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Abstract

BACKGROUND AND AIMS: Vaporized nicotine products (VNPs) can vary in important 

characteristics including size, shape, flavor, and nicotine yield. We examined whether complex 

interactions among these characteristics could affect smokers’ VNP perceptions and usage 

patterns.

DESIGN: A within-subject randomized crossover trial.

SETTING: Roswell Park Comprehensive Cancer Center, Buffalo, NY, USA.

PARTICIPANTS: Eighteen daily cigarette smokers.

MEASUREMENTS: Participants attended 8 weekly visits during which they sampled six 

different VNPs (disposable, rechargeable, eGO, mod, e-Cigar, and e-Pipe) with tobacco flavored 

e-liquid. Prior to device use, participants completed product-ranking questionnaires. Participants 

completed controlled puffing sessions during each of the six trials, after which satisfaction 

questionnaires were completed and blood samples were taken.

FINDINGS: Initial perceptions showed that the smallest device (disposable) was ranked as safer 

compared with a larger device (e-Pipe) (p<.05). Participants rated the eGO and mod devices higher 

on satisfaction and enjoyment from use, taste, pleasantness, harshness (“throat hit”), and speed of 

effect, but lower on perceived health risk and embarrassment from use (p<.05). All devices had a 
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lower Cmax than the combustible cigarette (p<.05), but there were differences among devices (p<.

05). The mod, e-Pipe, and eGO provided the highest amount of perceived smoking urge relief, and 

this correlated strongly with Cmax across all devices (R2=.8614, p=.007). The perceived speed of 

urge relief was not correlated with Tmax (R2=.0035, p=.911)

CONCLUSIONS: Daily cigarette smokers testing six types of vaporized nicotine products 

(VNPs) reported that they varied in taste, amount of withdrawal relief, harshness, embarrassment 

from use, perceived health risk, and subjective and objective nicotine delivery. The eGO and mod 

models have properties that may make them most effective for cigarette substitution among 

smokers who intend to switch to a VNP.

INTRODUCTION

Vaporized nicotine products (VNPs) deliver nicotine through aerosolization instead of 

combustion, and may be useful in tobacco harm reduction1–3, with use of these devices 

increasing substantially in recent years. In a study of 28 European Union member states, the 

prevalence of “ever users” increased from 11.6% in 2014 to 14.6% in 2017.4 In the United 

States, rates of ever use of VNPs increased significantly from 12.6% in 2014 to 15.3% in 

2016. Between 2014 and 2016, those aged 18-44 showed a 3.8% increase in ever use while 

those aged 45-64 only showed a 2.5% increase in ever use.5 However, despite increases in 

ever use, current use (use every day or some days) of VNPs decreased from 3.5% in 2015 to 

2.8% in 2017.6,7Frequent users of VNPs view these products as equally satisfying and less 

dangerous than combustible cigarettes,8 and studies demonstrate that the vapor produced by 

VNPs contains significantly lower (9- to 450-fold less) tobacco-specific toxicants, as 

compared with combustible cigarettes.9 Several studies have noted that VNPs reduce 

exposure to toxicants as compared with combustible cigarettes and have quantified potential 

toxicants associated with VNP use and exposure.9–13 There is substantial evidence that a 

complete switch from a combustible cigarette to VNP can reduce short term adverse health 

outcomes in several organ systems.10

In addition to reduced exposure to toxicants, studies also indicate that there are differences 

in rates of smoking cessation among users of different VNP classes (i.e. cigalike vs. tank).14 

Vaporized nicotine products have been shown to differ in nicotine delivery,15−17 reduction of 

nicotine withdrawal symptoms,18 and type of VNP used differs between daily and non- daily 

users.19A recent study showed that over one year, 87.0% of smokers did not use a VNP, 

6.9% of smokers became experimental VNP users, and only 2.6% became daily VNP users.
20 This study also found that cigarette smokers who became daily VNP users were about 8 

times more likely than non-users to self-report 30-day cigarette cessation.20 Several studies 

have examined individual characteristics of VNPs.15–18 Hajek et al. showed that different 

classes of VNPs deliver differing amounts of nicotine, but subjective effects were not 

studied.18 Notably, this study was comprised of experienced VNP users, while our study was 

comprised of daily smokers with little VNP experience. We are unaware of any 

comprehensive and systematic studies to assess both product and user characteristics that 

could account for the low percentage of experimenters who transition to daily VNP use. It is 

important to determine the characteristics of VNPs that could both facilitate and hinder a 

tobacco cigarette smoker attempting to transition to a VNP for harm reduction purposes.
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To further assess factors that could both inhibit and facilitate the use of VNPs, we conducted 

a randomized control trial that had the following objectives: 1) to measure systemic nicotine 

delivery from each device; 2) to assess initial perceptions of various types of VNPs; 3) to 

assess subjective effects after one-week of experimentation with each device; and 4) assess 

possible interplay between these factors (i.e. interplay between nicotine delivery and 

subjective effects).

MATERIALS AND METHODS

Subjects

This study, a randomized within-subject crossover design, recruited 18 nicotine dependent, 

daily, regular adult cigarette smokers between May 2016 and February 2018 using 

advertisements in local newspapers and websites (e.g. Craigslist, Buffalo Healthy Living 

magazine). Initial eligibility was assessed via phone screening and final eligibility was 

confirmed with a physical exam at the screening visit. Eligible subjects were between the 

ages of 18 and 55, smoked ≥ 10 CPD, had nicotine dependence assessed as > 4 on the 

FTND,21 were healthy and had no history of alcohol dependence in the past 12 months on 

the basis of a medical history, and at physical exam had expired CO breath test ≥ 8ppm 

along with negative urine illicit drug and pregnancy tests.

Products

The types of VNPs tested in this study were: 1) disposable; 2) rechargeable; 3) eGO; 4) 

mod; 5) e-Cigar; and 6) e-Pipe. Products 1 and 2 are early generation “cigalike” devices, 

products 3 and 4 are later generation devices, and products 5 and 6 are more niche devices. 

These devices were chosen to capture the wide range of products available on the market. 

The selected devices differed in many design characteristics such as shape, weight, color, 

location of mouthpiece, manner in which users hold and puff. Photos of all devices can be 

seen in Figure S2. In order to select VNP brands for the clinical trial, we performed 

laboratory testing of the five most popular brands (done by screening web resources and 

marketing reports of the US market as of 2016, in 2016 the JUUL was not on the market) 

from each category of VNPEach device was tested using a smoking machine (Borgwaldt 

LX-1) and a puffing protocol (55mL puff volume, 3 sec puff duration, 30 sec interval 

between puffs) to determine an average nicotine yield in 20 puffs of each device.22 

Variations in nicotine content across brands and from various batches of the same brand 

were measured and products with the lowest within-brand variability were chosen. Device 

brands, models, and characteristics are presented in Table 1. The disposable, rechargeable, 

and e-Cigar were pre-filled by the manufacturer with tobacco flavored nicotine solution, and 

the highest available nicotine concentration was purchased for each of these devices. The 

eGO, mod, and e-Pipe were filled with House of Vapor (Buffalo, NY) classic tobacco flavor 

e-liquid (density 1.062, corresponding to an approximately 80:20 PG:VG ratio) . The Mod 

was set to its highest setting (listed power 15W, coil resistance 2.6Ω) and the participant was 

unable alter this during the study sessions. Participants were also asked to bring and smoke 

their usual brand of tobacco cigarettes (reference product).
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Study Design

Participants attended 8 sessions (visits), each one week apart. At visit 1, participants 

provided informed consent and eligibility was determined. A product ranking questionnaire 

was administered at visit 1 and participants were randomized to the order of the 6 devices by 

a study statistician using the Williams Design, a special case orthogonal latin squares design, 

generated using SAS v9.3 (Cary, NC).23 Neither participant nor study staff were blinded to 

condition.

At visit 2, participants were asked to smoke their preferred brand of tobacco cigarette ad lib 
(reference). Throughout this visit, participants completed questionnaires pertaining to the 

subjective effects of nicotine delivered by the tobacco cigarette, and blood samples were 

collected to assess the individual’s nicotine pharmacokinetic profiles. At the end of this visit, 

participants were asked to practice using the VNP device during the upcoming week and 

were scheduled to return the following week.

During visits 3 to 7, participants underwent a controlled puffing session using the assigned 

device for 10 mins, puffing every 30 sec (total of 20 puffs). Throughout this visit, 

participants completed the subjective effect questionnaires and blood samples were taken. A 

device satisfaction questionnaire was administered during this visit, following the puffing 

session. At visit 8, participants completed the same procedure as visits 3 to 7, but an 

additional product ranking questionnaire was administered.

During visits 2 through 8, participants were asked to abstain from smoking for at least 8 

hours prior to each visit, confirmed by an expired CO < 8ppm to control for withdrawal and 

craving. Participants were compensated $40 for their first visit with a $10 increase in 

payment for each subsequent visit. If participants completed all 7 study sessions, they 

received a $50 bonus. This study was approved by the Roswell Park Comprehensive Cancer 

Center Institutional Review Board. A complete schema for the study design can be seen in 

Figure S3.

Pharmacokinetic Analysis

Venous blood samples (4 ml) were collected to measure nicotine using a butterfly needle 

before and at 2, 4, 5, 6, 8, 10, 13, 15, 20, 30, 45, 60, 90, and 120 mins after the onset of use 

of each product. Plasma nicotine concentration was determined at the Clinical 

Pharmacology Laboratory at the University of California, San Francisco, using GC-MS/

MS24 which was modified for tandem mass spectrometry for improved sensitivity.25 The 

limit of quantitation (LOQ) was 1.0 ng/mL. Any time points at which plasma nicotine 

concentration was below LOQ were replaced with LOQ/ 2. To analyze changes in plasma 

nicotine attributable only to study product use, all nicotine concentrations were corrected for 

baseline using subtraction of a projected level based on log linear decline (Ct=C0e-Kt, K 

calculated using t1/2=.693/K, t1/2= 120 minutes).26 Pharmacokinetic parameters were 

estimated using PCModfit for Excel v. 6.0.27 The following parameters were estimated using 

a non-compartmental model and trapezoidal rule: maximum concentration of nicotine in 

plasma (Cmax), time to maximum concentration of nicotine in plasma (Tmax), and the area 

under the plasma concentration - time curve to 10 mins and 120 mins (AUC 0→10 min, 
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AUC0→120 min). AUC0→10 min was measured to assess the rate of nicotine delivery over the 

10 minute regulated puffing session. Tmax was determined from the start of the puffing 

session.

Subjective Measures

At the screening visit and at the final visit, participants completed a product-ranking 
questionnaire to assess anticipated enjoyment, satisfaction, and perceived danger to health. 

This allows for a comparison of devices prior to any use and following use of all devices.

During visit 2 to 8, nicotine withdrawal symptoms were assessed using an adapted 

Minnesota Nicotine Withdrawal Scale (MNWS)28 before product use, and at 3, 15, and 110 

mins after product use. This measure was given before product use to control for baseline 

withdrawal symptoms. This assesses 5 DSM-IV criteria for tobacco withdrawal (e.g. 

“Depressed,” “Irritable,” “Restless,” “Hungry,” and “Poor Concentration”) on a 5-point 

Likert scale from “Not at all” to “Extremely.” Total score is assessed for this scale.29

Craving to smoke was measured using the Questionnaire of Smoking Urges-Brief (QSU-B) 

at 3, 15, and 110 mins after the regulated puffing session. This is a 10-item measure in 

which participants are asked to score each statement from 0 (strongly agree) to 100 (strongly 

disagree) (e.g. “I have a desire for a cigarette right now”). This measure is used as a reliable 

global measure of craving.30

Subjective responses to the effects of nicotine were measured using the Drug Effect 

Questionnaire (DEQ-5) at 1, 3, 5, 7, 10, 15, 20, 35, 50, 80, and 110 mins after the regulated 

puffing session. This is a 5-item measure in which participants are asked to indicate 

responses to questions by placing a mark between the response anchors (“Not at all” to 

“Extremely”). Each item is analyzed as a distinct construct. It has been shown that each 

DEQ item reflects pharmacological substance-induced effects.31 These three measures were 

used to assess comparison between the VNPs and the participant’s preferred brand tobacco 

cigarette.

A 12-item adapted product evaluation scale32 was used to assess satisfaction with and 
helpfulness of each VNP following product use. Validity of this scale was supported by a 

significant relationship between subjective responses and product choice.32 Participants 

were asked to rate VNPs on a scale from 0-100 on how satisfying, enjoyable, and dangerous 

to health the product was compared to a tobacco cigarette. On this scale, a score of 50 

indicated that the device was the same as the participant’s tobacco cigarette. Additionally, 

participants were asked to rate each product on a Likert scale on measures such as how good 

the product tasted, how much the product tasted like a tobacco cigarette, pleasantness, 

harshness, urge relief, speed of urge relief, and embarrassment from using the product. 

These measures compared device satisfaction to the participant’s preferred brand tobacco 

cigarette. All measures can be seen in supplemental Tables S2–S6.

Statistical Analysis

Sample size was estimated to detect an AUC difference at a two-sided alpha of .05, if the 

true difference between the dosing regiments is 700 ng/mL × min, with the assumption that 
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the within-patient standard deviation of response is 500 ng/mL × min.33 All analyses were 

performed using Stata 14.2 (Stata Corporation, College Station, TX). Descriptive statistics 

and frequencies were used to characterize the study sample. The Kruskal-Wallis H test was 

used to evaluate the three ranking measures, satisfaction, MNWS, QSU, and DEQ, as well as 

pharmacokinetic data parameters, across all devices. The Wilcoxon signed rank test was 

used for a pairwise comparison between each device on each of these measures. 

Additionally, the Krukal-Wallis H test was used to evaluate differences between participants 

who had ever used a VNP and those who had never used a VNP (in this analysis, ever use 

was operationalized as a binary variable). Due to the small sample size and exploratory 

nature of this study, all p-values presented reflect pairwise comparisons, but Hochberg34 

adjusted values (to control for familywise error) can be seen in supplementary material 

Tables S7b–S25b.

RESULTS

Participant Demographics

As shown in Figure 1, 35 subjects were consented, of whom 18 completed all visits; there 

were no significant differences in demographic characteristics between those who did or did 

not complete the trial (p>.05). A flow diagram documenting how the study sample size was 

attained is shown in Figure 1. This figure also shows the main reasons for participant drop 

out. The final completing sample consisted of 9 male and 9 female smokers with an average 

age of 41.3±9.7 years, FTND of 6.5, and CPD of 16.6. At baseline, the average CO level 

was 13.7±6.9 ppm. Of the 18 participants who completed the study, 11 had prior experience 

with a VNP. For those who had used a VNP in the past, 7 last used a VNP more than a year 

ago, 3 used a VNP “a few months ago”, and 1 last used a VNP “about a month ago”. There 

were no significant differences on measures between ever users of VNP and never users of 

VNP. Strict inclusion and exclusion criteria resulted in a high number of screened 

individuals and low number of completers. Demographics for those who consented, but did 

not complete the study and those who completed the study did not differ.

Nicotine Delivery from VNPs

Results of pharmacokinetic analysis can be seen in Table 2. The median Cmax for VNPs 

ranged from 3.21 ng/ml (delivered by the e-Cigar) to 6.60 ng/ml (delivered by the mod). The 

Cmax for the tobacco cigarette (median 18.9 ng/ml) was significantly larger than all VNPs 

(p< .05). The median Tmax for VNPs ranged from 10 mins (immediately after last puff) to 13 

mins after initiation of use. The Tmax for the tobacco cigarette was significantly lower than 

the disposable (p=.0350), rechargeable (p=.0382), mod (p=.0100), and e-Pipe (p=.0359). 

There were no significant differences between VNPs. The AUC0→120 for the tobacco 

cigarette and the mod were significantly greater than the AUC0→120 for the disposable (p=.

0080, p=.0168), rechargeable (p=.0074, p=.0311), and E-cigar (p=.0198, p=.0020). A graph 

of the plasma nicotine profiles of each device can be seen in Figure 2. All comparisons can 

be seen in supplementary Tables S22a–S23a.
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Perception of VNPs Before and After Trial

Prior to use, the e-Pipe was ranked lowest on anticipated satisfaction and enjoyment. After 

use of all products, the disposable was ranked lowest on satisfaction, while the e-Cigar was 

ranked lowest on enjoyment. The mod and the eGO were ranked highest on satisfaction and 

enjoyment both prior to and after use. At the initial and final visits, the disposable was 

ranked lowest on perceived harm, while the e-Pipe was ranked highest on perceived harm. 

Interestingly, the disposable was also the smallest device, while the e-Pipe was the second 

largest device. Before first use, there were fewer significant differences between devices 

than after all devices were used. The devices were seen by participants as more similar prior 

to use, and less similar after using each of the devices. Specific values for each comparison 

can be viewed in supplementary Tables S7a – S9a.

Figure 3 shows how each device scored on multiple subjective measures. There were 

significant differences between devices on multiple measures of satisfaction. The most 

satisfying and enjoyable devices were the eGO and mod; both had scores greater than 50 

indicating that participants reported more enjoyment and satisfaction compared to their 

preferred brand of tobacco cigarette. All devices were viewed as less harmful than the 

preferred brand of tobacco cigarette. The eGO and mod had the fastest perceived urge relief, 

and both were significantly faster than the e-Cigar (p<.05). The disposable was rated as 

significantly less harsh than all devices (p<.05) except the rechargeable. No device tasted as 

good or better than a tobacco cigarette (i.e., no device had an average score at or above 3), 

and only the mod approached being as pleasant as their preferred brand cigarette. All 

devices were, on average, seen as less embarrassing than their preferred brand of cigarette, 

and the mod was seen as the least embarrassing of all devices. Specific values for each 

comparison can be viewed in supplementary Tables S10a – S18a.

Subjective Effects of VNP Use

Figure 4 illustrates change in DEQ, QSU-B, and MNWS scores over time following VNP 

use. The first question of the DEQ, which assessed subjective effects of nicotine, was 

analyzed. At 3 minutes post use, the device that provided a significantly lower average 

feeling of nicotine effect was the e-Cigar as compared with the tobacco cigarette (p=.0410), 

eGO (p=.0449) and the mod (p=.0166). The tobacco cigarette provided more nicotine 

feeling than the disposable (p=.0410) and e-Cigar (p=.0244). There was no clear difference 

between the tobacco cigarette and the mod or eGO (p>.05) at 3 mins. Withdrawal symptoms 

were analyzed by subtracting the MNWS total score prior to device use from all other time 

points. The score prior to use was considered the baseline, and all subsequent scores 

demonstrate a reduction in withdrawal symptoms from baseline. At 3 minutes post use, 

withdrawal did not appear to differ significantly among the devices. At 3 minutes post use, 

there was little evidence of significant differences in smoking urges among the devices, or 

between VNPs and tobacco cigarette (p>.05). Comprehensive device comparisons for each 

measure can be seen in supplementary Tables S19a–S21a.

Interplay Between Nicotine Delivery and Subjective Effects after VNP Use

Figure 5a illustrates the relationship between mean device Cmax and perceived amount of 

urge relief (assessed through the satisfaction questionnaire). There was a significant 
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correlation between the two variables (R2=.8614, p=.007). Surprisingly, despite all devices 

having a similar mean Tmax, they were viewed as providing different subjective speed of 

urge relief. Figure 5b illustrates the relationship between average device Tmax and perceived 

speed of urge relief. There is a non-significant correlation between these two variables (R2=.

0035, p=.911). Additionally, we noted a correlation between the pH of the e-liquid and the 

perceived harshness of the device (Figure 5c); as pH increased, the perceived harshness of 

the devices increased linearly (R2=.7556).

DISCUSSION

In this study of smokers using a variety of VNP devices, the eGO and mod were rated higher 

than other devices on multiple measures of satisfaction and subjective nicotine effects; the 

eGO and the mod also delivered a greater amount of nicotine when compared with other 

devices. Many smokers who use a VNP do so to either cut down or to stop smoking.35–36 

Based on our results, the eGO or the mod are likely to be the most effective devices for a 

tobacco cigarette substitution among smokers who intend to switch to a VNP.

The eGO, mod, and e-Pipe provided the highest Cmax and the highest AUC0→120 and 

AUC0→10. All devices were significantly different than the tobacco cigarette on Cmax; 

however, there were fewer significant differences between devices and tobacco cigarettes on 

Tmax. The difference that were seen between the tobacco cigarette and VNPs could be due to 

a difference in the time it took participants to smoke their tobacco cigarette ad lib versus the 

regulated puffing session for VNPs.

The initial perception of a VNP may be an important facilitator or barrier to a tobacco 

cigarette smoker purchasing or trying a specific VNP type for the first time. At both pre- and 

post-use, the eGO and mod were ranked higher than other devices on satisfaction and 

enjoyment. At pre-use, the disposable (the smallest device) was ranked as least harmful, and 

this ranking continued at post-use. Additionally, we observed a greater number of significant 

differences among devices at post-use compared to the number of differences at pre-use. 

This suggests that experience with the VNPs may serve to highlight salient differences 

among devices.

The eGO and mod both had higher average scores on satisfaction and enjoyment as 

compared with other devices. These two devices also surpassed the satisfaction and 

enjoyment that participants felt from their tobacco cigarettes. In a qualitative study of VNP 

users, Notley et al. found a similar pattern.37 VNPs can replicate the physical, behavioral, 

and social aspects of smoking37 with the additional benefit of their perception as less 

harmful, and this interaction may be what leads smokers to find more satisfaction and 

enjoyment from VNPs. All devices were seen as less harmful to their health than tobacco 

cigarettes, which aligns with previous research.8,35,38 There was high variability in the 

perceived harshness between device types with the eGO and mod rated as most harsh. It has 

been shown that different flavors have the capacity to produce different “throat hit” feelings, 

and this characteristic is similar to the effect of tobacco cigarette smoke.39 Cigarette smokers 

have stated a preference for devices that provide this feeling due to more satisfaction and 

fulfillment.40 This may, in part, explain the results of harshness and satisfaction ratings of 
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different devices. The three harshest devices were the eGO, mod, and e-Pipe, and these 

ratings could help to explain why the eGO and mod were more satisfying and enjoyable than 

other devices.

To our knowledge, this study is the first study to look at the complex interplay between 

factors described above (subjective vs objective responses). Our pharmacokinetic results 

from smokers align with those found by Hajek et al., for experienced users and we were 

additionally able to observean association between nicotine delivery and subjective 

experience of device use. As expected, the VNPs that delivered more nicotine also 

demonstrated higher mean urge relief; objective nicotine delivery and subjective amount of 

urge relief are correlated. However, there was no significant correlation between objective 

speed of nicotine delivery and subjective speed of urge relief. Lastly, a previous study 

showed that in a sample of smokers who tried VNPs and did not become regular uses, 6.4% 

gave embarrassment as a reason for non-regular use.41 In our study, the e-Pipe was seen as 

the second most embarrassing device to use, which could explain the disparity between the 

high amount of nicotine delivered and the low perceived satisfaction and enjoyment of this 

device.

This study has several notable strengths. It utilized a comprehensive design that allowed an 

examination of the complex relationships between device perception, satisfaction, subjective 

effects and nicotine delivery. This study also randomized the order in which tobacco 

cigarette users experienced six different VNPs. This novel study is able to distinguish 

specific VNP device characteristics that influence a tobacco cigarette user’s anticipated and 

actual satisfaction from these devices. VNP technology is rapidly evolving, thus there may 

be products with better nicotine delivery on the market today that were not available at the 

start of this study. Although this study was completed prior to the introduction of JUUL, a 

very small device with highly effective nicotine delivery,42 our results suggest that such a 

device could be perceived as less harmful than other VNP devices, and could be more 

satisfying and enjoyable than other devices used in this study.

Our study has several limitations that should be noted. All devices contained tobacco 

flavored e-liquid, and several studies have shown that flavoring is an important aspect of 

device satisfaction for many VNP users.43–44 The products studied varied in nicotine content 

and in nicotine delivery in aerosol, so it is not possible to disentangle the contributions of 

individual design elements of the devices and liquids to user evaluations. Due to the primary 

outcome of the study being nicotine delivery, a controlled puffing session was needed. This 

may not be naturalistic, and participants may adjust puffing behavior with different devices. 

However, the user was able to control puff duration volume (we only imposed a regulated 

number and frequency of puffs). Sensitivity analyses were conducted to see if interactions 

existed with order. On the primary outcome of nicotine delivery, there was no increase as 

participants completed more visits. Due to the small sample size, we did not have enough 

power to come to definite conclusions as to the effect of order on satisfaction. Many 

comparisons were assessed yet only a small percentage achieved significance. The latter two 

limitations could be due the exploratory nature and small sample size utilized in this study; 

therefore, further studies with larger sample sizes are needed.
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Our results suggest that these previously unexplored characteristics of VNPs may have 

clinical importance for both harm reduction and smoking cessation. If daily tobacco 

cigarette smokers choose a VNP device that is not satisfying, they may return to smoking 

cigarettes and not sample another device, which may result in no net reduction in harm for 

that smoker. These findings also contribute to current regulatory science and our 

understanding of how subjective and objective factors influence use of a particular product.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Participant flow-chart.

Voos et al. Page 13

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

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Average plasma nicotine profiles for each device and participants preferred brand tobacco 

cigarette.
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Figure 3. 
Subjective rating of various VNPs: (A) Satisfaction with VNPs. (B) Perceived harm of 

VNPs. (C) Enjoyment from using VNPs. (D) Speed of smoking urge relieve after VNP use. 

(E) Amount of urge to smoke relieved after VNP use. (F) Harshness of inhaled VNP aerosol. 

(G) Taste of inhaled VNP aerosol. (H) Pleasantness of inhaling VNP aerosol. (I) 

Embarrassment from using VNPs.
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Figure 4. 
Subjective rating of nicotine effects 3 minutes after use of VNPs: (A) Changes in 

Questionnaire of Smoking Urges-Brief (QSU-B) scores after VNP use (left) and comparison 

of VNP effects 3 minutes after use (right). (D). Changes in smoking urges after VNP use 

(left; corrected for baseline) and comparison of VNP effects 3 minutes after use. (C). 

Changes in Minnesota Nicotine Withdrawal Scale (MNWS) scores after VNP use (left; 

corrected for baseline) and comparison of VNP effects 3 minutes after use
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Figure 5. 
(A) Correlation between median Cmax with subjective urge relief after use of various 

Vaporized Nicotine Products (VNPs); (B) Correlation between median Tmax with perceived 

speed of urge relief after VNP use; (C) Correlation between perceived harshness of device 

and pH of refill solution.
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Table 2.

Pharmacokinetic data among 18 smokers who used 6 different VNPs. Median value (Range).

Product Type
Nicotine 

Yield in 20 
Puffs (mg)

Pharmacokinetics

Cmax (ng/ml) Tmax (min) AUC 0→120 (ng/ml/min) AUC 0→10 (ng/ml/min)

Disposable 0.64 *4.07 (0.08-16.5) *13.0 (2.0-45.0) *88.6 (0.78-334.6) *16.3 (0.20-79.0)

Rechargeable 1.53 *4.16 (0.71-16.2) *10.0 (2.0-120.0) *121.9 (6.96-509.8) *18.1 (4.40-92.9)

eGO 2.54 *5.52 (0.16-23.0) 10.0 (4.0-45.0) 232.8 (1.48-920.9) *18.9 (0.20-106.6)

Mod 9.11 *6.60 (0.06-39.5) *10.0 (2.0-120.0) 272.3 (0.44-1271) *47.3 (0.20-218.8)

E-pipe 1.00 *5.31 (0.82-33.6) *10.0 (4.0-45.0) 113.7 (7.49-1179) *20.2 (2.01-192.5)

E-cigar 1.00 *3.21 (0.06-18.6) 10.0 (5.0-120.0) *55.9 (0.44-616.8) *13.1 (0.20-85.4)

Tobacco cigarette (Reference) 1.00-1.50 18.9 (3.41-74.4) 5.50 (2.0-30.0) 347.5 (17.1-2354) 126.3 (3.59-396.0)

Values are averages with SD in parenthesis. Lighter shading of a box indicates the device with the lowest value, and a darker shading indicates the 
device with the highest value.

*
Significant difference from the participant’s tobacco cigarette. (p<.05)
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