow current disparities and mitigate future differences.

Cigarette reduction is an essential and understudied area of focus in e-cig studies. Although 

the aim of these studies is to facilitate an exclusive switch from combustibles, dual users of 

cigarettes and e-cigs who reduce their cigarette consumption may also experience benefits. 

An observational study showed that dual users had significantly lower levels of 4-

(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL; a pulmonary carcinogen) than 

smokers (Piper, Baker, Benowitz, Kobinsky, & Jorenby, 2019). Furthermore, dual users in an 

RCT of JUUL e-cigs experienced a significant reduction in NNAL, CO, and self-reported 

respiratory symptoms at week 6 of the trial (Pulvers et al., 2020). Therefore, cigarette 

reduction via dual use of cigarettes and e-cigs or an exclusive switch to e-cigs may 

ultimately reduce harm among smokers, making it an important outcome to anticipate and 

measure in smokers who begin using e-cigs, especially racial/ethnic minorities who face 

potentially greater harms. Nevertheless, the long-term harm reduction effect of dual use is 

not yet known (Czoli, Fong, Goniewicz, & Hammond, 2019; Goniewicz et al., 2018; 

National Academies of Sciences et al., 2018).

The current study explores factors predictive of a reduction in the number of cigarettes 

smoked in the past week between baseline and week 6 in a recent trial among AA and 

Latinx cigarette smokers randomized to JUUL e-cigs and encouraged to switch exclusively. 

This study addresses current gaps in the literature by specifically focusing on racial/ethnic 

minority groups that are historically underrepresented in tobacco-related clinical research, in 

addition to analyzing a variety of demographic and tobacco-related variables that affect 

smoking reduction. Additionally, the JUUL e-cig used is a 4th generation device with more 

efficient delivery of nicotine than older e-cig devices used in previous studies. The aim of 

the RCT is that switching to JUUL will help smokers reduce their cigarette consumption, but 

it is important to recognize that some may benefit more from this intervention than others. 
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Since there are no previous studies assessing predictors of smoking reduction among racial/

ethnic minority smokers in an e-cig clinical trial, we base our hypotheses on data from (a) 
observational studies reporting factors associated with e-cig uptake or reduced smoking 

among smokers who initiate e-cig use (Berry et al., 2019; Russell, Haseen, & McKeganey, 

2019) and, (b) RCTs assessing factors associated with smoking reduction and cessation 

(Berg et al., 2010; Nollen et al., 2006; Ussher, Kakar, Hajek, & West, 2016), which likely 

share many similarities with smoking reduction via e-cigs.

Motivated by this prior literature, we selected conceptually relevant variables to include in a 

model predicting cigarettes smoked. We hypothesized that lower cigarette dependence and 

lower baseline cotinine (metabolite of nicotine) would be associated with reduced smoking 

six weeks after randomization to the e-cig group. This is based on studies showing that 

lower dependence predicted smoking cessation (Ussher et al., 2016) and lower cotinine 

predicted smoking reduction (Berg et al., 2010). Additionally, we hypothesized that greater 

use of the JUUL e-cig (as quantified by the number of pods used) would reduce cigarette 

consumption at week 6, as previous research shows that heavier and more frequent e-cig use 

is associated with more successful smoking cessation (Berry et al., 2019; Russell et al., 

2019) and smoking reduction (Berry et al., 2019) among smokers who begin using e-cigs.

2. METHODS

This is a secondary analysis of data from a randomized, unblinded clinical trial in which 

smokers were assigned to either receive 6 weeks of JUUL e-cigs or continue smoking 

cigarettes as usual (Pulvers et al.,2020). Recruitment began in May 2018 and primary 

follow-up was completed in May 2019. The study procedures were approved and monitored 

by the California State University San Marcos Institutional Review Board and the University 

of Kansas School of Medicine Institutional Review Board and all participants provided 

written informed consent. The following participants and procedures described refer to those 

in the overall RCT, with details pertaining to the current analysis noted as such.

2.1 Participants

Participants were recruited from two sites: Hispanic/Latinx participants from San Diego, CA 

and Black/AA participants from Kansas City, MO. Eligible participants were at least 21 

years old, smoked at least five cigarettes per day, smoked on at least 25 of the past 30 days, 

and smoked for over six months. Other enrollment criteria were a baseline carbon monoxide 

reading greater than five parts per million (PPM) and blood pressure under 160 systolic and 

under 105 diastolic. All participants were fluent in English or Spanish, had regular access to 

a telephone, and were willing to switch from smoking cigarettes to e-cigs for six weeks.

Exclusion criteria included use of other tobacco products more than or equal to use of 

cigarettes, use of e-cigs on four or more of the past 30 days, or current enrollment in a 

smoking cessation program or other clinical trial. Other exclusion criteria were the use of 

nicotine replacement therapy or smoking cessation medication in the past 30 days, 

hospitalization for a psychiatric issue in the past 30 days, or a heart-related event in the past 

30 days. Finally, those who resided with someone else in the study, were pregnant, 

breastfeeding, or planning to become pregnant in the next six months or had unstable mental 
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or physical health status were excluded. Participants were ineligible if planning to move 

away from San Diego or Kansas City in the next six weeks. Those ineligible for the study 

were referred to smoking cessation resources. In total, 187 participants were enrolled. Of the 

125 participants randomized to the JUUL condition (see Procedures), 114 (91.2%) 

completed week 6 follow-up and the 109 without missing data are included in these 

analyses.

2.2 Procedures

Participants were stratified by study site and randomly assigned to study condition (e-cig or 

the assessment-only control group) in a 2:1 ratio (Nollen et al., 2020) to enhance recruitment 

and gain information about e-cig use. Participants in the e-cig group received a JUUL e-cig 

device and nicotine pods (5% nicotine) in their choice of flavor (Virginia Tobacco, menthol, 

Cool Mint, or mango). They received education, training, and action planning supporting an 

exclusive switch from cigarettes to e-cigs. The e-cig group received a two-week supply of 

pods at baseline and a four-week supply of pods at the week 2 visit, with an allocation of 

one pod per pack of cigarettes based on cigarette use reported at baseline. At follow-up 

appointments on weeks 1, 2, and 4, barriers and benefits of switching to e-cigs were 

discussed and action planning for exclusive switching was revisited. Baseline, week 2, and 

week 6 follow-up appointments included a timeline follow back (TLFB) interview of 

cigarette and e-cig use, questionnaires, and biological measurements including carbon 

monoxide and providing a urine sample. Weeks 2 and 6 also included objective 

measurement of JUUL pods.

Total compensation for study participation was $120, distributed at increasing intervals (i.e. 

$20 at baseline, $40 at week 2, $60 at week 6). A portion of study compensation for the e-

cig group participants was contingent on returning all used and un-used pods to the week 2 

and Week 6 lab visits; 90% of distributed pods were returned.

2.3 Measures

The primary outcome of the current study was the reduction in cigarettes smoked between 

baseline and Week 6 (recorded as cigarettes smoked in the past week via TLFB interview) 

(Brown et al., 1998; Kari Jo Harris et al., 2009). The covariates were poverty level, gender, 

age, and race/ethnicity, while the predictors were cigarette dependence, cotinine level, and 

JUUL pods. The number of fully used JUUL pods were counted and partially used pods 

were weighed and converted into a proportion of pods used. Fully and partially used pods at 

week 2 and week 6 were summed to caculate the number of JUUL pods used throughout the 

entire study.

Demographic characteristics were measured at baseline. Age was reported in years, and 

current gender identity was self-reported as male, female, or transgender/gender 

nonconforming. Race/ethnicity corresponded to study site (AA or Latinx). Poverty level was 

dichotomized at 200% Federal Poverty Level, a measure based on self-reported yearly gross 

household income and number of people in the household (USA, 2018). Education level was 

dichotomized into high school diploma/GED or less vs. higher than high school diploma/

GED.
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Cigarette dependence was assessed at baseline using a 16-item measure of symptoms of 

tobacco dependence (Strong et al., 2017). This measure has been used in nationally 

representative surveys and has shown strong psychometric properties (α = 0.95). Questions 

1–15 used Likert-type responses ranging from 1 (not true of me at all) to 5 (extremely true 

of me) and question 16 was a dichotomous question 1 (yes) or 0 (no). Responses were 

summed to create an index score ranging from 15–76 with higher scores representing higher 

cigarette dependence. Scores for cigarette dependence were prorated and included for 

participants who responded to at least 80% of questions in the scale (Graham, 2012; Parent, 

2012). Baseline creatinine-adjusted cotinine and NNAL levels were measured in urine. 

Exhaled carbon monoxide was measured using a breath analysis monitor and recorded in 

parts per million (PPM).

2.4 Data Analysis

Means and frequencies were used to describe demographic and tobacco-related 

characteristics of the study sample. Demographic and tobacco-related characteristics of the 

114 included participants and the 11 participants lost to follow-up were compared using chi-

square tests and t tests. After examining descriptive statistics, four participants were 

excluded from models due to missing data for the selected variables: two were missing 

poverty level, one was missing cigarette dependence, and one was missing cotinine. 

Additionally, one participant identified as transgender/gender nonconforming and was 

excluded from analyses. These exclusions reduced the analytical sample to 109 (95.6%) 

from 114.

To identify predictors associated with reduced smoking in participants assigned to receive 

JUUL, we fit a generalized linear model of the count of cigarettes smoked at baseline and 

six weeks as a function of focal predictors and covariates. Counts were assumed to follow a 

Poisson distribution and were fit by generalized estimating equations (GEE) with an 

unstructured covariance matrix. To facilitate interpretability of model intercepts, we mean-

centered all covariates. For binary variables (i.e., covariates FPL, gender, race/ethnicity), 

mean-centering results in a unit change continuing to represent the slope of moving from 

one category to the second category, but increases the interpretability of the model intercept 

(i.e., number of past 7-day cigarettes at mean levels of covariates, focal predictors, and at 

time 0). We regressed past 7-day cigarette use onto all covariates (FPL, gender, age, race/

ethnicity), mean-centered focal predictors (cigarette dependence, cotinine, and JUUL pods), 

time (0 = baseline; 1 = week 6), and three interaction terms of time x focal predictor. We 

then exponentiated model estimates to compute incidence rate ratios (IRRs). Finally, we 

conducted follow-up simple slope analyses (Aiken, West, & Reno, 1991) of significant 

interactions by examining model-predicted past 7-day cigarettes at baseline and week 6, for 

mean, low (-1SD), and high (+1SD) levels of our focal predictors. Analyses were conducted 

using SPSS statistical software, version 25 (IBM 2017) and R (4.0.2) (Team, 2017) 

including the geepack library for GEE (Halekoh, 2006).
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3. RESULTS

The mean age of participants randomized to e-cigs was 44.5 years old, with 41.3% 

identifying as male, 52.3% as AA, and 47.7% as Latinx. Over the six weeks of the study, 

participants decreased their cigarettes per week from an average of 82.4 to 15.5 (12 CPD to 

2.8 CPD) and used an average of 0.51 (SD=0.42) JUUL pods per day. Of the 109 

participants who reduced their smoking, 48 (44%) quit combustible cigarettes during the 

study while 61 (56%) partially reduced their smoking level. Participants with a high school 

education or below were more likely to completely eliminate combustible cigarette 

consumption (54.1%) than those with more than a high school education (31.3%). There 

were no other significant differences in demographic characteristics between those who 

completely eliminated versus those who reduced their cigarette consumption. Other 

demographic and tobacco-related characteristics of the sample are summarized in Table 1. 

Participants lost to follow-up were more likely to be Latinx and reported higher cotinine at 

baseline.

Results from the Poisson regression model predicting cigarettes smoked in the past week at 

baseline and week 6, including covariate effects, are presented in Table 2. At mean levels of 

baseline cigarette dependence, baseline cotinine, and JUUL pod use from baseline to week 

6, past 7-day smoking declined by 89% between baseline and week 6 (IRR = 0.11 [0.08, 

0.17], p < 0.001). Greater cigarette dependence was associated with more past 7-day 

smoking at baseline. Similarly, JUUL pod use during the study was associated with more 

past 7-day smoking at baseline (i.e., heavier smokers at baseline ended up using more JUUL 

pods over the course of the study). There was no significant relationship between baseline 

cotinine and baseline past 7 -day smoking.

These relationships were qualified by three significant interactions (see Figure 1). The 

results shown in Figure 1 are significant for interactions between time and past-week 

cigarettes and cigarette dependence, cotinine, and JUUL pods used as also shown in Table 2. 

Interaction terms between time and cigarette dependence and time and cotinine 

demonstrated that the negative slope of time was attenuated for greater levels of cigarette 

dependence and cotinine levels. In other words, greater levels of cigarette dependence and 

cotinine both predicted a lower relative decline (albeit a greater absolute decline) in 7-day 

cigarette use by week 6. On the other hand, higher JUUL pod use was associated with a 

significantly decreased slope of time (i.e., a greater reduction in cigarette smoking between 

baseline and week 6). Follow-up simple slopes analyses revealed significant effects of time 

across all levels of focal predictors (mean and ±1SD); model-predicted past 7-day cigarettes 

(i.e., intercepts) and their bootstrapped standard errors are presented in Figure 1.

4. DISCUSSION

This study analyzes factors associated with cigarette reduction in an RCT of JUUL e-cigs in 

racial/ethnic minorities. AA and Latinx smokers randomized to use JUUL e-cigs cut their 

average daily cigarette consumption by more than two-thirds over the 6-week intervention, 

which reduces health risk via decreased toxicant exposure (Stratton K, 2018; USDHHS, 

2014). Poisson regression analysis indicated that baseline cigarette dependence, baseline 
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cotinine, and JUUL pods used throughout the course of the study, significantly predicted 

smoking reduction over the six weeks of the study. The factors identified in our study are 

consistent with prior observational studies of e-cig use among smokers, as well as smoking 

cessation trials (Berg et al., 2010; Friedman & Horn, 2019;Harlow, Stokes,& Brooks,2019; 

Russell et al., 2019). Thus, this paper both strengthens and confirms existing work in 

addition to contributing novel information regarding racial/ethnic minorities and e-cigs.

The strongest predictor of smoking reduction was the number of JUUL pods used over the 

course of the study. Previous work similarly demonstrates that smokers who initiated daily 

e-cig use between PATH Waves 1 and 2 were more likely to reduce their average daily 

cigarette consumption by at least half than those who became nondaily, experimental, or 

nonusers of e-cigs (Berry et al., 2019). Likewise, in an online survey of over 15,000 adult 

smokers who recently purchased a JUUL starter kit, more days of JUUL use in the past 30 

days was associated with increased odds of reporting 30-day cigarette abstinence at the 6-

month mark (Russell et al., 2019). Additionally, a study comparing smoking and ex-smoking 

e-cig users found that dual users of cigarettes and e-cigs used significantly less e-liquid per 

week than ex-smokers who had switched to exclusive e-cig use (Adriaens, Van Gucht, & 

Baeyens, 2017). Our analyses, as well as these prior findings, demonstrate that heavier e-cig 

use can facilitate a more successful reduction in CPD. This pattern of heavier e-cig usage 

and reduced CPD may ultimately reduce tobacco-related harms; exclusive e-cig users and 

dual users of e-cigs and cigarettes experienced significant reductions in biomarkers of 

exposure and potential harm (Pulvers et al., 2020).

Additionally, lower baseline cigarette dependence scores and cotinine levels were both 

predictive of greater smoking reduction relative to baseline. Prior work in cigarette cessation 

(including in other trials focused on racial/ethnic minority smokers) consistently supports 

lower dependence and lower cotinine as predictors of cessation (Berg et al.,2010; Harris et 

al. 2004; Nollen et al., 2006; Ussher et al., 2016). Importantly, although the relative (i.e., 

proportional) reduction in smoking for those with high cigarette dependence at baseline was 

lower than for those with low cigarette dependence at baseline, it was nevertheless 

associated with a larger absolute decline in past 7-day cigarettes smoked suggesting that 

even highly dependent individuals may benefit from an e-cig intervention. This study 

notably extends the importance of these factors to racial/ethnic minority smokers seeking to 

reduce cigarette use via e-cigs. Nevertheless, despite the current study and prior work 

demonstrating the predictive nature of cotinine for longer term cigarette use, the relationship 

baseline cotinine and baseline past 7-day smoking was not significant. This is consistent 

with prior work showing that CPD predicts cotinine levels and other measures of smoke 

exposure more poorly for AAs than Whites (Benowitz, Dains, Dempsey, Wilson, & Jacob, 

2011). There is therefore an important distinction between the association between cotinine 

and long-term smoking reduction potential and the association between cotinine and current 

smoking. While cotinine may be helpful in considering long-term smoking levels, it is not 

highly correlated with current CPD among AAs. Researchers and clinicians should therefore 

pay close attention to measures of smoke exposure and dependence among smokers to best 

offer tailored treatment options.
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Special attention must be paid to the most dependent smokers, who are less likely to quit 

smoking and may receive the most benefit from e-cigarettes. Increased cigarette dependence 

has been shown to predict more frequent smoking and less frequent e-cig use among dual 

users (Morean, Krishnan-Sarin, & O'Malley, 2018), making smokers who are highly 

dependent or who have other markers of dependence, such as high cotinine levels, a target 

for specialized cessation treatment and support with e-cig adherence when working towards 

an exclusive switch or smoking reduction. Smokers with several factors that may decrease 

their likelihood of cessation, such as racial/ethnic minorities who are highly dependent, 

especially deserve unique attention in quit attempts and the use of novel products such as e-

cigs to potentially reduce harm. Our findings suggest that despite evidencing lower relative 

reductions in smoking, smokers with high cigarette dependence demonstrated the greatest 

reductions in absolute smoking reinforcing the potential of e-cig substitution interventions 

for these individuals.

The current study has several limitations. The trial’s size limited the number of participants 

in the e-cig group to 109. In addition, our study population was limited to Latinx smokers in 

San Diego and AAs in Kansas City. There may be factors that differ based on location or 

race/ethnicity that cannot be identified in this study. Lastly, the timeline of the study took 

place over six weeks, which is a relatively short period of time to see the full effects of 

cigarette reduction and e-cig substitution. Future studies should continue to investigate the 

use of e-cigs for smoking reduction/cessation using larger sample sizes and a longer follow-

up period.

In conclusion, African American and Latinx cigarette smokers may benefit from the 

opportunity to use e-cigs, a nicotine-delivering product of potentially lesser harm, to reduce 

their cigarette consumption. The current study identifies unique factors predictive of fewer 

CPD among AA and Latinx smokers in an RCT using JUUL e-cigs, which may inform 

future research and practice in this population. As it is important to better understand the 

differences between AA and Latinx smokers as well as other vulnerable populations, future 

studies with larger sample sizes should examine differences across racial/ethnic groups. This 

study notably identifies high e-cig usage as a predictor of smoking reduction, suggesting that 

optimizing adherence to e-cig intervention and cessation treatments is key to decreasing 

cigarette consumption across diverse populations of smokers. Future work can better 

characterize factors that are associated with adherence to e-cigs. As this study uses a 4th 

generation e-cig, it provides current information that can best help researchers and clinicians 

assess current treatment options. This study also includes the provision of education and 

action planning alongside the e-cig, which is shown to increase the efficacy of 

pharmacotherapeutic interventions for smoking cessation (Hartmann-Boyce, Hong, 

Livingstone-Banks, Wheat, & Fanshawe, 2019), so likely also improved the efficacy of the 

current study. Future research can examine the extent to which behavioral support impacts 

results of e-cig interventions. Researchers should continue to implement studies focusing on 

populations in the most need of smoking cessation/reduction interventions, such as racial/

ethnic minorities, and clinicians should consider novel products such as e-cigs for smokers 

who are unable to quit using FDA approved cessation medications.
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Highlights

Minority smokers decreased cigarette consumption in a trial of e-cigarettes

Smoking reduction was associated with a higher number of JUUL pods used

Lower baseline cigarette dependence predicted greater smoking reduction

Lower baseline cotinine predicted greater smoking reduction
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Figure 1. 
Simple slope analyses of focal predictors over time
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Table 1.

Demographic and tobacco-related measures (N=109)

Demographic measures

 Age 44.5 (12.8)

 Male, n (%) 45 (41.3)

 African American, n (%) 57 (52.3)

 Latinx, n (%) 52 (47.7)

 Income Level, n (%) at or below 200% FPL 80 (73.4)

 Education Level, n (%) high school diploma or less 61 (60.0)

Tobacco-related measures

 Baseline smoking within 30 mins of waking, n (%) 78 (71.6)

 Baseline Cigarette dependence, values range from 15–76 48.9 (14.5)

 
a
Baseline Cotinine, ng/mg

1222.1 (1420.5)

 
a
Baseline NNAL, pg/mg

128.9 (114.9)

 Baseline Carbon Monoxide, parts per million 17.7 (9.2)

 Baseline cigarettes in past week 82.4 (49.8)

 Baseline days smoked in past week 6.8 (0.5)

 Baseline cigarettes per day 12.0 (7.1)

 Week 6 cigarettes smoked in past week 15.5 (29.7)

 Week 6 days smoked in past week 2.4 (2.8)

 Week 6 cigarettes per day 2.8 (4.3)

 JUUL pods used during 6-week study 21.4 (17.7)

 JUUL pods used per day 0.51 (0.42)

Note: All measures are reported as mean (SD) unless otherwise specified.

a
Values were creatinine-adjusted.
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Table 2.

IRRs for covariates and predictors of cigarettes smoked in past week between baseline and week 6 (n=109)

Cigarettes smoked in past week, baseline and week 6

Variables Poisson IRR (95% CI) p-value

Covariates

 Age 1.01 (1.00, 1.02) .031

 Male 0.90 (0.73, 1.11) .331

 Latinx 1.09 (0.857, 1.38) .494

 Income above 200% FPL 1.10 (0.892, 1.35) .381

 Education above high school 1.05 (0.858, 1.29) .627

Focal Effects

 Cigarette dependence 1.02 (1.01, 1,02) <.001

 Baseline cotinine 1.01 (0.96, 1.06) .645

 JUUL pods used during study 1.01 (1.00, 1.01) .033

 Time 0.11 (0.08, 0.17) <.001

 Time × Cigarette dependence 1.03 (1.01, 1.05) .004

 Time × Cotinine 1.18 (1.03, 1.37) .020

 Time × JUUL pods used 0.94 (0.91, 0.96) <.001

Note: Interactive effects and associated simple slopes are demonstrated in Figure 1.
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