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Abstract

Objectives: Switching from combustible tobacco cigarettes to electronic cigarettes (e-cigs) may 

or may not help smokers to reduce cigarette consumption and toxicant exposure. This pilot study 

investigated the effects of asking smokers to switch to e-cigs for 6 weeks on smoking, exhaled 

carbon monoxide (CO) concentration, dependence, and motivation to quit smoking.

Methods: Non-treatment seeking daily smokers (n = 18) were given free e-cigs and instructed to 

use them instead of smoking cigarettes for 6 weeks. Smokers were assessed at baseline, weekly 

for 6 weeks, and at 8 and 10 weeks for cigarettes/day, e-cig use, CO, cigarette dependence, and 

Contemplation Ladder.

Results: All participants completed 6 weeks; 17 completed 10 weeks. At Week 6, cigarettes/day 

were reduced by two-thirds and CO by 45% from baseline (p’s < .001), with reductions 

maintained at Week 10 (p’s < .005). Cigarette dependence scores were a third lower at Weeks 

6 (p < .002) and 10 (p < .001) than at baseline. Contemplation Ladder scores were higher at Weeks 

6 and 10 (p’s < .001) than at baseline. All these statistical effect sizes were large. At Week 6, 

number of reasons not to use e-cigs increased (p < .011).

Conclusions: Results show preliminary evidence for beneficial effects of short-term switching 

to e-cigs by non-treatment seeking smokers in terms of reduced smoke toxicant exposure and 

cigarette dependence, and increased motivation to quit, all maintained at least 4 weeks after free 

e-cigs were no longer provided.
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1. Introduction

Electronic cigarettes (e-cigs) vaporize a solution containing nicotine, water, propylene glycol 

and flavorings. While considered by many to be a lower-risk cigarette substitute that may 

reduce deaths from smoking (Cahn & Siegel, 2011; Etter, 2014; Fagerström & Bridgman, 

2014), the long-term health effects of e-cigs are unclear (USDHHS, 2016). Most e-cig 

users continue cigarette use (dual users) (Kalkhoran & Glantz, 2016), with reductions 

in smoking commonly reported (e.g., Adriaens, Van Gucht, Declerck, & Baeyens, 2014; 

Dawkins, Turner, Roberts, & Soar, 2013; Nides, Leischow, Bhatter, & Simmons, 2014). 

Across treatment trials, regular intensive use of e-cigs facilitates smoking reductions or 

cessation (Glasser et al., 2017). The fact that there is insufficient objective information 

about the health effects, effects on tobacco dependence, and efficacy of these products as 

used over time in the natural environment has led to ethical debates on the risks versus 

benefits of switching from cigarettes to e-cigs, resulting in an international call for research 

on this topic (Etter, Bullen, Flouris, & Laugesen, 2011; Farsalinos and Polosa, 2014; 

USDHHS, 2016). Given the many smokers unable to quit smoking, effects of using e-cigs 

with adequate nicotine delivery on smoking and health risks in needs further evaluation in 

well-controlled prospective studies (Glasser et al., 2017).

Toxicant exposure, cigarette dependence, and motivation to quit smoking are three areas 

that e-cig use could affect due to reduced cigarette use. While brief e-cig use did not 

affect expired carbon monoxide (CO) concentration in one study (Vansickel, Cobb, Weaver, 

& Eissenberg, 2010) and decreased CO concentration in another (Adriaens et al., 2014), 

instructing 20 smokers to completely switch to e-cigs for 2 weeks (50% complied) produced 

a 75% reduction in exhaled CO (Goniewicz et al., 2017). We found no studies on the effects 

on cigarette dependence of switching to e-cigs. Use of e-cigs for at least one week increased 

readiness to quit smoking in one study (Wagener et al., 2014). Effects on CO, dependence, 

and motivation need to be studied in adult daily smokers, having the smokers switch to daily 

e-cig use for some weeks, and using a motivational measure with a broader range of choices.

Evidence about the effects of switching to e-cigs on changes in motives for using or 

discontinuing e-cigs would also be useful. Surveys indicate that e-cig use among smokers 

is motivated by the choice of flavors (e.g., Audrain-McGovern, Strasser, & Wileyto, 2016) 

and by beliefs that e-cigs are far less harmful than cigarettes (Coleman et al., 2016), aid in 

quitting or reducing cigarette consumption (Piñeiro et al., 2016), and relieve withdrawal in 

smoke-free workplaces (Dawkins et al., 2013; Etter, 2010; Etter & Bullen, 2011; Li, Bullen, 

Newcombe, Walker, & Walton, 2013; McNeill, Brose, Calder, & Hitchman, 2015; Zezima, 

2009). When people discontinued regular use of e-cigs, they reported they did not like the 

feel of e-cigs or that e-cigs did not help reduce cravings (Simonavicius, McNeill, Arnott, & 

Brose, 2017).

This pilot study recruited daily moderate smokers to switch from cigarettes to e-cigs for 

6 weeks, with 4 weeks of follow-up. Preliminary evidence was sought about the ability 

of non-treatment seeking smokers to switch to e-cig use, given that dual use is common 

when using e-cigs (e.g., Simonavicius et al., 2017). Second, effects of switching to e-cigs 

on reducing CO concentration, reducing cigarette dependence, and increasing motivation for 
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quitting smoking were investigated. Third, effects of switching to e-cigs on reasons to use or 

not to use e-cigs were investigated. Fourth, we investigated whether either rebound effects 

or continued beneficial effects would occur 4 weeks later in terms of cigarettes per day, CO 

concentration or cigarette dependence.

2. Methods

2.1. Design and overview

A single-group pre-post design was used in which daily smokers were asked to use e-

cigs instead of smoking for 6-weeks. Procedures were approved by the Brown University 

Institutional Review Board (IRB).

2.2. Participants

The participants were recruited from the community using flyers and ads saying: “E-cig 

study for smokers. Are you a smoker who doesn’t vape? A research study is being 

conducted on effects of using electronic cigarettes for 6 weeks May earn up to $330.” 

Inclusionary criteria were: (a) Smoked 10+ cigarettes/day for past 6 months and CO > 

8 ppm; (b) thinking about quitting smoking but not seeking treatment (score of 4–8 on 

the Contemplation Ladder; Biener & Abrams, 1991); (c) breath alcohol < 0.02 g% and 

negative urine drug screen (other than marijuana) on day of informed consent and baseline 

assessment; (d) 18–65 years old; (e) if female, report reliable birth control, menopause 

or past hysterectomy. Exclusionary criteria were: (a) currently quitting smoking, used any 

smoking cessation products or e-cigs in the past 30 days, used non-cigarette tobacco > 

2 days in past 30 days, daily use of marijuana, weekly use of marijuana mixed with 

tobacco, any other illicit drugs in the past 30 days; (b) medications that could reduce 

smoking (naltrexone, buprenorphine, acamprosate, anti-seizure medications, disulfiram); (c) 

medical contraindications for inhaled nicotine (e.g., asthma, unstable angina, pregnancy, 

breastfeeding, etc.); (d) unstable medical or psychiatric conditions (requires current regular 

medical visits, or self-reported hallucinations or delusions, or not stabilized on psychotropic 

medications [i.e., anti-depressant, anti-anxiety or anti-manic medications changed within 

past 4 weeks]).

2.3. Screening and informed consent

Telephone screening questions determined eligibility for in-person informed consent. After 

consent, research staff assessed all eligibility criteria using self-report and the following 

tests. The urine drug screens used On Trak® test-strip cups. Over-the counter pregnancy tests 

assessed pregnancy. Breath alcohol was tested with Alco Sensor IV® by Intoximeters. If 

eligible, baseline assessment was conducted.

2.4. Experimental Period Procedures

2.4.1. E-cigs—We used Smoktech cartomizers (dual coil 1.5 Ω, size XL), and eGo 

batteries (3.3 V, 1100 mAh). We filled cartomizers with 1 ml e-liquid (18 mg/ml nicotine) 

each week with participants’ choice of four flavors (tobacco, menthol, chocolate dessert, 

and mixed fruit flavors; the types of flavors most commonly chosen by consumers, per the 

manufacturer). E-liquid was manufactured under controlled conditions and tested to ensure 
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a specific nicotine concentration by Avail Sciences (Richmond, VA). This e-cig provides 

acceptable nicotine delivery in users trained in the optimal puffing method (Lopez et al., 

2016; Talih et al., 2015). Participants received enough cartomizers to cover 150% of their 

usual nicotine ingestion, in case of increases due to free e-cigs.

2.4.2. Instructions and training—Participants were told to use e-cigs every day 

whenever they would usually smoke a cigarette, and to take at least 5 puffs a day (to ensure 

some use). Participants were trained in how to use e-cigs effectively (long slow inhalations), 

with a follow-up training session after 2 days of use. They were asked to refrain from other 

nicotine and tobacco but were told there was no penalty for such use and that it was crucial 

that they report such use to us. We did not insist on no smoking since dual use is common 

(Etter & Bullen, 2011, 2014) so needs assessing.

2.4.3. Weekly meetings—Participants met with a research interviewer weekly for 

assessment and problem-solving around using e-cigs. Participants returned all unused 

cartomizers to the laboratory each week for counting, to validate self-reports of e-cig use. 

Participants were then issued new cartomizers and batteries.

2.4.4. Follow-up—At study weeks 8 and 10, we assessed cigarettes/day, e-cig 

cartomizers/week, cigarette dependence, CO concentration, and motivation to quit smoking.

2.4.5. Participant stipend—At in-person screening, ineligible participants were paid 

$25. Eligible participants received $40 for baseline, $25/session at weeks 1–6, and $50 

at weeks 8 and 10. A completion bonus of $5 per assessment was given for completing 

assessments after baseline within 4 days after the due date and on returning used and unused 

e-cig cartridges, and, at Week 6, returning the batteries. The total possible compensation 

was $330 via debit card. The IRB considered this consistent with community standards for 

participant time and effort.

2.5. Assessments

2.5.1. Schedule—Assessments were at baseline, weekly for 6 weeks, and at weeks 8 and 

10.

2.5.2. Assessment measures and methods—Participant diaries were used to aid 

recall of cartomizers used/week (per Nides et al., 2014) and compared to number of empty 

cartomizers returned each week.

2.5.3. Baseline—Age, race, ethnicity, history of cigarette and e-cig use, and the 

measures (below).

2.5.4. Smoking-related measures—Number of cigarettes/day for past 30 days at 

baseline and each week during the 10 weeks was assessed by Time Line Follow Back 

(TLFB; Brown et al., 1998). Exhaled CO concentration was assessed at every assessment 

using EC50 Micro III Smokerlyzer® (Bedfont Scientific Ltd). Abstinence reports were 

confirmed with a CO < 6 ppm. Fagerström Test for Cigarette Dependence (FTCD; 
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Fagerström, 2012; Heatherton, Koslowski, Frecker, & Fagerström, 1991) and Contemplation 

Ladder were given at baseline and Weeks 6 and 10.

2.5.5. E-cig beliefs—Perceived benefits and harms of e-cigs were assessed at baseline 

and 6 weeks. The checklist items were derived from Etter (2010); Etter and Bullen (2011); 

Ayers, Ribisl, and Brownstein (2011). Perceived benefits of using e-cigs (titled “Reasons to 
Use E-cigs”) asked “If you were to choose to use electronic cigarettes on your own, which 

of the following are reasons why you would you use them?” followed by 24 items such as: 

help me cut down on smoking, help me quit smoking, use in smoke-free places, less harmful 

to own health, less harmful to family or friends, keep from bothering other people, cheaper, 

less risk of cancer, reduce coughing, reduce tar in lungs, improve breathing, smell less bad 

(hands/clothes; breath; bad odors), improve ability to taste and smell, they taste good, they 

feel good when inhaling, reduce cravings, reduce withdrawal, get as much or more nicotine 

as from smoking, sleep better. Perceived harms of using e-cigs (titled “Reasons Not to Use 
E-cigs”) asked “Which of the following do you believe to be true about effects of using 

electronic cigarettes?” The 19 items included toxicity (contains chemicals which are not 

safe, toxic substances), health effects (causes lung problems, cancers, shortness of breath, 

wet or dry cough), sensory unpleasantness (burns my throat, dry mouth/throat, tastes bad, 

causes headache/nausea/dizziness/weight gain), ineffective (still be addicted, not enough 

nicotine, hard to adjust dose of nicotine, still have cravings, won’t help quit smoking, go 

back to smoking if stop using these).

2.5.6. E-cigarette Evaluation Questionnaire—We developed eight rating scales to 

assess satisfaction with using e-cigs, asked at 6 weeks. Two questions, rated on 5-point fully 

anchored scales, were what level of nicotine did participants think was in the e-cigarettes 

compared to their usual cigarettes (from 1, very low amount, to 5, very high amount) and 

how did the e-cigarettes affect their urges to smoke cigarettes (from 1, decreased my urges 

a lot, to 5, increased my urges a lot). The other 6 questions (see Table 3 for items), adapted 

from the Cigarette Evaluation Scale (Westman, Levin, & Rose, 1992), were rated on fully 

anchored scales from 1, not at all, to 7, extremely.

2.6. Data analysis methods

Assumptions of normality were checked; no variable used in analyses was significantly 

skewed. For changes from baseline to Week 6 and Week 10, Generalized Estimating 

Equations (GEE; Zeger & Liang, 1986) models were fit, with the Wald statistic used for 

significance testing. Significant time effects were followed up with planned paired t-tests of 

baseline to each later time point, with effect size d calculated. Paired t-tests were used for 

change in number of reasons to use or not use e-cigs. The power (Cohen, 1988) was 0.65 

to detect the lowest medium effect size (d = 0.50), and 0.95 to detect a large effect size (d 
= 0.80). The number of people with confirmed 7-day point-prevalence abstinence or with 

≥50% reduction in cigarettes/day, and responses to the E-cigarette Evaluation Questionnaire 

were reported descriptively.
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3. Results

3.1. Participant enrollment and retention

Of 64 who responded to ads, 31 ruled out by telephone, 4 failed to show, 9 ruled out 

in person. Of 20 who signed consent and completed baseline, 1 withdrew immediately 

(illness), and one was chosen a priori to refine our procedures (omitted from analyses). 

Therefore, 18 participants started the experimental period. Completion rates were 100% (n = 

18) at 6 weeks and 94% (n = 17) at 8 and 10 weeks.

Participants were 39% male, 94% White, 6% Black, 11% Hispanic, with mean (SD) age 

of 45.1 (7.8), median income between $10,000 and $19,999; 12 (67%) smoked menthol 

cigarettes. See Table 1 for other baseline data.

3.2. Amount of e-cig use

Number of e-cig cartomizers used per week was M (SD) = 3.4 (3.8) in Week 1 and reached 

its maximum by Week 4 (M = 4.6 (5.3)), staying at this level for Week 5 (M = 4.5 (5.0)) and 

Week 6 (M = 4.6 (5.4)). Participants continued to report using cartomizers after we stopped 

supplying them (see Table 1). One or two people each week chose only tobacco flavored 

e-liquid, M = 33% used only menthol flavor, M = 20% used only fruit flavor, and M = 33% 

used only chocolate dessert flavors; after the first 2 weeks, another M = 22% used two or 

more flavors each week.

3.3. Change in smoking-related measures

3.3.1. Missing data—Analyses were based on data from 18 people at Week 6 and 17 at 

Week 10, except for FTCD for which n = 16 at Week 10.

3.3.2. Cigarettes/day—The model was significant (see Tables 1–2, Fig. 1). 

Cigarettes/day was significantly lower at Weeks 6 and 10 than baseline, with large statistical 

effect sizes. Inspecting weekly reports, cigarettes/day dropped in Week 1 to M = 7.9 (8.2) 

and reached its lowest value at Week 6. Confirmed 7-day cigarette abstinence was seen for 

one person at Week 2 and 3, and for two people at Weeks 6, 8 and 10. The number of 

participants with ≥50% reduction in cigarettes per day was 11 (61%) at Weeks 6 and 8, and 

9 (53%) at Week 10.

3.3.3. CO, dependence, and motivation to quit smoking—The GEE models were 

significant (see Tables 1–2, Figs. 1–2). Expired CO concentration was significantly lower 

at Weeks 6, 8 and 10 than baseline, with medium to large effect sizes. FTCD scores were 

significantly lower at Weeks 6 and 10 than baseline, with large effect sizes. Contemplation 

Ladder scores were significantly higher at Weeks 6 and 10 than baseline, with large effect 

sizes.

3.4. Perceived reasons to use and evaluation of e-cigs

3.4.1. Reasons to use or not use e-cigs—Endorsed number of reasons not to use e-

cigs increased significantly from baseline to 6 Weeks, unlike number of reasons to use e-cigs 

(see Tables 1–2, Fig. 3). The reasons not to use that had the greatest increases in number 
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of participants endorsing them (≥4 additional participants) were four experiential ones (dry 

cough, wet cough, burn my throat, and dry mouth or throat); and three knowledge-based 

ones (vapors are not safe, vapor causes lung problems, still get nicotine so stay addicted).

3.4.2. E-cigarette Evaluation Questionnaire—Participants reported that the nicotine 

level of e-cigs was low to average compared to cigarettes and that the e-cigs decreased 

their urges to smoke moderately (see Table 3). While on average participants reported 

little enjoyment from the sensations of using e-cigs, they reported that the e-cigs tasted 

moderately good, calmed them down moderately, and were moderately to highly satisfying 

and enjoyable to use.

4. Discussion

Results indicate that smokers who do not currently use e-cigs can be recruited and retained 

in a research study in which they are paid to switch to free e-cigs for 6 weeks. The fact 

that they maintained or increased e-cig use over the 6-week period indicates that as smokers 

became accustomed to this novel e-cig product, they increasingly replaced smoked cigarettes 

with e-cigs. Furthermore, participants continued using over 3 cartomizers/week during the 

four weeks after we stopped supplying these, thus showing an interest in continued use 

despite needing to purchase their own e-cigs.

Effects of being encouraged to use free e-cigs were shown on reduction in number of 

cigarettes/day smoked, with large effect sizes, with resulting reductions in mean expired 

CO concentration, indicating less exposure to toxicants emitted from combustible cigarette. 

Parallel to these changes were reductions in cigarette dependence and increased motivation 

to quit smoking, also with large statistical effect sizes. All of these changes still showed 

large statistical effects 4 weeks after we stopped supplying e-cigs. Cigarettes/day at 6 weeks 

were reduced by two thirds from baseline on average, with > 50% of participants reducing 

their cigarettes/day by 50% or greater at all time points, indicating that the reductions were 

substantial for many. Thus, the results show promise for reducing harmful exposure to 

combustible tobacco and reducing cigarette dependence when smokers are encouraged to 

switch to e-cigs and provided an effective product. These data are important for improving 

understanding of some potential benefits of e-cigs for cigarette smokers, given the ethical 

debate about e-cig use. The monetary compensation, necessary to ensure full retention 

in assessments so as to test the effects of e-cigs when they are actually used, means 

this approach would not be used this way for a clinical intervention. However, there was 

no monetary penalty for using cigarettes or discontinuing e-cigs, and payments were not 

contingent on changes in CO, dependence or motivation, so these changes were not a 

direct result of financial contingencies. Furthermore, continued changes during the follow-

up period, when only attendance at assessments was compensated, were not due to the 

payments.

Unexpectedly, the 6-week period of e-cig use did not result in participants reporting any 

increase in perceived benefit or number of reasons to use e-cigs, but instead resulted in 

participants reporting more reasons not to use e-cigs. Still, they endorsed about 20 out of 24 

reasons to use e-cigs (almost a ceiling effect) and only 7 out of 19 reasons not to use them 
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after 6 weeks of use, so on balance had more reasons to use than not use them. The increase 

in concerns about the harmful effects of e-cigs parallels recent increases in these concerns 

seen in the US population (Majeed et al., 2017). Furthermore, participants reported only 

moderately enjoying the sensations of vaping, and found e-cigs only moderately effective at 

reducing cravings to smoke. Possibly the choice of flavors was a factor in the enjoyment. 

Future work needs to investigate the predictive relationship, if any, between positive and 

negative e-cig expectancies and actual use of e-cigs.

Limitations of this research include the small number of participants, the single urban site, 

only 6 weeks of e-cig use, large payments for participation, and having only 18 mg/ml 

nicotine liquid. However, the results showed that this type of research is feasible so a larger 

future study could investigate effects on biomarkers of toxicity and health. Results showed 

promise for effects of e-cig use on smoking reduction, dependence and interest in quitting 

smoking in this non-treatment-seeking group. The work needs to be repeated with a large 

sample size, a control group of participants not asked to switch, and biological measures of 

exposure to tobacco-related toxicants.

5. Conclusions

This pilot study suggests that non-treatment-seeking smokers can reduce cigarette 

consumption with short-term e-cig use, with more than half showing reductions of 50% 

or more in cigarettes per day. Beneficial effects included reduced exposure to cigarette-

emitted toxicants (i.e., CO concentration), reduced dependence on cigarettes, and increased 

motivation to quit, all maintained for at least 4 weeks after free e-cigs were no longer 

provided. Given known benefits of smoking reductions (Begh, Lindson-Hawley, & Aveyard, 

2015), e-cigs could assist with such reductions. One strength of this pilot study is that it 

involved a combination of e-cig device and nicotine liquid that is demonstrably effective at 

delivering nicotine when users are trained in effective puffing methods (Lopez et al., 2016). 

Future work also would benefit from the standardized inclusion of product combinations that 

have a well-characterized nicotine delivery profile.
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HIGHLIGHTS

• Smokers were asked to switch from cigarettes to electronic cigarettes for 6 

weeks.

• After 6 weeks, their cigarettes per day was reduced by two-thirds and was still 

low 4 weeks later.

• After 6 weeks, their exhaled carbon monoxide levels were 45% lower and 

were still low 4 weeks later.

• Their dependence on cigarettes decreased by a third and stayed low 4 weeks 

later.

• Switching to e-cigarettes might reduce some types of harm from smoking.
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Fig. 1. 
Upper: Cigarettes per day across time. Standard error bars are shown. Change from baseline 

was analyzed at 6 and 10 weeks, *p < .005; ** p < .001. Lower: Expired carbon monoxide 

(CO) across time. Standard error bars are shown. PPM means parts per million. Change 

from baseline was analyzed at 6 and 10 weeks, * p < .005, ** p < .001.
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Fig. 2. 
Upper: Fagerström Test for Cigarette Dependence (FTCD) score across time. Standard error 

bars are shown. For change from baseline, *p < .002; ** p < .001. Lower: Contemplation 

Ladder score across time. Standard error bars are shown. For change from baseline, *p < 

.001.
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Fig. 3. 
Reasons to Use or Not to Use E-cigs: For change from baseline, *p < .011
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Table 1

Dependent variables at baseline, 6 weeks (end of experimental period), and at 8 and 10 week follow ups.

Smoking-related measures Baseline M (SD) 6 Weeks M (SD) 8 Weeks M (SD) 10 weeks M (SD)

Number of cartomizers/week 0 4.6 (5.4) 3.1 (5.3) 3.2 (6.0)

Cigarettes/day past 7 days 19.6 (8.2) 6.7 (7.9) 8.3 (8.6) 8.8 (8.3)

Expired CO concentration (ppm) 17.33 (6.11) 9.67 (6.98) 11.65 (6.56) 11.25 (6.38)

FTCD 5.94 (1.96) 3.89 (2.78) – 3.50 (3.08)

Contemplation Ladder 5.17 (0.99) 7.17 (1.58) – 6.94 (1.75)

Reasons to use e-cigs 20.8 (2.0) 19.9 (4.7) – –

Reasons not to use e-cigs 4.11 (3.20) 7.11 (3.79) – –

Note: FTCD means Fagerström Test for Cigarette Dependence, CO means carbon monoxide, ppm means parts per million.
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Table 3

Evaluation of e-cig experience at end of 6 weeks of use.

E-cigarette Evaluation Questionnaire item M (SD) Range

Amount of nicotine in e-cigs versus usual cigarettes
a 2.69 (1.08) 1–5

Effect of e-cigs on urge to smoke cigarettes
b 1.75 (0.58) 1–5

Was using the e-cigarettes satisfying?
c 4.56 (1.82) 1–7

Did the e-cigarettes taste good?
c 4.19 (2.01) 1–7

 Enjoy the sensations in your throat and chest?
c 3.44 (2.06) 1–7

Did using e-cigarettes calm you down?
c 4.00 (1.75) 1–7

 Immediately reduce your craving for cigarettes?
c 4.06 (1.69) 1–7

Did you enjoy using the e-cigarettes?
c 4.50 (1.75) 1–7

a
Rated from 1, very low amount of nicotine, to 3, average/moderate amount of nicotine, to 5, very high amount of nicotine.

b
Rated from 1, decreased my urges a lot, to 3, no effect on my urges to 5, increased my urges a lot.

c
Rated from 1, not at all, to 4, moderately, to 7, extremely
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