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Abstract

Aims—To measure the systemic retention of nicotine, propylene glycol (PG), and vegetable 

glycerin (VG) in electronic cigarette (e-cigarette) users, and assess the abuse liability of e-

cigarettes by characterizing nicotine pharmacokinetics.

Design—E-cigarette users recruited over the Internet participated in a 1-day research ward study. 

Subjects took 15 puffs from their usual brand of e-cigarette. Exhaled breath was trapped in gas-

washing bottles and blood was sampled before and several time after use.

Setting—San Francisco, California, USA.

Participants—Thirteen healthy, experienced adult e-cigarette users (6 females and 7 males).

Measurements—Plasma nicotine was analyzed by GC-MS/MS, and nicotine, VG, and PG in e-

liquids and gas traps were analyzed by LC-MS/MS. Heart rate changes and subjective effects were 

assessed.

Findings—E-cigarettes delivered an average of 1.3 (0.9–1.8) mg (mean and 95% CI) of nicotine 

and 94% of the inhaled dose, 1.2 (0.8–1.7), was systemically retained. Average maximum plasma 

nicotine concentration (Cmax) was 8.4 (5.4–11.5) ng/mL and time of maximal concentration 

(Tmax) was 2 to 5 minutes; one participant had Tmax of 30 minutes. 89% and 92% of VG and PG, 

respectively, was systemically retained. Heart rate increased by an average of 8.0 bpm after 5 
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minutes. Withdrawal and urge to smoke decreased and the e-cigarettes were described as 

satisfying.

Conclusions—E-cigarettes can deliver levels of nicotine that are comparable to or higher than 

typical tobacco cigarettes, with similar systemic retention. Although the average maximum plasma 

nicotine concentration in experienced e-cigarettes users appears to be generally lower than what 

has been reported from tobacco cigarette use, the shape of the pharmacokinetic curve is similar, 

suggesting addictive potential.
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INTRODUCTION

Electronic cigarettes (e-cigarettes) have seen a considerable increase in awareness and use 

among adults and youth since the product entered the U.S. market in 2007 (1, 2). Despite 

this rapid rise in use and concerns about safety (3), e-cigarette manufacture, marketing, and 

sale are currently unregulated by the U.S. Food and Drug Administration (FDA) which has 

jurisdiction over tobacco products under the Family Smoking Prevention and Tobacco 

Control Act (4). The FDA has stated that it will assert jurisdiction over e-cigarettes but the 

final ruling has not been finalized (5).

In assessing the individual and population harms of e-cigarettes, which are key 

considerations in FDA’s final ruling on e-cigarettes, it is important to understand the 

potential abuse liability of these devices. Like other drugs/drug delivery devices, the 

expected population harm of e-cigarettes is the product of their toxicity, intensity of use, and 

prevalence of use (6). The abuse liability of e-cigarettes, determined primarily by nicotine 

delivery and pharmacokinetics (7), directly impacts both intensity and prevalence of use. A 

greater likelihood of abuse is associated with faster nicotine delivery (shorter time to peak 

concentration, Tmax) and greater amount of systemic nicotine absorption reflected in higher 

maximum blood nicotine concentration (Cmax) and area under the concentration-time curve 

(AUC) (6).

Some e-cigarettes are cigarette-like (cig-a-likes) with disposable or rechargeable cartridges 

(1st generation), tanks (2nd generation) which operate at higher power than cig-a-likes, and 

others are customizable advanced personal vaporizers. Early pharmacokinetic studies of e-

cigarettes reported very low plasma nicotine levels, indicating low nicotine delivery (8, 9). 

A few later pharmacokinetic studies reported higher plasma nicotine levels among 

experienced e-cigarette users (10–12) but the plasma nicotine levels after 10–15 puffs have 

been lower than what has been reported from smoking a tobacco cigarette (~10–30 ng/mL) 

(13, 14). As the technology of e-cigarettes continue to evolve, their effectiveness as nicotine 

delivery devices is improving, thus the need for continued pharmacokinetic monitoring to 

assess their potential abuse liability.
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The objectives of this study were to (1) measure delivery and systemic retention of nicotine, 

propylene glycol (PG), and vegetable glycerin (VG) from e-cigarettes and (2) assess the 

potential abuse liability of e-cigarettes by characterizing nicotine pharmacokinetics in 

experienced users. There are only a few pharmacokinetic studies of e-cigarettes and, to the 

best of our knowledge, no published study has determined the dose of nicotine retained from 

e-cigarette use (referred to as ‘vaping’). Systemic retentions of nicotine, VG, and PG also 

determine the amount of these constituents exhaled into the environment, which is relevant 

to the question of e-cigarette secondhand aerosol exposure.

METHODS

This study was part of a pilot project to examine the clinical pharmacology of e-cigarettes 

and consisted of a standardized e-cigarette session, reported here, and examination of use 

patterns during ad libitum access, which will be reported separately.

Subjects

A convenience sample of 17 healthy adult e-cigarette users was recruited and 13 subjects 

participated and complete the study. Participants were recruited via Craigslist.com and 

flyers. They were screened for eligibility at a clinical research facility. Exclusive e-cigarette 

users or dual users ≤ 5 tobacco cigarettes per day, who used e-cigarettes at least once daily 

for 3 months or more, and had saliva cotinine levels ≥30 ng/mL were eligible. Exclusion 

criteria included pregnancy, use of nicotine metabolism altering medications, user of zero-

nicotine e-cigarettes, chronic diseases, and active substance abuse or dependence other than 

marijuana. The study was approved by the Committee on Human Research at the University 

of California, San Francisco. Written, informed consent was obtained from each participant 

and all participants were financially compensated.

Experimental procedure

Subjects came to the Clinical Research Center at the San Francisco General Hospital for a 1-

day pharmacokinetic study. They came to the hospital the evening before and abstained 

from e-cigarettes and/or other tobacco products after 10 PM. Participants were awakened at 

7:00 AM and an intravenous (IV) line for blood sampling was placed in the forearm at 8:00 

AM followed by a light breakfast. Baseline blood was sampled and urine collected, 

subjective questionnaires were administered, and three heart rate measurements were made 

within 10 minutes by pulse oximeter (average was used as the baseline heart rate). At 

approximately 9:30 AM the participants were asked to use their usual brand of e-cigarette 

(and usual e-liquid in tanks and rebuildable atomizer models, RBA), which were supplied by 

the study. Participants took 15 puffs, one every 30 seconds (standardized session). Puff 

duration was not standardized. Participants exhaled through their mouth after each puff into 

a sterile polypropylene mouthpiece which was connected to 3 gas traps connected in series 

with silicone tubing. Each gas trap contained 50 mL of 0.2 N hydrochloric acid and a pump 

maintained a flow rate of 2 L per min through the traps. After the 15 puffs, participants 

abstained from e-cigarette use for 4 hours. During that time, blood was sampled at 2, 5, 15, 

30, 45, 60, 90, 120, and 180 minutes and heart rate was measured at 5, 10, 15, 20, and 30 

minutes. Subjective questionnaires were administered between the 5th and 15th minute blood 
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samples. E-cigarettes were weighed before and after vaping using a microbalance (0.00001 

g readability).

Gas trap validation

An initial test of the efficiency of nicotine trapping by the gas traps was performed before 

the study. Two NJOY disposables, 1 Blu eCigs disposable, 2 V2 Cigs, and a KangerTech 

ProTank 2 (three different nicotine-containing flavors) were individually vaped, 1 puff every 

30 seconds for a total of 30 puffs, by machine at 2 L per min. E-cigarettes were weighed 

before and after vaping and the nicotine concentration of the e-liquids were measured. The 

amount of nicotine in the three traps and mouthpiece were measured. On average, 86.2 ± 

5.6% (mean ± SD) (range 76–92%) of the vaped nicotine was recovered in the three traps 

and mouthpiece. We performed a second test of the trapping efficiency of nicotine, VG, and 

PG using each subject’s e-cigarette and e-liquid on the days of the pharmacokinetic study to 

get study e-cigarette-specific recovery averages. Each e-cigarette was machine-vaped as 

described before, this time 1 puff every 30 seconds for a total of 15 puffs. Average 

recoveries were as follows: nicotine, 86.8 ± 9.6% (range 75.0–100%); VG, 93.0 ± 10.3% 

(range 73.3–100%); and, PG, 86.7 ± 10.0% (range 72.7–100). We adjusted the amount of 

nicotine, VG, and PG measured after participants exhaled into the traps by dividing exhaled 

amounts by the respective average machine-derived recoveries.

Questionnaires

The Minnesota Nicotine Withdrawal Scale (MNWS) (15), the Questionnaire for Smoking 

Urges (QSU-Brief) modified for e-cigarettes (16), and the Positive and Negative Affect 

Scales (PANAS) (17) were used to measure nicotine withdrawal, craving, and positive and 

negative affective states, respectively, before and after e-cigarette use. The modified 

Cigarette Evaluation Questionnaire (mCEQ) (18), further modified for e-cigarettes, was 

used to measure reward after using the e-cigarette.

Analytical chemistry

Nicotine concentration in plasma was determined by GC-MS/MS, using our published GC-

MS method (19), modified for tandem mass spectrometry for improved sensitivity. Nicotine 

was measured in the 0.02 N HCl trap solution from each trap and mouthpiece separately 

(and then summed to give total exhaled amount) and in e-liquids after dilution in 0.02 N HCl 

by LC-MS/MS using a method modified from a previous publication (20). Briefly, 100 μL 

aliquots were mixed with 100 μL of 100 mM pH 8.7 ammonium formate buffer and 50 μL 

of nicotine-d4 internal standard. Aliquots were injected onto a Water’s BEH C18 column 

(3X150 mm) under isocratic conditions (50% methanol 0.01M ammonium formate pH 8.7). 

Detection and quantitation was achieved on a Thermo Instruments Quantiva LC-MS/MS 

using the 163→130, 167→134 ion transitions for natural nicotine and the deuterium-labeled 

internal standard, respectively. The limit of quantitation (LOQ) was 0.5 ng/mL. VG and PG 

were quantified as the benzoate esters using PG-d6 and VG-d5 as internal standards using a 

modified method based on a previous publication (21). Briefly, aliquots of 0.02 N HCl trap 

and diluted e-liquids were mixed with internal standard and derivatized by vortexing the 

samples with benzoyl chloride, aqueous sodium hydroxide, and hexane. After evaporation of 

the hexane phase, the samples were reconstituted in 45% methanol 45% isopropanol and 
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10% water and separated by gradient elution on a Waters phenyl hexyl X-Select column 

(3X150 mm) with a water, methanol, isopropanol 10 mM ammonium formate solvent 

system. The following transitions for the ammonium adducts were monitored on the Thermo 

Instruments Quantiva: PG-d0: 302→163, PG-d6: 308→169, VG-d0: 422→283, and VG-d5: 

427→288. The LOQ was 5 ug/mL for both PG and VG.

Pharmacokinetic analysis

Pharmacokinetic parameters were estimated from plasma nicotine concentrations using 

Phoenix WinNonlin 6.3 (Pharsight Corporation, Mountain View, CA). Tmax, Cmax, and 

AUC from 0 to infinity (AUC0→∞) were estimated using a noncompartmental model and 

trapezoidal rule. We corrected all measures for baseline values in order to assess the changes 

in plasma nicotine attributed to the study e-cigarettes only. This was done by estimating the 

plasma nicotine concentration derived from baseline levels at each sampling time-point 

using the formula Ct = C0e−Kt, where Ct is the estimated plasma nicotine concentration at a 

time-point after baseline, C0 is the baseline plasma nicotine concentration, K is the subject’s 

nicotine elimination rate constant, and t is the elapsed time after baseline.

Statistical analysis

The systemic retentions of nicotine, VG, and PG were calculated as follows: retention (%) = 

100 × (amount delivered − amount exhaled)/amount delivered. The amount of nicotine, VG, 

and PG delivered (mg) were estimated as the amount of e-liquid vaped (mg) × the 

concentration of nicotine, VG, and PG in the e-liquid, respectively. To analyze changes in 

heart rate after e-cigarette use, a repeated measures one-way ANOVA was performed. Heart 

rate measured at 5, 10, 15, 20, and 30 minutes were compared to baseline heart rate and we 

used Tukey’s method to adjust the error rate. Changes in individual items and overall scores 

for MNWS, QSU, and PANAS were assessed using paired t test. All analyses were carried 

out using SAS v. 9.4 (SAS Institute, Inc. Cary, NC, USA). Statistical tests were considered 

significant at α<0.05.

RESULTS

Participant characteristics are presented in Table 1. Nine participants were self-reported 

exclusive e-cigarette users, confirmed by their low expired carbon monoxide (CO) levels at 

screening (range 1–4 ppm). Average saliva cotinine levels at screening was 212 ng/mL and 

did not differ between self-reported exclusive e-cigarette users (217 ng/mL) and dual 

electronic and tobacco cigarette users (199 ng/mL) (p = 0.79). Previous research has shown 

that cotinine levels in e-cigarette users are similar to those of tobacco cigarette smokers (22). 

Two participants used 1st generation e-cigarettes, 8 used 2nd generation tank devices, and 3 

used RBAs (Table 2).

On average, 1.3 mg of nicotine (median 1.4, range 0.4–2.6 mg) was delivered in 169 mg of 

vaped e-liquid (median 210 mg, range 46–463 mg) from 15 puffs (Table 3). An average of 

93.8% (median 99.6%, range 49.0–99.9%) or 1.2 mg of nicotine (median 1.1 mg, range 0.4–

2.4 mg) was systemically retained. On average, 84.4% (median 94.8%, range 3.9–99.3%) of 
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the delivered VG dose and 91.7% (median 98.3%, range 46.2–100%) of the delivered PG 

dose were systemically retained.

Cmax was within 2 to 5 minutes for all participants except one who had a Tmax of 30 minutes 

(Table 4). The average plasma nicotine Cmax was 8.4 ng/mL (median 5.1 ng/mL, range 2.3–

19.8 ng/mL). In addition to computing the dose of nicotine retained in the body using the 

gas trap method, we also estimated the nicotine dose using AUC0→∞ and the average 

population clearance of nicotine, 1200 mL/min (13) as follows: PK-estimated dose = 

AUC0→∞ × 1200. The average PK-estimated nicotine dose was 1.0 mg (median 0.9 mg, 

range 0.3–2.2 mg) and was not significantly different from the nicotine dose determined by 

the gas trap method (p=0.41).

Figure 1A shows average plasma nicotine levels after e-cigarette use for all participants and 

Figure 1B shows plasma nicotine profiles of three subjects to illustrate the general shapes of 

the plasma nicotine curves observed. Compared to baseline, heart rate increased by an 

average of 8.0 bpm after 5 minutes (p<0.001), 5.2 bpm after 10 minutes (p=0.04), and was 

not significantly different after 15 minutes (Figure 1C).

The overall MNWS score decreased significantly from 7.8 to 4.8 (p=0.007) (Table 5). All 

individual and total QSU scores decreased significantly (p<0.05). PANAS-negative affect 

decreased significantly (p=0.03) while PANAS-positive affect remained unchanged. The 

mCEQ subscales (with maximum possible shown in [ ]) were as follows: Satisfaction [21], 

16.5 ± 3.2 (mean ± SD); Reward [35], 21.3 ± 5.8; Aversion [14], 4.8 ± 2.4; Sensations [7], 

4.3 ± 1.5; and, Craving Reduction [7], 5.0 (1.7).

DISCUSSION

In our study, e-cigarettes delivered an average of 1.3 mg (range 0.4 to 2.6 mg) of nicotine 

from 15 puffs, similar to or higher than average reported yields of 0.5 to 1.5 mg nicotine per 

tobacco cigarette (13, 23, 24). We show, for the first time, that systemic retention of nicotine 

from e-cigarettes is high, averaging 94%, resulting in uptake of about 1.2 mg (0.4 to 2.4 mg) 

of nicotine from 15 puffs. Systemic retention of nicotine from tobacco cigarettes averages 

about 80 to 90% of the inhaled dose (13). Average Cmax after e-cigarette use was 8.4 ng/mL, 

which is lower than average levels from tobacco cigarettes but within the range of many 

smokers. Nicotine boost from tobacco cigarettes averages about 11 ng/mL (14, 25). We 

found that some e-cigarette users were able to attain tobacco cigarette-like peak plasma 

nicotine levels. Two subjects had Cmax (15.5 and 19.8 ng/mL) that were in the high end of 

the range of nicotine boost from tobacco cigarettes and another had a Cmax of 13.2 ng/mL. 

With one exception, Tmax was between 2 to 5 minutes. We present novel data showing VG 

and PG are also highly retained in the body, averaging 84% and 92%, respectively. Finally, 

consistent with other studies, e-cigarette use increased heart rate, and subjectively reduced 

withdrawal, urge to smoke, and was described as satisfying (10, 12, 26).

Nicotine from tobacco cigarettes is rapidly absorbed in the lungs, reaches the brain within 

seconds (27), and venous Cmax is seen within 5 to 8 minutes of initiating smoking (13). The 

rapid rise of blood and brain nicotine levels when delivered through the pulmonary route 
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allows the tobacco cigarette smoker to titrate nicotine and related pharmacological effects 

while smoking. This makes tobacco cigarette smoking the most reinforcing form of nicotine 

delivery (13, 28). Except one, all participants had Cmax at 2 or 5 minutes after e-cigarette 

puffing, which is consistent with prior reports (10, 11, 29, 30). This indicates that nicotine 

from e-cigarettes is also rapidly absorbed in the lungs, allowing for nicotine titration through 

various user behaviors and is likely dependence-producing.

The extent to which nicotine from e-cigarettes is absorbed and the sites of absorption will 

affect the magnitude of nicotine’s associated effects on the user but remain important 

unanswered questions. Although the participants took in as much or more nicotine from 15 

e-cigarette puffs, their Cmax were on average lower than available data on smoking a 

tobacco cigarette (~10–30 ng/mL) (13, 14). It appears then that while most of the nicotine 

inhaled is systemically retained, a significant amount is absorbed at sites other than the 

lungs. Additional sites of absorption likely include the buccal mucosa and the 

gastrointestinal tract following swallowing. Several subjects displayed the PK profile 

illustrated in Figure 1B (Subject 2), who had a plasma nicotine Cmax at 2 minutes indicative 

of rapid lung absorption but the persistent peak (for about 30 minutes) and slowly declining 

plasma nicotine resembled the PK profile of smokeless tobacco in which absorption of 

nicotine is primarily through the buccal cavity (13). Further, due to hepatic first pass 

elimination, swallowing e-cigarette aerosol would result in decreased systemic 

bioavailability (13), and is a likely explanation for the low Cmax in some participants.

Since e-cigarettes do not smolder like tobacco cigarettes, secondhand exposure to nicotine 

and toxicants in the aerosol, a public health concern, is entirely from the exhaled aerosol. 

Our findings of minimal nicotine, VG, and PG in the exhaled aerosol suggest that 

secondhand exposure to nicotine from e-cigarette aerosols would be small. However, a few 

studies have reported increased levels of nicotine, respirable particles, volatile organic 

compounds, and metals in indoor air and biomarkers of nicotine exposure in non-users after 

e-cigarette use (31–34). Subject 3 in our study exhaled 51% (or 0.8 mg) of the inhaled 

nicotine and 96% (86 mg) and 54% (19 mg) of the inhaled VG and PG, respectively, which 

demonstrates the possibility for generation of secondhand e-cigarette aerosol exposure by 

some users. It is likely that this subject inhaled the aerosol into their mouth or throat and not 

their lungs, resulting in a low Cmax of 2.3 ng/mL at 30 minutes and a PK profile that 

resembled smokeless tobacco use, indicative of poor lung absorption. Therefore, user vaping 

behavior is an important determinant of the extent of secondhand e-cigarette aerosol 

exposure.

E-cigarette use significantly increased heart rate of participants who were deprived of 

nicotine overnight. The observed increase of 8 bpm 5 minutes after vaping was similar to 

previous studies on e-cigarettes (10) but slightly lower than the 10 to 12 bpm increase 

following tobacco cigarette use in nicotine-deprived smokers (35, 36).

Participants reported a decrease in nicotine withdrawal which was mild to begin with. The 

total MNWS score before vaping was 7.8 of a possible score of 48. Mild nicotine 

withdrawal among e-cigarette users is consistent with users’ reports of lower dependence on 

e-cigarettes compared to tobacco cigarettes (37, 38). E-cigarette use reduced craving as 
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measured by the decrease in every item of the QSU. Participants also reported above 

moderate scores on Satisfaction, Reward, Sensations, and Craving Reduction and low 

Aversion (a combination of ‘nauseous’ and ‘dizziness’ items) subscales of the mCEQ. One 

report suggested that these effects may be independent of nicotine and can be due to oral and 

tactile sensations similar to smoking (9), and also likely result from participants using their 

own devices. The ability of e-cigarettes to reduce urge to smoke and withdrawal symptoms 

and to increase reward and satisfaction, as shown in prior reports (9, 11, 39, 40), might 

explain high e-cigarette prevalence of use among former tobacco cigarette users (41–43).

While e-cigarette users are mainly former or current adult tobacco cigarette smokers (42, 

44), the prevalence of e-cigarette use is rising among the youth (2). The ability of e-

cigarettes to deliver comparable or higher amounts of nicotine compared to tobacco 

cigarettes raises concerns about e-cigarette use generating nicotine dependence among 

young people. Nicotine levels reported here are likely to cause physiologic changes in 

nicotinic acetylcholine receptors in the brain that would sustain nicotine addiction (45, 46). 

This is particularly concerning for adolescents and young adults, given that early exposure 

to nicotine increases the severity of future nicotine dependence (47).

Our research has some limitations. In order to exhale fully into the gas trap and not lose 

significant amounts of aerosol from the mouth, exhalations were slower than usual which 

resulted in participants holding the e-cigarette aerosol in their mouth or lung for a longer 

time. Longer breath-holds might facilitate greater respiratory tract retention of nicotine, VG, 

and PG. Breath-hold has a minimal effect on nicotine retention from tobacco cigarettes 

(98.0% retention with 0 second breath-hold and 99.9% with a 10 s breath-hold) (48). 

Although we are not aware of the effect of breath-hold on VG and PG retentions, little to no 

aerosol is seen when individuals ‘stealth vape’. Stealth vaping refers to using e-cigarettes 

where they are not allowed and includes long breath-holds. Invisibility of the exhalant may 

be due to lower concentrations of VG/PG in the exhalant with increased retention. Other 

limitations include a fixed puffing protocol of 15 puffs in a hospital research ward setting 

where use patterns might differ from naturalistic settings. However, we did not control puff 

duration, allowing users to puff as naturally as possible. The fixed puffing protocol allows 

for comparisons between subjects and studies. Finally, participants varied by age, BMI, 

smoking status, and typical e-cigarette use, which could have influenced the variability in 

nicotine uptake and PK. This may also be a strength of our study, given the wide variability 

in e-cigarette user profile and behavior in the population.

CONCLUSIONS

E-cigarettes can be highly efficient as nicotine delivery devices, delivering levels of nicotine 

comparable to or higher than tobacco cigarettes with similar high levels of systemic 

retention. The plasma nicotine Cmax after 15 puffs was on average lower than available data 

on smoking one tobacco cigarette, suggesting that not all nicotine inhaled and retained is 

being absorbed through the lungs. However, several participants had Cmax in the reported 

range of tobacco cigarettes. Based on pharmacokinetic considerations, e-cigarettes have the 

potential to produce and sustain nicotine addiction as well as to provide an effective 

alternative source of nicotine for tobacco cigarette users.
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FIGURE 1. 
Average plasma nicotine, corrected for baseline level, (mean ± SEM) in experienced users 

after 15 puffs from their usual brand of e-cigarette (A); plasma nicotine profiles of three 

subjects (B); and average change (mean + SEM) in heart rate from baseline after e-cigarette 

use (C). * is significantly different from baseline (α<0.05).
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TABLE 5

Withdrawal and urge to use e-cigarette before and after 15 puffs

Scale Pre Post p-value

MNWS (0, none; 4, severe)

 Angry, irritable, frustrated 0.8 (1.0) 0.2 (0.4) 0.06

 Anxious, nervous 1.0 (1.0) 0.5 (0.8) 0.05

 Depressed mood, sad 0.2 (0.5) 0.0 (0.0) 0.19

 Desire or craving to smoke 1.9 (1.2) 0.7 (0.9) 0.007

 Difficulty concentrating 1.0 (1.0) 0.6 (1.0) 0.05

 Increased appetite, hungry 0.3 (0.4) 0.3 (0.5) 1.00

 Restless 1.0 (0.9) 0.7 (0.9) 0.17

 Impatient 1.3 (1.1) 0.5 (0.8) 0.01

 Dizziness 0.0 (0.0) 0.8 (1.2) 0.03

 Increased coughing 0.1 (0.2) 0.1 (0.3) 1.00

 Nausea 0.0 (0.0) 0.2 (0.6) 0.19

 Sorethroat 0.2 (0.5) 0.2 (0.4) 0.34

 MNWS total score (of 48) 7.8 (5.2) 4.8 (4.2) 0.007

QSU (0, strongly disagree; 7, strongly agree)

 Desire for e-cigarette now 4.5 (1.7) 2.5 (1.4) 0.002

 Nothing better than to vape now 3.9 (0.9) 2.0 (1.0) <0.001

 Would vape if possible 5.8 (1.5) 3.3 (2.1) 0.002

 Would control thing better 2.5 (1.5) 1.5 (0.9) 0.02

 All I want is an e-cigarette 3.4 (1.3) 1.6 (1.0) <0.001

 Urge for e-cigarette 4.6 (1.8) 2.2 (1.5) 0.002

 An e-cigarette would taste good 5.1 (1.5) 2.8 (1.6) 0.001

 Would do anything for an e-cigarette 2.4 (1.6) 1.3 (0.6) 0.03

 Vaping would make me less depressed 2.3 (1.5) 1.2 (0.6) 0.02

 Will vape and soon as possible 4.8 (1.8) 3.3 (2.1) 0.02

 QSU total score (of 7) 3.2 (1.2) 2.2 (1.1) <0.001

PANAS

 PANAS positive affect score (of 50) 26.4 (6.3) 26.5 (6.8) 0.99

 PANAS negative affect score (of 50) 13.6 (3.7) 11.2 (1.5) 0.03
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