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Abstract
Background
Electronic nicotine delivery systems (ENDS) offer a promising approach to tobacco harm reduction, but many people use both ENDS and combustible cigarettes (“dual use”), which undermines potential risk reduction. To explore the role of ENDS nicotine delivery in promoting switching to ENDS, we conducted a study in which people who smoked cigarettes were offered an ENDS that had previously been shown to replicate the rapid nicotine pharmacokinetics of combustible cigarettes (BIDI® Stick).

Methods
Twenty-five cigarette smoking adults, not seeking smoking cessation treatment, but open to using ENDS as a cigarette substitute, were provided with a 12-week supply of BIDI® Stick in tobacco or menthol flavors, during a study that included seven biweekly sessions and a 6-month follow-up. Daily diaries assessed ENDS and cigarette use, and exhaled carbon monoxide (eCO) served as an objective marker of smoke intake. Subjective ratings were collected to assess the rewarding properties of ENDS and combustible cigarettes, and indices of nicotine dependence.

Results
Over 12 weeks, ENDS use increased to an average of 15.8 occasions per day (SD = 20.2) and self-reported cigarette consumption decreased by 82% from 16.7 cigarettes/day (SD = 6.0) at baseline to 3.0 cigarettes/day (SD = 4.1) at week 12. The eCO level decreased by 27% from an average of 20.0 ppm (SD = 9.8) at baseline to 14.5 ppm (SD = 9.9) at week 12. Four of 25 participants completely switched to ENDS and were smoking abstinent during weeks 9–12. At 6 months one participant was confirmed to be abstinent. Ratings of subjective reward for the ENDS were very similar to those of participants’ usual brands of cigarettes. Dependence level was lower for the ENDS than for combustible cigarettes.

Conclusions
In this study, the ENDS effectively replicated the subjective rewarding effects of participants’ usual brands of cigarettes and led to a substantial reduction in reported cigarettes/day. Exhaled CO showed less of a decrease, possibly due to compensatory smoking behavior and/or the timing of eCO measurements that might not have reflected smoke intake throughout the day. The relatively low rate of sustained smoking abstinence at 6 months suggests that additional approaches continue to be needed for achieving higher rates of complete switching.

Trial registration
ClinicalTrials.gov identifier NCT05855343.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12954-024-01064-0.
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Introduction
Tobacco harm reduction is an important public health strategy that refers to substituting lower-risk nicotine and tobacco products in place of high-risk products, for individuals who are not able to or do not desire to relinquish nicotine [1–3]. In recent years, electronic nicotine delivery systems (“ENDS”), or “e-cigarettes,” have gained popularity as a tobacco harm reduction strategy, to help individuals who smoke cigarettes quit smoking or substantially reduce their consumption of cigarettes. Evidence from randomized controlled trials and real-world studies [4, 5] support superior efficacy of ENDS in smoking cessation treatment as compared with previous forms of nicotine replacement therapy (NRT). Furthermore, the US FDA has authorized marketing of several ENDS products as “appropriate for the protection of public health” [6]. While concerns remain about dependence potential for adolescents, the use of ENDS for adults seeking to reduce or eliminate combustible cigarette use has gained increasing support [7].
A key challenge with ENDS use is that there is a low rate of complete switching from combustible cigarette use [4, 8, 9]. Generally, these studies of switching behavior do not select highly motivated treatment seekers and find that only 5–15% completely relinquish combustible cigarettes and adopt exclusive ENDS use. While smoking reduction is consistent with the goal of tobacco harm reduction, a low rate of switching results in individuals continuing to be exposed to the toxins from cigarette smoke. The finding of low switching rates raises the question of whether there are critical factors missing from current ENDS that render them less effective in fully replacing cigarettes. One factor could be an inadequate pharmacokinetic (PK) profile, e.g., rate of nicotine delivery or overall dose. For example, Foulds et al. [8] found that a 36 mg/mL nicotine concentration in the e-liquid led to more days of smoking abstinence than lower concentrations (0 mg/mL or 8 mg/mL), and Goldenson et al. [10] reported that e-liquid nicotine concentrations > 20 mg/mL were associated with higher switching rates. Hajek et al. [11] tested several ENDS brands and found they did not deliver nicotine as efficiently as combustible cigarettes. ENDS that use e-liquids having alkaline pH typically deliver nicotine less efficiently to the lung and brain than conventional cigarettes [12]. ENDS using nicotine salt formulations, which are more efficient at delivering nicotine, nonetheless often fall short of providing the same peak nicotine levels obtained by smoking [13]. Recently, one particular ENDS device (BIDI® Stick), which uses a nicotine salt formulation, was reported to fully match the plasma nicotine levels of cigarette smoking [14]. This ENDS offers a tool to evaluate the importance of nicotine pharmacokinetics in explaining the observed switching rates from combustible cigarettes to ENDS. If an insufficient nicotine delivery were the main reason for low switching rates, then this ENDS should yield a relatively high switching rate.

Methods
This open-label pilot study was conducted as an initial evaluation of the behavioral and subjective responses to use of an ENDS with similar pharmacokinetic profile as combustible cigarettes, with the objective of promoting switching from cigarettes to ENDS. The study used as a comparison the historical database from other studies, including ones from our research center, which followed similar methods, using a variety of marketed ENDS products.
Design
This study was an open-label clinical trial that evaluated 25 adults who smoked and who were not seeking smoking cessation treatment, but who expressed interest in switching from combustible cigarettes to ENDS. Participants were recruited from the Raleigh and Charlotte metropolitan areas of North Carolina, using online advertisements. Eligibility criteria included being between the ages of 22–65, smoking at least 10 combustible cigarettes per day for the last 12 months, and having an eCO reading of at least 10 ppm. Exclusion criteria were use or planned use of any smoking cessation treatment during the study, current use of alternative nicotine products (including ENDS) or illicit drugs, high blood pressure (systolic > 150 mm Hg, diastolic > 95 mm Hg), body mass index (BMI) < 15.0 kg/m2 or > 40 kg/m2, serious medical or psychiatric disease, pregnancy or nursing. Informed consent was obtained from all participants; the study was reviewed and approved by the Advarra Institutional Review Board and registered with ClinicalTrials.gov (NCT05855343). Participants were compensated for participation ($50 for completing Study Visit 1; $600 total for completing Study Visits 2 through 7; $5/day for responding to daily surveys, totaling $420 for 84 days; and $75 for a 6-month follow-up visit). The BIDI® Sticks were provided free of charge, and were dispensed at the visits in amounts sufficient to last until the next visit, according to each participant’s baseline smoking rate. One BIDI® Stick contained 82.6 mg nicotine, which was approximately equivalent in nicotine delivery to 40 cigarettes (2 packs), based on measures of cigarette nicotine yield by Hammond et al. [15] during human smoking (2 mg/cigarette),. The number of BIDI® Sticks dispensed to each participant was equal to half of their baseline number of packs of cigarettes smoked per day, along with an extra supply of 25% to prevent running out. For example, if someone smoked 20 cigarettes/day at baseline, then over a 14-day period they would receive 1.25 × 20 × 14/40 (rounded up to the nearest whole number) = 9 BIDI® Sticks.
After completing a medical screening session, participants were scheduled for their first study session, in which they sampled two flavors of BIDI® Stick, “Arctic Menthol” and “Classic Tobacco Leaf,” in order to ascertain their preference (they were allowed to change their preference over the product use period if desired). They received a 1-week supply of their preferred ENDS and the instruction to switch completely from their own brand of cigarette to ENDS within the week. Sessions 2 through 7 occurred at 2, 4, 6, 8, 10 and 12 weeks after the first study session, with participants receiving their preferred flavored ENDS sufficient to last through the next session. Participants were instructed to use ENDS prior to smoking any combustible cigarettes, as we had previous evidence this might devalue cigarettes and facilitate switching ( [16], see Additional file 1).

Sample size
In a prior research study measuring eCO reductions with use of ENDS [9], we observed a reduction of eCO by approximately 40% over 8 weeks. Assuming the ENDS used in this study would yield a greater reduction due to its higher nicotine delivery, we calculated that a sample size of 25 had a power of 97% to detect a decrease in eCO of 50% from baseline to week 12, using alpha (2-tailed) = 0.05.

BIDI® stick
This ENDS was a marketed, self-contained, breath-actuated, disposable electronic cigarette, which contained 1.4 mL of 6% nicotine (59 mg/mL), benzoic acid, propylene glycol, vegetable glycerol and flavoring. ENDS supplies were purchased from BIDI Vapor, LLC (Melbourne, FL). The prior study by Fearon et al. [14] showed that the peak plasma nicotine concentrations attained after controlled use of the BIDI® Stick matched the average nicotine yield of participants’ usual brands of cigarettes (15–18 ng/mL) and after ad libitum use tended to exceed those of the usual brand. Additionally, subjective ratings of rewarding effects were similar to the usual brand, although not quite as high for psychological reward and perceived sufficiency of nicotine delivery.

Dependent measures
Cigarette and ENDS use were monitored using daily diaries collected via eResearch, a proprietary mobile electronic application for clinical research studies downloaded by participants from iOS or Android app stores. Daily notifications were pushed to participants to collect self-reported number of cigarettes smoked daily, the number of ENDS use occasions and average number of ENDS puffs per occasion.
At each session, eCO was measured using a Vitalograph monitor (model 2900) as an objective measure of smoking reduction and smoking abstinence. Sessions were generally conducted between 9AM and 3PM. At the 6-month follow-up, only participants claiming to be abstinent from smoking were asked to come in for an eCO measurement.
Additional measures collected at each session were ratings of the rewarding and aversive effects of product use, assessed by the previously validated modified Cigarette Evaluation Questionnaire (mCEQ) [17]. This questionnaire had scales for satisfaction (“satisfying,” “tastes good,” “enjoy smoking”), psychological reward (“calm you down,” “feel more awake,” “feel less irritable,” “helps you concentrate,” “reduces hunger”), aversion (“makes you dizzy,” “makes you nauseated”), “enjoy the sensations in the throat and chest” (single-item assessment), and “reduce your craving” (single-item assessment), using 7-point rating scales, ranging from “not at all” to “extremely”. These items were assessed for the first cigarette smoked or ENDS used for each day.
The level of cigarette dependence was assessed at baseline, week 2 and week 12 using the Fagerström Test for Nicotine Dependence (FTND) [18]. To evaluate the level of dependence on the ENDS product compared to combustible cigarettes at the 6-month follow-up, the 4-item Patient-Reported Outcomes Measurement Information System (PROMIS) dependence questionnaire [19] was administered. Two versions were used, one for each product, and the ENDS version specifically referred to the BIDI® Stick in each question. The four items in the questionnaire assessed the degree of “intolerable craving” when unable to use the product, using the product “without thinking,” “dropping everything” to obtain the product, and using the product more before entering a situation in which it “is not allowed.” A total score was calculated by summing the item scores, which used a 1–5 scale (ranging from “never” to “always”).

Data analysis
Because of the exploratory nature of this study, which did not have a formal control group, descriptive statistics were tabulated for the dependent measures. A limited number of post hoc statistical tests were conducted, as well as comparisons between study products, to examine behavioral change during the study.
The definition of 4-week continuous smoking abstinence was a self-report of no smoking between weeks 9–12 confirmed by eCO readings < 5 ppm [20]. Point abstinence at 6 months was defined as an eCO-confirmed report of smoking abstinence for a 7-day period.


Results
Participants
Twenty-five participants (three Hispanic or Latino, 11 white, 10 Black, four others; 15 males, 10 females) were enrolled. They smoked on average 16.9 cigarettes/day (SD = 5.4), with five smoking non-menthol brands and 20 smoking menthol brands. Their mean age was 50.4 years (SD = 9.8) and they had been smoking regularly for 29.5 years (SD = 9.1). At baseline (screening) the mean FTND score was 5.9 (SD = 2.0), and baseline eCO level was 19.3 ppm (SD = 9.3).

Cigarette and ENDS use
As shown in Fig. 1, cigarette use declined markedly over the 12 weeks of ENDS use, from 16.7 cigarettes/day (SD = 6.0) at baseline to 3.0 cigarettes/day (SD = 4.1) at week 12 (n = 19 complete datasets); F(12,216) = 27.66, p < .0001 for the effect of time. Concurrently, ENDS use increased over time from 8.2 occasions/day (SD = 4.7) at week 1 to 15.8 at week 12 (SD = 20.2); F(11,198) = 2.21, p = .02. The average number of puffs per occasion did not change over time (mean = 7.9, SD = 7.4). Exhaled CO decreased in the first 2 weeks and leveled off subsequently; F(6, 120) = 3.11, p = .007 for the effect of time, from an average of 20.0 ppm (SD = 9.8) at baseline to 14.5 ppm (SD = 9.9) at week 12, a decrease of 27.4%.
Over the 12 weeks, the number of self-reported daily ENDS use occasions was negatively correlated with cigarettes/day (r(24)=-0.48, p = .02,excluding one outlier with a value of 79 occasions/day as compared with the mean of 11.1 (SD = 6.0)).
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Fig. 1Upper panel: Weekly mean (± s.e.m.) numbers of cigarettes smoked/day and ENDS uses/day. Lower panel: Exhaled CO readings (mean ± s.e.m.) at each session


At the 6-month follow-up, self-reported cigarette use remained lower than baseline values: 11.1 cigarettes/day (SD = 4.4) at 6 months vs. 17.4 cigarettes/day (SD = 6.0) at baseline (n = 16 participants assessed at both timepoints); F(1,15) = 13.77, p = .002. In contrast, eCO did not differ: 18.7 ppm (SD = 7.3) at baseline vs. 18.9 ppm (SD = 12.3) at 6 months (F(1,17) = 0.01, p = .9, n = 18). Mean number of self-reported ENDS use occasions/day was 10.1 (SD = 10.1), based on n = 10 respondents. Also, for those reporting both ENDS and cigarette use, the prior negative correlation between ENDS use occasions and cigarettes/day was no longer apparent (r(10) = 0.47, p = .17).
Complete 4-week continuous abstinence from combustible cigarettes at week 12 was 16% (4/25); 90%CI [6, 33]. Point (7-day) abstinence at 6 months was 4% (1/25), 90%CI [0, 18].

Subjective ratings
Figure 2 presents the subjective ratings of cigarettes and ENDS over the course of the study. Ratings for all reward scales were very similar for the two products.
[image: ]
Fig. 2Ratings of the rewarding/aversive effects of conventional cigarettes and ENDS, assessed at sessions conducted over the study period. Points represent the means (± s.e.m.)


The level of dependence on cigarettes, as assessed by the FTND questionnaire at baseline, week 2 and week 12, decreased over time: 6.6 (SD = 1.5), 4.7 (SD = 1.8), and 4.1 (SD = 1.4), respectively; F(2,28) = 18.93, p < .0001 (n = 15). At 6 months, for those reporting smoking (n = 16), the mean FTND score remained lower than baseline: 5.1 (SD = 2.4) vs. 6.1 (2.1) (F(1,15) = 5.32, p = .04). At all time points, 87–93% of respondents reported smoking their first cigarette within 60 min of awakening. At 6 months, the PROMIS dependence score was lower for ENDS than combustible cigarettes, based on those who reported using both products in the last seven days (paired t(7) = 3.0, p = .02; mean score = 8.3(SD = 2.8) vs. 12.9(SD = 2.5).


Discussion
The results of this study suggest that providing an ENDS nicotine delivery comparable to that of cigarettes led to a substantial reduction in smoking behavior. Self-reported cigarette consumption showed a substantial decrease of 82% and this reduction was correlated with the number of ENDS use occasions during the first 12 weeks of the study, as was reported in previous studies using different ENDS devices [9, 21]. Moreover, eCO levels decreased by 27.4% at 12 weeks. Reductions in smoking of this magnitude are likely to be clinically meaningful in that a reduction of 20–50% in self-reported cigarettes smoked per day has been associated with reductions in risk of smoking-related cancers [22].
Nonetheless, use of an ENDS product with nicotine delivery similar to combustible cigarettes did not yield a markedly higher smoking abstinence rate than seen in studies using different ENDS products with lower nicotine yield. In particular, the rates of smoking abstinence at 12 weeks and 6 months, based on CO-verified abstinence outcomes, of 16% and 4%, were not demonstrably higher than the typical 5–15% reported in studies using other ENDS devices [4, 8, 9]. While prior work has shown that delivering higher doses of nicotine yields higher abstinence rates [8, 10], matching the nicotine yield of a cigarette may not be sufficient in itself to ensure high switching rates.
There was a discrepancy between eCO and cigarettes/day as indices of smoking reduction, which could have been due to several factors, including: (1) under reporting of actual cigarette consumption. For example, three of seven participants who reported smoking no cigarettes during week 12 had eCO levels clearly indicative of smoking (four of seven had been confirmed to be abstinent). However, it seems unlikely that underreporting would account for the entire discrepancy between cigarettes/day and eCO; (2) compensatory smoking behavior, i.e., smoking fewer cigarettes more intensively. This explanation seems less likely, given that participants had access to an ENDS that provided ample nicotine; and/or (3) the timing of eCO assessments, which typically occurred in the middle of the day, and therefore may not have reflected the cumulative smoke intake throughout the entire day. The time to the first cigarette, collected in the FTND questionnaire, showed that most participants started smoking within 60 min of awakening, despite the reduction in total number of cigarettes/day. Thus, the eCO measurement may have been biased relative to what would have occurred had eCO been measured later in the day. A similar discrepancy between self-reported cigarettes/day and eCO has been noted in other studies [21, 23]. Notwithstanding this discrepancy, the rate of complete smoking abstinence, which took both measures into account, was 16% at 12 weeks and 4% at 6 months, no higher than expected with other ENDS products.
In considering explanations for why the ENDS fell short of achieving a higher rate of complete switching, several possibilities merit consideration. First, might the ENDS not have been as rewarding or satisfying as cigarettes, due to components missing from ENDS that are present in cigarette smoke? However, the subjective ratings of the two products were highly comparable, replicating over a period of weeks the main results of the Fearon et al. [14] laboratory study. While not ruling out the possibility that missing constituents (e.g., monoamine oxidase inhibitors, minor tobacco alkaloids [24]) play a role, these results argue against that explanation.
A second possibility is that the habit of smoking is deeply entrenched and triggered by a wide range of conditioned cues in the individual’s environment. Thus, even if a product matches the reinforcing qualities of a cigarette, it will not necessarily displace the use of a behavior that has been consistently reinforced for many years (the study cohort had been smoking, on average, for three decades). Behavioral theories of choice [25] would predict that equally reinforcing outcomes with a similar history of reinforcement would yield a 50% preference for each outcome rather than exclusive preference for either outcome, in the absence of other overriding influences. These influences could include psychosocial factors that might impede or facilitate switching behavior. For example, there was no clear statement provided to participants that ENDS are less harmful than smoking combustible cigarettes. If such a conclusion were endorsed by regulatory authorities it would no doubt provide an additional motivational influence that could affect switching outcomes. Indeed, there is evidence that among people who smoke, those who believe ENDS to be as harmful as combustible cigarettes have a significantly lower rate of switching [26].
Finally, the continued bolus nicotine delivery from ENDS may sustain nicotine dependence processes through reinforcement or other neuropharmacological adaptations in the brain, similar to what a cigarette does. Among those using both ENDS and cigarettes, the levels of dependence on combustible cigarettes and ENDS at 6 months, reflected by the PROMIS questionnaire, showed continued dependence on ENDS, albeit less than for cigarettes. This result is in accord with other studies that found lower dependence scores on ENDS than cigarettes in a group of individuals using both products [27, 28]. Nonetheless, maintaining nicotine dependence with ENDS use may undermine efforts to completely quit smoking unless specific interventions also address breaking the dependence on combustible cigarettes. For example, using medications such as varenicline in combination with ENDS appears to yield substantially higher switching outcomes [21, 29]. In another study, using a novel drug combination, the ratings of reward for combustible cigarettes were found to be lower than those of ENDS [30], which may have enhanced switching. Thus, it may be helpful not only to match the rewarding aspects of smoking but to have greater reinforcement for ENDS to overcome the long-standing addictive behavior of smoking.
While this study offered insights into the role of factors influencing switching behavior, it had several limitations. One limitation was that the nicotine levels and rate of nicotine delivery were not measured in the study participants, and we are relying on previous published results to infer that the BIDI® Sticks matched the pharmacokinetics of combustible cigarettes. An additional limitation was the absence of objective biomarkers of smoke intake other than eCO, such as urinary NNAL (4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol), or urinary cyanoethyl mercapturic acid (2CyEMA) [31, 32]. Additionally, measures of propylene glycol in urine or plasma can be used as a biomarker of ENDS use [33], although the sensitivity and specificity of the measure will be diminished when the e-liquid has a high nicotine concentration (low propylene glycol:nicotine ratio). Furthermore, smoking topography measures and/or multiple eCO measurements throughout the day could help resolve the discrepancy between eCO and self-reported cigarettes/day. The study was also limited by the small number of people studied, which places fairly wide limits on the confidence intervals around the smoking abstinence rates and potentially limits the generalizability of the findings. Nonetheless, if the essential factors for complete switching were rapid nicotine delivery and providing a cigarette-like rewarding experience, confirmed by subjective ratings, then the percentage of participants who achieved smoking abstinence should arguably have been greater than 15% at 12 weeks and 4% at 6 months.
In summary, the current study suggests that providing a rewarding alternative to combustible cigarettes in the form of an ENDS with comparable nicotine yield may lead to a marked reduction in smoking behavior and a modest rate of complete switching. The substantial reduction in cigarettes/day offers encouragement that such an approach can be enhanced to reach the ultimate goal of assisting cigarette dependent individuals to relinquish a harmful behavior.

Acknowledgements
N/A.

Author contributions
JER, study design, data analysis, manuscript drafting; FMB, data analysis, manuscript drafting; GC, study design, manuscript editing; PNW, study design and oversight, manuscript editing; TLB, study design and oversight, manuscript editing; DRB study design and oversight, manuscript editing. All authors reviewed the manuscript.

Funding
This study was funded with a grant (CONT-006) from the Foundation for a Smoke-Free World, Inc. (“FSFW”), a US nonprofit 501 (c) (3) private foundation. FSFW had no role in the planning or execution of this study, data analysis, or publication of results.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
The study obtained approval from the Advarra Institutional Review Board and all participants gave written informed consent prior to study participation.

Consent for publication
Not applicable.

Competing interests
JER, GC, PNW, TLB and DRB are employees of Rose Research Center (RRC). RRC is an independent contract research organization that performs studies pertaining to smoking cessation and tobacco harm reduction. Other research support: National Institute on Drug Abuse; Foundation for a Smoke-Free World, Inc. (“FSFW”), a US nonprofit 501(c)(3) private foundation; Nicotine BRST LLC; JUUL Labs; Altria; Embera Neurotherapeutics, Inc.; Otsuka Pharmaceutical; Swedish Match, Philip Morris International. JER, FMB, TLB, DRB: Patent applications filed for bupropion/zonisamide and related drug combinations. JER, FMB: Patent purchase agreement with Philip Morris International for nicotine inhalation system patents, final payment 2014. JER, FMB: Patent payments from Novartis through University of California patent license for nicotine skin patch, final payment 2008. RRC is the developer of the eResearch integrated digital platform for decentralized clinical trials of stop smoking products. JER Consulting: Philip Morris International, JT International, SA. GC was previously a Principal Scientist at JUUL Labs, a developer of non-combusted tobacco products, and was previously employed by its predecessor companies. He also was employed at Nektar Therapeutics, whose pipeline included an inhaled NRT. Stock holdings in Qnovia, a developer of an inhaled NRT, and JUUL Labs.


References
	1.
Beaglehole R, Bates C, Youdan B, Bonita R. Nicotine without smoke: fighting the tobacco epidemic with harm reduction. Lancet. 2019;394(10200):718–20.CrossrefPubMed


	2.
Kozlowski LT. Minors, moral psychology, and the harm reduction debate: the case of tobacco and nicotine. J Health Polit Policy Law. 2017;42(6):1099–112.CrossrefPubMed


	3.
Warner KE. How to think—not feel—about tobacco harm reduction. Nicotine Tob Res. 2019;21(10):1299–309.CrossrefPubMed


	4.
Kasza K, Edwards KC, Kimmel HL. Association of e-cigarette use with discontinuation of cigarette smoking among adult smokers who were initially never planning to quit. JAMA Netw Open. 2021;4(12):e2140880.CrossrefPubMedPubMedCentral


	5.
Lindson N, Butler AR, McRobbie H, Bullen C, Hajek P, Begh R et al. Electronic cigarettes for smoking cessation. Cochrane Tobacco Addiction Group, editor. Cochrane Database of Systematic Reviews [Internet]. 2024 Jan 8 [cited 2024 Apr 29];2024(1). https://​doi.​org/​10.​1002/​14651858.​CD010216.​pub8.


	6.
Food US, Administration D. FDA permits marketing of e-cigarette products, marking first authorization of its kind by the agency [Internet]. 2021. https://​www.​fda.​gov/​news-events/​press-announcements/​fda-permits-marketing-e-cigarette-products-marking-first-authorization-its-kind-agency.


	7.
Rigotti NA. Electronic cigarettes for smoking Cessation — have we reached a tipping point? N Engl J Med. 2024;390(7):664–5.CrossrefPubMed


	8.
Foulds J, Cobb CO, Yen MS, Veldheer S, Brosnan P, Yingst J, et al. Effect of electronic nicotine delivery systems on cigarette abstinence in smokers with no plans to quit: exploratory analysis of a randomized placebo-controlled trial. Nicotine Tob Res. 2022;24(7):955–61.CrossrefPubMed


	9.
Rose JE, Frisbee S, Campbell D, Salley A, Claerhout S, Davis JM. Smoking reduction using electronic nicotine delivery systems in combination with nicotine skin patches. Psychopharmacology. 2023;240(9):1901–9.CrossrefPubMedPubMedCentral


	10.
Goldenson NI, Ding Y, Prakash S, Hatcher C, Augustson EM, Shiffman S. Differences in switching away from smoking among adult smokers using JUUL products in regions with different maximum nicotine concentrations: North America and the United Kingdom. Nicotine Tob Res. 2021;23(11):1821–30.CrossrefPubMedPubMedCentral


	11.
Hajek P, Przulj D, Phillips A, Anderson R, McRobbie H. Nicotine delivery to users from cigarettes and from different types of e-cigarettes. Psychopharmacology. 2017;234(5):773–9.CrossrefPubMedPubMedCentral


	12.
Zuo Y, Solingapuram Sai KK, Jazic A, Bansode AH, Rose JE, Mukhin AG. Comparison of brain nicotine accumulation from traditional combustible cigarettes and electronic cigarettes with different formulations. Neuropsychopharmacol. 2024;49(4):740–6.Crossref


	13.
O’Connell G, Pritchard JD, Prue C, Thompson J, Verron T, Graff D, et al. A randomised, open-label, cross-over clinical study to evaluate the pharmacokinetic profiles of cigarettes and e-cigarettes with nicotine salt formulations in US adult smokers. Intern Emerg Med. 2019;14(6):853–61.CrossrefPubMedPubMedCentral


	14.
Fearon I, Gilligan K, Seltzer R, McKinney W. A randomised, crossover, clinical Study to assess nicotine pharmacokinetics and subjective effects of the BIDI® Stick ENDS compared with combustible cigarettes and a comparator ENDS in adult smokers [Internet]. 2021 Nov [cited 2022 Sep 8]. https://​www.​qeios.​com/​read/​X3KDA8.


	15.
Hammond D, Fong GT, Cummings KM, O’Connor RJ, Giovino GA, McNeill A. Cigarette yields and human exposure: a comparison of alternative testing regimens. Cancer Epidemiol Biomarkers Prev. 2006;15(8):1495–501.CrossrefPubMed


	16.
Cohen G, Botts D, Botts T, Willette P, Rose JE. A cigarette devaluation strategy to facilitate switching away from combustible cigarettes. Poster presented at the 30th annual meeting of the Society for Research on Nicotine and Tobacco Meeting, Edinburgh, Scotland, March 20–23, 2024.


	17.
Cappelleri JC, Bushmakin AG, Baker CL, Merikle E, Olufade AO, Gilbert DG. Confirmatory factor analyses and reliability of the modified cigarette evaluation questionnaire. Addict Behav. 2007;32(5):912–23.CrossrefPubMed


	18.
Heatherton TF, Kozlowski LT, Frecker RC, Fagerström KO. The Fagerström Test for Nicotine Dependence: a revision of the Fagerström Tolerance Questionnaire. Br J Addict. 1991;86(9):1119–27.CrossrefPubMed


	19.
Morean ME, Krishnan-Sarin S, Sussman S, Foulds J, Fishbein H, Grana R, et al. Psychometric evaluation of the E-cigarette dependence scale. Nicotine Tob Res. 2019;21(11):1556–64.CrossrefPubMed


	20.
Kim SS, Kim S, Gona PN, Ward K. Determining optimal cutoffs for exhaled carbon monoxide and salivary cotinine to identify smokers among Korean americans in a smoking cessation clinical trial. J Smok Cessat. 2021;2021:e19.Crossref


	21.
Rose JE, Behm FM, Willette PN, Botts TL, Botts DR. Using varenicline in combination with electronic nicotine delivery systems (ENDS). Drug Alcohol Depend. 2023;251:110916.CrossrefPubMed


	22.
Yoo JE, Han K, Shin DW, Jung W, Kim D, Lee CM, et al. Effect of smoking reduction, cessation, and resumption on cancer risk: a nationwide cohort study. Cancer. 2022;128(11):2126–37.CrossrefPubMed


	23.
Zhang Q, Li L, Smith M, Guo Y, Whitlock G, Bian Z, et al. Exhaled carbon monoxide and its associations with smoking, indoor household air pollution and chronic respiratory diseases among 512 000 Chinese adults. Int J Epidemiol. 2013;42(5):1464–75.CrossrefPubMedPubMedCentral


	24.
Hong SW, Teesdale-Spittle P, Page R, Ellenbroek B, Truman P. Biologically active compounds present in tobacco smoke: potential interactions between smoking and mental health. Front Neurosci. 2022;16:885489.CrossrefPubMedPubMedCentral


	25.
Reed DD, Kaplan BA. The Matching Law: a tutorial for practitioners. Behav Anal Pract. 2011;4(2):15–24.CrossrefPubMedPubMedCentral


	26.
Persoskie A, O’Brien EK, Poonai K. Perceived relative harm of using e-cigarettes predicts future product switching among US adult cigarette and e‐cigarette dual users. Addiction. 2019;114(12):2197–205.CrossrefPubMed


	27.
Morean M, Krishnan-Sarin S, O’Malley SS. Comparing cigarette and e-cigarette dependence and predicting frequency of smoking and e-cigarette use in dual-users of cigarettes and e-cigarettes. Addict Behav. 2018;87:92–6.CrossrefPubMedPubMedCentral


	28.
Shiffman S, Sembower MA. Dependence on e-cigarettes and cigarettes in a cross‐sectional study of US adults. Addiction. 2020;115(10):1924–31.CrossrefPubMedPubMedCentral


	29.
Tattan-Birch H, Kock L, Brown J, Beard E, Bauld L, West R, et al. E-cigarettes to augment stop smoking in-person support and treatment with varenicline (E-ASSIST): a pragmatic randomized controlled trial. Nicotine Tob Res. 2023;25(3):395–403.CrossrefPubMed


	30.
Rose JE, Willette PN, Botts TL, Botts DR, Behm FM. Bupropion/zonisamide combination to assist smokers to switch from combustible cigarettes to electronic nicotine delivery systems (ENDS). Drug Alcohol Depend. 2022;234:109346.CrossrefPubMed


	31.
Wei B, Blount BC, Xia B, Wang L. Assessing exposure to tobacco-specific carcinogen NNK using its urinary metabolite NNAL measured in US population: 2011–2012. J Expo Sci Environ Epidemiol. 2016;26(3):249–56.CrossrefPubMed


	32.
Bhandari D, Zhang L, Zhu W, De Jesús VR, Blount BC. Optimal cutoff concentration of urinary cyanoethyl mercapturic acid for differentiating cigarette smokers from nonsmokers. Nicotine Tob Res. 2022;24(5):761–7.CrossrefPubMed


	33.
Burkhardt T, Pluym N, Scherer G, Scherer M. 1,2-Propylene glycol: a biomarker of exposure specific to e-cigarette consumption. Separations. 2021;8(10):180.Crossref




Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/images/12954_2024_1064_Figb_HTML.png
Rating (1-7)

w

[

FS
o

2 4 6 8 10 12

2

—8&— Cigarettes

-=k-ENDS

Week
Satisfaction

4 6 8 10 12
Week

Psych Reward

2

4 6 8 10 12
Week

Aversion

4 6 8 10 12
Week

Enjoy Sensations

2

4 6 8 10 12
Week

Craving Reduction





OEBPS/navigation.xhtml

    
      Contents


      
        		Smoking reduction using an electronic nicotine delivery system (ENDS) with nicotine delivery similar to combustible cigarettes


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/12954_2024_1064_Figa_HTML.png
24 —f— Cigarettes = === ENDS
22 F
20 | T S

%18 - ‘ (

D16 } —=he_ | __A_

- /7 | “--A--""*- -






OEBPS/css/sidebar.gif





