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Abstract:
Introduction: Pod Vaping Devices (PVD) such as JUUL have become extremely popular in the US and their popularity is growing in the UK.  A key difference between the US and the UK is the nicotine concentration which is typically 59mg/mL in the US but capped at 20mg/mL in the UK and EU.  This may limit their ability to deliver satisfactory nicotine levels and promote smoking cessation especially for highly nicotine dependent smokers.  The primary aim is to compare the EU-TPD compliant JUUL (18mg/mL nicotine concentration) with the US (non-TPD compliant) JUUL (59mg/mL) on daily smokers’ subjective experiences, craving relief and blood nicotine levels. 
Methods: Double-blind, counter-balanced within-participants design with 2 conditions: EU vs. US JUUL.  Twenty UK smokers will vape ad libitum for 60 mins on 2 separate occasions.  2X5 ANOVAs will be used to compare conditions across time-points for nicotine boost (measured at baseline, 5, 15, 30 and 60 mins), craving and withdrawal symptoms (baseline, 10 and 60 mins) and subjective effects (10 and 60 mins).  Within-samples t-test will be used to compare estimated volume of liquid consumed across conditions. Inductive thematic analysis will be used to analyse qualitative data to explore usage patterns, changes in smoking, and experiences of EU JUUL use outside the laboratory over 2-weeks.

Implications:  The findings will help us to understand whether the 18mg/mL nicotine JUUL is satisfying for UK smokers or whether the current nicotine upper limit should be re-considered in order to promote acceptability and smoking cessation in the UK.  
Introduction:
Pod Vaping Devices (PVD), first developed by ‘JUUL Labs’ (formerly PAX Labs Inc.) were introduced in the US market in 2015.  Like traditional e-cigarettes (EC), they are battery-operated hand-held devices which emit an inhalable nicotine aerosol through a heating mechanism.  PVD operate on a fixed power and are self-activated through a mouthpiece draw.  Their discrete, small and slim appearance as well as simplicity and ease of use may have contributed to their sudden popularity.  In February 2018, JUUL sales accounted for an estimated 49.6% of all EC products in the US – an estimated 652.6% increase in sales over 12 months1.  The nicotine solution in Juul and other PVD differs to the free-base nicotine used in traditional e-cigarette (EC) liquid and contains nicotine (0.7mL per pod) in a protonated (also known as salt-based) form.  In the US, JUUL and other PVD have labelled  nicotine concentrations of 3% and 5% (30 and 59mg/mL) which exceed the legal limit currently available in Europe; although a recent study detected emissions of 69 mg/mL in the 5% labelled pod2.  

A number of studies have reported peak plasma nicotine levels associated with JUUL use to be equivalent to that of tobacco cigarettes3–5 albeit to a lesser extent in non-experienced users6, a factor that may contribute to their high popularity.  A recent study reported greater pulmonary absorption from high (40mg) compared to lower (16mg) nicotine concentrations from nicotine salt, although both within the range of peaks achieved with tobacco cigarettes7.  Testing the emissions of the US vs. the EU version, a more recent chemical study reports higher nicotine yield in the US pods8 consistent with the difference in the liquid.  Our group9 and others3,10–12 have also found that EC containing free base e-liquids with high nicotine concentrations (≤24mg/mL) yield plasma nicotine peaks close to or exceeding those reached after cigarette smoking.    

Unlike the sudden surge in uptake in the US, since entering the UK market in 2018, current use of JUUL in England has remained very low13.  Regulatory restrictions imposed by the European Union Tobacco Products Directive (EU-TPD), limit the nicotine concentration in all EC, including pods in the UK and EU to 20mg/mL.  This nicotine limit may decrease acceptability, since, unlike other traditional tank-style EC with powerful batteries, high nicotine concentrations may be needed for effective nicotine delivery when accompanied by lower voltage output batteries.  Indeed, typically, devices with lower voltage output batteries such as cigalikes, are less efficient at: delivering nicotine14–16, providing satisfaction17, alleviating withdrawal symptoms18 and supporting successful cessation19 compared to tanks.  However, tank models constitute a barrier for some smokers due to their conspicuous appearance and complex mode of functioning20.  Thus, small, discrete pod-devices in the UK may be appealing to those smokers for whom current ECs have not been satisfying.  This is particularly important since dissatisfaction, inadequate craving relief and complex technology of existing ECs 20 cause many smokers to discontinue use and maintain smoking21.  Notably, those from  disadvantaged populations e.g. presenting with a mental illness, substance dependence, and from lower social grades, show similar or higher motivation to quit than the general smoking population but have the lowest quit rates22–24.  Because these harder-to-treat smokers are often more heavily dependent24, nicotine levels similar to that of combustible cigarettes could provide an effective aid to help promote cessation25. Nevertheless, whether UK smokers naive to vaping, find JUUL and other PVD with nicotine concentrations half of that currently available in the US, sufficiently satisfying to maintain product use and reduce cigarette consumption remain unclear.  

Our previous work suggests that, like smokers26, vapers will self-titrate to maintain a desired and consistent blood nicotine level via compensatory puffing (increased puff number and duration resulting in a doubling of e-liquid consumption) in response to lower nicotine concentrations9,27.  Consequently, given the lower nicotine concentrations compared to those available in the US, UK JUUL/PVD users may exert a more intensive puffing regimen in order to obtain satisfactory blood nicotine levels.   

Here we directly compare the US JUUL with its higher nicotine concentration (59mg/mL) with the EU JUUL (18mg/mL nicotine concentration) on daily smokers’ subjective experiences, craving relief and blood nicotine delivery.  Comparing the estimate of liquid consumed during the ad libitum vaping periods in the lab will also test whether the lower EU-compliant nicotine concentration is associated with more intensive puffing.  We also assess whether the EU-compliant JUUL is acceptable to participants and can promote trajectories towards smoking abstinence outside of the lab. The role of the unique features of the device (visual appearance, ease of use, nicotine formulation) in promoting continued use will also be explored.

Aims & Objectives:
The overall aim of the study is to compare the EU-TPD compliant JUUL containing 18mg/mL nicotine with the US (non-TPD compliant) JUUL (containing 59mg/mL or 5.0% as per manufacturer labelling) on daily smokers’ subjective experiences, craving relief and blood nicotine levels. 

Objectives: 
Ob1. Compare craving, withdrawal symptom alleviation, satisfaction, hit, liking and acceptability of EU vs. US JUUL following ad libitum use.
Ob2. Compare blood nicotine concentrations associated with using an EU vs. a US JUUL. 
Ob3. Compare estimated volume of liquid consumed (as a proxy for compensatory puffing) with use of an EU vs. US JUUL.
Ob4. Measure adverse effects (throat and mouth irritation, nausea, light-headedness, and dizziness) associated with the use of the EU vs US JUUL
[bookmark: _Hlk37342208]Ob5. In the two weeks following the lab exposure, to follow-up participants to a) observe usage patterns, changes in cigarette consumption, and b) gather qualitative data on experiences of EU-TPD compliant JUUL use outside the laboratory over a 2-week period. 

Hypotheses:
H1: The US JUUL will be associated with greater scores on craving reduction, withdrawal symptom alleviation, satisfaction and hit compared to the EU JUUL.  
H2: Higher nicotine boost will be achieved via use of the US compared to the EU JUUL.
H3: Estimate of volume consumed will be greater in the EU JUUL condition.
H4: There will be significantly higher adverse effects (AE) scores in the US compared to the EU JUUL.

Methods:
Power calculation: 
Based on data from our previous studies (N = 19; N = 12)9,27, to detect a difference between the TPD-compliant (EU JUUL) and non-compliant (US JUUL) condition on: i) craving, a sample of n = 20 would be required (with an effect size d = 0.63 and 95% power); ii) withdrawal symptoms, a sample of n = 18 (d = 0.63 and power 80%); iii) satisfaction, a sample of n = 4 (d = 3.15 and power 99%); iv) nicotine boost, a measure of nicotine exposure28, a sample of n = 7 would be required (d = 1.57 with 97% power); v) estimated volume consumed, a sample of n = 14 (with d = 0.97 and power 95%) would be required, all at p < 0.05 and for one-tailed. However, differences between conditions with JUUL may be less pronounced, thus we conservatively opt for a sample of n = 20; recruiting until 20 participants have completed both conditions.

Design and Participants: 
Each participant will complete the experimental protocol under EU TPD-compliant (EU JUUL pods: 18mg/mL) and EU TPD non-compliant (US JUUL pods: 59mg/mL) conditions (double-blind, order counter-balanced) approximately 7 days apart (within-subject design). Inclusion criteria:  We will recruit smokers who usually smoke within an hour of waking in order to capture those more heavily nicotine dependent.  Other Inclusion criteria: aged 18+, smoke ≥ 10 cigarettes a day for at least a year, able to travel to the laboratory on 2 occasions, willing and able to provide blood samples and to abstain from smoking overnight (or ≤10 hours) [confirmed via exhaled CO levels cut off ≤ 8ppm], overnight. Exclusion criteria: daily vaping, pregnancy, neurological or heart condition, history of difficulties providing blood samples, known hypersensitivity to any ingredients in the JUUL PVD, currently taking smoking cessation medications or nicotine replacement therapy products (NRT).  Ex-vapers, dual users and experimental current vapers will not be excluded as long as they do not vape daily. 

Device: 
JUUL pod-based EC model with nicotine pods of 18mg/mL (available in the UK) and in a separate session, with nicotine pods of 59mg/mL (from the US) will be used.  Tobacco-based flavour (currently the only one flavour that is available in both the US and UK) will be used across participants and conditions. 
Measures and Outcomes: 
Primary outcomes:
1. Subjective effects including 
a. a) Craving reduction and withdrawal symptom alleviation will be measured using the widely used and well-validated Mood and Physical Symptoms Scale (MPSS)29 and subtracting scores provided at 10 and 60 minutes from baseline scores (Ob1).
b. [bookmark: _Hlk50464217][bookmark: _Hlk33173622]b) Satisfaction, hit, pleasant, liking, acceptability, will be measured using a 10-point scale during both sessions at 10 and at 60 minutes (Ob1).  Examples of questions will include: i) “How satisfying did you find using the device?” ii) “Did you feel a nicotine hit from the device?” iii) “How did you find the throat hit or scratch at the back of your throat after using the device?”, iv) “How pleasant was the device?”, v) “How much did you like the taste?“, vi) “How likely are you to use this device to replace your tobacco cigarettes?” with response options ranging from “Not at all” = 1 to “Extremely” = 10.  Finally, the item “How did you find the levels of nicotine the device delivered?” will be measured using a 10-point Likert-type scale with the options ‘Far too little’ = 1‘Too little’, ‘Just about right’, ‘Too much’, ‘Far too much’ = 10.

Secondary outcomes:
2. Acute measures (lab-based sessions):
a. Nicotine boost, a measure of nicotine exposure, will be calculated in each condition by subtracting baseline plasma nicotine concentrations from each time point (5, 15, 30 and 60 minutes)28 (Ob2)
b. Change in pod weight (in g or µg) as a proxy of amount of volume consumed will be calculated in each condition by weighing the pod before and at the end of the ad lib vaping session using a precision microbalance (Ob3)
c. [bookmark: _Hlk33192078]Adverse effects (AE) will include throat and mouth irritation, nausea, light-headedness, and dizziness, the most commonly reported negative effects in the vaping literature9,15,27,30.  These will be measured using a 10-point Likert-type scale at 10, and 60 minutes (Ob4). Participants will also be asked to self-report any other adverse effects associated with use.

3. Follow-up measures (in the 2 weeks post-final lab session)
a. [bookmark: _Hlk33199730]Cigarettes smoked per day (CPD): recorded at baseline (beginning of session 1) and at the end of the 2-week follow-up period (Ob5)
b. Number of pods used per day and number of daily vaping episodes: measured via self-report at the end of the 2-week follow-up period (Ob5)
c. Cigarette dependence: measured at baseline and at the end of the follow-up period using the 10-item Penn State Cigarette Dependence Index31 (Ob5) 
d. E-cigarette dependence: measured at the end of the follow-up period using the counterpart version of the Penn State Cigarette Dependence Index adapted to measure dependence for e-cigarettes (PSECDI)31 (Ob5)
e. Motivation to stop smoking: measured at baseline and at the end of follow-up period using the single item Motivation to Stop Scale questionnaire (MTSS)32 (Ob5)
f. Experiential data: collected by qualitative semi structured interviews at the 2-week follow up asking participants to describe their experiences, patterns of use, thoughts and feelings regarding use (Ob5).

Other Measures:
Demographics information (gender, age, ethnicity, highest qualification attained, occupation, socio-economic status) and smoking behaviour/e-cigarette use history (including cigarette smoked per day (CPD), years of smoking, smoking cessation history) will also be collected.  
Perceived Harm and Addictiveness and Use intentions will be measured at baseline and at follow-up (in the 2-week follow-up interview) using Likert-type scale questionnaires (e.g. “Compared to tobacco smoking, how harmful do you think the use of this product is?” with the options “Much more harmful, more harmful, equally harmful, less harmful, a lot less harmful and I don’t know”).  

Ethical considerations:
[bookmark: _Hlk37325162]Ethical approval will be granted by London South Bank University (LSBU) and informed consent will be collected in writing at baseline prior to any data collection. Participants will have already received the information sheet and consent form via e-mail and had a chance to discuss any aspects of the study via e-mail or over the telephone with the researcher. No sensitive data will be transferred electronically; all data will be anonymised beforehand (i.e. numerical codes will be used rather than names). 

Procedure: 
In-Lab sessions:
Daily smokers will be recruited using posters, flyers within the university and by social media and radio advertising within the London area.  Before taking part, participants will be briefed on the study and given a chance to ask questions. Participants will be asked to refrain from smoking for a minimum of 10 hours before arriving at the lab.  To add to the naturalistic nature of their experience, participants will be invited to bring some reading materials with them on the day of their lab session. At the start of the study baseline demographic and smoking–related information will be collected.  To collect baseline blood samples, a venous cannula will be inserted into the participant’s forearm.  Participants will then be presented with the JUUL  PVD containing either the EU (18mg/mL) or US (59mg/mL) nicotine pod and instructed to vape ad libitum for one hour; they will not be told which nicotine concentrations they are given at the time, this information will be divulged during the debrief at the end of the 2-week follow-up interview.  Further blood samples will be taken (Ob2) at 5, 15, 30 and 60 minutes and, craving and withdrawal symptoms (Ob1) recorded at 10 and 60 minutes in addition to baseline.  Subjective positive (Ob1) and adverse (Ob4) effects will be measured at 10 and 60 minutes.  The cannula will be removed at the end of the ad lib vaping session. The pod will be weighed before and after the session as a proxy for ‘amount of liquid consumed’ (Ob3). The procedure will be repeated approximately 7 days later with the other nicotine concentration pod. 

Blood collection and nicotine analysis:
Only the phlebotomist team will handle blood samples.  Prior to handling vacutainer tubes, hands will be disinfected (with alcohol hand gel) and gloves changed every time to avoid contamination.  Venous blood will be sampled from the antecubital vein using a winged-infusion set and vacuum system.   Blood samples will be collected into 4mL pre-labelled lithium heparin vacutainer tubes and put on ice upon collection in a polystyrene igloo with the lid tightly closed at all times.  After each testing session blood samples will be transported to an on-site forensic laboratory for plasma extraction, using PPE (gloves, safety spectacles) within 5 hours maximum of being collected. Surface will be disinfected using clinell and Blue roll.  The centrifuge system will be set and pre-run as follows, 2000 RCF, Temperature 4o Celsius, for 10 minutes.  All blood samples will be weighed and arranged in pairs before being placed in centrifugation machine diagonally to render samples acellular.  Thereafter, plasma will be extracted from the cell pellet using sterile Pasteur pipette heads and apportioned into 0.5ml aliquots into sterile pre-labelled microvials. All samples will be kept at -20oC pending transportation to ABS Laboratories Ltd. for analysis using a validated LC-MS/MS method with a lower limit of quantification (LOQ) of 0.5 ng/mL. 

End of in-lab sessions and Follow-up:
Participants will be given the JUUL device and 2-weeks’ supply of EU-compliant pods (28 in total; tobacco flavour) at the end of the second testing session and followed up after 2 weeks via telephone/skype. Interviews will capture self-reported quantitative data on cigarette consumption, device use and quit attempts, and detailed qualitative data on subjective views and experiences of using the device both in and outside the lab (Ob5).  See Figure 1 for the participation flow chart. 

Data Analysis: 
Any participants with baseline blood nicotine levels exceeding 10ng/mL will be excluded from the analysis as compliance with our request not to use nicotine for 10 hours cannot be confirmed. Means scores for craving reduction, withdrawal symptoms alleviation and nicotine boost will be computed by subtracting baseline levels from each time-point as previously used9.  For positive effects: satisfaction, hit, pleasant, liking, acceptability items (see primary outcomes section 1b), mean scores will be calculated for each separately.  For AE, mean scores will be presented individually for each of the following: throat and mouth irritation, nausea, light-headedness, and dizziness.  
 
Primary analysis
2X5 ANOVAs will be used to compare the two conditions across time-points for subjective effects and nicotine boost with specified a priori contrasts to compare differences between conditions (59 vs. 18mg/mL) at each time point (5, 15, 30, 60 minutes for nicotine boost relative to baseline and 10 and 60 for subjective effects) (Ob1, 2, 4).  A Within-samples t-test will be used to compare estimated volume of liquid consumed (in µg) across conditions (Ob3).  

Exploratory analysis
Patterns of use which include self-report of number pods and vaping episodes will be captured and reported descriptively (Ob5).  Changes in cigarette dependence and Motivation to stop smoking from baseline to the end of the 2-week period post-study enrolment will be calculated and within-samples t-tests used to compare conditions (Ob5).

Interview data will be transcribed verbatim, coded and analysed using inductive thematic analysis (Ob5), a technique that we have successfully used in previous studies33.  It allows flexibility to explore descriptive data pertinent to the research questions, organised around a semi structured interview guide.  It also incorporates inductive coding of novel insights that cannot be foreseen or predicted but may be critical to individual’s experiential use of the device.


Discussion
The overall aim of the study is to compare the EU-TPD compliant JUUL (18mg/mL nicotine) with the US non-TPD compliant) JUUL (59mg/mL) on daily smokers’ subjective experiences, craving relief and blood nicotine levels.  Primarily we aim to assess whether EU-TPD compliant JUUL can be sufficiently satisfying and deliver nicotine levels that help reduce craving and withdrawal symptoms in smokers to the same extent as the US (non-EU compliant) JUUL.  Other aims are to document any compensatory puffing attempts when using the EU-compliant lower nicotine concentrations, in addition, to assessing the potential of EU-compliant JUUL to promote smoking reduction/cessation.  Finally, using an exploratory qualitative approach, we will report how participants describe their experiences, patterns of use, thoughts and feelings vis-à-vis use of the device.  Importantly, this study will use a sample of smokers not necessarily motivated to quit, thus it would be worthwhile to observe patterns in the qualitative data towards quitting or smoking reduction which we may not hypothesise, but may be a potential impact of using the pods.

Although a few studies have documented the nicotine delivery profiles of PVD2–4 none have directly compared the EU-compliant JUUL (18mg/mL) against its non-EU compliant counterpart containing 59mg/mL in UK smokers.  Using a 5-minute ad lib puffing protocol, Hajek and colleagues4 found PK profiles and subjective effects similar to that of tobacco cigarettes but this was in dual users using the US 59mg/mL nicotine concentration only.  Similar PK profiles were obtained in experienced users utilising a prescribed standardised 10-minute puffing protocol with 20s inter-puff intervals3.  Both studies provide evidence that high nicotine content PVD delivers nicotine at levels similar to that of tobacco cigarettes.  Although informative, both studies utilised samples of participants with prior EC experience; given the differences in puffing patterns between experienced and naïve users34–36, these findings may not apply to exclusive smokers.  The present study will allow us to demonstrate whether a similar effect, can be obtained in smokers using pods containing nicotine concentrations available in the UK.  We will focus on those who report smoking within an hour of waking, allowing us to capture those more heavily dependent.  Although prevalence rates in the UK are in decline37, smoking continues to disproportionally affect the most vulnerable such as those with lower socio-economic status37, and mental illness who tend to be the most heavily dependent on nicotine38,39.  Thus, this study will provide robust evidence on whether the JUUL PVD currently available in the UK has the potential to deliver satisfactory levels of nicotine and, eventually work towards promoting smoking cessation in those potentially hardened smokers.  

Both PHE and the RCP recognise that the mandatory cap on nicotine concentrations may limit the effectiveness of e-cigarettes for smokers with greater nicotine dependence40,41.  In the event that the findings of this study suggest that TPD compliant devices do not deliver nicotine deemed sufficiently satisfying, this  information could feed into the TPD review due in May 202142 which may reconsider the current nicotine limit.  Conversely, if the results suggest no differences in satisfaction between the EU-TPD compliant and the US non-TPD compliant PVD and little evidence of compensation, findings of this study will serve as evidence against a call to reconsider the mandatory EU-TPD nicotine limit. 

A novel component of this study is the opportunity to capture users’ experiences of using the EU-TPD compliant pods outside of the lab and to explore qualitatively whether the 18mg/mL JUUL has any potential to promote smoking reduction.  To date, such rich data is not available.  In this respect, the qualitative study will opportunistically collect in-depth interview data from study participants at 2-week follow up.  Participants will reflect on their experiences using the EU-TPD compliant JUUL and offer subjective insights on patterns of use in relation to cigarette smoking, cigarette reduction, or quitting behaviour.  Participants will be encouraged to describe individual patterns of use but also thoughts, feelings, beliefs and social contexts in which they are supported, or not, to use the pod device.  

Several potential challenges may arise.  Blood sampling might be a barrier to recruitment; we have consulted with highly experienced nicotine analysis experts and have kept the number of blood samples to the minimum required in pharmacokinetic analyses.  Previous similar studies have used protocols with a greater number of blood samples4,10,12.  The requirement of overnight abstinence may deter highly dependent smokers so we will schedule sessions as early as possible in mornings to minimise smokers’ discomfort.  In previous studies we found that reimbursing participants for their time and travel a fair tool to avoid deterring participation9, and local radio advertisements (e.g. LBC) to be wide reaching and helped achieve our recruitment target27.   Furthermore, we are purposefully aiming to recruit smokers with no or little prior EC experience, this may present an issue as previous studies have found that effective nicotine delivery is dependent upon the user’s experience or ability to draw from the device efficiently34.   Conversely, unlike previous studies in which typically prescribed standardized puffing protocols were employed3,7,12, ad libitum puffing will be utilised to allow smokers the opportunity to titrate and obtain evidence of more realistic patterns of use; this methodological approach is better suited for the research question of the current study.   
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