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Abstract 

Background: We examined whether, in adults receiving behavioural support, offering e-

cigarettes together with varenicline helps more people stop smoking cigarettes than varenicline 

alone. 

 

Methods: A two-group, parallel-arm, pragmatic randomised controlled trial was conducted in six 

English stop smoking services from 2019-2020. Adults enrolled onto a 12-week programme of in-

person one-to-one behavioural smoking cessation support (N=92) were randomised to receive either 

(i) a nicotine e-cigarette starter-kit alongside varenicline or (ii) varenicline alone. The primary 

outcome was biochemically-verified abstinence from cigarette smoking between weeks nine-to-12 

post quit-date, with those lost to follow-up considered not abstinent. The trial was stopped early 

due to COVID-19 restrictions and a varenicline recall (92/1266 participants recruited). 

 

Results: Nine-to-12-week smoking abstinence rates were 47.9% (23/48) in the e-cigarette-

varenicline group compared with 31.8% (14/44) in the varenicline-only group, a 51% increase in 

abstinence among those offered e-cigarettes; however, the confidence interval (CI) was wide, 

including the possibility of no difference (risk ratio [RR]=1.51, 95%CI=0.91-2.64). The e-cigarette-

varenicline group had 43% lower hazards of relapse from continuous abstinence than the 

varenicline-only group (hazards ratio [HR]=0.57, 95%CI=0.34-0.96). Attendance for 12 weeks was 

higher in the e-cigarette-varenicline than varenicline-only group (54.2% versus 36.4%; RR=1.49, 

95%CI=0.95-2.47), but similar proportions of participants in both groups used varenicline daily for ≥8 

weeks after quitting (22.9% versus 22.7%; RR=1.01, 95%CI=0.47-2.20). Estimates were too imprecise 

to determine how adverse events differed by group. 

 

Conclusion: Tentative evidence suggests offering e-cigarettes alongside varenicline to people 

receiving behavioural support may be more effective for smoking cessation than varenicline 

alone. 

 

Implications: Offering e-cigarettes to people quitting smoking with varenicline may help them 

remain abstinent from cigarettes, but the evidence is tentative because our sample size was 

smaller than planned — caused by COVID-19 restrictions and a manufacturing recall. This 

meant our effect estimates were imprecise, and additional evidence is needed to confirm that 

providing e-cigarettes and varenicline together helps more people remain abstinent than 

varenicline alone. 
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Introduction 

Rates of cigarette smoking are declining in many high-income countries,1 in part due to the 

availability of treatments that help people stop smoking.2 Varenicline — a  partial nicotinic 

acetylcholine receptor agonist — is one of the most effective treatments, especially when paired 

with behavioural support.3 However, even with varenicline, fewer than one-in-five people 

remain abstinent from smoking for a year or more after quitting,4 so there remains a need to 

find more effective options. Electronic cigarettes (e-cigarettes)5 have become a popular method 

of quitting cigarette smoking in England, used in a third of quit attempts.6 E-cigarettes can 

deliver similar amounts of nicotine as cigarettes but, by avoiding tobacco combustion, expose 

users to much lower levels of toxicants.7–9 Offering electronic cigarettes (“e-cigarettes”) 

alongside varenicline and behavioural support may help people maintain abstinence from 

smoking conventional cigarettes. 

The rationale for providing e-cigarettes alongside varenicline is twofold. First, e-cigarettes 

mimic the sensory and behavioural aspects of smoking that contribute to dependence,10 

something which is not provided by varenicline. Second, the pharmacological effects of 

varenicline may be enhanced by providing additional nicotine. The main target of varenicline is 

the α4ß2 subtype of nicotinic acetylcholine receptors,  an important mediator of nicotine 

dependence.11 However, other functionally important subtypes (e.g., α6β2) may not be fully 

saturated by varenicline, allowing nicotine from other sources to bind to increase receptor 

activation. Moreover, varenicline does not fully stop the dopaminergic effects of smoking, and 

additional nicotine may bind to other receptors important to dependence that varenicline does 

not affect.12 It may also be that the pharmacokinetics of varenicline and alternate nicotine-

delivery devices complement one another to provide a more favourable agonistic effect on 

receptors.13  

Observational data from English stop smoking services show that people who use nicotine e-

cigarettes, varenicline, and behavioural support together are more successful in their attempts 

to quit smoking than those using any other treatment.14 Moreover there is trial evidence that 

combination therapy of nicotine replacement therapy (NRT) and varenicline is safe and well-

tolerated and may increase abstinence rates compared with varenicline alone,12 particularly for 

more dependent smokers,15 and compared with NRT alone in alcohol-dependent smokers.16 

However there are no trial data on combination therapy of e-cigarettes with varenicline. E-

cigarettes may offer an additional advantage over NRT not only because they more closely 

mimic cigarettes, but also because they have been found to be more effective nicotine delivery 

devices, increasing abstinence rates compared with NRT.17,18 One trial in New Zealand had 
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aimed to evaluate the effectiveness and safety of combining varenicline with nicotine e-

cigarettes for smoking cessation among those with mental health illnesses, but it was stopped 

due to difficulties recruiting participants.19 As far as we are aware, there are no studies taking 

place investigating combination therapy of varenicline with e-cigarettes against varenicline 

alone in routine stop smoking services. If found to be effective in an RCT, this could become a 

new gold standard treatment for smoking cessation. 

This pragmatic trial aims to answer the following question: in adults receiving one-to-one 

behavioural support at English stop smoking services, does offering nicotine e-cigarette starter-

kits together with varenicline increase cigarette abstinence rates compared with varenicline 

alone? 

We also aim to examine how offering e-cigarettes to clients affects attendance at stop smoking 

services, adherence to varenicline, and e-cigarette use. Moreover, a qualitative process 

evaluation aims to explore the acceptability of offering e-cigarettes alongside varenicline at 

services, as well as barriers and enablers to using them. 

 

Methods 

Design 

This is a two-group, parallel arm, pragmatic randomised controlled trial. It was conducted between 

April 2019 and March 2020 in stop smoking services in England, which are free to access for smokers 

trying to quit. Fifteen services were approached to take part in the study, of which eight (53%) 

agreed to participate and six (40%) started recruitment. Reasons for not participating included lack 

of staff capacity, incompatible models of service delivery, and concerns about e-cigarettes (Table 

S1).  

Services recruited participants and delivered the intervention during one-to-one in-person 

counselling sessions with trained stop-smoking advisors. Participants were randomised (1:1 ratio in 

blocks of 6 or 8 participants, stratified by service) using a computer-generated random sequence 

with allocation concealed within opaque envelopes. Due to the nature of the intervention, 

participants and advisors could not be blinded to treatment assignment. 

Ethical approval was granted by both University College London (8323/003) and the NHS Health 

Research Authority (19/LO/0239). The study was overseen by both a trial steering and a data 

monitoring committee. The trial protocol and analysis plan were registered prior to participant 
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recruitment (ISRCTN16931827) and were peer-reviewed as a registered report at N&TR. Updates 

were approved by the data monitoring committee prior to unblinding or analysis of data. These 

updates added secondary analyses of continuous abstinence and respiratory symptoms, as well as 

sensitivity analyses for the primary outcome (Table S2). The original and updated protocols are 

available online, alongside a summary of changes (https://osf.io/vm4g3/). 

Procedures 

In their first session, smokers were asked to set a target quit date, usually within one to four weeks, 

and advisors used a checklist to assess eligibility for inclusion in the trial. Cigarette smokers were 

eligible if they were proficient in English, were not pregnant or breast feeding, opted to use 

varenicline, were willing to try e-cigarettes, and had not regularly used e-cigarettes in the past six 

months. 

Advisors gave eligible smokers trial information and a consent form. After smokers provided written 

informed consent, advisors recorded baseline characteristics, took an exhaled carbon monoxide (CO) 

reading, and opened opaque envelopes to reveal whether smokers were randomised to the e-

cigarette-varenicline group or the varenicline-only group. 

This study was designed to avoid interfering with standard service protocols. Following existing 

practice, participants in both randomised groups were prescribed varenicline and given behavioural 

support during regular in-person sessions with their advisor. They were offered weekly or fortnightly 

support until 12 weeks after their quit date. Behavioural support aimed to minimise participants’ 

motivation to smoke, maximise their motivation to remain abstinent, and guide their use of 

pharmacotherapy — as described in detail elsewhere.20 During each session, advisors recorded 

smoking status, exhaled CO, adherence, adverse events, and respiratory symptoms using existing 

software (QuitManager or PharmOutcomes). 

The COVID-19 pandemic led all in-person sessions to be stopped after March 2020. Advisors 

remotely followed up with those (n=5) who had yet to complete their final 12-week appointment, 

using CO-monitors that had been posted to participants to verify abstinence. 

Varenicline-only group 

Participants were prescribed the standard 12-week course of varenicline, starting approximately two 

weeks prior to their target quit date. They were advised to take one 0.5mg pill daily for the first 

three days, then two 0.5mg pills daily for days four to seven, and finally two 1mg pills daily for the 

remaining 11 weeks. As this was a pragmatic trial, participants were not asked to avoid using e-

cigarettes.  
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E-cigarette-varenicline group 

These participants also received standard 12-week course of varenicline described above. In 

addition, they were given an e-cigarette starter kit prior to their quit date. The starter kit contained 

an Aspire PockeX e-cigarette (as used in previous trials),17,21 e-liquid to last for approximately four 

weeks, and an information booklet about e-cigarettes (available here: https://osf.io/59adw/). 

Participants could choose a total of eight 10ml e-liquid bottles (from Aspire or Totally Wicked) in any 

combination from a selection of three flavours (fruit, menthol, and tobacco) and three nicotine 

concentrations (6, 12, and 18mg/ml). Participants were encouraged to buy further bottles from local 

vape shops. Advisors gave participants brief in-person advice about how to use e-cigarettes and 

asked them to try the e-cigarette during the session. As this pragmatic trial aimed to test the effect 

of offering — not using — an e-cigarette, participants were asked but not required to use them.  

Measures 

At every session after quitting, participants were asked whether they had smoked cigarettes since 

their previous session, with exhaled CO-readings of below 10ppm used to verify cigarette 

abstinence.22 They were also asked, since their last session, how frequently they had used 

varenicline or e-cigarettes and whether they had experienced specific adverse events (sleep 

disturbance, nausea, throat/mouth irritation) or respiratory symptoms (phlegm, cough, shortness of 

breath, wheezing). Advisors were required to report serious adverse events to the trial team, but 

none occurred throughout the trial. Further details about questionnaire items are available in Table 

S3.  

Nine-to-12-week smoking abstinence was the primary outcome, with participants considered 

abstinent if they (i) reported not smoking cigarettes between weeks nine and 12 after their quit date 

and (ii) gave a CO-reading below 10ppm at week 12 or later. Participants with missing data for the 

primary outcome were assumed not to be abstinent.  

Secondary abstinence outcomes included two-to-four-week smoking abstinence (defined as above) 

and length of continuous abstinence before relapse. The latter outcome was not included in the 

original protocol but was added to the updated protocol and registered prior to data analysis 

(https://osf.io/vm4g3/). It was measured as the number of weeks, from quit date onwards, that 

each participant remained continuously abstinent from smoking before relapsing. 

Attendance was assessed using two outcomes. Firstly, whether or not a participant continued 

attending sessions until at least 12 weeks after the quit date. Secondly, the number of sessions, of a 

possible four, a participant attended in their first four weeks after quitting.  
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Two outcomes assessed adherence to varenicline. Firstly, whether or not participants reported using 

varenicline daily for at least one week after their quit date and, secondly, whether they used 

varenicline daily until at least 8-weeks after quitting. The latter allows up to four weeks of 

varenicline use prior to quitting. E-cigarette outcomes were daily use for at least one week after the 

quit date and daily use at every session attended after quitting. 

Time to first experiencing each adverse event and respiratory symptom were recorded for each 

participant.  

Analysis 

Data analyses were conducted by the trial statistician with blinding to treatment assignments using R 

version 4.1.3.23 Anonymised data and analysis code are openly available (https://osf.io/vdngh/). The 

primary and other binary outcomes were reported as risk ratios (RR) with 95% confidence intervals 

(95% CIs). Analyses of binary smoking abstinence outcomes followed the intention-to-treat principle, 

where all those with missing follow-up data were treated as having relapsed (0% abstinent).  

In sensitivity analyses for the primary outcome, RRs were calculated with a range of different 

assumed abstinence rates in those lost to follow-up (e.g., 10%, 20%, 30% and 40%).  

Moreover, for length of continuous abstinence from quit date onwards, the hazard ratio (HR) for 

relapse was estimated using a Cox proportional-hazards model. A HR of less than one means that 

participants in the e-cigarette-varenicline group had a lower rate of relapse and thus remained 

abstinent for longer than those in the varenicline-only group. Participants who were lost to follow-

up were assumed to have relapsed in the week after the final stop-smoking session they attended 

where CO-measurements were taken. Participants who were still abstinent at week 12 were 

considered censored after this time.  

Unplanned sensitivity analyses for the primary outcome adjusted for e-cigarette non-adherence (i.e., 

people in the e-cigarette-varenicline group who did not try e-cigarettes) and contamination (i.e., 

people in the varenicline-only group who tried e-cigarettes), using a method described by Cuzick and 

colleagues.24 This provides an estimate of the effect of trying e-cigarettes (daily use for at least a 

week) among co-operators: individuals who would try e-cigarettes if they were assigned to the e-

cigarette-varenicline group, but would not try them if assigned to the varenicline-only group.25  

Cox models were also used to estimate the HR for time to first experiencing each adverse event and 

respiratory symptom. These were reported alongside the incidence rate for each randomised group 

(i.e., number of people who reported an event divided by the person-weeks-at-risk), with the 

incidence rate ratio (IRR) estimated using a log-rate model. For these analyses, participants were 
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considered censored after the final week they attended a follow-up session (maximum 12 weeks 

post-quit date).  

Sample size and early stopping 

As described in the original study protocol (https://osf.io/vxw8r/), previous literature suggested an 

expected risk ratio of 1.26 for our primary outcome.12,14 It was determined that a sample of 633 

participants per group would provide at least 90% power to detect this effect size in a two-tailed 

analysis.  

Restrictions introduced in response to the COVID-19 pandemic caused services to move sessions 

online, which meant advisors could not provide e-cigarettes to participants or take in-person CO-

readings. This led the trial to be paused in March 2020, before the target number of participants had 

been recruited (92/1266). We started planning amendments to the procedures to allow the trial to 

continue remotely, including behavioural support being given via telephone or video call and 

cigarette abstinence being verified remotely using saliva anabasine and anatabine. These plans were 

halted when, in July 2021, Pfizer recalled Champix (the only form of varenicline available in England) 

due to levels of N-nitroso-varenicline that were higher than considered acceptable by the European 

Medicines Agency.26 In agreement with the funder, Pfizer, the trial was stopped in November 2021. 

Process evaluation 

Quantitative process evaluation included summaries of attendance at stop smoking services, 

varenicline adherence, and e-cigarettes adherence/contamination.  

Qualitative process evaluation involved semi-structured interviews using a flexible topic guide 

(https://osf.io/2pgz4/) carried out with ten participants from the e-cigarette-varenicline group who 

had been followed up until at least four weeks after their quit date. Interview transcripts were 

analysed in two stages, using a combination of deductive and inductive thematic framework 

analysis. Firstly, themes surrounding the acceptability of services providing e-cigarettes alongside 

varenicline were classified under the theoretical framework of acceptability (TFA).27 Then, barriers 

and enablers to using e-cigarettes for smoking cessation under the COM-B model were identified.28 

More details about the process evaluation and are provided elsewhere.29  

  

D
ow

nloaded from
 https://academ

ic.oup.com
/ntr/advance-article/doi/10.1093/ntr/ntac149/6615413 by U

C
L, London user on 29 June 2022



Acc
ep

ted
 M

an
us

cri
pt

 

9 
 

Results  

Participants 

Of the 92 cigarette smokers randomised at stop-smoking services between April 2019 and March 

2020, 48 were assigned to the e-cigarette-varenicline group and 44 to the varenicline-only group. 

Participants had a mean age of 43.9 (SD=13.1), 51% (n=47) were women, 79% (n=73) were white, 

and 29% (n=27) had routine or manual occupations (Table 1). Table 1 shows that participants in both 

randomised groups had similar baseline characteristics. Of those randomised, 46% (n=42) attended 

follow-up sessions for at least 12 weeks after their quit date (Figure 1).  

Smoking abstinence 

Primary — Nine-to-12-week abstinence  

Nine-to-12-week abstinence rates were 47.9% (n=23) in the e-cigarette-varenicline group compared 

with 31.8% (n=14) in the varenicline-only group. This equates to a 1.51-fold increase in abstinence 

rates in those offered e-cigarettes; however, the confidence interval was wide and included the 

possibility of no difference (RR 1.51, 95%CI 0.91-2.64). Bayes factors are shown in Table S4. Results 

were similar when including quits that were self-reported but not biochemically verified (52.1% 

versus 34.1%; RR 1.53, 95%CI 0.95-2.60).  

Table S5 shows sensitivity analyses which relax the assumption that all participants missing for the 

follow-up had relapsed. These show that the higher the percentage of missing participants who were 

abstinent, the smaller the estimated effect size (e.g., RR 1.38 if 20% of missing participants were 

abstinent).  

Secondary — Two-to-four-week abstinence 

Two-to-four-week abstinence rates were 1.37 times higher in the e-cigarette-varenicline than 

varenicline-only group, but the confidence interval was compatible with effects ranging from just 

under no difference to 2.01 times higher rates in those offered e-cigarettes (68.8% versus 50.0%; RR 

1.37, 95%CI 0.98-2.01). 

Secondary — Relapse from continuous abstinence 

The e-cigarette-varenicline group had a 43% lower (instantaneous) rate of relapse from continuous 

cigarette abstinence than those in the varenicline-only group (Cox model; HR 0.57, 95%CI 0.34-0.96). 

Figure 2 shows a Kaplan-Meier plot for the length of time each participant remained continuously 

abstinent from cigarettes before relapsing. Note that these analyses were not included in the 
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original protocol but were added to the updated protocol which was registered prior to data 

analysis. 

Safety 

Adverse events 

Overall, 59.8% (n=55) of participants experienced at least one adverse event between their quit date 

and final session. Sleep disturbance was reported by 44.6% (n=41) of participants, nausea by 34.8% 

(n=32), and throat or mouth irritation by 27.2% (n=25). Comparisons of event incidence rates and 

hazard ratios between the e-cigarette-varenicline and varenicline-only group are shown in Table 2. 

These estimates were too imprecise to determine the size or direction of differences between 

groups (e.g., any adverse event; HR 0.69, 95%CI 0.40-1.20). Risks of adverse events among those 

followed-up for at least 12 weeks are shown in Table S6. No serious adverse events were reported in 

either group.  

Respiratory symptoms 

Respiratory symptoms were reported by 47.8% (n=44) of participants at least once between their 

quit date and the final session they attended. Phlegm was reported by 35.9% (n=33) of participants, 

cough by 33.7% (n=31), shortness of breath by 21.7% (n=20), and wheezing by 14.1% (n=13). Table 2 

shows that rates of respiratory symptoms were similar in the e-cigarette-varenicline and varenicline-

only group (e.g., any symptom; HR 1.05, 95%CI 0.57-1.92), but confidence intervals included the 

possibility of meaningful differences between groups. 

Process evaluation: Quantitative data 

Attendance 

Of the 92 participants randomised, 45.7% (n=42) continued attending stop-smoking service sessions 

for at least 12 weeks after their quit date. Attendance for 12 weeks was 54.2% (n=26) in the e-

cigarette-varenicline group compared with 36.4% (n=16) in the varenicline-only group (RR 1.49, 

95%CI 0.95-2.47). On average, participants in the e-cigarette-varenicline group attended 3.1 out of a 

possible four sessions in the first four weeks after quitting, while those in the varenicline-only group 

attended 2.8 sessions (proportional-odds model; OR 1.69, 95%CI 0.93-2.45).  

Varenicline adherence 

In the e-cigarette-varenicline group, 77.1% (n=37) of participants used varenicline daily for at least 

one week after their quit date, compared with 59.1% (n=26) in the varenicline-only group (RR 1.30, 
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95%CI 0.99-1.79). Daily varenicline use for at least eight weeks after quitting was reported by 22.9% 

(n=11) of participants in the e-cigarette-varenicline group and 22.7% (n=10) in the varenicline-only 

group (RR 1.01, 95%CI 0.47-2.20).  

E-cigarette adherence and contamination 

In the e-cigarette-varenicline group, 79.2% (n=38) used e-cigarettes daily for at least one week after 

their quit date, and 41.7% (n=20) reported daily use at every session they attended after quitting. 

There was some contamination: 20.5% (n=9) of participants in the varenicline-only group used e-

cigarettes daily for at least one week after their quit date, and 6.8% (n=3) reported daily use at every 

session they attended after quitting.  

In an unplanned analysis of the primary outcome that adjusted for non-adherence (i.e., being 

assigned to try e-cigarettes but not doing so) and contamination (i.e., being assigned to the control 

group but trying e-cigarettes), trying e-cigarettes was estimated to increase nine-to-12-week 

abstinence by 2.66 times (RR 2.66, 96%CI 1.17-6.05).24 

Process evaluation: Qualitative data 

Acceptability  

Themes surrounding the acceptability of providing e-cigarettes alongside varenicline at stop smoking 

services were identified from semi-structured interviews with ten participants in the e-cigarette-

varenicline group (Table S7 and https://osf.io/2pgz4/). Participants perceived the intervention 

package as complementary, with varenicline reducing urges to smoke and the e-cigarette replacing 

the habit of smoking. However, some were concerned that e-cigarettes may ‘replace one addiction 

with another’ and, thus, there were mixed opinions about whether services should provide e-

cigarette.  

Barriers and enablers 

Barriers and enablers to using e-cigarettes for smoking cessation are shown in Table S8. Enablers 

included the perception that e-cigarettes replace the habit of smoking and offer a ‘back-up’ to 

varenicline and behavioural support when participants are most at risk of relapse. E-cigarettes were 

also described as cheaper than cigarettes and could be used in more situations than smoking. Some 

participants reported the harshness of puffing of e-cigarettes as a barrier to using them, especially 

early in their quit attempt.   
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Discussion  

Summary 

Our study provides tentative evidence that, among people receiving one-to-one behavioural 

support, offering e-cigarettes alongside varenicline may be more effective for cigarette smoking 

cessation than varenicline alone. The evidence is tentative because our sample size was smaller than 

planned — caused by COVID-19 and a manufacturing recall — which meant our effect estimates 

were imprecise (highly compatible with 9% lower to 164% greater nine-to-12-week abstinence rates 

in those given e-cigarettes). More data are needed to confirm whether providing e-cigarettes and 

varenicline together help more people remain abstinent than varenicline alone. 

Comparison with prior literature 

Nonetheless, our study adds to a wider literature on the effects of offering alternative nicotine 

products alongside varenicline. Our results closely align with a previous meta-analysis finding the 

50% higher odds of cigarette abstinence in those given NRT alongside varenicline than varenicline 

alone (OR 1.50, 95%CI 1.14-1.97).12 However, another recent study showed that adding nicotine 

patches to varenicline had little effect on abstinence rates (OR 0.99, 95% CI 0.87-1.12).30 It is possible 

that fast acting nicotine products — including gums, sprays, e-cigarettes — are better at helping 

varenicline users remain abstinent, as they can satisfy momentary urges for nicotine.31 Moreover, 

the behaviour and sensory experience of using an e-cigarette is similar to that of smoking a 

cigarette, which could make e-cigarette more effective for smoking cessation than other nicotine 

products. 

Interpretation 

We found that most of the difference in relapse between groups occurred within the first week after 

quitting. Three quarters of participants in the e-cigarette group remained abstinent for at least one 

week compared with just half of those in the varenicline-only group (Figure 2). This could be 

explained by e-cigarettes helping people overcome the intense urges to smoke most people 

experience in the first few days after quitting.32–34 However, it is possible that some people entered 

the study because they wanted a free e-cigarette. In learning they had been randomised to the 

control group, they may have bought an e-cigarette elsewhere and stopped attending sessions. 

Because the primary analysis assumed that people with missing follow-up data had relapsed to 

smoking, this could lead us to overestimate differences in abstinence rates between groups (as 

shown in sensitivity analyses in Table S1).  
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Conversely, other factors could have led us to underestimate any effect using e-cigarettes had on 

abstinence. For instance, there was some non-adherence with only 79% of participants in the e-

cigarette-varenicline group trying their e-cigarette for at least a week after quitting. There was also 

some contamination, with 20% of those in the varenicline-only group trying e-cigarettes. In 

unplanned sensitivity analyses adjusting for this non-adherence and contamination, our estimate for 

the effect of e-cigarettes on increasing nine-to-12-week abstinence tripled from 51% to 166%.  

Secondary analyses indicated that e-cigarettes help people remain continuously abstinent from 

cigarettes for longer, with data most compatible with 43% lower instantaneous rate of relapse in the 

e-cigarette-varenicline than varenicline-only group. This analysis rested on the assumption that 

people who were lost to follow-up had relapsed in the week after the final session they attended. 

However, because lost to follow-up was greater in the varenicline-only group, this could have biased 

results in favour of e-cigarettes.  

Process evaluation 

In interviews, participants reported that they viewed the e-cigarettes, varenicline and behavioural 

support to be acceptable and complementary, but some were concerned about continued nicotine 

use and the harshness of vaping. These concerns may be alleviated by providing information around 

the relative harms of smoking versus vaping,35 giving advice about titrating inhalation to avoid 

harshness, or providing products that are less harsh to inhale — such as those using lower pH 

nicotine salts e-liquid.36,37 Our results align with previous studies showing that people who are 

worried about the addictiveness of nicotine use too little NRT, which stops them from benefiting 

from it.38 These worries may be especially pronounced for e-cigarettes, both because long-term use 

is more common with e-cigarettes than NRT17 and because negative perceptions about the harms of 

e-cigarettes have become increasingly prevalent over time.39–41  

Strengths and limitations 

The study benefits from using randomised assignment, which provides internal validity 

(exchangeability), and a pragmatic design within stop smoking services that guarantees ecological 

validity (given that this is the setting where such an intervention would likely be implemented). 

However, there were several limitations.  

First, clients could not be blinded to their assigned group. This is an inherent limitation of many 

smoking cessation trials. We partially militated against it by using objective biochemical measures 

(CO-readings) to verify abstinence from cigarette smoking, which reduces the risk of outcome 
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assessment being biased by assessors knowing which group participants were assigned to. Second, 

services only followed up clients for 12 weeks after quitting and, because this is a pragmatic trial, we 

did not ask them to extend this period. This meant abstinence was measured for less than the six 

months recommended by Russell Standard guidelines.42 Third, just under half of participants 

continued attending services until their final 12 week follow-up session, with 50% greater lost to 

follow-up in the e-cigarette-varenicline than varenicline-only group. Our primary analysis assumed 

those with missing follow-up data had relapsed, which is likely a reasonable assumption as people 

tend to only continue attending services if they remain abstinent. Nonetheless, in sensitivity 

analyses (Table S4) we quantitatively assessed how certain violations of this assumption would affect 

results.43 We did not model assumed abstinence rates for those lost to follow-up being higher in the 

control than for the intervention group. This would have been the most conservative assumption but 

unlikely in the context of our trial where both arms were receiving similarly intensive in-person 

support. Fourth, a fifth of those in the varenicline-only group used e-cigarettes while a fifth of those 

in the e-cigarette-varenicline group did not. This contamination and non-adherence would dilute any 

effect of using e-cigarettes on abstinence, but we accounted for this in a sensitivity analysis. Fifth, 

we compared combination treatment with e-cigarettes and varenicline to varenicline alone among 

smokers receiving intensive behavioural support. Our results cannot inform us about the relative 

effectiveness of e-cigarettes alone versus varenicline alone, and they cannot be generalised to 

settings where smokers receive minimal support. Finally, trial recruitment was stopped early due to 

the COVID-19 pandemic and recall of varenicline by Pfizer, which meant we lacked a sufficiently 

large sample to precisely estimate effects of treatment.  

Conclusion 

In conclusion, we found tentative evidence that, among people receiving one-to-one behavioural 

support, providing e-cigarettes alongside varenicline may be more effective than offering varenicline 

alone. However, estimates were imprecise due to the lower than planned sample size; for the 

primary outcome, anything from 9% lower to 164% higher abstinence rates remained highly 

compatible with the data (at the 95% level). More data are needed to clarify the effect of adding e-

cigarettes to smoking cessation treatment with varenicline.  
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Data availability 

Anonymised study data are available here (https://osf.io/t8qu9/). 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/ntr/advance-article/doi/10.1093/ntr/ntac149/6615413 by U

C
L, London user on 29 June 2022



Acc
ep

ted
 M

an
us

cri
pt

 

16 
 

References 

1.  Drope J, Schluger NW. The Tobacco Atlas. 6th ed. American Cancer Society and Vital 
Strategies; 2018. 

2.  Raupach T, West R, Brown J. The Most “Successful” Method for Failing to Quit Smoking Is 
Unassisted Cessation. Nicotine & Tobacco Research. 2013;15(3):748-749. 
doi:10.1093/ntr/nts164 

3.  Anthenelli RM, Benowitz NL, West R, et al. Neuropsychiatric safety and efficacy of 
varenicline, bupropion, and nicotine patch in smokers with and without psychiatric 
disorders (EAGLES): a double-blind, randomised, placebo-controlled clinical trial. The 
Lancet. 2016;387(10037):2507-2520. doi:10.1016/s0140-6736(16)30272-0 

4.  Ferguson J, Bauld L, Chesterman J, Judge K. The English smoking treatment services: one-
year outcomes. Addiction. 2005;100 Suppl 2:59-69. 

5.  E-cigarette (ADDICTO:0000212). In: AddictO Vocab. AddictO Vocab; 2021. 

6.  Kock L, West R, Beard E, Kale D, Brown J. Trends in electronic cigarette use in England. 
Smoking in England. Published 2022. Accessed March 8, 2022. 
https://smokinginengland.info/graphs/e-cigarettes-latest-trends 

7.  Goniewicz ML, Knysak J, Gawron M, et al. Levels of selected carcinogens and toxicants in 
vapour from electronic cigarettes. Tob Control. 2014;23(2):133-139. 

8.  Hecht SS, Carmella SG, Kotandeniya D, et al. Evaluation of toxicant and carcinogen 
metabolites in the urine of e-cigarette users versus cigarette smokers. Nicotine Tob Res. 
2015;17(6):704-709. 

9.  Shahab L, Goniewicz ML, Blount BC, et al. Nicotine, Carcinogen, and Toxin Exposure in 
Long-Term E-Cigarette and Nicotine Replacement Therapy Users: A Cross-sectional Study. 
Ann Intern Med. 2017;166(6):390-400. 

10.  Rose JE, Salley A, Behm FM, Bates JE, Westman EC. Reinforcing effects of nicotine and non-
nicotine components of cigarette smoke. Psychopharmacology (Berl). 2010;210(1):1-12. 

11.  Benowitz NL. Nicotine addiction. N Engl J Med. 2010;362(24):2295-2303. 

12.  Chang PH, Chiang CH, Ho WC, Wu PZ, Tsai JS, Guo FR. Combination therapy of varenicline 
with nicotine replacement therapy is better than varenicline alone: a systematic review and 
meta-analysis of randomized controlled trials. BMC Public Health. 2015;15:689. 

13.  Koegelenberg CFN, Noor F, Bateman ED, et al. Efficacy of varenicline combined with 
nicotine replacement therapy vs varenicline alone for smoking cessation: a randomized 
clinical trial. JAMA. 2014;312(2):155-161. 

14.  NHS Digital. Statistics on NHS Stop Smoking Services in England April 2019 to March 2020. 
NHS Digital. Published November 21, 2020. Accessed March 2, 2022. 
https://digital.nhs.uk/data-and-information/publications/statistical/statistics-on-nhs-
stop-smoking-services-in-england/april-2019-to-march-2020 

15.  Ramon JM, Morchon S, Baena A, Masuet-Aumatell C. Combining varenicline and nicotine 
patches: a randomized controlled trial study in smoking cessation. BMC Med. 
2014;12(1):172. 

D
ow

nloaded from
 https://academ

ic.oup.com
/ntr/advance-article/doi/10.1093/ntr/ntac149/6615413 by U

C
L, London user on 29 June 2022



Acc
ep

ted
 M

an
us

cri
pt

 

17 
 

16.  King A, Vena A, de Wit H, Grant JE, Cao D. Effect of Combination Treatment With Varenicline 
and Nicotine Patch on Smoking Cessation Among Smokers Who Drink Heavily: A 
Randomized Clinical Trial. JAMA Netw Open. 2022;5(3):e220951. 

17.  Hajek P, Phillips-Waller A, Przulj D, et al. A randomized trial of E-cigarettes versus nicotine-
replacement therapy. N Engl J Med. 2019;380(7):629-637. 

18.  Hartmann-Boyce J, McRobbie H, Butler AR, et al. Electronic cigarettes for smoking 
cessation. Cochrane Database Syst Rev. 2021;9:CD010216. 

19.  Bullen C, Verbiest M, Galea-Singer S, et al. The effectiveness and safety of combining 
varenicline with nicotine e-cigarettes for smoking cessation in people with mental illnesses 
and addictions: study protocol for a randomised-controlled trial. BMC Public Health. 
2018;18(1):596. 

20.  West R, Walia A, Hyder N, Shahab L, Michie S. Behavior change techniques used by the 
English Stop Smoking Services and their associations with short-term quit outcomes. 
Nicotine Tob Res. 2010;12(7):742-747. 

21.  Dawkins L, Bauld L, Ford A, et al. A cluster feasibility trial to explore the uptake and use of 
e-cigarettes versus usual care offered to smokers attending homeless centres in Great 
Britain. PLoS One. 2020;15(10):e0240968. 

22.  Brose LS, Tombor I, Shahab L, West R. The effect of reducing the threshold for carbon 
monoxide validation of smoking abstinence--evidence from the English Stop Smoking 
Services. Addict Behav. 2013;38(10):2529-2531. 

23.  R Core Team. R: A language and environment for statistical computing. Published online 
2021. doi:10.2307/1390807 

24.  Cuzick J, Edwards R, Segnan N. Adjusting for non-compliance and contamination in 
randomized clinical trials. Stat Med. 1997;16(9):1017-1029. 

25.  Greenland S. An introduction to instrumental variables for epidemiologists. Int J Epidemiol. 
2000;29(4):722-729. 

26.  Medicines and Healthcare Products Regulatory Agency. Class 2 Medicines Recall: Pfizer Ltd, 
Champix (all strengths) film-coated tablets, EL (21)A/25. UK Government. Published 
October 14, 2021. Accessed March 8, 2022. https://www.gov.uk/drug-device-alerts/class-
2-medicines-recall-pfizer-ltd-champix-all-strengths-film-coated-tablets-el-21-a-slash-25 

27.  Sekhon M, Cartwright M, Francis JJ. Acceptability of healthcare interventions: an overview 
of reviews and development of a theoretical framework. BMC Health Serv Res. 
2017;17(1):88. 

28.  West R, Michie S. A brief introduction to the COM-B Model of behaviour and the PRIME 
Theory of motivation. Qeios. Published online April 9, 2020. doi:10.32388/ww04e6.2 

29.  Kock L. The Impact of E-Cigarettes and Individual-Level Interventions on Socio-Economic 
Inequalities in Smoking Cessation. PhD. University College London; 2020. 

30.  Baker TB, Piper ME, Smith SS, Bolt DM, Stein JH, Fiore MC. Effects of Combined Varenicline 
With Nicotine Patch and of Extended Treatment Duration on Smoking Cessation: A 
Randomized Clinical Trial. JAMA. 2021;326(15):1485-1493. 

31.  Lindson N, Chepkin SC, Ye W, Fanshawe TR, Bullen C, Hartmann-Boyce J. Different doses, 

D
ow

nloaded from
 https://academ

ic.oup.com
/ntr/advance-article/doi/10.1093/ntr/ntac149/6615413 by U

C
L, London user on 29 June 2022



Acc
ep

ted
 M

an
us

cri
pt

 

18 
 

durations and modes of delivery of nicotine replacement therapy for smoking cessation. 
Cochrane Database of Systematic Reviews. 2019;2019(4). 
doi:10.1002/14651858.CD013308 

32.  Fidler JA, West R. Enjoyment of smoking and urges to smoke as predictors of attempts and 
success of attempts to stop smoking: A longitudinal study. Drug Alcohol Depend. 
2011;115(1-2):30-34. 

33.  Fidler JA, Shahab L, West R. Strength of urges to smoke as a measure of severity of cigarette 
dependence: comparison with the Fagerström Test for Nicotine Dependence and its 
components. Addiction. 2011;106(3):631-638. 

34.  Hajek P, Pittaccio K, Pesola F, Myers Smith K, Phillips‐Waller A, Przulj D. Nicotine delivery 
and users’ reactions to Juul compared with cigarettes and other e‐cigarette products. 
Addiction. Published online January 29, 2020:add.14936. 

35.  Svenson M, Green J, Maynard OM. Tackling Smoker Misperceptions About E-cigarettes 
Using Expert Videos. Nicotine Tob Res. 2021;23(11):1848-1854. 

36.  Benowitz NL, St Helen G, Liakoni E. Clinical Pharmacology of Electronic Nicotine Delivery 
Systems (ENDS): Implications for Benefits and Risks in the Promotion of the Combusted 
Tobacco Endgame. J Clin Pharmacol. 2021;61 Suppl 2:S18-S36. 

37.  Benowitz NL. The central role of pH in the clinical pharmacology of nicotine: Implications 
for abuse liability, cigarette harm reduction and FDA regulation. Clin Pharmacol Ther. 
2022;111(5):1004-1006. 

38.  Mersha AG, Gould GS, Bovill M, Eftekhari P. Barriers and Facilitators of Adherence to 
Nicotine Replacement Therapy: A Systematic Review and Analysis Using the Capability, 
Opportunity, Motivation, and Behaviour (COM-B) Model. Int J Environ Res Public Health. 
2020;17(23). doi:10.3390/ijerph17238895 

39.  East K, Reid JL, Burkhalter R, et al. Exposure to negative news stories about vaping, and 
harm perceptions of vaping, among youth in England, Canada, and the US before and after 
the outbreak of E-cigarette or Vaping-Associated Lung Injury (EVALI). Nicotine Tob Res. 
Published online April 3, 2022. doi:10.1093/ntr/ntac088 

40.  Tattan-Birch H, Brown J, Shahab L, Jackson SE. Association of the US Outbreak of Vaping-
Associated Lung Injury With Perceived Harm of e-Cigarettes Compared With Cigarettes. 
JAMA Netw Open. 2020;3(6):e206981. 

41.  Action on Smoking and Health. Use of E-Cigarettes (Vaporisers) among Adults in Great 
Britain. ASH; 2020. https://ash.org.uk/information-and-resources/ash-fact-sheets/ 

42.  West R, Hajek P, Stead L, Stapleton J. Outcome criteria in smoking cessation trials: proposal 
for a common standard. Addiction. 2005;100(3):299-303. 

43.  Lash TL, Fox MP, MacLehose RF, Maldonado G, McCandless LC, Greenland S. Good practices 
for quantitative bias analysis. Int J Epidemiol. 2014;43(6):1969-1985. 

  

D
ow

nloaded from
 https://academ

ic.oup.com
/ntr/advance-article/doi/10.1093/ntr/ntac149/6615413 by U

C
L, London user on 29 June 2022



Acc
ep

ted
 M

an
us

cri
pt

 

19 
 

Additional information 

Author contributions statement 

LS conceived the original idea for this study. LS, LB, JB and RW obtained funding. HTB and LK wrote 

the initial draft with further input from LS, LB, JB and RW. LS is guarantor for this article. All authors 

read, reviewed and approved the final version. All researchers listed as authors are independent 

from the funders and all final decisions about the research were taken without constraint by the 

investigators. LS had final responsibility for the decision to submit for publication. 

Funding 

This project was funded by the Global Research Awards for Nicotine Dependence (GRAND) 

unrestricted research grant program supported by Pfizer. Additional funding was provided by Cancer 

Research UK (PRCRPG-Nov21\100002). All authors are members of the UK Centre for Tobacco and 

Alcohol Studies (UKCTAS), funded under the auspices of the UK Clinical Research Collaboration 

(MR/K023195/1).  

Conflict of Interest 

LS has received a research grant and honoraria for a talk and travel expenses from manufacturers of 

smoking cessation medications (Pfizer and Johnson & Johnson). JB has received unrestricted 

research funding from Pfizer to study smoking cessation. RW has received travel funds and 

hospitality from, and undertaken research and consultancy for, pharmaceutical companies that 

manufacture or research products aimed at helping smokers to stop. The other authors have no 

conflicts of interest to declare. None of the authors have ever received personal fees or research 

funding of any kind from electronic cigarette or tobacco companies. 

Acknowledgements 

We thank advisors at NHS stop smoking services in Bexley, Lewisham, Hackney, Tower Hamlets, 

Cambridge, and Waltham Forest, who recruited, advised and followed up with participants in the 

trial. We also thank members of the trial steering committee (Prof Michael Ussher, Dr Dunja Przulj, 

Prof Peter Hajek, and Dr Felix Naughton) for overseeing and advising on the conduct of the trial. 

Thanks also go to the members of the data monitoring committee (Dr Natalie Walker, Prof Hayden 

McRobbie, Dr Leonie Brose, Prof Marcus Munafo) for reviewing the collection, management and 

analysis of data for the trial. We would also like to acknowledge Dr Fabiana Lorencatto for valuable 

D
ow

nloaded from
 https://academ

ic.oup.com
/ntr/advance-article/doi/10.1093/ntr/ntac149/6615413 by U

C
L, London user on 29 June 2022



Acc
ep

ted
 M

an
us

cri
pt

 

20 
 

support with the development and analysis of components in the process evaluation. Finally, thank 

you to the team at Oxford University who provided us with a template for an information booklet 

about e-cigarettes, which we adapted and gave to participants.  

  

D
ow

nloaded from
 https://academ

ic.oup.com
/ntr/advance-article/doi/10.1093/ntr/ntac149/6615413 by U

C
L, London user on 29 June 2022



Acc
ep

ted
 M

an
us

cri
pt

 

21 
 

Tables and Figures 

Table 1: Baseline characteristics*. 

 E-cigarette  Control  Combined 

N 48 44 92 

Age 43.8 ± 12.1 44.0 ± 14.2 43.9 ± 13.1 

Gender    

 Woman 52% (25) 50% (22) 51% (47) 

 Man 48% (23) 50% (22) 49% (45) 

Ethnicity    

 White 79% (38) 80% (35) 79% (73) 

 Black or Asian 17% (8) 11% (5) 14% (13) 

 Other or mixed 4% (2) 9% (4) 7% (6) 

Occupation    

 Managerial or  professional 40% (19) 39% (17) 39% (36) 

 Routine or manual 27% (13) 32% (14) 29% (27) 

 Other† 33% (16) 30% (13) 32% (29) 

Free prescription    

 Not reported 71% (34) 66% (29) 68% (63) 

 Yes 29% (14) 34% (15) 32% (29) 

Anxious or depressed    

 No 77% (37) 68% (30) 73% (67) 

 Yes 24% (11) 32% (14) 27% (25) 

Cigarettes per day‡    

 ≤10 15% (3) 30% (7) 23% (10) 

 11-20 45% (9) 48% (11) 47% (20) 

 21-30 30% (6) 22% (5) 26% (11) 

 ≥31 10% (2) 0% (0) 5% (2) 

*  Age presented as mean ± standard deviation. All other characteristics summarised as % (n). 

†  Includes people who are retired, unemployed or home carers. 

‡  Only recorded for 43 participants: 20 in the e-cigarette-varenicline (e-cigarette) group and 23 in the 

varenicline-only (control) group. 
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Table 2: Incidence of adverse event and respiratory symptoms. 

 

Group* Events  Weeks† Rate‡ IRR (95%CI)‡ HR (95%CI)‡ 

Adverse events       

 Any Control 24 144 1.67 Ref Ref 

E-cigarette 31 193 1.61 0.96 (0.57-1.66) 0.69 (0.40-1.20) 

 Sleep disturbance  Control  21 163 1.29 Ref Ref 

E-cigarette 20 283 0.71 0.55 (0.30-1.02) 0.64 (0.34-1.20) 

 Nausea Control  14 209 0.67 Ref Ref 

E-cigarette 18 261 0.69 1.03 (0.51-2.11) 0.84 (0.41-1.72) 

 Throat/mouth 
irritation  

Control  7 244 0.29 Ref Ref 

E-cigarette 18 310 0.58 2.02 (0.88-5.21) 1.11 (0.45-2.74) 

Respiratory symptoms       

 Any  Control 19 164 1.16 Ref Ref 

E-cigarette 25 258 0.97 0.84 (0.46-1.54) 1.05 (0.57-1.92) 

 Phlegm  Control  13 210 0.62 Ref Ref 

E-cigarette 20 293 0.68 1.10 (0.55-2.27) 0.75 (0.37-1.53) 

 Cough Control  14 200 0.70 Ref Ref 

E-cigarette 17 301 0.56 0.81 (0.40-1.66) 1.49 (0.72-3.08) 

 Shortness of 
breath  

Control  8 225 0.36 Ref Ref 

E-cigarette 12 332 0.36 1.02 (0.42-2.59) 1.22 (0.48-3.10) 

 Wheezing Control  6 249 0.24 Ref Ref 

E-cigarette 7 381 0.18 0.76 (0.25-2.37) 0.85 (0.26-2.82) 

*  There were 44 participants in the varenicline-only (control) group and 48 in the e-cigarette-varenicline (e-

cigarette) group. 

†  Total person-weeks at risk of first event. For each person, this is the number of weeks from the quit date 

until they either experienced the event/symptom, were lost to follow-up, or completed the study (12 

weeks post-quit).  

‡  Incidence rate calculated per 10 person-weeks. Incidence rate ratios (IRR) and corresponding 95% 

confidence intervals (95%CI) estimated using log-linear rate models. Hazards ratios (HR) and corresponding 

95% CIs estimated using Cox proportional-hazards models. Schoenfeld tests found some evidence for non-

proportional hazards for throat/mouth irritation (p=.046) and cough (p=.032), but all other outcomes were 

compatible with proportionality (p>.31). 
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Figure 1: CONSORT flow diagram. A software issue meant it was only possible to determine the 

number of participants who were both eligible for and willing to take part in the trial, not the total 

number who were approached. Reasons for loss to follow-up were not recorded due to the 

pragmatic nature of the trial. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*  After their quit date.  

†  Nine-to-12-weeks abstinence from cigarette smoking, biochemically verified with exhaled CO under 

10ppm.  

‡  Missing between weeks nine and twelve but reported relapse prior to week nine.   
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 Missing so assumed not abstinent (n=22) 

 Missing but relapsed in prior week‡ (n=0) 
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 Missing but relapsed in prior week‡ (n=2) 
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Figure 2: Kaplan-Meier plot showing the percentage of participants continuously abstinent 

(CO<10ppm) from cigarette smoking at each week after their quit date. Participants who were lost 

to follow-up were assumed to have relapsed in the week after the final session they attended.  
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