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Abstract

Background—While a majority of cigarette smokers who use electronic cigarettes (e-cigarettes)
choose to continue using cigarettes, completely switching to e-cigarettes is necessary to reduce
tobacco-related harm. Whether specific subjective responses to e-cigarettes are associated with
extent of smoking reduction and complete switching from cigarettes to e-cigarettes is unclear. This
study determined whether initial subjective responses to e-cigarettes related to the successful
substitution of e-cigarettes for cigarettes and extent of cigarette and e-cigarette use.

Methods—Adult cigarette smokers (N=58) uninterested in quitting were asked to completely
substitute their cigarettes with an e-cigarette (Vuse V2) for 8 weeks. At week 1, subjective
responses to e-cigarettes were measured using the Product Evaluation Scale and Drug Effects/
Liking Survey. A Poisson regression examined whether any of these initial subjective responses
were associated with smoke-free days, e-cigarette puffs, and cigarettes smoked between weeks 6
and 8 after adjustment for potential confounders. A logistic regression examined the relationship
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between subjective measures and exhaled carbon monoxide (CO) verified 7-day abstinence at
week 8 after adjustment for potential confounders.

Results—Following Holm’s p-value adjustment, e-cigarette liking and desire were associated
with increased e-cigarette use (adjusted p<0.01) and decreased cigarette use (adjusted p<0.05).
Measures of psychological reward and drug liking were associated with 7-day abstinence, however
this association was no longer significant following p-value adjustment.

Conclusions—Initial subjective responses were related to cigarette and e-cigarette use at weeks

6-8, but not smoke-free days or CO-verified 7-day abstinence.
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1. INTRODUCTION

Electronic cigarettes (e-cigarettes) have gained substantial popularity in the last decade (US
DHHS, 2016). Many cigarette smokers who use e-cigarettes choose to continue smoking
cigarettes (i.e., dual use; Coleman et al., 2017; Jaber et al., 2018). However, to experience
the potential reduced harm from using e-cigarettes, it is best for smokers to completely
switch to e-cigarettes (Goniewicz et al., 2018; NASEM, 2018), as dual use may lead to
similar if not higher levels of toxicant and carcinogen exposures (Goniewicz et al., 2018;
Hatsukami et al., /n press). Product uptake is influenced by subjective responses to a
product, which may also be relevant in assessing a product’s abuse liability—or the
likelihood that the product will be used and its addiction potential (Carter et al., 2009; deWit
etal., 2012; Rees et al., 2009) and appeal (Henningfield et al., 2011). Previous research
suggests subjective responses play a role in short-term use of tobacco products including
cigarettes with varying nicotine levels (Bergeria et al., 2019), oral tobacco (Hatsukami et al.,
2013), and e-cigarettes (Tucker et al., 2017). However, subjective responses to e-cigarettes
and their association with complete switching and longer-term use have not been extensively
examined.

This secondary data analysis (Hatsukami et al., /n press) examined which initial subjective
responses are associated with complete switching to e-cigarettes, number of smoke free days
and the extent of e-cigarette and cigarettes use in smokers who were instructed and
incentivized to completely switch to e-cigarettes in a non-cessation study.

2. METHODS

A complete description of the study procedures can be found in Hatsukami et al (/n press).
Details specific to the current investigation are described below.

2.1 Participant Recruitment

Smokers were recruited from the University of Minnesota-Twin Cities (lead site), the Ohio
State University, and Columbus and Roswell Park Comprehensive Cancer Center, Buffalo,
NY. Eligible participants were daily cigarette smokers (=5 cigarettes per day i.e., CPD) 18
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years and older with stable mental and physical health status, who used other tobacco
products < 9 days in a month and who were uninterested in quitting in the next 3 months.
Institutional Review Board approval of the study was obtained from each academic
institution and a Data and Safety Monitoring Board (DSMB) met annually to monitor study
progress and adverse events.

2.2.1 Baseline—This study had a two-week baseline. Participants self-reported the
number of cigarettes smoked and number of e-cigarette puffs taken during the last 24 hours
using an Interactive Voice Recording (IVR) that called them on a daily basis. At clinic visits,
participants were asked about other tobacco or nicotine use and completed subjective
measures related to tobacco use.

2.2.2 Groups—The groups in this study were a combination of two sets of studies, which
used almost identical study procedures. Participants who were analyzed for this study were
randomized to complete substitution with electronic cigarettes (i.e. “you will stop smoking
cigarettes and use only electronic cigarettes™).

2.2.3 Clinical Trial Phase—Participants were assigned to a product for eight weeks and
continued to complete daily diaries on the IVR for cigarettes smoked and number of e-
cigarette puffs. During study visits at weeks 1, 2, 4, 6, and 8, participants completed
measures obtained during baseline (e.g. subjective measures related to tobacco use). All
used and unused e-cigarette cartridges were collected at each visit.

2.2.4 Compensation—Participants were compensated for attending each clinic visit,
submitting biological samples (not analyzed here), completing daily diaries, and protocol
compliance. To maximize complete substitution, smokers in this group were also monetarily
incentivized to be abstinent (CO of 4 ppm or less).

2.3 Products

Initially, Blu Rechargeable (marketed by Imperial Brands; purchased 2014-2015) and Fin
Advanced Tank Vaping System (manufactured by Fin Branding Group; purchased 2015-
2016) were offered as choices. Over the course of the study, we switched to Vuse Solo with
4.8% nicotine (manufactured by RJ Reynolds, Inc. purchased 2015-2017) because it
exceeded the market share of Blu and because of leakage observed with Fin. In total, three
participants used Blu, six participants started with Fin but switched early in the study to
Vuse due to leakage issues, and 67 participants used Vuse only. Participants chose one of
four flavors: tobacco, mint, menthol, or berry. Participants were provided seven cartridges
per week. All products were purchased at each of the sites and provided free to the
participants.

2.4 Measures

Week 1 subjective measures that were administered and analyzed for this study included the
Product Evaluation Scale (PES) that assessed subjective responses to e-cigarettes
(Hatsukami et al., 2013; modified from Cappelleri et al., 2007), including four sub-scales of
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satisfaction (4 questions), psychological reward (5 questions), craving relief (5 questions),
and aversion (4 questions) that are rated from 1-7 and averaged; and a modified Drug
Effects/Liking Survey (Zacny et al., 1997), of which two single-item 0-10 point scales were
used for drug liking (“How much do you like the study product?”) and desire for drug
(“How much do you desire the study product?”). Included baseline covariates were
Wisconsin Inventory of Smoking Dependence Motives (WISDM) Primary Dependence
subscale (Smith et al., 2010), comprised of sixteen 1-7 point questions that are averaged;
Questionnaire of Smoking Urges (QSU) (Cox et al., 2001) for cigarettes, comprised of ten
1-7 point questions that are summed; and the Center for Epidemiological Studies—
Depression (CES-D) (Lewinsohn et al., 1997), comprised of twenty questions with a 1-4
scale that are averaged.

2.5 Data Analysis

Dependent variables of interest for this study were week 8 CO-verified (<4ppm) 7-day
abstinence and week 6-8 smoke-free days, cigarette use, and e-cigarette use among study
completers. Independent variables of interest included week 1 Product Evaluation Scale for
e-cigarettes (satisfaction, psychological reward, craving relief, and aversion) and drug
effects/liking (e-cigarette liking and desire for e-cigarette). As the baseline time point
happened prior to any e-cigarette use, week 1 measures of subjective responses were the
earliest time point following initial use. Preselected baseline covariates included WISDM
primary dependence score, gender, employment status (part/full time or not), race (white or
non-white), site, study protocol, use of other combustible tobacco products, Questionnaire of
Smoking Urges total score, CES-D, and age.

A multivariable logistic regression model was fit for the outcome of CO-verified 7-day
abstinence at week 8. Multivariable Poisson regression models using sandwich variance
were fit for the outcomes of the number of cigarettes, smoke-free days, and e-cigarette puffs
at week 8. An offset variable was included in the model to adjust for the number of days
between visits since the time interval was not consistent across visits and varied among
participants. Coefficients from the Poisson and logistic regression models were
exponentiated and represent the estimated mean ratios and odds ratios, respectively, of the
outcome between levels of the predictor variables. To account for multiple testing, we used
Holm’s method to generate adjusted p-values (Aickin & Gensler, 1996). In particular, the p-
values were adjusted to control the family-wise error rate at 0.05 for the testing of each set
of predictors in association with a single outcome.

All statistical analysis was performed using R version 3.6.1 (R Core Team, 2013) and
adjusted p-values that were <0.05 were considered statistically significant.

3. RESULTS

3.1 Participant Characteristics

Detailed participant characteristics can be found in Table 1. Seventy-six participants (36
female) were randomized to complete substitution with e-cigarettes. Of these, 58 (27
female) completed the study and were included in analyses. The flavor choices for electronic
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cigarettes (N, %) at week 1 were tobacco (15, 23%), menthol (17, 26%) mint (12, 19%),
berry (18, 28%). Of the 58 completers, 28 (17 female) were “switchers”, defined as having
7-day CO-verified cigarette abstinence at week 8, and the other 30 (10 female) were “non-
switchers.”

3.2 Regression Analyses

The primary goal of these analyses was to examine the association between initial subjective
responses to an e-cigarette and complete switching to an e-cigarette and associated measures
(cigarette and e-cigarette use) over the course of the 8-week clinical trial. As shown in
Figure 1, there were significant relationships between week 1 subjective responses and
certain outcome measures.

3.2.1 CO-Verified 7-day Abstinence—CO-verified 7-day abstinence at week 8 was
significantly related to psychological reward and e-cigarette liking (Figure 1a). However,
following p-value adjustment, results were no longer significant at the 0.05 level. On
average, the odds of 7-day abstinence were 2.31 times higher (95% confidence interval [CI]:
1.14-5.54 times higher) for each 1-point increase in e-cigarette psychological reward
(unadjusted p-value = 0.03; adjusted p-value = 0.20). On average, the odds of 7-day
abstinence were 1.30 times higher (95% CI: 1.02-1.73 times higher) for each 1-point
increase in drug liking for e-cigarette (unadjusted p-value =0.048; adjusted p-value = 0.24).

3.2.2 Smoke-Free Days—There were no significant relationships between any of the
examined subjective responses and smoke-free days between weeks 6 and 8 (p > 0.05;
Figure 1b).

3.2.3 Cigarette Use—E-cigarette liking and desire for e-cigarette were significantly
associated with cigarettes smoked since the previous visit (Figure 1c). Specifically, a 1-point
increase in e-cigarette drug liking was associated with a 14% decrease (95% Cl: 5-22%
decrease) in cigarettes smoked since the previous visit (unadjusted p-value = 0.004; adjusted
p-value=0.02) and a 1-point increase in desire for e-cigarette was associated with a 13%
decrease (95% Cl: 4-24% decrease) in cigarettes smoked since the previous visit
(unadjusted p-value = 0.009; adjusted p-value = 0.04).

3.2.4 E-Cigarette Use—E-cigarette puffs taken since the previous visit was associated
with satisfaction, craving relief, e-cigarette liking, and desire for e-cigarettes (Figure 1d).
Following p-value adjustment, e-cigarette liking and desire for e-cigarette remained
significant at the 0.05 level. On average, e-cigarette since the previous visit increased 22%
(95% CI: 3-44% increase) for each 1-point increase in e-cigarette satisfaction (unadjusted p-
value = 0.02; adjusted p-value = 0.08). E-cigarette puffs increased 28% (95% CI: 3-59%
increase) for each 1-point increase in craving relief (unadjusted p-value = 0.03; adjusted p-
value = 0.08). E-cigarette puffs increased 14% (95% CI: 6-24% increase) for each 1-point
increase in drug liking for e-cigarette (unadjusted p-value = 0.0008; adjusted p-value =
0.005). E-cigarette puffs increased 13% (95% CI: 5-21% increase) for each 1-point increase
in desire for drug (e-cigarette) (unadjusted p-value = 0.0009; adjusted p-value = 0.005).
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4. DISCUSSION

This study examined the role of initial subjective responses to an e-cigarette in the ability of
non-treatment seeking cigarette smokers to successfully switch to an e-cigarette for eight
weeks—measured using CO-verified 7-day abstinence and related measures (cigarette use,
e-cigarette use, and smoke-free days). Subjective measures, specifically liking and desire for
drug, were significantly associated with the extent of uptake of e-cigarettes and decrease in
cigarette smoking. Satisfaction and craving relief were associated with the extent of e-
cigarette use, however this association only trended toward statistical significance following
p-value adjustment. Psychological reward and drug liking were associated with 7-day
abstinence, however this association was no longer significant following p-value adjustment.

The results from “e-cigarette liking” and “desire for e-cigarette” mirror those showing that
positive subjective responses relate to increased use of tobacco product (Bergeria et al.,
2019; Hatsukami et al., 2013; O’Connor et al., 2018; Tucker et al., 2017), similar to other
drugs of abuse (deWit et al., 2012). However, satisfaction only trended towards significance
after adjustment. This may be a reflection of the device itself not being sufficiently
satisfying to maintain significant use.

4.1 Limitations

This study has several limitations. First, the early-generation e-cigarettes used in this study
may not have a sufficiently high abuse liability which led to low uptake, perhaps due to low
nicotine delivery (Hajek et al., 2017; Vansickel et al., 2010). Low nicotine delivery is
associated with less satisfaction (Norton et al., 2014). Indeed, the VVuse Solo e-cigarettes
used in this study have abuse liability closer to nicotine gum than to cigarettes (Stiles et al.,
2017). More novel high-nicotine e-cigarettes (e.g., JUUL) may have more similar abuse
liability to cigarettes and therefore could be better for switching (Hajek et al., 2020). In
further analysis of our data using Kruskall-Wallis tests, we found that non-switchers were
more dependent on cigarettes (p=0.02) at baseline than switchers, supporting the need to
examine higher nicotine content e-cigarettes that better mimic cigarettes. Second, our
population was limited to those who completed the study, which decreased our sample size
and excluded individuals who dropped out. However, an ad-hoc sensitivity analysis of our
logistic regression with dropouts (following week 1; total N=67) imputed as “non-switchers
supported our results that no subjective responses related to CO-verified 7-day abstinence
(p>0.05). Third, our population was uninterested in quitting smoking and was also
incentivized to avoid cigarettes, which decreased generalizability of findings. Finally, this
was not a classical abuse liability study as defined by the US Food and Drug Administration
(2017) and cannot directly speak to the abuse liability of the product, although it does
examine subjective measures such as drug liking, which are outlined as an important
outcome measure for human abuse liability studies (FDA, 2017).

4.2 Conclusion

Subjective responses to a drug are one part of assessing their abuse liability (Carter et al.,
2009; deWit et al., 2012). This study found that subjective measures of initial response to e-
cigarettes, particularly liking and desire for e-cigarettes, might contribute to determining the
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extent of uptake of this product and hence its effectiveness in helping to achieve complete
abstinence from cigarette smoking.
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Highlights
. Product liking and desire associated with subsequent e-cigarette and cigarette
use
. Subjective measures may not accurately predict ability to abstain from
cigarettes
. Subjective measures may be used to assess likelihood and extent of product
use
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a. 7-Day Abstinence at Week 8
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b. Smoke-Free Days

Fewer Smoke—Free Days !

More Smoke-Free Days
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0.8 1.0 1.2 1.4
Means Ratio (95% ClI)

d. E-Cigarette Use
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Forest plots for (a) 7-day abstinence, (b) smoke-free days, (c) cigarette use, and (d) e-

cigarette use showing effects (odds or means ratios) of increase in each subjective response
variable. CI=Confidence Interval. PES=Product Evaluation Scale. DELS=Drug Effects and
Liking Survey.
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Participant Characteristics

Table 1.
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Variable

Total Enrolled (N = 76)

Completer (N=58)

Switcher (N=28)

Non-Switcher (N=30)

Study site, N (%)

UMN 37 (48.7) 28 (48.3) 12 (42.9) 16 (53.3)
Oosu 30 (39.5) 21(36.2) 15 (53.6) 6 (20)
Roswell 9(11.8) 9 (15.5) 1(3.5) 8(26.7)
Study Protocol, N (%)

Study B 21 (27.6) 16 (27.6) 10 (35.7) 6 (20)
Study C 55 (72.4) 42 (72.4) 18 (64.3) 24 (80)
Age 45 46.5 45 49
Median [min/max] [20/71] [21/71] [21/67] [25/71]
{IQR} {36/56} {37/58} {35/60} {40/56}
Sex, Female, N (%) 36 (47.4) 27 (46.6) 17 (60.7) 10 (33.3)
Race, N (%)

White 48 (63.2) 38 (65.5) 21 (75) 17 (56.7)
Nonwhite 28 (36.8) 20 (34.5) 7 (25) 13 (43.3)
Current employment, full/part-time, N (%) 28 (36.8) 21 (36.2) 11 (39.3) 10 (33.3)
WISDM Primary

Dependence score 5.00 5.03 4.32 5.72
Median [min/max] [1.44/7] [1.69/7] [1.69/7] [3.06/6.63]
{IQR} {4.13/5.81} {4.14/5.97} {3.81/5.63} {4.53/6.20}
CES-D (depression) 6.5 75 6 8
Median [min/max] [0/31] [0/31] [0/16] [0/31]
{IQR} {4/11} {4/10} {1/9} {5/11}
Cigarettes per day * 16.5 15.3 133 17.6
Median [min/max] [6/35] [6/31] [7/31] [6/31)
{IQR} {12/19} {11/19} {10/17} {14122}
QSUC total score 24 26 24 27
Median [min/max] [10/70] [10/70] [10/70] [10/67]
{IQR} {17/41} {18/41} {15/41} {18/43}

UMN = University of Minnesota. OSU = Ohio State University. IQR = Interquartile range. WISDM = Wisconsin Inventory of Smoking
Dependence Motives. CES-D = Center for Epidemiological Studies—Depression. QSUC = Questionnaire of Smoking Urges Cigarettes.

*
Cigarettes per day from the Tobacco history questionnaire.
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