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Abstract

A smoking cessation smartphone app that delivers  
real-time ‘context aware’ behavioural support:  
the Quit Sense feasibility RCT

Felix Naughton ,1* Aimie Hope ,1 Chloë Siegele-Brown ,2 Kelly Grant ,3  
Caitlin Notley ,4 Antony Colles ,3 Claire West ,3 Cecilia Mascolo ,2  
Tim Coleman ,5 Garry Barton ,3 Lee Shepstone,3 Toby Prevost ,6  
Stephen Sutton ,7 David Crane ,8 Felix Greaves 9 and Juliet High 3

1Behavioural and Implementation Science Group, School of Health Sciences, University of East Anglia, 
Norwich, UK

2Department of Computer Science and Technology, University of Cambridge, Cambridge, UK
3Norwich Clinical Trials Unit, University of East Anglia, Norwich, UK
4Addiction Research Group, Norwich Medical School, University of East Anglia, Norwich, UK
5Division of Primary Care, University of Nottingham, Nottingham, UK
6Nightingale-Saunders Clinical Trials and Epidemiology Unit, Kings College London, London, UK
7Behavioural Science Group, University of Cambridge, Cambridge, UK
8Department of Behavioural Science and Health, University College London, London, UK
9Department of Primary Care and Public Health, School of Public Health, Imperial College London, 
London, UK

*Corresponding author f.naughton@uea.ac.uk

Background: During a quit attempt, cues from a smoker’s environment are a major cause of brief 
smoking lapses, which increase the risk of relapse. Quit Sense is a theory-guided Just-In-Time Adaptive 
Intervention smartphone app, providing smokers with the means to learn about their environmental 
smoking cues and provides ‘in the moment’ support to help them manage these during a quit attempt.

Objective: To undertake a feasibility randomised controlled trial to estimate key parameters to inform a 
definitive randomised controlled trial of Quit Sense.

Design: A parallel, two-arm randomised controlled trial with a qualitative process evaluation and a 
‘Study Within A Trial’ evaluating incentives on attrition. The research team were blind to allocation 
except for the study statistician, database developers and lead researcher. Participants were not blind 
to allocation.

Setting: Online with recruitment, enrolment, randomisation and data collection (excluding manual 
telephone follow-up) automated through the study website.

Participants: Smokers (323 screened, 297 eligible, 209 enrolled) recruited via online adverts on Google 
search, Facebook and Instagram.

Interventions: Participants were allocated to ‘usual care’ arm (n = 105; text message referral to the 
National Health Service SmokeFree website) or ‘usual care’ plus Quit Sense (n = 104), via a text message 
invitation to install the Quit Sense app.

Main outcome measures: Follow-up at 6 weeks and 6 months post enrolment was undertaken by 
automated text messages with an online questionnaire link and, for non-responders, by telephone. 

https://orcid.org/0000-0001-9790-2796
https://orcid.org/0000-0002-1920-0876
https://orcid.org/0000-0002-9229-3351
https://orcid.org/0000-0001-5319-8127
https://orcid.org/0000-0003-0876-3304
https://orcid.org/0000-0002-2268-0903
https://orcid.org/0000-0001-7649-9600
https://orcid.org/0000-0001-9614-4380
https://orcid.org/0000-0002-7303-4805
https://orcid.org/0000-0001-9040-011X
https://orcid.org/0000-0003-1723-0796
https://orcid.org/0000-0003-1610-0404
https://orcid.org/0000-0002-9755-0214
https://orcid.org/0000-0001-9393-3122
https://orcid.org/0000-0003-2555-2349
mailto:f.naughton@uea.ac.uk


vi

NIHR Journals Library www.journalslibrary.nihr.ac.uk

ABSTRACT

Definitive trial progression criteria were met if a priori thresholds were included in or lower than 
the 95% confidence interval of the estimate. Measures included health economic and outcome data 
completion rates (progression criterion #1 threshold: ≥ 70%), including biochemical validation rates 
(progression criterion #2 threshold: ≥ 70%), recruitment costs, app installation (progression criterion 
#3 threshold: ≥ 70%) and engagement rates (progression criterion #4 threshold: ≥ 60%), biochemically 
verified 6-month abstinence and hypothesised mechanisms of action and participant views of the app 
(qualitative).

Results: Self-reported smoking outcome completion rates were 77% (95% confidence interval 71% to 
82%) and health economic data (resource use and quality of life) 70% (95% CI 64% to 77%) at 6 months. 
Return rate of viable saliva samples for abstinence verification was 39% (95% CI 24% to 54%). The per-
participant recruitment cost was £19.20, which included advert (£5.82) and running costs (£13.38). In 
the Quit Sense arm, 75% (95% CI 67% to 83%; 78/104) installed the app and, of these, 100% set a quit 
date within the app and 51% engaged with it for more than 1 week. The rate of 6-month biochemically 
verified sustained abstinence, which we anticipated would be used as a primary outcome in a future 
study, was 11.5% (12/104) in the Quit Sense arm and 2.9% (3/105) in the usual care arm (estimated 
effect size: adjusted odds ratio = 4.57, 95% CIs 1.23 to 16.94). There was no evidence of between-arm 
differences in hypothesised mechanisms of action. Three out of four progression criteria were met.

The Study Within A Trial analysis found a £20 versus £10 incentive did not significantly increase 
follow-up rates though reduced the need for manual follow-up and increased response speed. The 
process evaluation identified several potential pathways to abstinence for Quit Sense, factors which led 
to disengagement with the app, and app improvement suggestions.

Limitations: Biochemical validation rates were lower than anticipated and imbalanced between 
arms. COVID-19-related restrictions likely limited opportunities for Quit Sense to provide location 
tailored support.

Conclusions: The trial design and procedures demonstrated feasibility and evidence was generated 
supporting the efficacy potential of Quit Sense.

Future work: Progression to a definitive trial is warranted providing improved biochemical 
validation rates.

Trial registration: This trial is registered as ISRCTN12326962.

Funding: This award was funded by the National Institute for Health and Care Research (NIHR) Public 
Health Research programme (NIHR award ref: 17/92/31) and is published in full in Public Health 
Research; Vol. 12, No. 4. See the NIHR Funding and Awards website for further award information.
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Plain language summary

Smokers often fail to quit because of urges to smoke triggered by their surroundings (e.g. being 
around smokers). We developed a smartphone app (‘Quit Sense’) which learns about an individual’s 

surroundings and locations where they smoke. During a quit attempt, Quit Sense uses in-built sensors 
to identify when smokers are in those locations and sends ‘in the moment’ advice to help prevent them 
from smoking.

We ran a feasibility study to help plan for a future large study to see if Quit Sense helps smokers to quit. 
This feasibility study was designed to tell us how many participants complete study measures; 
recruitment costs; how many participants install and use Quit Sense; and estimate whether Quit Sense 
may help smokers to stop and how it might do this.

We recruited 209 smokers using online adverts on Google search, Facebook and Instagram, costing £19 
per participant. Participants then had an equal chance of receiving a web link to the National Health 
Service SmokeFree website (‘usual care group’) or receive that same web link plus a link to the Quit 
Sense app (‘Quit Sense group’). Three-quarters of the Quit Sense group installed the app on their phone 
and half of these used the app for more than 1 week. We followed up 77% of participants at 6 months 
to collect study data, though only 39% of quitters returned a saliva sample for abstinence verification. 
At 6 months, more people in the Quit Sense group had stopped smoking (12%) than the usual care 
group (3%). It was not clear how the app helped smokers to quit based on study measures, though 
interviews found that the process of training the app helped people quit through learning about what 
triggered their smoking behaviour.

The findings support undertaking a large study to tell us whether Quit Sense really does help smokers 
to quit.
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Scientific summary

Background

Three million UK smokers attempt to stop smoking each year, but over 80% relapse. A lapse (any 
smoking) early on in a quit attempt is strongly associated with subsequent relapse back to smoking. 
Approximately half of all lapses are due to environmental smoking cues which can elicit cravings to 
smoke, such as the presence of cigarettes or being in a location which a smoker associates with smoking. 
Few interventions are effective at targeting cue-induced cravings. Smokers are more likely to prevent 
lapses if they better understand their smoking cues and use lapse prevention strategies, such as 
controlled deep breathing or avoiding other smokers, to combat these. This would likely help them avoid 
or cope with cue-induced cravings, but smokers typically lack skills in applying these effectively. If 
smokers trying to quit used effective lapse prevention strategies, this would very likely increase their 
chances of success.

With patient and public involvement, we developed, refined and piloted a theory-guided Just-In-Time 
Adaptive Intervention smartphone app called Quit Sense that provides support to help smokers manage 
environmental cues to smoke as they arise. Pilot studies have shown that Quit Sense can provide ‘in the 
moment’ support to smokers, including lapse prevention strategies, and that users will engage with the 
app and find it acceptable. As Quit Sense is such a novel intervention, before a ‘definitive’ randomised 
controlled trial (RCT) can be conducted to test effectiveness, it is important to first undertake a RCT to 
establish whether such a study might be feasible.

Objectives

The main objective was to conduct a feasibility RCT of Quit Sense to inform a definitive effectiveness 
trial, by estimating:

1. completion rates for the anticipated primary outcome for a full trial (6-month self-reported  
abstinence with biochemical validation, based on the Russell standard);

2. usual care arm cessation rate;
3. cost of recruitment using online advertising;
4. rates of app installation, use and acceptability;
5. completion of smoking cessation-related resource use and quality-of-life data;
6. intervention effect on anticipated primary outcome;
7. intervention effect on hypothesised mechanisms of action of app at 6 weeks post enrolment;
8. participant views of the app, as part of a qualitative process evaluation.

Design
A parallel, two-arm RCT with an embedded qualitative interview process evaluation was undertaken. 
The evaluation included a preliminary cost-effectiveness analysis and a nested randomised study [Study 
Within A Trial (SWAT)] assessing the effects of different financial incentives on 6-month follow-up rates.

Setting
The study setting was online and trial procedures were primarily automated.

Participants
Participants were recruited via online adverts on Google search, Facebook and Instagram, screened for 
eligibility on the study website and enrolled if they were regular smokers, aged 16 years and above, were 
willing to make a quit attempt and owned an Android smartphone.
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SCIENTIFIC SUMMARY

Interventions
After completing the baseline questionnaire participants were then randomly allocated to a ‘usual care’ 
arm (text message referral to NHS SmokeFree website) or a ‘usual care’ plus Quit Sense arm, via a text 
message invitation to install the Quit Sense app. The Quit Sense app required users to set a quit date 
and then, leading up to their quit date, alongside other support features, invited them to report their 
smoking in real time and indicate the presence of key environmental smoking cues using a smoking 
behaviour logging tool. Once their quit date arrived, the app used location sensing and what it had learnt 
about the individual’s smoking behaviour to tailor the timing and content of support messages when 
they spent time in self-identified high-risk locations. The support and advice aimed to help smokers 
learn about their smoking behaviour, prepare for their quit attempt and promoted the use of effective 
lapse prevention strategies during their quit attempt.

Main outcomes measures
All participants were contacted at 6-week and 6-month follow-up. This was done initially by text 
message with an embedded link to the follow-up questionnaires or, if no response, manually by 
telephone. As part of a SWAT, participants underwent secondary randomisation to receive either a £10 
or £20 incentive for completion of the 6-month questionnaire.

Four progression criteria and corresponding thresholds for seeking to undertake a definitive trial were 
set a priori. Criteria were met if each threshold was included in or lower than the 95% confidence 
interval (CI) of the estimate. Trial measures included health economic and outcome data completion 
rates (progression criterion #1 threshold: ≥ 70%), including biochemical validation rates (progression 
criterion #2 threshold: ≥ 70%), recruitment costs, app installation (progression criterion #3 threshold: 
≥ 70%) and engagement rates (progression criterion #4 threshold: ≥ 60%), the app’s effect on 
biochemically verified abstinence at 6 months (anticipated primary outcome of definitive trial) and 
hypothesised mechanisms of action. The qualitative process evaluation sought to identify participants’ 
views of the trial and the Quit Sense app. The protocol and statistical and health economics analysis 
plan were pre-specified and published (open access).

Results

Of the people screened (N = 323), 299 (93%) were eligible and 209 (65% of screened) were consented 
and randomised either to the usual care arm (n = 105) or to the Quit Sense arm (n = 104). Completion of 
self-reported smoking questions was 71% (149/209; 95% CI 65% to 77%) and 77% (160/209; 95% CI 
71% to 82%) at 6 weeks and 6 months, respectively, and at 6 months 70% provided both cessation 
support resource use data and EuroQol-5 Dimensions five level (EQ-5D-5L) data. Among those self-
reporting abstinence at 6 months follow-up, 39% (95% CI 24% to 54%) returned a viable sample for 
biochemical verification, although return rates were higher in the Quit Sense than the usual care arm 
(52% vs. 19%). Online recruitment was completed successfully within the planned 6-week period, split 
into two campaigns, with a per-participant cost of £19.20, split into advert (£5.82) and running costs 
(£13.38). In the Quit Sense arm, 75% (95% CI 67% to 83%) of participants installed the app and, of these, 
100% set a quit date within the app and 51% (95% CI 39% to 63%) engaged with it for more than 1 week.

At final follow-up, the rate of 6-month biochemically verified sustained abstinence, which we anticipated 
would be used as a primary outcome in a future study, was 11.5% (12/104) in the Quit Sense arm and 
2.9% (3/105) in the usual care arm (estimated effect size: adjusted odds ratio = 4.57, 95% CI 1.23 to 
16.94). Similar effects were observed for biochemically verified secondary abstinence outcomes at 
6-month follow-up and sensitivity analyses. Effect sizes were smaller and non-significant for self-report 
only abstinence and there was no evidence of a between-arm difference in abstinence at 6-week follow-
up. Participants in the Quit Sense arm had higher rates of lapse avoidance in the first 2 weeks of their 
quit attempt or post enrolment compared to usual care though this was not statistically significant 
(29.6% vs. 19.2%; p = 0.14). There was no evidence of between-arm differences in hypothesised 
mechanisms of action of the app, including the mean frequency of lapse prevention strategy use [mean 
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difference (MD) −0.07; p = 0.46], smoking cessation self-efficacy (MD 0.18; p = 0.39), strength (p = 0.23) 
and frequency (p = 0.83) of urges to smoke or the Wisconsin Inventory of Smoking Dependence Motives 
subscales of automaticity (p = 0.51) and associative processes (p = 0.58).

The qualitative process evaluation identified several potential pathways to abstinence among Quit 
Sense arm participants. Interviewed participants reported finding the insights gained from engaging with 
the smoking behaviour learning tool before their quit attempt started particularly valuable. They 
reported that this reinforced their commitment to quit, helped them better understand the drivers of 
their smoking behaviour and challenged the need for them to smoke. Some also reported finding regular 
and location-specific support messages encouraging and motivational and that this reinforced the goal 
of quitting and made them feel equipped when they spent time in locations that they used to smoke in. 
Participants highlighted several factors which led to disengagement with the app, including relapse, no 
longer feeling they needed support, not finding the app met their needs and technical issues. 
Participants also provided suggestions for app improvement relating to logging smoking, adding 
gamification elements and improved support triggering. Interviewed participants from both arms 
highlighted how COVID-19 measures had affected their smoking behaviour and restricted the time they 
spent outside of their home, which would have had implications for location-based cessation support.

In terms of the main cost-drivers, e-cigarettes/vaporisers and nicotine replacement therapy accounted 
for more than 70% of the total non-intervention costs. The total intervention cost (recruitment 
advertising and maintaining the Quit Sense app) was estimated to be £28.51 per participant. In both 
groups, the mean EQ-5D-5L score at both 6-week and 6-month follow-up was lower than that at 
baseline. A preliminary cost-effectiveness analysis using EQ-5D-5L score as the outcome estimated that 
the intervention was both more costly and less effective, compared to standard care, though there was 
no significant difference in cost or effect between the two groups.

The SWAT analysis indicated that increasing the incentive for completing follow-up from £10 to £20 did 
not increase response rates at 6 months (74% vs. 79%; p = 0.36) but did reduce the proportion of 
participants requiring manual follow-up (62% vs. 46%; p = 0.018) and the median response time to 
responding (15 days vs. 7 days; p = 0.016).

Conclusions

The Quit Sense RCT design and procedures demonstrated feasibility and generated preliminary efficacy 
evidence of the app on abstinence at 6-month follow-up, although how the app may achieve this is not 
clear. Three out of the four pre-specified feasibility progression criteria for moving to a definitive trial – 
completion rate of self-reported abstinence at final follow-up and the rate of Quit Sense installation and 
engagement – were met. The return of saliva samples among quitters was lower than anticipated, 
though this can likely be increased in a future trial through increased incentivisation and enhanced 
procedures. Progression to a definitive trial is warranted.

Trial registration

This trial is registered as ISRCTN12326962.

Funding

This award was funded by the National Institute for Health and Care Research (NIHR) Public Health 
Research programme (NIHR award ref: 17/92/31) and is published in full in Public Health Research;  
Vol. 12, No. 4. See the NIHR Funding and Awards website for further award information.
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Chapter 1 Introduction

Tobacco use remains a threat to public health worldwide, accounting for more than 8 million deaths 
every year.1 While smoking rates are decreasing in more economically developed countries including 

the UK, the total number of smokers worldwide is increasing2 and so the delivery of effective cessation 
support remains crucial. In England, tobacco smoking is the leading cause of preventable illness and 
premature death and is the largest single contributor to the UK disease burden.3 It is estimated that 
22% of annual hospital admissions for respiratory diseases, 15% of admissions for circulatory diseases 
and 9% of admissions for cancers are attributable to smoking.4 While quitting smoking reduces the risk 
of smoking-related health problems and reduces the burden on healthcare services, the success rate of 
those attempting to quit remains low. Of the 3 million UK smokers who attempt to quit each year, over 
80% relapse within 1 year of their attempt.5

Lapses and cues to smoke

Any smoking early on in a quit attempt (a ‘lapse’) is highly predictive of longer-term return to smoking 
(‘relapse’).6,7 For example, one large prospective study found that 22% of smokers who lapsed early, a 
mean of 10 days after they started their quit attempt, were abstinent at 6 months compared to 71% who 
did not lapse early on in their quit attempt.7 This relationship also exists when a lapse is experimentally 
induced.8 Evidence, therefore, indicates that maintaining abstinence during the first few weeks of a quit 
attempt seems to be particularly crucial for long-term success.

Almost half of all lapses are estimated to be induced by cues to smoke from the environment or 
setting,9 through the generation of a type of craving referred to as ‘cue-induced craving’. Cues have 
been categorised as ‘proximal’, such as seeing unlit cigarettes or other people smoke, and ‘distal’, 
that is the actual environments that an individual smokes in or has smoked in.10,11 Distal cues can be 
generic, such as a bar, or specific, such as someone’s back garden. Studies have shown that smokers will 
experience cravings after viewing generic images of environments associated with smoking selected 
by an experimenter, such as a bus stop, and that this effect is magnified when using images taken by 
participants of their own specific smoking locations.12,13 Given that people attempting to quit smoking 
will very likely experience cravings driven by the exposure to both proximal and distal cues in their daily 
life, with a higher magnitude of cravings when both types are present simultaneously,11 the effective 
management of cues could prevent early lapses and increase successful smoking cessation.

However, there is a lack of effective support available to help smokers manage cue-induced cravings. 
The most used medications for smoking cessation do not address cue-induced cravings. This includes 
steady-state medications such as bupropion, varenicline and nicotine patches.14–17 While fast-acting 
nicotine replacement therapy (NRT) can help reduce these cravings,16 only a minority of NRT users use 
this type18 and the proportion of people attempting to quit in England who use NRT has been steadily 
decreasing, currently standing at 11% in 2022.19 Cognitive or behavioural lapse prevention strategies, 
such as using self-talk or avoiding other smokers, can help smokers avoid or manage cue-induced 
cravings,16,20,21 though the strategies smokers are most likely to use are those least effective or with 
the least strong evidence base.22 An additional challenge with targeting cue-induced cravings with a 
behavioural response is that the window of opportunity for intervening is short. One of the only studies 
of its kind found half of lapses brought about by acute craving episodes occurred on average within 
11 minutes after craving onset.9 Support to address cue-induced cravings therefore needs to be rapid, 
easily accessible in different locations and deliver evidence-based strategies.
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Digital cessation interventions

While each year many hundreds of smoking cessation apps become publicly available, the vast majority 
demonstrate poor adherence to clinical guidance and evidence-based approaches23 and even fewer 
have been evaluated.24 Among those where evaluation research has been undertaken, there is a lack 
of clinical trials.25 A 2019 Cochrane Review pooled five RCTs of cessation apps identified and found 
there was no evidence of effectiveness for cessation apps compared to a less intensive cessation 
intervention comparator. A more recent review (2021) identified 11 RCTs, 4 of which showed evidence 
of effectiveness.26 However, smartphone apps are primarily delivery mechanisms for delivering support 
and so different therapeutic approaches delivered by apps are likely to have different success rates for 
cessation. RCTs have provided evidence that acceptance and commitment therapy can be effectively 
delivered through an app to promote cessation27 but that mindfulness training for smoking cessation 
delivered via an app was not effective when compared to a monitoring-only intervention.28 Furthermore, 
trials randomising smokers recruited after installing an app from an app store provide evidence that 
adding a chatbot feature to a cessation app increases short-term effectiveness29 but that a multiple-
features cessation app including craving feedback, counselling messages and NRT and e-cigarette advice 
was no more effective than a basic scaled-down cessation app.30

Smartphone apps may be a potentially effective way of addressing cue-induced cravings. Unlike 
traditional in-person delivered cessation interventions, digital interventions, such as smartphone apps, 
have the advantage of portability and so are much more likely to be on hand when needed. Some mobile 
phone-based interventions have features that specifically aim to deliver support to reduce lapse risk 
in response to need identified by randomly triggered assessment prompts [via Ecological Momentary 
Assessment (EMA)]31 or on-demand requests for craving support.32 However, given the rapid time to 
lapse after the onset of a craving identified above, and evidence that some user-initiated on-demand 
craving tools are seldom used beyond a first try,33–35 the efficacy of such features in addressing cue-
induced craving may be limited.

Despite the potential of apps to deliver effective cessation support at the time of need, very few to 
date have been developed to achieve this and, among those that have,31 there have been a lack of RCTs 
to provide a better estimate of their impact.36 Based on a recent systematic review,31 only one RCT has 
been undertaken testing a just-in-time support system for smoking cessation.37 This pilot RCT (N = 81) 
tested an app (Smart-T2) where lapse risk was identified by randomly sent EMAs, which then triggered 
‘in the moment’ support, and found that support could be feasibly delivered, although the study was 
underpowered to identify its impact on smoking and did not assess potential mechanisms of action.

The idea of developing cessation apps that passively ‘sense’ high-risk situations for smokers and respond 
in real time have been proposed for almost a decade,38,39 with the expectation that they could reduce 
reliance and burden on the user to identify and respond to high-risk or high craving situations. Despite 
modern smartphones having the technological capability to support such apps, other than Quit Sense 
(see below), there have been no apps developed or evaluated that sense and adapt cessation support, so 
it is relevant to real-time context.

Quit Sense

Quit Sense was developed to address this important gap in digital quit smoking support and is a 
theory-guided ‘context aware’ smartphone app, also referred to as a Just-In-Time Adaptive Intervention 
(JITAI).39 Quit Sense is trained by the individual smoker before their quit attempt starts in order to learn 
about their smoking habits, including the locations where they smoke and the smoking cues they are 
exposed to within these locations that precede their smoking. Then, once their quit attempt starts, Quit 
Sense delivers behavioural support triggered by and tailored to those smoking locations and the main 
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cues within them. Alongside this, it provides additional components of behavioural support to prevent 
lapse and relapse that are not tailored to real time context.

Previous research has demonstrated that Quit Sense succeeds in providing ‘in the moment’ support 
to smokers, including the provision of lapse prevention strategies, and that it is both engaged with 
and found to be acceptable by users (N = 15).10 Logging a smoking episode, the primary method of 
training the app, took on average 13 seconds, including the identification of key smoking cues and 
location. There was an average of 70 sessions of app use per participant, the majority of which were to 
report smoking, complete a survey or view a support message, for the duration of use (up to 4 weeks). 
However, qualitative interviews identified barriers to logging smoking episodes due primarily to 
forgetting and environmental constraints, such as when driving or in the presence of others. These 
barriers led to under-reporting of smoking behaviour on approximately half of days pre-quit attempt. 
Participants overall were positive about having access to real-time support and had no privacy 
concerns with the collection of location data. Findings from this formative work were used to guide 
app optimisation. Optimisation included improved prompting and feedback to promote fuller recording 
of smoking episodes, the removal of the requirement for an internet connection to receive location-
triggered tailored support, improved power efficiency of location sensors and enhancements to the app’s 
user interface. Changes were also made due to the COVID-19 pandemic, including ensuring support 
messages did not give recommendations that might contradict COVID guidance and ensuring the app 
was adapted to higher rates of working from home. A feature to record audio reports of users’ views of 
the app and how it could be improved was also added to the feasibility trial (‘auto-process evaluation’) to 
explore novel methods of evaluation.

Aims and objectives

The overarching aim of the proposed research was to establish the feasibility of a future RCT of the Quit 
Sense app.

Objectives
Objectives were to estimate:

1. completion rates for the anticipated primary outcome for a full trial (6-month self-reported absti-
nence with biochemical validation, based on the Russell standard);

2. usual care arm cessation rate;
3. cost of recruitment using online advertising;
4. rates of app installation, use and acceptability;
5. completion of smoking cessation-related resource use and quality-of-life (QoL) data;
6. intervention effect on anticipated primary outcome;
7. intervention effect on hypothesised mechanisms of action of app at 6 weeks post enrolment;
8. participant views of the app, as part of a qualitative process evaluation.
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Chapter 2 Methods

Some text in this chapter has been reproduced from Naughton et al.40 This is an open access article 
distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0) licence, 

which permits others to distribute, remix, adapt and build upon this work, for commercial use, provided 
the original work is properly cited. See: https://creativecommons.org/licenses/by/4.0/. The text below 
includes minor additions and formatting changes to the original text.

Study design

This was a two-arm parallel-group randomised controlled feasibility trial, allocating smokers recruited 
online to a ‘usual care’ arm (link to NHS SmokeFree website) or an intervention arm who received ‘usual 
care’ plus access to the Quit Sense app (link with a code to app via Google Play app store).

The study also had a nested qualitative process evaluation with a subsample of participants to assess 
participant experiences of the intervention and how these experiences might help explain the causal 
pathway towards smoking behaviour change. Usual care participants were also asked about their 
experience of participating in the study, informing an assessment of the feasibility of randomised study 
design for a definitive trial.

Before initiation of the trial, the protocol (Naughton et al.,40 all informed consent forms and any 
material given to the prospective participants were approved by the Wales REC7 NHS Research Ethics 
Committee (reference 19/WA/0361). A Trial Steering Committee (TSC) with a majority of independent 
members oversaw the conduct of the trial.

Participants
Inclusion criteria for participation were: a current smoker; age 16 years and above; smoked at least 
7 cigarettes per week; willing to make a quit attempt within 14 days of enrolling in the study; own 
an Android smartphone (version 5.0 or above); a resident in England; and able and willing to provide 
informed consent using the web-based form. Exclusion criteria were that participants must not have 
previously participated in the trial.

Setting
The setting was online and the intervention was delivered online via the participants’ smartphones. 
This matches the ‘real-world’ setting after implementation to maximise validity. Participants saw online 
recruitment adverts and completed screening, consent, baseline and follow-up measures online.

Online recruitment
Recruitment took place through paid-for online adverts with Facebook (which includes Instagram) and 
Google search, limited to England-based IP addresses and targeted at Android devices. The period of 
recruitment was specifically planned to be over 6 weeks. Online adverts were managed by a partner 
company called Nativve who specialise in digital marketing for recruiting to research studies.

In line with our patient and public involvement (PPI) panel’s recommendations, Nativve, on our behalf, 
initially tested different advert wording and images to assess which led to the highest recruitment 
rate using imbedded Google analytics in our study website (using REDCap, Research Electronic Data 
Capture, a web-based software platform designed to support research studies, with built-in audit trails 
and data export functions41,42) (see Appendix 1 for advert examples). They then prioritised the best-
performing adverts primarily based on the lowest cost per recruit.

https://creativecommons.org/licenses/by/4.0/
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The distribution of socioeconomic status (SES) was monitored throughout the recruitment via the study 
website, using the National Statistics Socio-Economic Classification (NSSEC).43 This was undertaken to 
monitor whether the sampling strategy was promoting major socioeconomic inequalities of access. It 
was pre-planned that if after 3 months of recruitment or when 35% of the target sample was reached, 
< 45% of our sample were categorised as low SES, then oversampling in favour of low SES participants 
would be undertaken to increase low SES representation. Low SES was defined as individuals who have 
a semiroutine or routine and manual occupation, class 5 in the NSSEC, or who have never worked or are 
long term unemployed. This action primarily included using Facebook advert targeting, which allows the 
targeting of users according to their education, job titles, workplace, etc. We also used Facebook advert 
targeting to attempt to increase the ethnic diversity of the sample.

Procedure

Enrolment and engagement
Once an individual had clicked on a study advert, they were directed to the study website where they 
were given information on the study including the downloadable participant information sheet. If, after 
reading information about participating, they were interested in taking part, they completed a screening 
survey to ensure that they met the study inclusion criteria. If eligible, they were asked to provide 
consent to participate by providing an e-signature. Participants were then asked to complete an online 
baseline questionnaire and afterwards they were randomly allocated to either the usual care or the Quit 
Sense app arm (see Table 1 for study assessments).

To promote continued engagement in the study, 5 days after enrolment all participants were sent 
a study text message thanking them for their continued involvement in the study. After 12 weeks, 
participants were sent a postcard (in an envelope for privacy) with study information. The PPI panel 
recommended that we should provide summary information on the characteristics of participants in 
the study, such as age groups, and provide recruitment rates and follow-up rates to promote continued 
engagement, particularly among those in the usual care arm (see Appendix 2).

Interventions

Usual care arm
After randomisation, both arms received an automated text message to their phone providing them 
with a link to the NHS SmokeFree website (www.smokefree.nhs.uk), and, if requested, also by e-mail. 
At the time the trial was run, this website provided access and signposting to digital, telephone and 
in-person cessation support in England. The support offered on the SmokeFree website included 
information and links to six main types of cessation support: in-person (via a Stop Smoking Service), 
the SmokeFree National telephone helpline, an online chat facility with an adviser, an e-mail cessation 
programme, a SMS text message programme and the NHS SmokeFree smartphone app. The main 
difference between the NHS app and Quit Sense is that the NHS app does not require users to log 
their smoking behaviour, it does not proactively deliver real-time support to help smokers manage 
urges, and in addition it is not tailored to the user and most of the tips and support it provides are user- 
rather than phone-triggered.

Quit Sense app arm
In addition to usual care, Quit Sense arm participants received an automated text message providing 
them with a link to the Quit Sense app on the Google Play store, along with a unique app activation 
code. If participants in the Quit Sense arm had not installed the app after 3 days, a reminder text 
message was sent to encourage participants to install the app. If the participant still had not installed 
the app 5 days later, a further text message was sent enquiring why they had not installed the app 

www.smokefree.nhs.uk
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and inviting a reply by text message. They were asked to respond with one of the following reasons 
for not having installed the app: (1) for no internet; (2) for not enough storage; (3) for forgot; (4) for 
don’t want app; (5) for problem installing; and (6) for other. If participants replied ‘5’ or indicated a 
problem installing the app, the lead researcher contacted them manually (by text or phone) to offer 
help with installation.

TABLE 1 Schedule of participant assessments

Study period

Enrolment 
(online)

Allocation 
(online)

Post allocation 
(online or telephone)

Close-out (online 
or telephone)

TIME POINT 0 0 6 weeks FU (from 
enrolment)a

6 months FU 
(from enrolment)b

ENROLMENT:

Eligibility screen ✗

Informed consent ✗

Allocation ✗

INTERVENTIONS:

Usual care (link to  
www.smokefree.nhs.uk)

✗

Quit Sense app + usual care ✗

ASSESSMENTS:

Demographics ✗

Use of smartphone and apps ✗ ✗

Smoking behaviour and dependence ✗ ✗

Smoking beliefs ✗ ✗

Cessation self-efficacy ✗ ✗ ✗

Strength and frequency of urges 
to smoke

✗ ✗ ✗

Automaticity and associative 
processes subscales (WISDM-37)

✗ ✗

EQ-5D-5L ✗ ✗ ✗

Smoking lapse incidence ✗

Smoking abstinence outcomes ✗ ✗

Use of lapse prevention 
strategies

✗

Smoking cessation resource use ✗

Views on the app (Quit Sense 
arm only)

✗

Assessment of tobacco exposure 
(postal saliva sample)

✗

EQ-5D-5L, EuroQol-5 Dimensions, five-level version; WISDM, Wisconsin Inventory of Smoking Dependence Motives.
a Follow-up at 6 weeks (1 month, plus 2 weeks to cover the likely quitting period/phase 1 of the app).
b Follow-up at 6 months. Follow-up will be scheduled approximately 6 months post enrolment in the study, allowing for an 

additional 2 weeks to cover the likely quitting period (phase 1 of the app). Although in practice this will be 6 months plus 
2 weeks, it is referred to as the ‘6-month follow-up’.

www.smokefree.nhs.uk
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Quit Sense is a ‘context aware’ smartphone app, also known as a JITAI, designed for smokers willing to 
make a quit attempt. It is informed by learning theory (LT) and two theory-guided SMS text message 
systems,35,44 which are in turn informed by social cognitive theory (SCT).45 Quit Sense targets three key 
determinants that map on to LT and six that map on to SCT: learned associations between smoking 
and an individual’s physical environment (LT); learned associations between smoking and mood 
triggered by the environment (LT); the presence of other smokers (LT, SCT); awareness of smoking 
triggers (antecedents) (SCT); outcome expectancies of a lapse (SCT); goal/intention for complete 
abstinence (SCT); self-efficacy in resisting urges to smoke (SCT); and knowledge of and self-efficacy 
for lapse prevention strategy use (SCT). Twenty-one corresponding behaviour change techniques 
(BCTs)46,47 are used to target these determinants. See Appendix 3 for a ‘logic model’ for Quit Sense and 
connecting evidence.

The central feature is ‘geofence-triggered support’ (GTS), which is orientated around three stages within 
the app (see Appendix 4 for screenshots):

Stage 1 (‘train the app’): The user sets a quit date (default suggestion is 7 days’ time) and trains the app 
to learn about their smoking behaviour via the app’s smoking reporting tool. This requires the user to 
report in the app each smoking episode and the situational context when they ‘light up’ in real time 
[stress, mood,48 urge strength,49 setting description (home, work, working from home, socialising, other), 
presence of other smokers], while the app records geolocation using location sensors. If a user reports 
smoking more than once in the same location (as defined by the app), the app creates a geofence (a 
circular virtual perimeter) around that location. Each geofence zone represents a high-risk area for 
smoking for that user, with users typically having multiple geofence zones in different locations.

Stage 2 (‘commit to quit’ – a 28-day abstinence challenge): After their quit date has passed, the 
app monitors the user’s location. If they enter (and remain in for at least 5 minutes) a geofence, the 
app will then determine whether to trigger a GTS message. This decision is informed by the user’s 
smoking reporting history, including time of day, for that location. Messages are individually tailored 
using the context information collected in stage 1 and provide lapse prevention support (strategies, 
motivation enhancement, encouragement, etc.) to help users avoid or cope with triggers they are likely 
to experience in that location that cue urges to smoke. Further decisions about whether to trigger 
messages are made after each 3-hour interval of remaining in that location (default between 8 a.m. and 
9.30 p.m. or defined by the user). New geofences are created in this stage if smoking is reported more 
than once in the same location, as with stage 1.

Stage 3 (maintaining abstinence – ‘maintain the change’): The app continues to deliver GTS for 2 further 
months but reduces the frequency by one-half every month (i.e. one in every two scheduled messages 
sent for first month, then one in every four scheduled messages sent). After 3 months post quit date, the 
GTS support stops, unless the user opts to restart their quit attempt, which they can do at any time (see 
feature description below).

Quit Sense has six additional features (relevant to all stages, unless specified otherwise):

1. After each smoking report is submitted, tailored feedback is provided on screen. This feedback 
in stage 1 includes messages focused on preparing to quit, boosting motivation and self-efficacy. 
These messages are tailored to nine characteristics collected during app initiation (hardest situa-
tion to avoid smoking, number of cigarettes smoked, living with a smoker, longest quit attempt to 
date, primary reason for quitting, perceived primary downside to quitting, self-efficacy, gender and 
pregnancy status). In stage 2, the feedback after a smoking report is submitted is orientated around 
lapse and relapse prevention.

2. An ‘End of Day’ (EoD) survey that users are invited to complete each day, recording the number of 
cigarettes smoked that day, craving48 and self-efficacy44,45 (stages 1 and 2 only). After the EoD survey 
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is completed, the app provides a feedback message. If the number of cigarettes reported in real time 
during the day is different from the number reported in the EoD survey, the feedback message pro-
motes adherence to logging smoking behaviour.

3. A ‘My Profile’ section including number of days quit, money saved (based on smoking rate), a calen-
dar showing emoji feedback with use of a smiley, neutral and sad emoji to reflect value ranges for 
smoking, cravings and self-efficacy for each day. In addition, smoking pattern feedback is provided 
using graphical and written summaries for smoking triggers based on the user’s historical reporting 
of smoking behaviour.

4. A ‘Library’ of quitting advice split into six categories: ‘getting ready’, ‘boost your motivation’, ‘ef-
fects of smoking and quitting’, ‘early days of quitting’, ‘staying quit’, ‘smoking after your quit date’. It 
includes an option for users to write and submit their own support messages.

5. Scheduled non-tailored daily support messages delivered each morning orientated around the quit 
date (stages 1 and 2 only) – targeting outcome expectancies, motivation, preparation, self-efficacy 
(three sets of different messages to prevent message duplication in successive attempts).

6. The option for the user to reset their quit date in stage 1, if they are not feeling ready, or stage 2 if 
they relapse. Relapse is defined as more than one smoking episode reported each day over 2 con-
secutive days during a quit attempt (either through smoking episode logs or the EoD survey). If this 
occurs, users are invited to either recommit to their quit attempt and continue or reset their quit 
date, and they then go back to stage 1.

As described earlier, Quit Sense users are also able to use an audio-record feature embedded in the app 
where they can provide feedback on their views and experiences of using Quit Sense, as part of the 
process evaluation. They receive two prompts and two reminders to provide such feedback at key time 
points: 2 days before quit date, with a reminder 1 day later if no feedback provided, and 10 days after 
quit date, with a reminder 1 day later if no feedback provided.

Follow-up
One day before the 6-week questionnaire was due to be completed, participants received a text 
message letting them know that they would receive the 6-week questionnaire link the next day, 
which they were sent the following day and informed that they would receive a £5 Amazon voucher 
for completing it. If participants had not completed this after 4 days, they were sent a reminder text 
message. If it was still not completed a further 3 days later, they were informed by text message 
that a researcher would get in contact to collect the information over the phone, and they were also 
given the questionnaire link again in the text message. Shortly after this last message was sent, if the 
questionnaire had still not been completed, the researcher contacted them by telephone. Up to five 
contact attempt episodes were made.

Included in the 6-week questionnaire was a question asking about interest in participating in a 
qualitative interview by telephone to investigate experiences of participation in the trial and, from Quit 
Sense arm participants, to gain feedback on the app. We planned to interview 20 participants (15 in 
the Quit Sense arm, 5 in the usual care arm). Purposive sampling was used to identify participants with 
varied characteristics. For further information, see Qualitative process evaluation.

Other approaches to increase response rates were also used. For example, participants were issued with 
a £5 voucher following completion of the 6-week follow-up questionnaire and interview participants 
were given a £20 gift voucher.

Six and a half months after enrolment (referred to as the 6-month follow-up), all participants were 
sent a text message inviting them to complete the final questionnaire. As with the 6-week follow-up 
procedure, a reminder text message was sent and a message about contacting them by telephone 
instead to complete the questionnaire at 4 and 7 days after the initial text message, respectively. As part 
of the SWAT nested within the trial, participants were randomly allocated to be offered either £10 or 
£20 to complete the 6-month follow-up questionnaire (see SWAT for more details). If manual follow-up 
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by telephone was unsuccessful, participants were sent a text message inviting them to respond to the 
primary smoking outcome question. Participants who reported a 7-day abstinence in the 6-month 
questionnaire were informed at the end of the questionnaire that they would be sent a saliva test kit 
in the post and that they would receive a further £5 for returning it. This information was also sent by 
text message.

Measures

Feasibility outcomes
Feasibility outcomes used to estimate key parameters to inform a future trial50 include:

i. completeness of the anticipated primary outcome for a future definitive trial (6-month self-reported 
abstinence with biochemical validation; see Smoking and related outcomes);

ii. abstinence rate of usual care arm, using the anticipated primary outcome for a future definitive trial;
iii. cost per recruit, based on advertising costs;
iv. rates of app installation and use and acceptability [recommend Quit Sense to a friend and ease of 

use (five-point scale)];
v. completion of smoking cessation-related resource use, including usual care use, and QoL  

(EQ-5D-5L)51 data;
vi. hypothesised mechanisms of action of Quit Sense;
vii. participant experiences and feedback on app usage.

Smoking and related outcomes
The primary abstinence outcome for which we monitored completeness of ascertainment was based on 
the Russell standard.52 Abstinence was defined as: self-reported abstinence in the previous 6 months 
allowing for no more than five cigarettes and not smoking in the previous week, biochemically validated 
by a saliva cotinine concentration of < 10 ng/ml,52,53 and for those using nicotine substitution (e.g. NRT, 
or e-cigarettes), an anabasine concentration of < 0.2 ng/ml.53,54 Given evidence that some e-liquid, 
believed to be that made outside of the UK, can contain anabasine53 we monitored the proportion 
of e-cigarette users who reported abstinence from smoking but had an anabasine level above the 
chosen threshold.

Given recommendations to include additional smoking outcomes based on different time periods 
of abstinence and time points,55 we also measured 7-day point prevalence abstinence at 6-month 
follow-up (self-report and biochemically verified) and 7-day point prevalence abstinence at 6-week 
follow-up (self-report).

We collected the following hypothesised mechanisms of action at 6-week follow-up:

• Lapse incidence (any smoking, even a puff) in the first 2 weeks since the initial quit attempt or since 
enrolment,9 which is highly predictive of relapse.6,77

• Lapse prevention strategy use,22 which is associated with lapse prevention.16 This was a mean score 
of the frequency of use [4 categories: not at all (1), 1–5 times (2), 6–10 times (3), more than 10 times 
(4)] for 7 strategies for avoiding smoking and 13 for coping with the desire to smoke.

• Smoking cessation self-efficacy,44,45 which prospectively predicts lapse and relapse to smoking.56 
This self-efficacy measure includes four items which are scored on a five-point scale from not at all 
(1) to extremely (5) and then averaged; self-efficacy to quit smoking for good (adapted from original) 
and self-efficacy relating to avoiding smoking during habitual (after eating), social (when with other 
smokers) and emotional (when anxious or stressed) situations. This measure demonstrates good 
internal consistency (α = 0.81).44

• The strength of urges to smoke (SUTS) measure,48 which prospectively predicts abstinence and is 
superior to other urge-measures in doing so,49 and frequency of urges to smoke (FUTS).48



DOI: 10.3310/KQYT5412 Public Health Research 2024 Vol. 12 No. 4

Copyright © 2024 Naughton et al. This work was produced by Naughton et al. under the terms of a commissioning contract issued by the Secretary of State for Health  
and Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, 
distribution, reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For 
attribution the title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

11

• Automaticity and associative processes subscales from the Wisconsin Inventory of Smoking 
Dependence Motives (WISDM-37).57 WISDM items are scored on a seven-point scale from ‘not true 
of me at all’ (1) to ‘extremely true of me’ (7). The automaticity subscale is derived from four items and 
the associative processes subscale is from three items.

Sample size

As this was a feasibility study, sample size was determined as that likely to provide reasonably accurate 
estimates for key ‘full trial’ parameters, rather than to detect a difference in smoking outcome between 
the two arms.

In line with recommendations that feasibility studies with binary outcome measures recruit at least 60 
participants per group (minimum of 120) and a maximum of 100 per group (maximum of 200),58 the 
proposed sample size for this feasibility trial was 200 smokers (100 per arm). Originally, we planned 
to recruit 160 participants but during recruitment we found that the cost per participant was much 
lower than anticipated and the speed of recruitment could be controlled by increasing the daily spend 
on adverts. Therefore, with approval from the Trial Steering Group, sponsor and National Institute for 
Health and Care Research, and having notified the REC, we increased the planned sample size to 200. 
This sample size would enable key parameters to inform a future definitive trial to be estimable within 
the following precision [defined as the 95% condifence interval (CI) half-width]:

• Primary outcome completion – we estimated a follow-up rate for self-reported smoking status at 
6 months of 80%, with precision of ± 6%. This was based on smoking cessation evaluation trials 
with online recruitment that were most similar to the proposed trial, namely trials of a cessation 
smartphone app59 (2-month follow-up = 84%) and a cessation website60 (7-month follow-up = 72%). 
A Cochrane Review of web-based cessation trials showed that few report retention rates higher than 
80%.61 For biochemical validation, we estimated that 75% of participants reporting abstinence would 
return a saliva sample by post, with precision of ± 22%. This was based on estimates from a cessation 
website trial with a 6-month follow-up60 (75%) and a SMS text message cessation intervention trial 
with a 3-month follow-up33 (80%).

• Cessation rate in usual care arm – based on the control arm abstinence rate in a Cochrane Review of 
mobile phone-based cessation interventions,62 we estimated an abstinence rate of 5% at 6-month 
follow-up, providing precision of ± 5%

• App installation and initiation – we estimated that 85% of intervention participants would install the 
app, with precision of ± 7%. This was based on installation rates (92%) provided by a study examining 
engagement with a cessation app among an online population of smokers63 – we assumed slightly 
lower installation rates as, unlike this other study, we did not use financial incentives to promote 
initial engagement.

• App engagement – in our acceptability study, 71% used the app for more than 1 week (a time frame 
deemed meaningful by our PPI panel). With a similar rate in this trial, precision would be ± 9%. This is 
in line with engagement rates reported in other studies identified when this study was designed.63

Randomisation

Sequence generation, allocation and blinding
Randomisation was stratified by smoking rate (< 16 vs. ≥ 16 cigarettes/day; based on mean smoking 
rates from trials recruiting smokers online)59,64 and SES (low vs. high), based on the NSSEC self-
coded method.43 Participants were randomised to the usual care or Quit Sense arms in a 1 : 1 ratio. 
Allocation sequences were generated by a computer program (using REDCap) with random permuted 
blocks (varying block sizes). Randomisation was integrated into the enrolment process on the study 
website. As allocation was integrated into the study website, the allocation sequence was concealed 
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from participants until assignment and concealed from members of the trial team, other than the 
statistician, developers of the study database and the lead researcher who needed to be unblinded 
for potentially providing app installation support and selecting participants to interview as part of the 
qualitative evaluation.

Statistical methods

The feasibility and acceptability of all measures were assessed by their level of completeness and via 
interviews with a subsample of participants.

Outcomes
Completeness of the anticipated primary outcome for a future trial (feasibility outcome i.) and the 
abstinence rate using this anticipated primary outcome for the usual care arm (outcome ii.) are described 
as proportions with 95% CIs and translated into interpretable probabilities using the Bayesian approach 
relevant in preliminary trials65 with the objective of powering the definitive trial. This method produces 
the estimates of the probability that the underlying odds ratio (OR) is 1.7 or higher, or at other values 
relevant to providing plausibility to the effect size used to power a subsequent trial such as 1.5 or higher, 
or 2.0 or higher. It is based on treating the CI for the log OR as a normal distribution. Due to the small 
number of events in the feasibility trial,65 a method involving a continuity correction was used for the log 
OR and its standard error.66

Cost per recruit (outcome iii.), rates of app installation (outcome iv.) and completion of smoking 
cessation-related resource use and QoL (EQ-5D-5L) (outcome v.) are also described using summary 
statistics with 95% CIs.

For the primary outcome measure, the intervention effect on abstinence at 6 months (self-reported, with 
abstinence validated by a saliva test) was estimated using multiple logistic regression, providing ORs 
with 95% CIs, while adjusting for stratification variables (smoking rate and SES at baseline), prognostic 
covariates (heaviness index at baseline) and treatment group, defined by the Statistical Analysis and 
Health Economics Plan (SHEAP; https://osf.io/mt6s5/). For the primary outcome measure, we assumed 
that those participants withdrawn, non-responders or missing were not abstinent,52 as a conservative 
model. Analysis results using exact inference are also presented, as a more appropriate approach, due to 
the relatively small numbers of abstinent participants.

Between-group analyses of mechanisms of action variables at 6 weeks were undertaken for lapse 
incidence (2 weeks, 1 month), lapse prevention average scores and subscale scores, WISDM subscale 
scores, strength of urge to smoke, frequency of urge to smoke and self-efficacy average scores. An 
appropriate parametric/non-parametric statistical test was used to test for a difference between 
treatment groups, with the two-sample t- test for continuous variables reasonably satisfying the 
normality assumption, and the chi-squared or Mann–Whitney test otherwise, or for categorical variables.

Sensitivity analyses of abstinence at 6 months were conducted using an analogous logistic model 
as described for the primary outcome, excluding withdrawals, as well as a complete case analysis. 
Secondary analyses, again using an analogous logistic model, were carried out for 7-day abstinence at 
6 months with biochemical validation by saliva test and self-reported 7-day abstinence at 6 weeks and 
6 months. A missing data analysis using the full information maximum likelihood method was originally 
planned; however, for a binary outcome, it was unfortunately not currently technically possible in 
commonly available statistical software.

Economic evaluation
The methods used to estimate the costs and benefits have been described in detail in the SHEAP. 
Briefly, they are as follows: we aimed to collect baseline and follow-up data that would enable us to 

https://osf.io/mt6s5/
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inform the decision as to how cost (based on resource use data) and benefit (in terms QoL) data are 
estimated in any future more definitive study. Completion rates were thereby estimated.

In terms of costs, a societal cost perspective was adopted, where we estimated the costs associated 
with the intervention (e.g. app maintenance) and smoking-related costs to both the individual (e.g. NRT) 
and the NHS [e.g. NHS stop smoking services/general practitioner (GP) visits]. Appropriate unit costs67 
were attached to all reported items of resource use (at 2020–21 price levels) in order to identify major 
cost drivers.

In line with guidance at the analysis stage,68 QoL was measured via the EQ-5D-5L51 [as this enables the 
calculation of quality-adjusted life-year (QALY) scores] and scored via the crosswalk mapping function.69

Additionally, as outlined in the SHEAP, a preliminary cost-effectiveness analysis was conducted, 
the results of which need to be treated with caution due to the small sample size. A complete case 
analysis was conducted, where only those with complete cost (based on the 6-month resource use 
questionnaire) and outcome (EQ-5D-5L data at baseline, 6 weeks and 6 months) were included. 
Seemingly unrelated regression analysis70 was undertaken to estimate the mean incremental cost and 
mean QALY gain associated with Quit Sense compared to usual care. In the absence of dominance 
(where one intervention is both more costly and less effective), the incremental cost-effectiveness ratio 
(incremental cost/QALY gain) was estimated and assessed in relation to a range of cost-effectiveness 
thresholds (e.g. £20,000–30,000 per QALY)71 to provide a preliminary assessment of whether Quit 
Sense constitutes value for money. The associated level of uncertainty was also estimated.

SWAT assessing the effect of incentives on follow-up rates

SWAT objective
The objective of the SWAT was to determine whether the offer of a higher financial incentive for 
questionnaire completion improved response rates at 6-month follow-up. Findings will be used to 
inform a future definitive trial.

SWAT methods
Participants were randomly allocated to either receive an incentive worth £10 (the rate advertised 
to them originally) or £20 (the increased incentive) for completing the ‘primary outcome’ question at 
6-month follow-up.

All participants were sent automated notifications by SMS 1 week before the 6-month questionnaire 
was due (pre-questionnaire notification as planned), at the 6-month time point with a link to the 
questionnaire and 7 days after the questionnaire due date with a reminder message. Two weeks after 
the questionnaire due date, the Research Associate attempted manual follow-up to collect the data 
by telephone (as previously planned and this still entitled the participant to the incentive) and a final 
text message primary outcome question was sent if there was no success from the manual follow-up. 
The automated notifications reminded the participant of the follow-up incentive, at the previous or 
increased rate, depending on SWAT randomisation group. The SWAT protocol has been accepted 
on to the Medical Research Council (MRC)-funded SWAT store (SWAT #164; www.qub.ac.uk/sites/
TheNorthernIrelandNetworkforTrialsMethodologyResearch/SWATSWARInformation/Repositories/
SWATStore/).

SWAT outcome measures
Primary: Questionnaire response rate. This included those responding by all methods (text, online or by 
telephone follow-up) within the allowable window for the primary outcome question (smoking status at 
6 months).

www.qub.ac.uk/sites/TheNorthernIrelandNetworkforTrialsMethodologyResearch/SWATSWARInformation/Repositories/SWATStore/
www.qub.ac.uk/sites/TheNorthernIrelandNetworkforTrialsMethodologyResearch/SWATSWARInformation/Repositories/SWATStore/
www.qub.ac.uk/sites/TheNorthernIrelandNetworkforTrialsMethodologyResearch/SWATSWARInformation/Repositories/SWATStore/
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Secondary:

1. proportion of participants requiring manual follow-up by the lead researcher (i.e. cost implications 
of staff time);

2. time taken for participants to respond to the questionnaire;
3. completeness of responses (counted as the number of missing items from all items asked, including 

secondary outcomes) and comparison to the response rate for the primary outcome (smoking status 
at 6 months).

SWAT analysis plan
Sample characteristics at baseline (by incentive arm), response rates at 6-month follow-up and other 
related response data, including completeness of responses, were summarised. For the primary analysis, 
a logistic regression model was run, using Wald CIs for the OR, including stratification variables as 
covariates in the model and any participant characteristics that appeared to be imbalanced between the 
different incentive groups, with response (binary) as the dependent variable. For secondary analyses, 
further logistic regression models were run using the same approach, and covariates for assessing the 
effect of incentives on manual follow-up rates and Cox proportional hazards analysis were undertaken 
with the log-rank test to assess the effects of incentives on response time.

Qualitative process evaluation

An embedded qualitative study was undertaken to assess participant perspectives. The aims of the 
qualitative process evaluation were:

1. to understand participant experiences of participating in the study;
2. to gather user views on app usage to inform further optimisation.

A purposively selected subsample of participants was invited to take part in a qualitative interview. The 
process evaluation was guided by the MRC guidance on process evaluation of complex interventions.72 
Part of this was to use interview data to better understand participant experiences of the intervention 
and how these experiences might help explain the causal pathway towards smoking behaviour change 
where it was observed. Qualitative interview topic guides (see Appendix 5) were used to probe for 
in-depth descriptions of experiences (e.g. of cravings experienced and how the app delivered support 
that may have helped ‘in the moment’, or not). Detailed information gathered qualitatively allowed for 
a richer understanding of situations and experiences than would be possible to gather through the app 
or quantitatively. In addition to using interview data, to meet the second aim of the process evaluation 
study, the Quit Sense app included an audio recording feature (‘auto-process evaluation’) so that users 
could leave feedback on their views and experiences of using the app. The study therefore also assessed 
the feasibility of this user-initiated process evaluation approach where data can be collected in a highly 
ecologically valid context. Any relevant data submitted were explored alongside the interview data, to 
potentially provide a broader range of views from a more user-controlled perspective.

At the 6-week follow-up, participants, including those in the Quit Sense and usual care arms, were 
invited to participate in a telephone qualitative interview as part of the process evaluation (aiming for 
a recruitment ratio of 3 : 1 from the Quit Sense and usual care arms, respectively). We used purposive 
sampling for intervention participants, where possible, by aiming to recruit individuals with high and 
low SES (as per study stratification), varied rates of app engagement and to include both abstainers 
and continuing smokers. For control participants, a mixture of high and low SES individuals, including 
smokers and abstainers, were purposively sampled. During the interview, intervention participants 
were asked about their experience and views of self-monitoring smoking using the app, including any 
environmental context factors/triggers missing from the smoking report survey, probing for detail and 
specific examples in order that causal pathways to behaviour change could potentially be identified. 
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The interview topic guide was employed flexibly, allowing participants to discuss the study and app 
engagement in a manner that was comfortable for them. According to the topic guide, interviewees 
were also asked about the ease of using the app; types of messages they liked most and least; their 
views on the timing of messages when entering or dwelling in a smoking zone (geofence); their views 
on the ‘My Profile’ and ‘Library’ sections of the app; their views on features they would like that are not 
currently provided; and how personalisation of the app could be improved. Control participants were 
asked about their experience of participating in the study, informing an assessment of the feasibility of 
randomised study design for a definitive trial. Both groups of participants were asked about their use 
or interest in the use of other smoking cessation aids and different types of cessation support available 
including e-cigarettes; use of other smoking cessation apps; other health and well-being apps; and NHS-
orientated smoking cessation support options.

Interviews were audio-recorded by the interviewer (AH) and transcribed to intelligent verbatim standard 
by an administrator. Interview transcripts were checked for accuracy, and all were anonymised (removing 
names, places and other distinguishing features). NVivo was used to support the qualitative analysis.

Analysis of process evaluation data

An inductive thematic analysis of the first three to four interview transcripts was initially undertaken 
(by AH).73 AH and CN then met to discuss coding and to develop a coding framework. This was agreed 
by consensus. AH then continued to code the remaining data according to the framework. Coding 
consistency was checked through the independent coding of 10% of the data (conducted by CN). 
At verification meetings, AH and CN agreed codes by consensus and were satisfied that coding was 
consistent. Refinement of themes continued until the themes were agreed. CN and AH met regularly 
to discuss the coding process and ultimately agreed on the key themes arising from data analysis for 
reporting purposes.

Analysis of process evaluation data focused on identifying key themes associated with using the app and 
views and experiences of using other relevant apps, supplemented with a descriptive analysis of relevant 
experiences to begin to hypothesise intervention causal pathways towards behaviour change. A second 
stage of analysis worked with descriptions of experiences of lapse or lapse avoidance in the context 
of the app and considering unique participant contexts. These are reported as vignettes and used to 
explore participant experiences and to identify mechanisms of action and casual pathways towards 
behaviour change. There were not many audio-recordings submitted via Quit Sense’s auto-process 
evaluation feature and so, as pre-planned, we did not code these data for thematic analysis but instead 
provided a basic summary of the content.
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Chapter 3 Results

Study advertisements were promoted on Facebook (including Instagram) and Google AdWords in two 
phases – the first ran from 27 November to 12 December 2020 and the second from 5 January to 

25 January 2021. Participant identification and recruitment is summarised in the study Consolidated 
Standards of Reporting Trials flow (Figure 1) and the advertisement engagement flow diagrams (Figure 2). 
The total number of ‘impressions’ (when the advert is shown on a web page or app) were 30,835 and 
98,767 for Facebook for phases 1 and 2, respectively (total of 129,602), and 24,143 and 630 for Google 
across phases 1 and 2 (total of 24,773). This led to 560 and 858 advert ‘link clicks’ (total of 1418) for 
Facebook and 407 and 18 for Google (total of 425) for phases 1 and 2, respectively. There was a total 
of 1275 landings on the study website, of which 323 (25%) people completed the eligibility assessment, 
299 (23%) were eligible, 267 (21%) provided informed consent to participate and 209 (16%) continued 
to randomisation (117 in phase 1 and 92 in phase 2). Of those assessed for eligibility, 93% were eligible, 

Allocation
T1

Follow-up at 6 weeks (n = 78)
Lost to follow-up (n = 26)
 • Did not respond, n = 22
 • Withdrawn, n = 4
Process evaluation: interviewed (n = 15)

Follow-up at 6 weeks (n = 71)
Lost to follow-up (n = 34)
 • Did not respond, n = 35
 • Withdrawn, n = 1
Process evaluation: interviewed (n = 5)

Follow-up at 6 months (n = 81)
Lost to follow-up (n = 23)
 • Did not respond, n = 23
 • Withdrawn (cumulative), n = 4

Follow-up at 6 months (n = 79)
Lost to follow-up (n = 26)
 • Did not respond, n = 25
 • Withdrawn (cumulative), n = 2

Follow-up
T2

Follow-up
T3

Allocated to intervention (n = 104)
 • Initiated intervention, n = 78

Allocated to usual care (n = 105)

Landed on study website from advert (n = 1275)

Assessed for eligibility (n = 323)

Excluded (n = 56 total)
 • Not meeting inclusion criteria, n = 26
 • Declined to participate, n = 30

Randomised (n = 210)

Informed consent (n = 267)

Did not proceed to randomisation (n = 57)

Abstinence estimate analysis (n = 104) Abstinence estimate analysis (n = 105)
Analysis

Post-randomisation exclusion
 • Enrolled by partner, n = 1

FIGURE 1 Trial flow.
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Enrolment and randomisation
(n = 209; 11.3% of advert clicks)

£5.82 per recruit, advert costs only
£19.20 per recruit, all costs

Advert views (impressions)
(n = 152,375)

Banner
(Facebook Ads)

Total spend £804.44
Duration 35 days

(phase #1 Nov/Dec 2020; #2 Jan 2021)

Search-based 
(Google AdWords)

Total spend £412.49
Duration 35 days 

(phase #1 Nov/Dec 2020; #2 Jan 2021)

Advert clicks
(n = 1843; 1.2% of impressions)

(n = 129,602)

(n = 1418)
(1.1% of impressions)

(n = 425)
(1.7% of impressions)

(n = 195)
(13.8% of advert clicks)

£4.13 per recruit, advert costs only
£11.29 per recruit, all costs

(n = 14)
(3.3% of advert clicks)

£29.46 per recruit, advert costs only
£129.32 per recruit, all costs

(n = 24,773)

Commercial ‘cost-per-click’ advertising campaign
Campaign costs £2796.00

FIGURE 2 Flow diagram of advert reach, engagement and enrolment rates and costs.

and of those eligible, 70% consented and were randomised. One individual was randomised but had 
been enrolled by their partner and so was removed from the randomised sample as they were not 
eligible as they had not provided informed consent.

Removing the one participant randomised but enrolled by their partner, 209 remaining individuals were 
randomised, 104 allocated to the Quit Sense arm and 105 to the usual care arm. At 6 weeks, 149 (71%; 
95% CI 65% to 77%) were followed up and at 6 months this was 160 (77%; 95% CI 71% to 82%). There 
were six withdrawals, four from the Quit Sense arm and two from the usual care arm.

Table 2 provides baseline sample characteristics. The sample had a mean age of 41 years (range 18–61), 
56% were female, 29% classified as low SES and 9% were of non-white ethnicity. Mean baseline 
smoking rate was 15 cigarettes per day and 31%, 59% and 10% were classed as low, moderate and high 
heaviness of smoking, respectively.
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TABLE 2 Participant characteristics at baseline

Quit Sense
(n = 104)

Usual care
(n = 105)

Overall
(n = 209)

Age at consent: mean (SD) 39.6 (10.0) 42.6 (10.0) 41.1 (10.0)

Gender: n (%)

  Male 45 (43.3) 48 (45.7) 93 (44.5)

  Female  59 (56.7) 57 (54.3) 116 (55.5)

Number of cigarettes smoked per day: n (%)

  < 16 64 (61.5) 63 (60.0) 127 (60.8)

  16 or more 40 (38.5) 42 (40.0) 82 (39.2)

SES: n (%)

  Low 30 (28.9) 31 (29.5) 61 (29.2)

  High 74 (71.2) 74 (70.5) 148 (70.8)

Socioeconomic grade: n (%)

  1 (highest) 48 (57.1) 46 (65.7) 94 (61.0)

  2 8 (9.5) 5 (7.1) 13 (8.4)

  3 4 (4.8) 7 (10.0) 11 (7.1)

  4 13 (15.5) 8 (11.4) 21 (13.6)

  5 (lowest) 11 (13.1) 4 (5.7) 15 (9.7)

Missing 20 35 55

Ethnicity: n (%)

  White 95 (91.4) 96 (91.4) 191 (91.4)

  Indian 0 (0.0) 1 (1.0) 1 (0.5)

  Pakistani 2 (1.9) 0 (0.0) 2 (1.0)

  Bangladeshi 1 (1.0) 2 (1.9) 3 (1.4)

  Black African 1 (1.0) 1 (1.0) 2 (1.0)

  Black (other) 1 (1.0) 0 (0.0) 1 (0.5)

  Asian 2 (1.9) 1 (1.0) 3 (1.4)

  Mixed race 1 (1.0) 2 (1.9) 3 (1.4)

  Not given 1 (1.0) 2 (1.9) 3 (1.4)

Number of cigarettes usually smoked a day: mean (SD) 15.4 (7.6) 15.5 (6.5) 15.4 (7.1)

Employment status: n (%)

  In work during last 12 months 83 (79.8) 70 (66.7) 153 (73.2)

  Out of work for more than 12 months 19 (18.3) 27 (25.7) 46 (22.0)

  Retired 1 (1.0) 0 (0.0) 1 (0.5)

  Full-time student 1 (1.0) 8 (7.6) 9 (4.3)

Occupation: n (%)

  Modern professional 22 (26.2) 17 (24.3) 39 (25.3)

continued
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Quit Sense
(n = 104)

Usual care
(n = 105)

Overall
(n = 209)

  Clerical 9 (10.7) 9 (12.9) 18 (11.7)

  Senior manager/administration 11 (13.1) 11 (15.7) 22 (14.3)

  Technical 7 (8.3) 8 (11.4) 15 (9.7)

  Semiroutine manual/service 13 (15.5) 6 (8.6) 19 (12.3)

  Routine manual/service 7 (8.3) 2 (2.9) 9 (5.8)

  Middle/junior manager 6 (7.1) 10 (14.3) 16 (10.4)

  Traditional professional 9 (10.7) 7 (10.0) 16 (10.4)

Missing 20 35 55

Highest qualification: n (%)

  No formal 6 (5.8) 7 (6.7) 13 (6.2)

  General Certificate of Secondary Education or similar 22 (21.2) 20 (19.1) 42 (20.1)

  A/Advanced Subsidiary Level or similar 24 (23.1) 28 (26.7) 52 (24.9)

  Degree or similar 46 (44.2) 44 (41.9) 90 (43.1)

  Other 6 (5.8) 6 (5.7) 12 (5.7)

Heaviness of Smoking Index: n (%)

  Low 36 (34.6) 29 (27.6) 65 (31.1)

  Moderate 57 (54.8) 67 (63.8) 124 (59.3)

  High 11 (10.6) 9 (8.6) 20 (9.6)

FUTS: n (%)

  A little of the time 12 (11.5) 5 (4.8) 17 (8.1)

  Some of the time 29 (27.9) 39 (37.1) 68 (32.5)

  A lot of the time 39 (37.5) 47 (44.8) 86 (41.2)

  Almost all the time 17 (16.4) 6 (5.7) 23 (11.0)

  All the time 7 (6.7) 8 (7.6) 15 (7.2)

SUTS: n (%)

  No urges 1 (1.0) 0 (0.0) 1 (0.5)

  Slight urges 5 (4.8) 6 (5.7) 11 (5.3)

  Moderate urges 36 (34.6) 49 (46.7) 85 (40.7)

  Strong urges 38 (36.5) 31 (29.5) 69 (33.0)

  Very strong urges 20 (19.2) 14 (13.3) 34 (16.3)

  Extremely strong urges 4 (3.9) 5 (4.8) 9 (4.3)

EQ-5D-5L utility score: mean (SD) 0.79 (0.22) 0.77 (0.21) 0.78 (0.22)

Missing 1 0 1

WISDM Automaticity subscale score: mean (SD) 4.71 (1.87) 4.79 (1.62) 4.75 (1.75)

WISDM Associative processes subscale score: mean (SD) 4.70 (1.34) 4.50 (1.34) 4.60 (1.34)

Self-efficacy score: mean (SD) 1.69 (0.92) 1.65 (0.81) 1.67 (0.87)

SD, standard deviation.

TABLE 2 Participant characteristics at baseline (continued)
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Measurement, recruitment, intervention engagement and smoking outcomes

Completion rates for the anticipated primary outcome for a full trial
Completion of self-reported abstinence for the primary outcome at 6 months was 77% (160/209; 95% 
CI 71% to 82%) (Table 3). By arm, response rates were 78% and 75% for the Quit Sense and usual care 
arms, respectively. The return of a viable saliva sample for biochemical validation of those self-reporting 
abstinence for the primary outcome was 39% (16/41; 95% CI 24% to 54%), and by arm 52% (13/25) 
and 19% (3/16) for the Quit Sense and usual care arms, respectively. In addition, one participant (in the 
Quit Sense arm) returned a sample which had insufficient saliva in order to assess cotinine/anabasine 
levels. More detailed outcome data at 6 weeks and 6 months can be found in Appendix 6, Tables 19 
and 20.

Usual care arm cessation rate
Three participants in the usual care arm were classified as abstinent according to the primary outcome, a 
rate of 2.9% (95% CI 0.0% to 6.0%).

Cost of recruitment using online advertising
Advertising costs were split into running costs for the campaigns, managed by the commercial partner 
organisation Nativve, and the costs of the adverts on Facebook (which includes Instagram) and Google 
(all costs inclusive of value-added tax) (see Figure 2). Total advertising running costs were £2796, 
broken down into a set-up fee (£1068) and 6-week campaigns for both Facebook and Google (£864 
each). Total advert costs were £804.44 for Facebook and £412.49 for Google. Total cost per recruit 
was £19.20, which included running costs (£13.38) and advert costs (£5.82). One hundred and ninety-
five participants were recruited via Facebook and 14 from Google. The advert cost per recruit was lower 
for Facebook (£4.13) than for Google (£29.46). In phase 2, Facebook adverts were purposively targeted 
towards non-white and low SES groups by Nativve using filters including for language and interests to 
attempt to increase the proportion of participants from these groups. While the proportion of non-white 
(including missing) participants was higher in phase 2 (13.8%) relative to phase 1 (5.2%), there were no 
meaningful differences in the proportion classed as low SES (phase 1 30.4% vs. phase 2 29.9%). The 

TABLE 3 Feasibility outcome completion rates

Outcome (denominator) Count/N Proportion (%) 95% Wald CI

Of those landing on the website, proportion then 
checked for eligibility

323/1275 25 23% to 28%

Of those checked for eligibility, proportion eligible 299/323 93 90% to 95%

Of those eligible, proportion then randomised into the 
trial

209/299 70 65% to 75%

Trial participants with self-reported smoking status at 
6 weeksa

149/209 71 65% to 77%

Trial participants with self-reported smoking status at 
6 months

160/209 77 71% to 82%

Self-reported abstinent participants at 6 months that 
returned a saliva test

16/41 39 24% to 54%

Trial participants with EQ-5D-5L at 6 weeksa 148/209 71 65% to 77%

Trial participants with EQ-5D-5L at 6 months 147/209 70 64% to 77%

a One participant did not receive the 6-week follow-up questionnaire text messages and was only successfully followed 
up by e-mail as part of the 6-month questionnaire follow-up.
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estimated cost per recruit was higher in phase 2 (calculated range £2.27–8.11) compared with phase 1 
(calculated range £1.16–4.61), although the data comes from web analytics and so is not fully reliable.

Rates of app installation and use and acceptability
The installation rate of the Quit Sense app, defined as the submission of the unique code provided 
to intervention participants as recorded by the server hosting the app, was 75% (95% CI 67% to 
83%; 78/104) (Table 4). All but one participant (99%; 77/78) who installed the app did so before the 
installation text message reminder was sent. Among the 28 participants sent a reminder, one installed 
the app on the day of the reminder and three replied to the subsequent text message inviting a reason 
for not installing, where two indicated they had had problems installing (‘option 5’) and one that had 
had no internet (‘option 1’). The three responding to the text message were contacted by the lead 
researcher but none of them installed the app. A small number of participants who installed the app 
(n = 9) did not have engagement data uploaded to the server due to a technical issue. In a few of these 
cases, missing engagement data for some engagement variables were determined from data recorded in 
follow-up questionnaires or during process evaluation interviews. Among those who installed the app, 
100% (95% CI 95% to 100%; 70/70) set a quit date in the app and 51% (95% CI 39% to 63%; 38/74) 

TABLE 4 Use of Quit Sense app (Quit Sense arm only)

Quit Sense arm

Data uploaded to server from Quit Sense app

Participants that installed the app n (%) 78 (75.0)

Median number of days into future quit date set for: median (q25,q75) 9 (8)

Duration of app use (days): median (q25,q75); minimum, maximum (N = 71)a 10 (1, 31); 0, 261

Number of active engagements: median (q25,q75), maximum, minimum (N = 69)a 11 (2, 39); 0, 271

Participants that engaged with the app for more than 7 days (N = 74)a (%) 38 (51.4)

Participants that engaged with the app for more than 30 days (N = 74)a (%) 17 (23.0)

Participants that set a quit date in the app (N = 70)a (%) 70 (100)

Number of app quit dates per participant: median (q25,q75), maximum, minimum (N = 74)a 1 (1, 1); 0, 8

Participants that engaged with the app up until their quit date (of those that set a quit 
date; N = 74)a (%)

36 (48.6)

Self-reported data at follow-up

Participants reporting that they would recommend Quit Sense to a friend trying to quit: n (%) (N = 43)a,b

  Unsure 0 (0.0)

  No 1 (2.3)

  Maybe 13 (30.2)

  Yes 29 (67.4)

Missing 31

Participants reporting that they found the app easy to use (4 or 5 on 5-point scale) 
(N = 44)a,b: n (%)

38 (86.4)

a A subgroup of participants (n = 9) experienced technical issues meaning recorded data were not uploaded from the 
app to the server and so is unknown. The number of these participants who were excluded from estimates varies as in 
some cases missing data were obtained via follow-up questionnaire or qualitative interview.

b Excluding those that did not install the app, were lost to follow-up or withdrew.
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engaged with the app for more than 7 days, and 23% for more than 30 days (95% CI 13% to 33%), with 
a median duration of use of 10 days [interquartile range (IQR) 30)]. The median number of days between 
the date when the quit date was set and the actual quit date (‘quit date delay’) was 9 (IQR 8). Among 
those who engaged with the app up until their quit date (36/74; 49%), the total median duration of app 
engagement was 27 days (IQR 91) and duration of app engagement after their quit date had passed was 
22 days (IQR 99), excluding two participants whose app engagement period could not be accurately 
calculated due to a technical issue.

Among intervention participants who installed the app and were followed up at 6 weeks, 67% (29/46) 
said they would recommend Quit Sense to a friend trying to quit, with 30% (13/46) saying ‘maybe’ and 
2% (1/46) saying they would not recommend it. The majority of participants either strongly agreed (55%; 
24/44) or agreed (32%; 14/44) that Quit Sense was easy to use, with 11% (5/44) neither agreeing nor 
disagreeing and 2% (1/44) disagreeing.

Completion of smoking cessation-related resource use and quality-of-life data
At 6-month follow-up, the response rate for both resource use and QoL data was 147/209 (70%; 95% 
CI 64% to 77%).

Intervention effect on anticipated primary outcome and secondary abstinence 
outcomes
Analysis of the primary outcome, self-reported abstinence as smoking no more than five cigarettes 
within the 6-month study period, biochemically verified by saliva test, found a higher abstinence rate 
in the Quit Sense arm (11.5%; 12/104) compared to the usual care arm (2.9%; 3/105) (unadjusted 
OR 4.44, 95% CI 1.21 to 16.21; p = 0.024) (Table 5). This shows a positive association, with moderate 
evidence to suggest that the odds of abstinence for the Quit Sense group is 4.4 times that of the usual 
care group. When adjusting for stratification variables and prognostic factors, results and conclusions 
in terms of direction, size, precision and statistical significance of the effect remain consistent (adjusted 

TABLE 5 Between-arm differences in abstinence for primary and secondary outcomes

Outcome

App group
n (%)
N = 104

Usual care
n (%)
N = 105

Difference % 
(95% CI)

Unadjusted 
ORa,b

(95% CI) p-value

Adjusted OR 
model 1c

(95% CI)

Adjusted OR 
model 2c,d

(95% CI)

Primary (6-month 
prolonged abstinence 
validated by saliva test)

12 (11.5) 3 (2.9) 8.7% (1.6% to 
16.5%)

4.44 (1.21 to 
16.21)

0.024 4.46e (1.19 to 
16.69)

4.36 (1.10 to 
25.22)

Secondary (7-day point 
prevalence abstinence 
at 6 months validated by 
saliva test)

16 (15.4) 5 (4.8) 10.6% (2.4% to 
19.2%)

3.64 (1.28 to 
10.33)

0.015 3.67e (1.27 to 
10.60)

3.59 (1.18 to 
13.18)

Secondary (7-day point 
prevalence abstinence at 
6 months, self-report)

28 (26.9) 20 (19.1) 7.9% (−3.6% to 
19.1%)

1.57 (0.82 to 
3.01)

0.178 1.54 (0.80 to 
2.97)

1.53 (0.76 to 
3.11)

Secondary (7-day point 
prevalence abstinence at 
6 weeks, self-report)

20 (19.2) 21 (20.0) −0.8% (−11.5% 
to 10.0%)

0.95 (0.48 to 
1.89)

0.889 0.91 (0.45 to 
1.83)

0.91 (0.43 to 
1.93)

a Odds ratio [the odds of abstinence for participants in the app group is (OR) times that of the odds of abstinence for participants in the 
standard group].

b 95% Wald CI.
c Adjusted for differences in smoking rate at baseline, SES at baseline (stratification variables), heaviness of smoking index category at 

baseline (prognostic variable) and treatment group.
d 95% exact CI for OR.
e Quasi-complete separation (model fit questionable) due to low cell counts in heaviness of index categories.
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OR 4.46, 95% CI 1.19 to 16.69; p = 0.023) (see also Appendix 6, Table 21). This analysis adjusted for 
heaviness of smoking index as a key prognostic variable, which appeared potentially imbalanced 
between arms at baseline, but due to relatively small numbers of abstinent participants, the model fit 
was potentially problematic. A more appropriate approach of exact inference (using SAS 9.4 statistical 
software) was therefore used, which produced more conservative (wider CIs), but overall consistent 
results and conclusions (adjusted OR 4.36, 95% CI 1.10 to 25.22; p = 0.033) (see Appendix 6, Table 22). 
Sensitivity analyses were undertaken where (1) withdrawals were excluded and (2) complete cases 
only included. Other than changing the abstinence proportions, results and conclusions of effect size, 
direction, uncertainty and statistical significance also remain consistent (see Appendix 6, Tables 23–27).

By using the Bayesian approach relevant in preliminary trials, it is estimated that there is 90% probability 
that the underlying OR favouring the intervention is 1.7 or higher, 93% that it is 1.5 or higher and 85% 
that it is 2.0 or higher, indicating good support for a subsequent trial in which this range of effect sizes 
is considered.

Secondary smoking outcomes (see Table 5 and Appendix 6, Tables 27–34) collected at 6 months also 
favoured Quit Sense over usual care, although this was only statistically significant for the biochemically 
validated outcome: biochemically validated 7-day point prevalence abstinence (Quit Sense 15.4%; 
usual care 4.8%, OR; 3.64, 95% CI 1.28 to 10.33; p = 0.015) and self-reported 7-day point prevalence 
abstinence (Quit Sense 26.9%; usual care 19.1%, OR 1.57, 95% CI 0.82 to 3.01; p = 0.18). Self-
reported 7-day point prevalence abstinence at 6 weeks did not favour Quit Sense over usual care 
(Quit Sense 19.2%; usual care 20.0%, OR 0.95, 95% CI 0.48 to 1.89; p = 0.89). Due to there being 
potential between-arm differences in saliva sample return rates, we undertook an additional post hoc 
sensitivity analysis for the primary outcome analysis but using self-reported prolonged abstinence only. 
The findings favoured the Quit Sense arm, though the between-arm difference was not statistically 
significant (Quit Sense 24.0%; usual care 15.2%, OR 1.76, 95% CI 0.88 to 3.53; p = 0.11).

Intervention effect on hypothesised mechanisms of action of app at 6 weeks post 
enrolment
At 6-week follow-up, the proportion of participants who reported smoking in the first 2 weeks of a quit 
attempt (or since enrolment if no quit date set) was 70.4% in the Quit Sense arm and 80.8% in the usual 
care arm, which was not a statistically significant difference [X2, 1 (degrees of freedom), N = 149] = (X2 
statistic = 2.17), p = 0.14] (Table 6). Use of lapse prevention strategies varied, with ‘contacting a friend/
family member for support or distraction’ as the least commonly used strategy (47% participants used) 
to ‘focusing on other tasks’ as the most commonly used (91%) (Table 7). There was no evidence of a 
difference between arms on average lapse prevention strategy use [MD −0.07, 95% CI −0.26 to 0.12, 
T-statistic: −0.75; p = 0.46] or when broken down into avoidance (MD −0.10, 95% CI −0.33 to 0.13, 
T-statistic: −0.58; p = 0.39) or coping strategies (MD −0.06, 95% CI −0.26 to 0.14, T-statistic: −0.58; 
p = 0.56) (Table 8).

There were no evidence of differences between arms on self-efficacy (Mann–Whitney U = 5550.50, 
p = 0.39) and strength of urges to quit (Mann–Whitney U = 5016.00, p = 0.23), frequency of urges to 
quit (Mann–Whitney U = 5267.50, p = 0.83) and WISDM automaticity (Mann–Whitney U = 5153.50, 
p = 0.51) and associative processes (MD 0.14, 95% CI −0.36 to 0.64, T-statistic: 0.56; p = 0.58) subscale 
scores at 6 weeks (see Tables 6 and 8).

Process evaluation findings

Participants who made use of the ‘auto-process evaluation’ feature did so primarily to provide positive 
suggestions for app improvement, which mainly focused on logging unique contexts when smoking, 
but also to raise some issues and problems with the app. These are summarised in Table 9. However, 
this feature was not well-used. Six participants out of those who installed the app (6/78; 7.7%) chose 
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to submit an audio message. Two of these participants also took part in a qualitative interview. One 
participant submitted an audio message on two occasions (once on commencement of the app and 
another having used it for some time).

Participants of the qualitative interview study (N = 20) were purposefully sampled, with 15 recruited 
from the intervention group, to inform aspects of app engagement and trial procedures, and 5 from the 
usual care group, to capture experiences of participating in that group. We specifically chose participants 
from those consenting to a qualitative interview who had both achieved smoking abstinence and 
continued to smoke, or had relapsed to smoking (Table 10)

The qualitative sample were broadly representative of the total trial sample with two exceptions – 
higher rates of highest qualification as degree and higher rates of those from lower SES groups in the 
interview sample, with the latter due to deliberate oversampling to ensure a broader range of views were 
captured (Table 11).

TABLE 6 Between-group differences in scores for mechanism of action measures at 6 weeks (non-parametric 
statistical tests)

Categorical/continuous variable at 6 weeks App (n = 71) Standard (n = 78) Statistical test p-value

Did not smoke tobacco in the first 2 weeks of 
quit attempt (or first 2 weeks of study) (lapse 
incidence) (%)

21 (29.6) 15 (19.2) Chi-squared 0.141

Did not smoke any tobacco in the first month 
of quit attempt (or first month of study) (lapse 
incidence) (%)

11 (15.5) 7 (9.0) Chi-squared 0.223

SUTS (%)a Mann–Whitney 0.228

  No urges 12 (16.9) 3 (3.9)

  Slight urges 9 (12.7) 20 (25.6)

  Moderate urges 29 (40.9) 22 (28.2)

  Strong urges 7 (9.9) 16 (20.5)

  Very strong urges 8 (11.3) 9 (11.5)

  Extremely strong urges 6 (8.5) 8 (10.3)

FUTS (%)a Mann–Whitney 0.825

  Not at all 10 (14.1) 6 (7.7)

  A little of the time 15 (21.1) 21 (26.9)

  Some of the time 17 (23.9) 17 (21.8)

  A lot of the time 12 (16.9) 18 (23.1)

  Almost all the time 9 (12.7) 9 (11.5)

  All the time 8 (11.3) 7 (9.0)

Self-efficacy average score (five-point scale) 1.89 (1.26) 1.71 (1.11) Mann–Whitney 0.391

WISDM Automaticity subscale score  
(seven-point scale)

3.56 (2.26) 3.83 (2.30) Mann–Whitney 0.512

a Scale variable with mean not calculated.
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Five main themes were identified from the qualitative analysis: ‘engaging’, ‘disconnecting’, ‘suggestions 
for app improvement’, ‘pathways to change’ and ‘time and context’.

‘Engaging’

Finding out about the study and reasons for taking part
Participants did not have concerns about being recruited remotely online and providing personal 
details such as their names, addresses and telephone numbers as part of registering for the study. 

TABLE 7 Proportion of participants using lapse prevention strategies at 6 weeks

Lapse prevention strategy at 6 weeks
App
(n = 71) (%)

Standard
(n = 78) (%)

Overall
(n = 149) (%)

Focusing on other tasks 87 94 91

Avoiding spending time with other smokers 45 58 52

Changing my routine 77 74 76

Avoiding places where I would usually smoke 55 56 56

Avoiding stressful situations 68 60 64

Avoiding places where I can buy cigarettes 48 51 50

Trying not to think about smoking 87 85 86

Going for a walk or doing some exercise 79 78 79

Keeping my mouth busy, for example, chewing mints 63 72 68

Contacting a friend/family member for support or distraction 49 45 47

Replacing smoking with something else, for example, food 76 77 77

Using self-talk, for example, ‘I can do it’ 73 81 77

Delaying smoking 80 83 82

Using deep breathing 59 51 55

Reminding myself how bad I will feel if I smoke 83 83 83

Thinking about the harmful effects of smoking 83 79 81

Thinking about the benefits of quitting 94 94 94

Thinking about rewards I could have for not smoking 76 77 77

Doing things that help me relax 77 77 77

Thinking about saving money 73 79 77

TABLE 8 Between-group differences in scores for mechanism of action measures at 6 weeks (parametric statistical tests)

Continuous variable at 6 weeks Mean difference 95% CI t- test p-value

Lapse prevention average scorea −0.07 (−0.26 to 0.12) 0.455

Lapse prevention subscale 7 average scorea −0.10 (−0.33 to 0.13) 0.394

Lapse prevention subscale 13 average scorea −0.06 (−0.26 to 0.14) 0.560

WISDM cue exposure/associative processes subscale score 0.14 (−0.36 to 0.64) 0.577

a Mean frequency of use score across strategies on four response options (1 = not used at all, 2 = used 1–5 times, 
3 = used 6–10 times, 4 = used more than 10 times).
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They felt that the study advertisements appeared genuine. Participants commented that they were 
reassured by the associations the study had with both a university and the NHS. Participants tended to 
report that they signed up immediately after landing on the study website and based only on reading 
the basic participant information sheet rather than downloading and reading the longer participant 
information sheet.

I’ve seen it’s also in relation with the NHS. So […] I enrolled straight away […].
Female, usual care arm, ID110

Everything was kind of straight forward and […] informative […] So, I didn’t download the detailed 
information sheet to be honest [laughs]. […] no concerns whatsoever.

Male, usual care arm, ID116

TABLE 9 Content summary for auto-process evaluation audio recordings submitted in the Quit Sense app

ID
Theme(s) and summary 
notes Evidence

ID017 Did not engage with app 
training (thus app did not 
send correctly targeted 
messages)

‘The reason I got the app was because I searched “quit smoking” and so 
at that point I needed something that was like, quit now, in that moment 
because that’s when people are ready to quit. When they are searching 
the terms, not like, a week later.’

ID014 Technical issues
Reporting smoking as diary 
impacts behaviour
Notifications act as 
smoking reminders

‘There’s time where, when I’ve closed the app down, I try to open a 
different app and this app reopens. Which is a bit annoying.’
‘I’ve actually noticed while tracking my smoking, that I’ve actually reduced 
how much I smoke as well. Which will hopefully make tomorrow easier.’
‘Too many notifications, after you’ve gone past the first week of quitting. 
I’m getting notifications when I’ve not been thinking about smoking.’

ID010 Capture link between 
smoking and eating 
(activity context)

‘When I am um, informing you that I am smoking, it could be really good 
if I could say that I have just eaten or what the actual activity was, rather 
than if I’m just at home or working and such like. That would be really 
good information to share for my habits around smoking. Especially 
around eating.’

ID011 Capture link between 
smoking and driving 
(activity context)

‘It would be good if there was an option in there to recognise when you 
were driving, or at least have the option. I know one of the places, you can 
select where you are and when you’re smoking and it does obviously, have 
an option for work. But driving would be a big one, so if there was a way it 
could recognise when I’m driving and respond to that, that would be great.’

ID017 Capture link between 
smoking and driving 
(activity context)
Changing context (active)

‘Most of the time when I do smoke, it’s when I’m on my own driving or 
when I’m going somewhere.’

ID015 Capture routine habit ‘It doesn’t have an option for just a habit. You know, when you just pick 
a cigarette up, light it, great. Then you realise you’ve been smoking a 
cigarette because it’s part of a habit. It would be nice to have that as part 
of this app, if at all possible.’

TABLE 10 Qualitative sample by randomised group and smoking status

Smoking status Intervention (n = 15) Usual care (n = 5)

Abstinent 9 1

Smoking 6 4
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The main reason given for participation was a desire to quit smoking. Related motivations included the 
desire to be held accountable in making a quit attempt, seeking extra support and a sense of belonging 
(i.e. being part of a group with others who had similar motivations):

It was the accountability almost; just to be able to, you know, put a bit of pressure on myself rather that 
than just say, ‘I’m going to finish’ and inevitably, I never do.

Male, usual care arm, ID116

I thought, I’ll have a stab at it and give something a go. Just sort of as many aids as we can get really.
Male, Quit Sense arm, ID115

I found it on Facebook [ … ] fed to me on the feed. It felt good to be a part because it’s certainly something 
that I’m interested in or at any rate, something that I need [ … ] and it also felt good to be a part of a 
research group [ … ] like you were part of something.

Male, Quit Sense arm, ID116

TABLE 11 Qualitative sample in comparison to total trial sample

Interview sample Trial sample

Age: mean (range) 39 (28–51) years 41 (18–61) years

Gender: n (%)

  Male 10 (50.0) 93 (44.5)

  Female 10 (50.0) 116 (55.5)

Ethnicity: n (%)

  White 15 (75.0) 191 (91.4)

  Indian 0 (0.0) 1 (0.5)

  Pakistani 0 (0.0) 2 (1.0)

  Bangladeshi 2 (10.0) 3 (1.4)

  Black African 0 (0.0) 2 (1.0)

  Black (other) 1 (5.0) 1 (0.5)

  Asian 0 (0.0) 3 (1.4)

  Mixed race 1 (5.0) 3 (1.4)

  Not given 1 (5.0) 3 (1.4)

SES: n (%)

  Low 10 (50.0) 61 (29.2)

  High 10 (50.0) 148 (70.8)

Highest qualification: n (%)

  No formal 1 (5.0) 13 (6.2)

  General Certificate of Secondary Education or similar 2 (10.0) 42 (20.1)

  A/Advanced Subsidiary Level or similar 2 (10.0) 52 (24.9)

  Degree or similar 14 (70.0) 90 (43.1)

  Other 1 (5.0) 12 (5.7)

Number of cigarettes usually smoke a day: mean (range) 14.7 (5–30) 15.4 (1–40)

Self-reported as not smoking at 6 weeks (of those followed up): n (%) 10 (50.0) 49 (33.1)
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‘Disconnecting’
Those participants who were retained in the study reported disconnecting with the study and 
intervention app due to a variety of reasons connected to either the use of the technology or changes in 
their own motivations and behaviours.

Technical issues
Several participants reported having technical issues with the app resulting in feelings of frustration 
and annoyance. Issues included the following: unwanted and repeated battery optimisation messages, 
crashing other applications, the app opening when it was not wanted, an inability to complete surveys 
and inaccurate recording of cigarettes reported.

Not being able to use it at the beginning of the quitting smoking process, when it was like the most 
important [ … ] I found it quite frustrating [ … ].

Female, Quit Sense arm, ID106

Change in smoking behaviour
Some participants had uninstalled Quit Sense from their phones. Reasons included not quitting 
and lapsing:

No, I used it for about a month. Of course, when I started smoking again after that, I felt bad and 
embarrassed, so I didn’t use it much after that [ … ] Just disengaged by that point.

Female, Quit Sense arm, ID210

Other participants disengaged because they felt that they no longer needed app support, such as 
because they had quit cigarettes and/or transitioned to vaping. Interestingly, one participant who 
thought the app was very useful in the preparation stage ceased actively engaging with it once quit day 
arrived because they associated it with smoking:

So, quit day came and although I checked back in on the app, I did find that I really didn’t use the app at 
all. Partially because when I quit, I wanted to be, ‘I’ve quit’. When you quit you throw your cigarettes and 
lighters away. One of the top tips [from the app] is to throw anything away that reminds you of your life 
when you were smoking. In my mind, that was also to get rid of the stop smoking app as well because 
you’ve stopped smoking. The messages did still pop up.

Male, Quit Sense arm, ID216

Some participants disengaged with the app and/or study more broadly because they either did not make 
a quit attempt or lapsed:

I haven’t felt like I’ve been particularly involved in a study [ … ] me enrolling on the stop smoking and the 
timing of me stopping smoking [ … ] I hadn’t stopped smoking.

Female, usual care arm, ID108

Not meeting motivational needs
Some participants had been interested to try an app to assist their quit attempt but had found that this 
form of support (at least alone) did not meet their needs:

I removed it after a few days. I thought yeah, it’s not going to work for me [ … ] I just realised it’s all, shall 
we say, psychological support. [ … ] To stop smoking it has to be at least a week or two of something 
physical [ … ] Supervised or patches, pills, I don’t know.

Female, usual care arm, ID110
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Suggestions for app improvement
Participants felt that alcohol, daily routine and boredom were important triggers for smoking that were 
missing from the app:

I think it could have been a bit more specific. As someone that smokes and likes a bit of a drink every now 
and again, I felt that just clicking ‘socialising’ didn’t quite cover it. I don’t know, I felt like it might have 
been beneficial for your data to say, ‘okay, so alcohol was involved’.

Male, Quit Sense arm, ID115

Sometimes it can be as simple as after a meal.
Female, Quit Sense arm, ID109

Boredom is probably a lot of people’s triggers for smoking. But for me, quite often, I didn’t fit into a 
category. I didn’t have one because I felt a certain way, I just had one because I felt like I should have one 
now. There’s no real reason or purpose. [ … ] It was having one for the sake of it, for the routine of it.

Male, Quit Sense arm, ID216

Some participants wanted to be able to record that they had smoked while en route to other places, for 
example, while walking or driving:

I like to smoke whilst I’m walking. So in between actual locations and venues; it doesn’t give you the 
option to say that.

Male, Quit Sense arm, ID116

How I personally see how it could be slightly improved for future use, would be the ability to tell the app 
that you are driving, or for the app to recognise that. [ … ] the roads where I would smoke the most [ … ] 
trigger roads.

Male, Quit Sense arm, ID216

Related to the desire to record smoking while being out and about was the suggestion that the app 
should have a ‘quick report’ button or allow users to add details later after the smoking event:

When you’re travelling around, the process of logging that you’ve had a cigarette can be quite a long 
process. Which isn’t a problem at all, if you have a job working behind a desk or if you physically stop what 
you’re doing to go and have a cigarette break, you’ve got time to log it and go through your phone etc, etc.

Male, Quit Sense arm, ID216

Yeah, so when there’s like a questionnaire at the end of the day that say’s how many cigarettes you’d had 
that day, you could put it in there but you couldn’t log the time of day and what the triggers were. So, 
you have to sort of like put a ‘I smoked 10 in that day’ but if you didn’t log it at the time, you couldn’t go 
through the options of what triggered that craving etc.

Female, Quit Sense arm, ID111

One participant liked the idea of being able to make notes in the app, for example, how she was feeling 
on quit date that she could look back on as an additional aid to monitoring progress:

Yeah, I mean, maybe just have a section that would explain more of how we felt that day. I think 
sometimes just getting it off your chest. I know I ticked a box, ‘did you find it easy’, maybe you could write 
or type something, as it’s on your phone [ … ] you could look back on it and see how you’ve improved.

Female, Quit Sense arm, ID210



DOI: 10.3310/KQYT5412 Public Health Research 2024 Vol. 12 No. 4

Copyright © 2024 Naughton et al. This work was produced by Naughton et al. under the terms of a commissioning contract issued by the Secretary of State for Health  
and Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, 
distribution, reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For 
attribution the title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

31

Several participants thought that the app could further boost motivation by having a reward system 
such as points for not smoking or badges:

Every time you read a message maybe it could get something like a star or a tick or whatever. [ … ] Just to 
get people a bit more engaged with the app. With a points system, maybe they could have like free books 
to read or whatever.

Female, Quit Sense arm, ID215

Yeah, it just gives you a little more of a boost that you’re doing something good. I might not notice it, but 
it is doing something. You also get little, you know, badges – ‘Yay, one week smoke free!’ that you can then 
share and things like that, which then gives you a sense of achievement; especially if you’ve told family 
and friends. It’s things you can share and then go – look how well I’m doing. Which I think we all … it’s 
really tough to quit smoking so I think that little pat on the back is really nice [laughs].

Female, Quit Sense arm, ID109

One participant who found that messages about smoking occasionally prompted him to think about 
smoking suggested that some could be reworded to congratulate users on not smoking in locations 
where they previously had reported:

I think, and again, I don’t know how possible this even is, but I always found it interesting to think back 
about ‘how many cigarettes have I not smoked?’ So, if for example, the app knew that you were driving 
and then said afterwards that I would usually have five cigarettes on that journey, it could be that when 
you were driving it would say, ‘well done, that’s five cigarettes you didn’t have.’ So, it’s still recognising that 
it is somewhere where you usually would have smoked but instead of reminding you and then having a 
cigarette, it would be like, ‘oh great, a little milestone or achievement that I haven’t had any cigarettes on 
that journey.

Male, Quit Sense arm, ID216

Some participants felt that when they were in the same location for prolonged periods of time, such 
as due to COVID-19 lockdown restrictions, messages could be better tailored by arriving at the times 
that they reported smoking, so based less on location but more on reported times of smoking (e.g. 
after meals):

I was working from home, so I was pretty much sat in the same place all of the time [ … ] either I was at 
the dining room table, or I was on the sofa. They were the only two places.

Female, Quit Sense arm, ID114

They just sort of came at times that I felt was a bit random. I didn’t feel that they came at specific times, 
like tea breaks and stuff because that’s the key periods really when you’re more likely to go and have 
a smoke.

Male, Quit Sense arm, ID115

I liked the idea of the application training itself to my pattern and what I’m doing. But then I expected at 
the time that the application would identify the time that I was more likely to be longing for a cigarette 
and send me a message. So, I’m not sure if that is in the app or not but I would find that helpful.

Female, Quit Sense arm, ID208

‘Pathways to change’
Three main mechanisms by which the app supported behaviour change were identified. A further 
mechanism (‘disrupting’) which was associated more with contextual factors is presented under ‘Time 
and Context’. Participant vignettes which expand on this theme can be found in Appendix 6, Table 35.
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Committing, reporting and preparing for quit day
The preparation phase (stage 1) of the app was valued as an opportunity to make a formal commitment 
to quitting, including setting a fixed goal by establishing a quit date. This stage was also seen as 
something novel and not offered by other quit smoking apps:

All the other smoking apps don’t do that. On those ones, you’ve quit now. So, that was a nice one to be 
like, right, this is the day I’m going to quit, and it was that countdown [ … ] it gave you that focus.

Female, Quit Sense arm, ID109

It made me make a commitment [ … ]. It was something a bit more concrete and an actual set date and it 
really did keep me on track.

Female, Quit Sense arm, ID315

Some participants attributed a reduction in their cigarette intake during stage 1 to the act of reporting 
smoking via the app. One reason provided was that logging smoking required effort and, in some cases, 
it appeared easier to forgo the cigarette than to answer the questions about the smoking event. An 
alternative explanation of this point could be that participants felt more accountable for their smoking 
behaviour when asked to report it, so became more aware of it, and that in itself prompted behaviour 
change. Participants also said that repeatedly reporting smoking made smoking a conscious decision 
again, which in turn prompted them to question whether they really wanted a cigarette and raised their 
self-awareness about triggers:

When I did need to go for a cigarette, I would do it without thinking about it. Using that app made me 
think about it a lot. Do I really need one? Should I really go for one right now? Using that app, it just 
helped us to cut down after the first four days to be fair. Now, the first four days, they were a bit stressful 
in my life, but the app did help. Every time going for one, I had to write it up. [ … ] The training was very 
good. Every time I was writing in one of those little boxes, when I was going for a smoke. The app would 
come up and be like, ‘Do you really need to do this right now?’ Little subliminal messages in my head just 
stuck there. Every time I was pulling one out of the box, it just kept going over in my head – ‘Do you really 
need to have one right now?’ [ … ] Every time I would have to go for one, I’d have to report it. So, in the 
end I was just thinking, I’m not going to go for one because I’d have to report it. That would then take my 
mind of wanting one to be fair.

Male, Quit Sense arm, ID206

So, I found on the lead up to my quit date, it firstly made me realise how many I smoked. [ … ] When you’re 
on the app and you see how many cigarettes you’ve had. Moreover, I would have a cigarette and then 
10 minutes later, I would have another one. Why? Why did I have that cigarette that I didn’t need anyway 
and then half an hour later, I’ll have another one? I found it useful, looking at that to see my own reasons 
for validating my own smoking. There was no hiding behind the ‘Oh, well, I’ve only had a few cigarettes’  
[ … ] it’s in black and white and actually, no I haven’t.

Male, Quit Sense arm, ID216

I very much attribute my quitting to the app because it helped me subtract the patterns of me smoking. It 
allowed me to see when I was smoking more, and it then allowed me to unpick why I was smoking more. 
That was the key to the lock for me. It was helping me see that was why I was smoking more, when the 
only solution I could draw was because I felt I should.

Male, Quit Sense arm, ID311

One participant discussed how the combination of reporting and looking at the progress calendar in ‘My 
Profile’ helped to motivate her to reduce her cigarette intake:

To be honest, I really thought I was going to fail at quitting, but it actually works. [ … ] I think it was 
that because if you smoked more than five in a day, you got a little sad face as well. So, I noticed as I 
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was getting towards the quit date, I was actually thinking, do I need to really have this smoke or not? 
I was cutting down before which I think helps for when I did quit. I hadn’t been smoking as much just 
before then.

Female, Quit Sense arm, ID114

Interestingly, another participant used the report smoking feature to understand and then to avoid 
locations, which for him triggered cravings to smoke, like a personal diary:

It didn’t last very long because I set a very short quitting date, but I like the idea of reporting where and 
when. I did that for a couple of days and then I purposely went to different routes; when I was on [a] walk 
and that in the mornings, I would go on different routes to avoid that place. It became a routine that I 
would light a cigarette at that place, so I went a different way.

Male, Quit Sense arm, ID211

‘Validating’: the role of app messages
App messages were largely deemed to be encouraging, supportive and motivational, offering validation 
of efforts to quit and helping to re-enforce the goal of quitting:

What they do is they sort of they just bolster your defences a little bit. The odd fact here, the odd figure 
there. [ … ] a lot of the messages are very good. They give that validation that you’re looking for. They give 
that little reason to smile about why you’re doing it.

Male, Quit Sense arm, ID216

Yeah, they were very motivational, without being lecturing, if you know what I mean? They were just on 
the right level, for me I felt.

Female, Quit Sense arm, ID210

Having given up smoking, it kind of suggested that you’d be very proud. You’d be able to say, ‘I’ve given up’. 
[ … ] I found that very useful. [ … ] I think they’re very, very good. Very supportive.

Male, Quit Sense arm, ID211

I guess the main effect for me is in terms of it inspiring me; the tips that you would … you know, every 
time I recorded that I’d had a cigarette, it would say something. Some of those ideas were new [ … ] that 
encouragement was needed and definitely had an effect.

Male, Quit Sense arm, ID116

Some participants described the app as a ‘positive voice’ and one which some participants felt able 
to internalise:

Yes, it’s definitely like a positive voice in your head; that’s how I view the app. Having the encouragement 
coming from inside you. Sometimes you are experiencing a negative mood, so I would just be like, ignore it 
and let me have my cigarette. Having the [app] is like another positive sound in your head. It’s something 
that’s constantly encouraging you.

Female, Quit Sense arm, ID208

All in all, the app is really great. Little messages really, really help. Especially when you know in the back 
of your head that you don’t need to go for one just because you’re bored. With the little messages there, 
for extra support, just telling you what your mind knows, that you don’t need to go for one. An app knows 
that you don’t need to go for one, so why are you going for one?

Male, Quit Sense arm, ID206

While the information presented in the messages was not necessarily new to participants, they reported 
finding the content provided a helpful reminder:
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I think it was mostly stuff that I already knew but it’s always helpful to be reminded and was more like of a 
prompt to think about stuff that I already knew. If that makes sense, because sometimes there’s stuff that 
you know about but you kind of need to be reminded of it.

Female, Quit Sense arm, ID106

‘Equipping’
When asked, several participants recalled strategies suggested by the app that they had attempted 
including breathing exercises, delaying smoking for a few minutes, removing visual cues to smoke and 
using distraction techniques:

I think the ones that were just sort of saying, you know, 'make sure you’ve cleared everything away 
beforehand.' So, I would make sure that the night before, I would have my last smoke and then make sure 
that the tobacco I had then went away, out of sight. Got rid of the ashtrays [ … ] Like I said, in the first 
week, I found it the most useful. I think I’d gone and brought a pack of Mint Imperials, so if I’m sat bored in 
a meeting, at least I can have one of those, to keep my hands and mouth busy for a few minutes.

Female, Quit Sense arm, ID114

It was about changing up something about when you had a trigger.
Female, Quit Sense arm, ID210

I did the exercise ones, and I spent a lot more time indoors with my daughter. That was the strategy that 
said, 'be indoors with people who don’t smoke.'

Female, Quit Sense arm, ID315

I used the ones that said, try and preoccupy yourself with something else. I found that if I happened to 
catch it at that point when I was having a craving then I did tend to find it helpful.

Male, Quit Sense arm, ID115

‘Time and context’

COVID-19
As interviews were collected during a national COVID-19 lockdown in England, participants were asked 
how their smoking habits had been impacted by the pandemic, if at all.

Several participants felt that due to lockdown they had more free time, especially at home and they 
attributed these circumstances to an increase in boredom and consequently of increased smoking:

If anything, I’m smoking more because I’ve got more time on my hands.
Male, Quit Sense arm, ID308

I think it’s probably true that I actually smoke more now because I’m indoors, at home, in a situation 
that’s quite comfortable, to be quite truthful. In that, I’m at home and doing my own thing, so I can 
do as I please. So, I probably smoke more than if I were going to work or going out and about, I would 
probably reduce intake. If I was in public or in a building where smoking wasn’t allowed etc., then I’d be 
smoking less.

Male, Quit Sense arm, ID116

I think it kind of confirmed. I knew as soon as I was working from home that I was getting bored. So, I’d be 
sitting there working, particularly in a meeting. When you’re sat in a meeting for 2 hours; there’s nothing 
much else you can do, so I’d think, oh, I’ll just have a smoke [laughs].

Female, Quit Sense arm, ID114
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Well, unfortunately, we started smoking more at the beginning of it because of nothing to do; 
sheer boredom.

Female, Quit Sense arm, ID315

Other participants had found lockdown had helped to reduce their smoking and had been useful in 
making a quit attempt. One reason for this was the lack of social contact including with other smokers 
and not going to locations where they would ordinarily have smoked:

The only time I will have been out is when we’ve been shopping, as of recently. Or we’ll have been food 
shopping, or I’ll have gone to work when I’ve needed to. But apart from that, I haven’t really seen anyone 
who would influence me on my smoking. If that makes sense?

Male, Quit Sense arm, ID206

To be fair, it probably helped in a strange way, just because of the lack of socialising, which was kind 
of my key issue. My days in the office are a lot lower, so again, the smoke breaks, things like that; the 
temptations go. It has made it easier with, I’m not going say, for dinner or for a drink and things like that. 
Where normally my previous attempts have ended, let’s say.

Male, usual care arm, ID116

Some participants had come under increasing financial pressures due to the pandemic which motivated 
a reduction in smoking:

I don’t think [Covid] had a massive impact, apart from being a slight motivator. Mostly, to be honest, my 
motivation to stop smoking was financial. I think I, like a lot of people, got made redundant towards the 
start of the pandemic. Again, financially, it was that I can’t continue to spend money that I don’t have on 
smoking. And you know, the knowledge too that if I continue to smoke, it improves my chances of bad 
health if I were to get Covid. I also think the fact that I’ve not been around other people that smoke.

Female, Quit Sense arm, ID106

There were additional references to health as a motivator, including the possibility of quitting providing 
improved resilience to COVID. These were from a participant who was still smoking at the time of 
interview. However, for this participant concerns about smoking and COVID had disappeared over time 
and were no longer a primary motivator.

It’s been scary at times hasn’t it. I mean, really, when it first came out a year ago, it made me think that I 
need to stop smoking because if I catch this, I’m going to have a better chance of getting over it if I don’t 
smoke. To now, when we’re all just so depressed aren’t we? How long is this going to go on, you know 
[laughs]? I think alcohol and cigarettes … everyone’s behaviour. You’re not going to the gym, you’re not …

Female Quit Sense arm, ID210

For some other participants who continued to work as usual throughout lockdown, there were no 
significant changes reported:

Exactly the same. Yeah, there’s no difference in lockdown for me. I’m still working. It’s the same.
Female, Quit Sense arm, ID208

Feasting and fasting
Recruitment for the study took a break between mid-December 2020 and early January 2021 to avoid 
the main festivities of Christmas and New Year. Nonetheless, a small number of participants commented 
that their attempts at quitting had been negatively impacted by Christmas and New Year festivities:
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Christmas and New Year’s intruded within the time period that I’d set myself. I think I’d started using the 
app around the beginning of November, possibly late December. It came to Christmas and New Year and 
I found myself smoking and reaching for cigarettes even more rapidly than I had been, certainly more 
so than the early stages of me using the app. The app had a direct effect on reducing the number of 
cigarettes at first, probably for the first two or three weeks, so not really so long. Then towards Christmas, 
it would be too easy to pick up … and when I realised that I’d failed; I’d crossed the line, and I hadn’t given 
up. It just picked up again.

Male, Quit Sense arm, ID120

Some interviews coincided with preparations for Ramadan and Ramadan itself, with Muslim participants 
discussing how this was a positive factor – helping to motivate and enforce their quit attempt:

Something good that is going to happen – I’m Muslim, so Ramadan is going to begin in less than two 
weeks. When you’re fasting, you cannot eat, drink or smoke as well. So, I always look forward to Ramadan 
because it does help with stopping smoking. Because you’re fasting, here in the UK, you’ll be fasting for 
more like 10 hours a day.

Female, Quit Sense arm, ID208

To be fair, yeah, it’s been okay. It’s kind of gave me a bit of a push to cut down a lot more. I don’t know if 
you’re aware but it’s Ramadan at the minute as well and I’m fasting. So, I’m hoping that by the end of the 
30 days I will have eliminated it altogether, but we’ll just have to wait and see.

Male, Usual care arm, ID209

Economic evaluation

From the reported levels of smoking cessation aid resource use over the 6-month follow-up period 
(Table 12) we can see that these are generally at relatively low levels, and that e-cigarettes/vaporisers 
(which are not routinely funded by the NHS) seem to be the most frequently used. This coupled with 
the finding that 80% of NRT users reported paying for NRT themselves (see Table 12) demonstrates 
that the recommended NHS and Personal Social Services (PSS) cost perspective (National Institute for 
Health and Care Excellence, 2013) would miss much of the costs associated with smoking cessation 
aids. The importance of taking a more societal cost perspective can also be seen when the levels of 
resource use are combined with estimated unit costs (Table 13) to give total costs (in Table 14 it can be 
seen that e-cigarettes/vaporisers and NRT account for more than 70% of the total cost when excluding 
intervention costs).

TABLE 12 Levels of resource use

Resource use, mean value (SD) (n) App (n = 104)
Standard care 
(n = 105) Overall (n = 209)

NHS stop smoking support, mean number of 
sessions

0.46 (1.36) (n = 74) 0.70 (1.87) (n = 73) 0.58 (1.63) (n = 147)

NRT, mean number of weeks 0.96 (3.38) (n = 74) 1.74 (3.09) (n = 73) 1.35 (3.25) (n = 147)

Number who reported they paid for NRT 10 (n = 14) (1 missing) 23 (n = 27) 33 (n = 41) (1 missing)

Varenicline/Champix, mean number of weeks 0.18 (0.91) (n = 74) 0.30 (1.62) (n = 73) 0.24 (1.31) (n = 147)

Bupropion/Zyban, mean number of weeks 0.14 (0.83) (n = 74) 0.00 (0.00) (n = 73) 0.07 (0.59) (n = 147)

E-cigarettes/vaporisers, mean number of weeks 3.77 (7.27) (n = 74) 3.26 (5.00) (n = 73) 3.52 (6.23) (n = 147)

Telephone quitline, mean number of calls 1.09 (5.65) (n = 74) 0.10 (0.48) (n = 73) 0.90 (4.69) (n = 147)

GP, mean number of visits (for any reason) 1.00 (1.66) (n = 74) 1.06 (2.18) (n = 72) 1.03 (1.93) (n = 147)

n, number of participants for whom data were available; SD, standard deviation.
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In terms of the cost of the intervention, above it was reported that the mean advertising cost per 
participant recruited was estimated to be £14.09 (across all participants). We assumed that this was 
our best estimate of what the recruitment costs would be if the intervention were to be provided again. 
Additionally, it was assumed that the cost of maintaining the Quit Sense app would be £1500 per 
annum. When apportioned across the 104 participants in the intervention arm, this equates to £14.42 
per participant, and this was assumed to be our best estimate of what the Quit Sense app maintenance 
costs would be if the intervention were to be provided again. Together this gave a total intervention 

TABLE 13 Unit costs (at 2020–1 financial year levels)

Resource (source) Unit cost (£)

NHS stop smoking support session 7.33a

NRT (e.g. nicotine gum), cost per week 22.22

Varenicline/Champix, cost per week 21.38

Bupropion/Zyban, cost per week 19.34

E-cigarettes/vaporisers, cost per week 7.32b

Telephone quitline, cost per call 7.33

GP visit 34.45c

a Assumed length of session = 15 minutes (informed by Jones and Burns 2021)67

b Estimated as part of this study, those who reported using e-cigarettes/vaporisers were asked ‘In a typical week, 
approximately how much (in £) do you spend on e-liquids?’. Based on this wording (‘typical week’), we assumed that the 
£7.32 would be the average spend per week for e-cigarette/vaporiser users, for each week, over the 6-month period.

c The reported (2019–20 year) value of £33.19 has been inflated by the reported 3.8% annual increase in income.67 All 
other costs are taken from Jones and Burns (2021).67

TABLE 14 Summary costs (over 6-month follow-up period)

Cost component, mean (SD)
App
(n = 104)

Standard care
(n = 105)

Overall
(n = 209)

Advertising/recruitment costs £14.09 (£0.00) (n = 104) £14.09 (£0.00) (n = 105) £14.09 (£0.00) (n = 209)

Maintaining the app £14.42(£0.00) (n = 104) £0.00 (£0.00) (n = 105) N/A

Total cost of the intervention £28.51 (£0.00) (n = 104) N/A N/A

NHS stop smoking support 
sessions

£3.37 (£9.94) (n = 74) £5.12 (£13.69) (n = 73) £4.24 (£11.94) (n = 147)

NRT £21.32 (£75.14) (n = 74) £38.66 (£68.69) (n = 73) £28.71 (£69.74) (n = 147)

Varenicline/Champix £3.76 (£19.50) (n = 74) £6.44 (£34.67) (n = 73) £5.09 (£28.01) (n = 147)

Bupropion/Zyban £2.61 (£16.11) (n = 74) £0.00 (£0.00) (n = 73) £1.32 (£11.46) (n = 147)

E-cigarettes/vaporisers £107.69 (£264.36) (n = 74) £81.19 (£120.63) (n = 73) £94.53 (£205.66) (n = 147)

Telephone quitline £1.09 (£5.65) (n = 74) £0.70 (£3.49) (n = 73) £0.90 (£4.69) (n = 147)

GP visits £34.45 (£57.02) (n = 74) £36.37 (£75.14) (n = 72) £35.40 (£66.35) (n = 147)

Total non-intervention cost 
(societal)

£174.28 (£282.03) (n = 74) £167.55 (£185.21) (n = 73) £170.96 (£238.44) (n = 147)

Total cost (societal) £202.80 (£282.03) (n = 74) £167.55 (£185.21) (n = 73) £185.14 (£239.07) (n = 147)

SD, standard deviation.
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cost (for future provision) of £28.51 per participant. When added to the total non-intervention cost (for 
those with data on this variable), the mean per participant total cost can be seen to be approximately 
£35 higher in the intervention group (without adjustment for any differences there might be between 
groups) (see Table 14).

The completion rates for the QoL measure (EQ-5D-5L) at the baseline, 6-week and 6-month follow-up 
points were 100% (208/209), 71% (148/209) and 70% (147/209), respectively. Also, in both groups, 
compared to the baseline EQ-5D-5L score (see Table 2), the mean follow-up scores for both those who 
completed the EQ-5D-5L at baseline and 6 weeks, and at baseline and 6 months, were lower than that 
at baseline (see Appendix 6, Tables 19 and 20). The total QALY scores are also reported in Appendix 6, 
Table 20; however, as the intervention group had a higher mean EQ-5D-5L score at baseline these need 
to be treated with caution (adjustment for this is made in the below regression analysis).

Acknowledging that the results need to be treated with caution, for example due to the small sample 
size, regression analysis was conducted in order to estimate the mean difference in cost between 
treatment groups (incremental cost of the intervention) and mean difference in effect between 
treatment groups (incremental QALY gain associated with the intervention). Based on the total costs, 
which included the estimated total intervention cost (for future provision), the results show that the 
incremental cost of the intervention was estimated to be £6.68, with an incremental QALY gain of 
−0.006 (Table 15). However, it should be noted that there was no significant difference in cost or effect 
on QoL between the two groups and that such differences could therefore have arisen due to chance. 
Nonetheless, with these mean estimates, as the intervention is estimated to be both more costly 
and less effective it is referred to as dominated by standard care, and the intervention would not be 
estimated to be cost-effective. In keeping with this, the cost-effectiveness acceptability curve (CEAC) 
estimated that there was a 32.4% probability that the intervention was cost-effective at a threshold of 
£20,000 per QALY (a cost/QALY below £20,000/QALY has been deemed to be cost-effective).71

Finally, a sensitivity analysis was conducted using different assumptions about the total intervention 
cost for future provision. This was not specified in the health economics analysis plan but was 
justified on the basis that we sought to assess whether the above results might change when more 
favourable assumptions about the intervention cost were used. We assumed that, in terms of 
recruitment costs, the difference in cost between the intervention and standard care would be zero 
as in this trial standard care also had the same estimated recruitment costs. Additionally, the cost of 
maintaining the app was assumed to be negligible as this might be an appropriate assumption if the 
app were adopted at scale by a large number of people. The results of this sensitivity analysis (see 
Table 15) show that when the intervention is assumed to have a zero cost, the incremental cost is 
estimated to be −£21.84 (the estimated incremental QALY gain was unchanged). It has been argued 
that the incremental cost-effectiveness ratio values can be misleading with negative cost/effect 
estimates.74 Accordingly, we estimated the net benefit74 at the threshold value of £20,000 per QALY. 
In this sensitivity analysis, the net benefit was estimated to be negative (see Table 15), which denotes 
that the intervention is again not estimated to be cost-effective at the £20,000/QALY threshold. 
Additionally, the intervention was estimated to have a 38.1% probability of being cost-effective 
according to the CEAC (see Table 15).

TABLE 15 Estimates of incremental cost, incremental effect and cost-effectiveness

Cost perspective (Nc,Ni) Incremental cost (95% CI) Incremental effect (95% CI) Net benefit (£) CEACa (%)

Base case (64,64) £6.68 (£72.58 to −£59.23) −0.006 (0.017 to −0.029) −128.58 32.4

Sensitivity analysis (64,64) −£21.84 (£44.07 to −£87.74) −0.006 (0.017 to −0.029) −100.63 38.1
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When estimating the treatment effect, estimates have been adjusted for baseline EQ-5D-5L score 
(QALYs only), age, gender, baseline smoking rate, baseline SES and baseline heaviness index;  
95% CI = 95% CI; Nc (Ni) = number of intervention (app) and standard care (control) participants who 
were included in the analysis; a, estimated probability of the intervention being cost-effective on the 
CEAC at the threshold (λ) of £20,000 per QALY.

SWAT assessing effect of incentives for increasing follow-up

Baseline characteristics for SWAT groups can be found in Appendix 6, Table 36. At 6-month follow-up, 
there was no evidence of a difference in overall response rate among participants offered a £20 voucher 
incentive compared with a £10 incentive (79% vs. 74%, unadjusted OR = 1.35, 95% CI 0.71 to 2.60; 
p = 0.36; fully adjusted OR = 1.29, 95% CI 0.66 to 2.54; p = 0.46) (Table 16). However, the likelihood 
of requiring manual follow-up differed between incentive groups; 46% of those in the £20 incentive 
group required manual follow-up (by text, phone or e-mail) compared with 62% of the £10 incentive 
group, representing a 49% reduction for the £20 incentive (unadjusted OR = 0.51, 95% CI 0.29 to 0.89; 
p = 0.018; adjusted OR = 0.53, 95% CI 0.29 to 0.95; p = 0.032).

The log-rank test, which compares expected and observed questionnaire completions over time by 
incentive group, shows moderate evidence that there was a difference in survival probability between 
incentive groups, with the £20 incentive group showing on average a lower completion time (median: 
7.0 days, IQR 0.08, 18.13) than the £10 incentive group (median: 14.9 days, IQR 0.15, 24.55), which 
was statistically significant (unadjusted p = 0.008) (Table 17). This is confirmed by a Cox proportional 
hazards analysis showing that at any particular point in time, the £20 incentive group were 55% more 
likely (1.55 times) to respond to the 6-month questionnaire, compared to those participants in the 

TABLE 16 Effects of incentive value on response rate of smoking status questions at 6 months (self-reported prolonged 
abstinence) and rate of manual follow-up at 6 months

Modela

N = 204

£20 incentive
n (%)
N = 101

£10 incentive
n (%)
N = 103 ORb 95% Wald CIc p-valued

Overall response rate

  Incentive group only (unadjusted) 80 (79.2) 76 (73.8) 1.35 (0.71 to 2.60) 0.362

  Adjusted model, including incentive group 
and stratification variables

80 (79.2) 76 (73.8) 1.38 (0.71 to 2.69) 0.337

  Adjusted model, including incentive group, 
stratification and prognostic variables

80 (79.2) 76 (73.8) 1.29 (0.66 to 2.54) 0.462

Rate of manual follow-up

  Incentive group only (unadjusted) 46 (45.5) 64 (62.1) 0.51 (0.29 to 0.89) 0.018

  Adjusted model, including incentive group 
and stratification variables

46 (45.5) 64 (62.1) 0.53 (0.30 to 0.94) 0.030

  Adjusted model, including incentive group, 
stratification and prognostic variables

46 (45.5) 64 (62.1) 0.53 (0.29 to 0.95) 0.032

a Logistic regression model used, modelling the odds of response to smoking status at 6 months (self-reported smoking 
status: where non-smoking is smoking no more than five cigarettes within the 6-month study period) and modelling 
the odds of manual follow-up at 6 months. Both analyses adjusted for differences of smoking rate at baseline, SES at 
baseline (stratification variables), heaviness index at baseline, gender (prognostic variables) and incentive group.

b Odds ratio [the odds of response/manual follow-up for participants in the £20 incentive group is (OR) times that of the 
odds of response for participants in the £10 incentive group].

c 95% Wald CI for OR.
d The p-value is based upon a null hypothesis of zero difference.
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£10 incentive group (unadjusted HR = 1.55, 95% CI 1.12, 2.15, p = 0.008). The failure plot (Figure 3) 
suggested that failure probability increased over time, with a higher probability of completing the 
6-month questionnaire when close to 0 day. Adjusting for stratification and prognostic variables for the 
above analyses did not alter the findings meaningfully.

Response rates to questionnaire items other than the primary outcome were also higher in the £20 
incentive group compared to the £10 group (see Appendix 6, Table 37). For example, 78% versus 68% of 
participants reported urge items data and 78% versus 66% completed EQ-5D-5L questions in the £20 
and £10 incentive groups, respectively.

TABLE 17 Effect of incentive value on response time to completing smoking status questions at 6 months (median days 
[interquartile range])

Modela
£20 incentive group
N = 101

£10 incentive group
N = 103

Hazard 
ratiob 95% CIc p-valued

Incentive group only 7.00 (0.08, 18.13)e 14.85 (0.15, 24.55)e 1.55 (1.12, 2.15) 0.008

Adjusted model, including incentive 
group and stratification variables

7.00 (0.08, 18.13)e 14.85 (0.15, 24.55)e 1.53 (1.10, 2.12) 0.012

Adjusted model, including incentive 
group, stratification and prognostic 
variables

7.00 (0.08, 18.13)e 14.85 (0.15, 24.55)e 1.53 (1.10, 2.13) 0.012

a Cox proportional hazard model used (time from invitation to complete 6-month questionnaire, to time completed, or otherwise 
censored), reasonably satisfying proportional hazard assumption, using Efron method for handling ties, adjusted for differences of 
smoking rate at baseline, SES at baseline (stratification variables), heaviness index at baseline, gender (prognostic variables) and 
incentive group.

b Hazard ratio [HR; at any particular point in time, the £20 incentive group are (HR) times more likely to respond to the 6-month 
questionnaire, compared to those participants in the £10 incentive group. If HR < 1 (or HR > 1), the £20 incentive group experience a 
‘risk’ reduction (or ‘risk’ increase) compared to the £10 incentive group].

c 95% Wald CI for HR.
d The p-value is based upon a null hypothesis of zero difference.
e Number of completions, median time taken (q25,q75).
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Chapter 4 Discussion

This is the first RCT undertaken which evaluated a JITAI smartphone app for smoking cessation that 
uses mobile sensing to trigger support. In addition to assessing the feasibility of key trial parameters 

and estimating intervention effects, a qualitative process evaluation was undertaken as well as a SWAT 
to investigate incentives for improving follow-up rates.

The innovative online trial design employed was feasible and enabled the sample size target to be 
reached within the planned period of recruitment and for a lower cost than originally planned (£19 vs. 
£50 per participant). Importantly, given that the sample was exclusively identified online via adverts, 
the follow-up rate estimate was close to anticipated levels and is towards the higher end of the rates 
achieved in other web-based cessation trials with comparable samples in terms of mean age, gender 
and education.61 The SWAT findings suggested that higher incentives (i.e. £20 compared to £10) 
would reduce the proportion of people requiring manual follow-up, which is time-consuming and takes 
up study resources, and speed up the completion of follow-up. However, rates of response to the 
request to return a saliva sample were lower than anticipated. It is possible that this was affected by 
the COVID-19 pandemic, potentially due to more limited access to postal services due to changes in 
movement and time spent outside of the home or hesitation to provide a sample. Given the positive 
influence of a higher incentive on follow-up identified by the SWAT, it is likely also though the relatively 
low incentive of £5 for a returned sample may have also been a factor. This may have also contributed 
to the imbalance in return rates between arms.

The trial also demonstrated that three-quarters of smokers assigned to the Quit Sense app will install it 
on their phones and engage with it at least to the point of setting a quit date. There have been very few 
studies reporting the rates of uptake for cessation apps and those that do have either offered incentives 
for installation63 or required participants to install an app for study inclusion.75 Rates of engagement 
in the app were slightly lower than anticipated, with around half of those who installed it continuing 
to use the app for 1 week or more. Compared to the largest cessation app evaluation undertaken to 
date, for the acceptance and commitment therapy-based app ‘iCanQuit’,27 Quit Sense participants had 
a higher median number of days use (10 days; server recorded, vs. 6 days; self-report).27 Few other app 
evaluations provide engagement duration data although these can vary considerably across apps and 
countries, as demonstrated by a cessation app evaluation in Japan showing that after 6 months 88% of 
the intervention arm were continuing to engage with the ‘CureApp Smoking Cessation’ system.75

The trial findings provided moderate evidence that Quit Sense increased verified cessation at 6-month 
follow-up compared to usual care, having found a larger effect size than originally anticipated, though 
estimated with considerable imprecision in line with a feasibility trial. Self-reported outcomes showed 
smaller non-significant effects favouring Quit Sense. No effects of Quit Sense were observed at 6-week 
follow-up, suggesting that any benefit from Quit Sense, relative to usual care, was more likely due to 
maintaining abstinence in the longer term among those attempting to quit rather than from increasing 
the proportion of participants initiating a quit attempt. However, there was no quantitative evidence 
that Quit Sense affected hypothesised mechanisms of action at 6-week follow-up relative to usual care, 
including use of lapse prevention strategies, urge strength and frequency, self-efficacy or the extent 
to which smoking is automatic and associated with environmental cues, although these analyses may 
have been underpowered. Smoking rates early on in the study, potentially reflecting lapse rates among 
those attempting to quit, were lower among Quit Sense participants, which could indicate one potential 
pathway towards cessation, although this difference was not statistically significant. The qualitative 
process evaluation, however, provided greater depth into the potential pathways to abstinence from 
using the app. One unexpected pathway, although supported from a Quit Sense pilot study,10 was the 
participants’ description of benefiting in particular from the training phase of using the app (stage 1). 
They reported how this self-monitoring had helped them better understand and reflect on the drivers 
of their smoking behaviour and reinforce their commitment to quit. Self-monitoring is not a commonly 
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employed BCT in smoking cessation interventions and few, if any, prompt the systematic logging of 
cues and triggers for smoking with feedback. Self-monitoring of experiences during a quit attempt has 
been found to reduce the intensity of cravings and other emotional triggers for smoking76 and may be 
an under-used approach to support cessation. Participants also indicated valuing the support delivered 
once they embarked on their quit attempt and that this ‘bolstered’ their defences against urges to smoke 
and helped keep them motivated and committed to quitting. Though other participants found they 
disengaged from the app because they did not feel they needed or wanted the support or because they 
relapsed back to smoking.

The health economics analyses indicated that the mean total costs for the Quit Sense arm were 
£35 higher than for usual care, though there were no differences in QoL at 6 months between arms. 
However, most benefits from stopping smoking will be realised beyond the 6-month follow-up time 
point77 and the cost-effectiveness analysis did not model long-term health outcomes, for example due 
to cessation differences between arms. As such, an economic model would be required in any future 
more definitive study. A further potential limitation of the health economic analysis is that an NHS/PSS 
cost perspective was not included as a further sensitivity analysis. That said, we did include a sensitivity 
analysis based on more favourable cost assumptions and in that the intervention was still not estimated 
to be cost-effective. Were an NHS/PSS cost perspective to be adopted then, based on results reported 
here (see Table 15), this would likely give the same result, as the estimated cost of the intervention is 
not estimated to be offset by any differences in NHS costs (e.g. NHS stop smoking services/GP visits). 
Finally, one cost that is challenging to estimate is the maintenance costs of the app. While during the 
trial these were estimated based on programmer time, if rolled out and Quit Sense was made available 
and used by far higher numbers of people, the annual maintenance costs would likely be much greater, 
though when spread across a larger number of people the per participant costs would likely be lower.

In the original grant proposal for this project four key feasibility criteria were outlined to help guide 
whether to proceed to a definitive trial of Quit Sense. As specified in Table 18, for each criterion, 
thresholds are considered to have been met if they are included in or are lower than the 95% CI around 
the estimate value (i.e. the upper 95% CI is higher than the threshold).

All but the saliva sample return rate progression criterion reached a priori thresholds. As already 
indicated, several factors were believed to have contributed to the low return rate of saliva samples, 
though the relatively low financial incentive was considered to be the primary factor. Other online 
cessation trials using procedures that this trial was informed by but with higher incentives for returning 
saliva samples experienced higher response rates. For example, the StopAdvisor trial59 provided a £20 
incentive for returning a sample and obtained a 75% response rate (personal communication). Other 
trials of digital cessation interventions with hard-to-reach populations (pregnant smokers) have provided 

TABLE 18 A priori progression criteria thresholds and observed values

Progression criterion Thresholda
Estimate
(95% CI)

Threshold 
met

Completion of self-reported abstinence for 
primary outcome

Upper 95% CI of 
estimate is ≥ 70%

77% (71% to 82%) Yes

Return rate of saliva samples for those reporting 
abstinence, for primary outcome

Upper 95% CI of 
estimate is ≥ 70%

39% (24% to 54%) No

Rate of Quit Sense app installation in interven-
tion arm

Upper 95% CI of 
estimate is ≥ 70%

75% (67% to 83%) Yes

Actively engaged in using Quit Sense app for 
more than 1 week (of those installing Quit Sense)

Upper 95% CI of 
estimate is ≥ 60%

51% (39% to 63%) Yes

a A threshold that lies above the 95% CI of the estimate is deemed not to have been met.
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£30 incentives and attained a 70% return rate.78 Therefore, it is expected that increasing the incentive in 
a future trial should substantially increase the response rate.

Duration of engagement with Quit Sense was slightly lower than anticipated, with half of those installing 
Quit Sense using the app for more than 1 week. Engagement with digital interventions is challenging to 
assess and device-derived data are considered limited for doing so, particularly as it fails to differentiate 
between effective and routine engagement and misses active engagement with the process of 
behaviour change outside of the intervention.79 This was demonstrated in part in our qualitative findings. 
Some participants reported feeling that a key benefit from the app was gained from the initial training 
stage and some individuals actively avoided using the app once their quit attempt started in order to 
avoid smoking-related objects. Participants also reported stopping using the app when they relapsed, 
and relapse is most likely to occur in the first week or so of a quit attempt. Therefore, it is difficult to 
determine what an ideal engagement rate is given most participants of any cessation intervention 
will fail to quit and most of these will do so early on in their quit attempt. Having participants actively 
engage in the preparation of quitting and gain benefit from the app through effective engagement79 may 
be a more important and realistic goal. This was supported by evidence indicating that all those installing 
the app set a quit date, with the 10-day (median) period spent using the app reflecting engagement in 
the process of training the app and self-monitoring smoking behaviour.

Strengths and limitations

A key strength and novelty of this trial was that most procedures were fully automated, from 
recruitment to follow-up, and so the resources required to run the trial were relatively low. In terms 
of manual follow-up, for those receiving a £20 incentive for completing the 6-month questionnaire, 
only a minority required contacting by telephone, further lowering the required resources for this and 
any future definitive trial. The trial also tested a novel ‘auto-process evaluation’ feature where Quit 
Sense participants could orally describe their views of the app in a high ecologically valid context, 
further investigating novel approaches for efficient trial design. In terms of quality, the trial used gold 
standard assessments of smoking abstinence,52 applied robust randomisation and intervention delivery 
fidelity and published protocols (trial and SWAT) and made the statistical and health economic analysis 
plan publicly accessible prior to analysis on the open science framework, embracing the principles of 
open science.80

Reinforcing the value of undertaking a feasibility trial, there were limitations identified which, if rectified, 
would improve the quality of a future definitive trial. A key limitation, as identified above, was the poor 
return rate of saliva samples and the potential bias created from these being higher in the Quit Sense 
arm compared to usual care. A further limitation was that the oldest participant in the trial was 61 years 
old and so our sample did not include those in older age groups. This likely reflects the online advertising 
approach adopted. Trials undertaken in the USA of digital cessation apps have found Facebook and 
Google adverts resulted in 11% and 4% of participants aged over 65, respectively,81 which, although 
still relatively low, was higher than found in this trial. Interestingly, the mean age of participants in the 
present trial aligns closely with trials of digital cessation interventions where smokers were recruited 
offline,61 and so may reflect a narrow age distribution of participants rather than one shifted towards 
younger age groups. However, users of cessation apps from app stores, more closely representing the 
‘real world’, have a lower mean age than that found in online cessation trials, around 30 years [standard 
deviation (SD) 10],82 and those participating in app store-based cessation app trials also have a similar 
lower mean age.83 Nevertheless, working on approaches to increase the age diversity of research 
participants would be valuable in future work.

A further limitation was that this trial was undertaken during an unprecedented time of changed 
habits and routines due to the COVID-19 pandemic. Participants reported reduced movement due to 
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lockdown and similar measures to reduce movement outside of the home. It is likely this affected the 
exposure and time spent in different smoking locations and consequently the app’s ability to deliver 
context-specific support. It is not possible to say whether COVID-related changes made quitting easier 
or harder for trial participants, but evidence from a nationally representative survey indicates that on 
average smoking cessation activity increased during the 2020 lockdown, relative to the same time in 
2018–9, though smoking prevalence in younger age groups (18–34) also increased.84 The extent to 
which increased cessation activity continued into 2021 and beyond, however, is unclear.

Implications and future research

This feasibility trial supports progress to a definitive trial, with some minor amendments relating to trial 
procedures and minor intervention optimisation.

The project generated evidence that incentives were likely important for reducing trial workload 
related to follow-up, speeding up follow-up responses and potentially increasing the proportion of 
data completed in the final follow-up questionnaire. Although speculative, there is also an expectation 
that increased incentives for returning a saliva sample would increase response rates. These changes 
to incentives are warranted based on the findings and are also highly relevant for informing online 
automated trials in general.

The trial also found that Facebook advertising was much less expensive than Google advertising and 
that when Facebook adverts dominated in the second phase of recruitment, they led to higher rates 
of non-white ethnicity participants. Such findings are important beyond this project given the growing 
interest in online recruitment.

In terms of the intervention, some participants mentioned experiencing some technical issues during 
the qualitative interviews, although it was not possible to determine for how many across the whole 
Quit Sense arm. In addition, a small proportion of participants (9%) seemed to be able to use the app 
normally but without their data being uploaded to the server. Minor technical issues are common with 
smartphone apps, particularly those with relatively low development budgets compared to commercially 
funded apps. Further ‘bug fixing’ combined with extensive testing as well as updating the app to the 
latest Android operating system is required prior to a definitive trial to reduce the risk of technical issues 
affecting the user experience, potentially leading to disengagement. Ultimately an iOS (Apple iPhone) 
version will need to be developed should the app be ‘rolled out’, although given that there are few 
differences found between Android and iOS users of cessation apps,85 there is no strong rationale for 
doing this prior to a definitive trial.

The qualitative findings indicate a few areas where the app could be enhanced to improve usability, 
satisfaction and potential efficacy. These include increasing the options for reporting smoking in stage 
1 of the app, such as increasing the smoking trigger and situation options, adding gamification elements 
such as rewards or ‘badges’, and improving the tailoring of the timing for support delivery when users 
dwell in the same location for long periods of time, such as at home. There were no suggestions or 
indications that the overall structure of the app or its user interface should be changed and, given 
the vast majority reported that the app was easy to use, only very minor modifications appear to 
be required.

Finding ways of enhancing engagement with apps remains a challenge in the field of digital health. While 
the engagement rates with Quit Sense were positive, they were slightly lower than those anticipated, 
and those rates found in the feasibility study.10 Opportunities for enhancing engagement with Quit 
Sense, based on review and qualitative evidence,86,87 could include greater use of statistical progress 
information, coping games, community networking and social interaction, personification of the app and 
use of rewards (e.g. badges/trophies).
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The efficacy estimate findings, combined with the qualitative findings, suggest that there is potential for 
using an app to help both the individual and a system to learn about smoking patterns and triggers to 
inform extrinsic (app) and intrinsic (individual) support during a quit attempt. Greater emphasis on the 
potential benefit of engagement with this pre-quit learning phase could help users gain greater insight 
into their own smoking behaviour to help them more successfully maintain abstinence long term. Other 
smoking cessation apps may also benefit from providing this feature. The moderate efficacy estimate 
evidence generated in this trial suggests that this uncommon approach for promoting cessation should 
be more widely investigated. Additionally, it would be useful to better understand the mechanisms with 
which Quit Sense might lead to increased abstinence relative to usual care.

Further research investigating the mechanism of action of Quit Sense would help improve our 
understanding of how apps might support people to quit smoking and could be used to optimise Quit 
Sense support. Furthermore, exploration into additional methods of passively identifying high-risk 
situations for smoking, such as through the use of Bluetooth to identify other individuals the app user 
smokes with (co-location) or geographic information system data, may help improve the accuracy of 
JITAIs like Quit Sense.

Patient and public involvement

A PPI panel contributed throughout all stages of the project. This included input at the pre-submission 
stage of the original grant application to advise on the project plan (four panel members who were 
smokers or ex-smokers), during the study to advise on design, procedures and intervention content and 
delivery (two panel members who were smokers/ex-smokers) and anticipated input for dissemination 
activities (two panel members who were smokers/ex-smokers). PPI input was achieved through 
dedicated PPI-based in-person and online meetings, from written feedback via e-mail, involvement 
in quarterly team meetings and through a PPI-based independent member of the TSC. During the 
project we attempted to increase the number of PPI members in the panel by advertising formally and 
approaching individuals informally though without success.

In addition to active participation in study meetings, to help with study preparation PPI members 
provided feedback on study design, the participant journey and promotion of study engagement, 
participant-facing materials and study information including the full and basic participant information 
sheet, the screening process, consent form and baseline measures, and they helped to choose the Quit 
Sense logo. PPI members also reviewed the intervention messages delivered by the Quit Sense app, 
reviewed wording of study procedural SMS messages and provided more general feedback on the Quit 
Sense app overall including aesthetics and functionality. Furthermore, PPI members participated in 
meetings specifically to discuss and help validate qualitative findings.

The input from the PPI panel has been impactful across numerous aspects of the study. One such 
aspect, made prior to the project starting, was the PPI recommendation that the design of the study 
should enable a reasonable estimate of the impact of the Quit Sense app. This led to a proposed sample 
size that was at the higher end of what would typically be recommended for a feasibility trial and added 
weight to the mid-study proposal to increase the sample size further due to lower than anticipated cost 
and speed of recruitment. This was felt to be important to increase the precision of the effect estimate 
of the app and for feasibility outcomes. A further example of impactful input related to the design 
and refinement of app content. This included PPI members reviewing and providing suggestions for 
intervention message content that needed to be updated to accommodate changes related to COVID 
such as new working from home messages and reviewing other messages to ensure that they were 
COVID appropriate and relevant. PPI members also provided highly valuable input by reading through 
and validating the summary of qualitative findings to help with interpretation relating to app refinement. 
Both PPI members felt the qualitative findings relating to the app resonated with their own experiences 
and highlighted the importance and novelty of the training stage (stage 1) of the app. Based on their 
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own experiences, PPI members felt that participants’ suggestions for additional ways of creating positive 
feedback, such as the option for the user to indicate times when they had resisted smoking and adding 
gamification components such as badges and rewards, would be valuable additions to the app.

Patient and public involvement members have indicated that they are happy to continue involvement in 
project dissemination and in the proposed full trial application and subsequent project if funded. Their 
continued involvement in dissemination activities will likely include recommendations on dissemination 
channels, advising on dissemination content and headline findings and on approaches to communicate 
findings to the public via infographics and media-based press releases.

Equality, diversity and inclusion

As identified in Strengths and limitations, the diversity of age was limited, having excluded those in higher 
age groups. This is an area for improvement in a future trial.

While it was considered a strength that a target was set for the proportion of the sample who were from 
low SES backgrounds, the final sample fell short of the proposed target of 45%, with only 29% from 
low SES recruited. One factor influencing this was the decision to use a conservative definition of low 
SES – either in a semiroutine or routine and manual occupation, class 5 in the NSSEC, or having never 
worked or were long term unemployed. Including class 4 of the NSSEC may have been justifiable and 
would have resulted in a sample proportion of low SES very close to reaching the 45% target, although 
this would have diluted the low SES classification. While in the second recruitment period we attempted 
to increase the proportion of participants from low SES groups, and from non-white backgrounds, this 
did not appear to be effective for SES and coincided with increased advertising costs, though this was 
not formally evaluated. Improved targeting of low SES groups may help to increase the proportion from 
the lowest SES group. This might be achieved via a more systematic application of targeting criteria 
for the online adverts from the outset, consideration of approaching online forums or organisations 
well represented by key diverse groups or through more tailored adverts, supported by PPI input and 
co-design.

The diversity of the trial sample in terms of non-white ethnicity was also relatively low (9%) and 
was lower than the proportion in England and Wales (15%).88 The proportion of non-white ethnicity 
participants recruited in the second recruitment period, including those missing, when this characteristic 
was purposively targeted for in the advertising filters, was higher (14%) than in the first period (5%). 
Improving ethnic diversity through advertising filters may, therefore, be feasible and effective, though 
this may still fall short of ensuring good representation from minority groups. For the qualitative process 
evaluation, we had a higher diversity of participants, including 25% of participants from non-white 
ethnicity and 50% classed as low SES.

Throughout the study and for all procedures, we sought input from our PPI panel, representing our 
target group, on wording and images used in participant-facing materials. This was considered to 
help identify potential issues with wording or images and help ensure that materials were accessible 
to a range of reading levels and backgrounds. While we attempted to identify further PPI members, 
particularly from diverse groups, we had no success. This will remain an objective for a future 
definitive trial.

Reflecting on the research team’s composition, there was a lack of diversity in team members’ 
characteristics, although there was even gender balance. There was, however, slightly higher ethnic 
diversity in the Trial Steering Group, who had oversight responsibility for the trial. Increasing the 
diversity of researchers and those involved in oversight as well as study samples remains an important 
goal for research projects. There was a mixture of career levels across the research team, although no 
one was below a PhD or equivalent level of experience, and earlier career researchers had significant 
leadership roles in the project.



DOI: 10.3310/KQYT5412 Public Health Research 2024 Vol. 12 No. 4

Copyright © 2024 Naughton et al. This work was produced by Naughton et al. under the terms of a commissioning contract issued by the Secretary of State for Health  
and Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, 
distribution, reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For 
attribution the title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

47

Chapter 5 Conclusions (implications for health 
care, recommendations for research)

The automated trial design worked effectively and implemented procedures enabled trial delivery 
with satisfactory or above satisfactory rates in all key feasibility outcomes other than the saliva 

sample return rate. This included higher estimated outcome completion rates than expected, three 
out of four Quit Sense participants installing the app and half of these using it for longer than 1 week. 
Evidence generated regarding the benefit of increasing incentive payments from £10 to £20 for 
improving follow-up engagement would suggest that increased incentives would likely improve saliva 
sample return rates in future work. The trial also demonstrated the feasibility of recruiting exclusively via 
online advertising for a lower than anticipated cost, although further refinements in advert filtering or 
consideration of other platforms may be needed to help increase the diversity of the sample.

Based on the abstinence outcome, representing the anticipated primary outcome for a definitive trial, 
Quit Sense led to a higher rate of biochemically verified abstinence relative to usual care and all end-
of-trial abstinence measures favoured the app and represented a clinically meaningful effect estimate, 
although return rates for saliva samples were imbalanced between arms. Nevertheless, this work adds to 
a growing body of evidence supporting the efficacy potential of smartphone apps for smoking cessation. 
How Quit Sense might bring about a change in smoking behaviour is still not well understood, although, 
for some, learning about their own smoking triggers through the app was felt to be key. This remains an 
important research question for future studies.

Progression to a definitive trial to assess the effectiveness of Quit Sense, with minor refinements to trial 
procedures and the app as discussed above, is warranted.
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Appendix 1 Examples of recruitment adverts 
on Facebook and Google AdWords for both 
desktops and mobiles
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Appendix 2 Two-sided ‘postcard’ sent (in 
envelope) to all participants to encourage 
continued engagement with follow-up
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Appendix 3 Quit Sense logic model and 
supporting evidence
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Appendix 4 Quit Sense app screenshots

Screenshot 1: Home screen (stage 1, pre-quit date)
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Screenshot 2: Library (three example screens; stage 1, pre-quit date)
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Screenshot 3: Reporting smoking (six screens; stage 1, pre-quit)
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Screenshot 4: My smoking patterns (six screens; stage 1, pre-quit)
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Screenshot 5: Inbox (stage 1, pre-quit)
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Screenshot 6: Daily support message (stage 2, 28-day quitting challenge)
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Screenshot 7: Geofence-triggered support messages (home and working from home geofences;  
stage 2, 28-day quitting challenge)
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Screenshot 8: My Profile (stage 2, 28-day quitting challenge)
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Screenshot 8: Settings and auto-process evaluation (stage 1, pre-quit)
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Appendix 5 Interview topic guide

I 
ntroduction/preamble to interviews

• Introduce myself
• Calling to get feedback on Quit Sense study. We really want to know about people’s experiences 

of this research so that this can be factored in when we design and run a much larger trial in future. 
Stress that there are no right or wrong answers and how important their feedback is

• Check aware that call will be recorded > that it will be written up, that personally identifying details 
(e.g. names, places) will be removed from the written version and the recording will then be deleted

• The call around half an hour but can be stopped at any point
• Reaffirm verbal consent.

SEMISTRUCTURED INTERVIEW TOPIC GUIDE

*Prompts are in blue.

INTERVENTION ARM (Quit Sense + SmokeFree website)

1. Overall, how have you found using the Quit Sense app? *Has it met your expectations? Have you 
used the app as much as you thought you would? Why? Has that changed since you first installed 
it? [Probe for specific examples, e.g. if not met expectations, can you say how? If a feature is liked, 
which feature, and can you give an example of how you used it or what you liked about it? Also 
probe for technical issues (installing, running, updates, etc).]

REPORTING SMOKING

2. How have you found reporting smoking using the app? *Did you use this as a tool for yourself? 
Were you honest? Did you feel like you were being checked up on? Is it easier to report in some 
places or at some times than at others? When reporting smoking are there any situations that are 
missing/hard to categorise?

MESSAGES

3. What are your thoughts on the messages the app sends you? *Do you feel the messages delivered 
during your quit attempt (if you’ve made one) have been appropriate for where you have been 
spending your time? Ask for an example. Are there any situations where messages have been par-
ticularly helpful/unhelpful? Ask for example. Why is that? Any differences pre-quit + post quit. * Did 
you rate the messages? If no, why not?

USE OF STRATERGIES AND AIDS

4. Which strategies suggested by the app (if any) did you use? *Were there any app strategies which 
you found particularly helpful/unhelpful with managing cravings to smoke?

5. Have you used any quit smoking aids or other support since you started this study? In previous  
quit attempts? *If no – are you interested in using any? What have you used/tried? Examples –  
e-cigarettes, other cessation apps, other health and well-being apps and the NHS website

END OF DAY SURVEYS

6. Did you complete the end of day surveys? What did you think of these? *For example, in terms of 
timing and convenience. Any situations missing?
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MY (PROFILE relevant IF they did the end of day surveys)

7. Did you view the My Profile feature? What did you think of it? *When did you look at it and why? 
Anything that could be added or improved?

8. Have you viewed the My Smoking Patterns feature? What did you think of it? *Did this tell you  
anything you didn’t already know about the things that make you want to smoke (e.g. places, 
moods, people, whether being aware made a difference to quit attempt). Example? *Have you  
noticed any changes to your triggers for wanting to smoke (i.e. cravings changed during the study)?

LAPSES

9. Have you smoked at all (even a puff) during your quit attempt? If yes, what effect did it have on 
your quit attempt? *Did this affect your confidence in being able to quit, did you report this on the 
app and, if so, was the app helpful? (>ASK ONLY IF FULLY RELAPSED > If you make another quit 
attempt in future would you use Quit Sense again?)

OVERALL APP (time allowing)

10. What one aspect did you most like about the app?
11. If you had to change one aspect of the app, what would it be and why?

STUDY EXPERIENCE

12. How have you found being part of this study so far? *Is it what you expected? Anything you think 
could be changed to improve your experience?

*It is possible to provide study feedback using the audio-record function of the app. Have you seen/
used this feature? How did you/would you feel about leaving recorded feedback?

CURRENT CONTEXT (time allowing)

13. Has your personal situation changed as a result of the coronavirus pandemic (probe, e.g. working 
from home)?

14. Do you feel that the pandemic situation has impacted your smoking behaviour? Probe: more/less/
different contexts of smoking? Aware of media reports around smoking and C19?

15. How have you found using the app during the pandemic situation? Probe: more helpful than it might 
have been, or less helpful than it might have been, messages tailored to situation or less relevant?

USUAL CARE ARM (SmokeFree website only)

INTRO along lines of > We are planning on doing a larger study in the future and we would therefore 
find your feedback on this study very helpful.

1. How have you found being part of this study so far? *Is it what you expected? Any suggestions on 
ways to improve the experience of participants?

2. Do you recall which group are you in (the app or SmokeFree only)? *How did you feel about being 
allocated to that group? Probe for awareness and understanding of randomisation. (Ask about ways 
to improve experience if people unhappy about allocation.)

3. How did you decide whether to take part? *For example, did you talk to anyone about it, download 
the participant information sheet (PIS), did you enrol right away or return later?

4. What has helped you to remain motivated to stay involved in the study? *For example, follow-up 
calls, incentives, postcard. Have you felt as involved in the study as you would like to be? If not, is 
there anything we could do to make you feel more involved?
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5. Am I right in thinking that you found about this study through seeing an online advertisement? 
What did you think about the ad? *Any concerns about following the link?

6. What did you think about the study website? *For example, was it easy to use and understand? 
Could you easily find all the information you wanted about taking part?

7. What did you think about the questionnaires? *Baseline and 6-week. Length, content, functionality 
on mobile/computer, time taken.

8. What about the text messages you’ve received about the study? Have communications been too 
frequent, too few or about right? *Or follow-up phone calls?

9. Since starting this study, have you tried out any strategies to help you to stop smoking?
10. Have you used any quit smoking support? For example, apps, medicines, self-help. *Have you 

looked at/used the NHS SmokeFree website?
11. Do you have any other comments or suggestions? Anything you would like to ask us?

CURRENT CONTEXT (time allowing)

12. Has your personal situation changed as a result of the coronavirus pandemic (probe, e.g. working 
from home)?

13. Do you feel that the pandemic situation has impacted your smoking behaviour? Probe: more/less/
different contexts of smoking? Aware of media reports around smoking and C19?
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Appendix 6 Supplementary tables and figures

TABLE 19 Outcomes at 6 weeks

App
(n = 71)

Standard
(n = 78)

Overall
(n = 149)

Are you currently smoking tobacco? (%)

  No 23 (32.4) 26 (33.3) 49 (32.9)

  Yes 48 (67.6) 52 (66.7) 100 (67.1)

Did you smoke any tobacco in the first 2 weeks of your quit attempt (or first 2 weeks of the study)? (%)

  No 21 (29.6) 15 (19.2) 36 (24.2)

  Yes 50 (70.4) 63 (80.8) 113 (75.8)

Did you smoke any tobacco in the first month of your quit attempt (or first month of the study)? (%)

  No 11 (15.5) 7 (9.0) 18 (12.1)

  Yes 60 (84.5) 71 (91.0) 131 (87.9)

When did you last smoke a cigarette? (%)

  In the last 24 hours 43 (60.6) 44 (56.4) 87 (58.4)

  1–6 days ago 8 (11.3) 13 (16.7) 21 (14.1)

  7–14 days ago 1 (1.4) 6 (7.7) 7 (4.7)

  More than 14 days ago 19 (26.8) 15 (19.2) 34 (22.8)

FUTS: n (%)

  Not at all 10 (14.1) 6 (7.7) 16 (10.7)

  A little of the time 15 (21.1) 21 (26.9) 36 (24.2)

  Some of the time 17 (23.9) 17 (21.8) 34 (22.8)

  A lot of the time 12 (16.9) 18 (23.1) 30 (20.1)

  Almost all the time 9 (12.7) 9 (11.5) 18 (12.1)

  All the time 8 (11.3) 7 (9.0) 15 (10.1)

SUTS: n (%)

  No urges 12 (16.9) 3 (3.9) 15 (10.1)

  Slight urges 9 (12.7) 20 (25.6) 29 (19.5)

  Moderate urges 29 (40.9) 22 (28.2) 51 (34.2)

  Strong urges 7 (9.9) 16 (20.5) 23 (15.4)

  Very strong urges 8 (11.3) 9 (11.5) 17 (11.4)

  Extremely strong urges 6 (8.5) 8 (10.3) 14 (9.4)

EQ-5D-5L utility score: mean (SD) 0.751 (0.249) 0.734 (0.256) 0.742 (0.246)

Missinga 1 0 1

EQ-5D-5L utility score: mean change (SD) −0.020 (0.232) −0.044 (0.178) −0.031 (0.208)

Missinga 1 0 1

continued
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App
(n = 71)

Standard
(n = 78)

Overall
(n = 149)

WISDM Automaticity subscale score: mean (SD) 3.56 (2.26) 3.83 (2.30) 3.70 (2.28)

WISDM cue exposure/associative processes subscale score: mean (SD) 4.38 (1.55) 4.24 (1.52) 4.30 (1.53)

Self-efficacy average score: mean (SD) 1.89 (1.26) 1.71 (1.11) 1.80 (1.18)

Lapse prevention strategy total useb: mean (SD) 1.38 (0.57) 1.46 (0.62) 1.42 (0.59)

Lapse prevention avoidance strategiesb: mean (SD) 1.23 (0.73) 1.33 (0.68) 1.28 (0.70)

Lapse prevention coping strategiesb: mean (SD) 1.47 (0.56) 1.53 (0.67) 1.50 (0.62)

a Missing among those completing 6-week follow-up;
b Mean score on four response options (1 = not used at all, 2 = used 1–5 times, 3 = used 6–10 times, 4 = used more than 

10 times).

TABLE 19 Outcomes at 6 weeks (continued)

TABLE 20 Outcomes at 6 months

App
(n = 79)

Standard
(n = 81)

Overall
(n = 160)

Are you currently smoking tobacco? (%)

  No 32 (41.6) 30 (37.0) 62 (39.2)

  Yes 45 (58.4) 51 (63.0) 96 (60.8)

Missing 2 0 2

Have you smoked any tobacco in the last 6 months? (%)

  No, not a puff 11 (14.3) 5 (6.3) 16 (10.3)

  Yes, a few puffs 5 (6.5) 2 (2.5) 7 (4.5)

  Yes, 1–5 cigarettes 9 (11.7) 9 (11.4) 18 (11.5)

  Yes, 5+ cigarettes 51 (66.2) 63 (79.8) 114 (73.1)

  Cannot remember 1 (1.3) 0 1 (0.6)

Missing 2 2 4

When did you last smoke a cigarette? (%)

  In the last 24 hours 42 (56.8) 46 (60.5) 88 (58.7)

  1–6 days ago 4 (5.4) 10 (13.2) 14 (9.3)

  7–14 days ago 4 (5.4) 1 (1.3) 5 (3.3)

  2–4 weeks ago 4 (5.4) 8 (10.5) 12 (8.0)

  1–3 months ago 5 (6.8) 6 (7.9) 11 (7.3)

  3–6 months ago 7 (9.5) 3 (4.0) 10 (6.7)

  More than 6 months ago 8 (10.8) 2 (2.6) 10 (6.7)

Missing 5 5 10
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App
(n = 79)

Standard
(n = 81)

Overall
(n = 160)

FUTS: n (%)

  Not at all 16 (21.6) 10 (13.3) 26 (17.5)

  A little of the time 18 (24.3) 21 (28.0) 39 (26.2)

  Some of the time 18 (24.3) 16 (21.3) 34 (22.8)

  A lot of the time (20.3) 17 (22.7) 32 (21.5)

  Almost all the time 5 (6.8) 5 (6.7) 10 (6.7)

  All the time 2 (2.7) 6 (8.0) 8 (5.4)

Missing 5 6 11

SUTS: n (%)

  No urges 19 (25.7) 11 (14.7) 30 (20.1)

  Slight urges 18 (24.3) 14 (18.7) 32 (21.5)

  Moderate urges 14 (18.9) 27 (36.0) 41 (27.5)

  Strong urges 16 (21.6) 11 (14.7) 27 (18.1)

  Very strong urges 2 (2.7) 8 (10.7) 10 (6.7)

  Extremely strong urges 5 (6.8) 4 (5.3) 9 (6.0)

Missing 5 6 11

EQ-5D-5L utility score: mean (SD) 0.739 (0.297) 0.743 (0.242) 0.741 (0.270)

Missinga 5 8 13

EQ-5D-5L utility score: mean change (SD) −0.046 (0.184) −0.018 (0.161) −0.032 (0.173)

Missinga 15 16 31

6 m total QALY score: mean (SD) 0.379 (0.119) 0.370 (0.108) 0.375 (0.113)

Missinga 15 16 31

Abstinence based on primary outcome: n (%)

  Yes 12 (18.5) 3 (4.6) 15 (11.5)

  No 53 (81.5) 63 (95.5) 116 (88.6)

Missing 14 15 29

Self-efficacy average score: mean (SD) 2.23 (1.26) 1.76 (1.21) 1.99 (1.25)

a Missing among those completing 6-month follow-up.

TABLE 20 Outcomes at 6 months (continued)
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TABLE 21 Between-group analysis of abstinence (primary outcome; self-reported abstinence as smoking no more than 
five cigarettes within the 6-month study period, validated by saliva test) at 6 months

Modela

N = 209

App group 
abstinence
n (%)
N = 104

Standard group abstinence
n (%)
N = 105 ORb 95% Wald CIc p-valued

Adjusted for treatment group only 12 (11.5) 3 (2.9) 4.44 (1.21 to 16.21) 0.024

Adjusted model, including treatment 
group and stratification variables

12 (11.5) 3 (2.9) 4.57 (1.23 to 16.94) 0.023

Adjusted model, including treatment 
group, stratification and prognostic 
variables

12 (11.5) 3 (2.9) 4.46 (1.19 to 16.69)e 0.026

a Logistic regression model used, modelling the odds of abstinence, adjusted for differences of smoking rate at baseline, 
SES at baseline (stratification variables), heaviness index at baseline (prognostic variable) and treatment group.

b Odds ratio [the odds of abstinence for participants in the app group is (OR) times that of the odds of abstinence for 
participants in the standard group].

c 95% Wald CI for OR.
d The p-value is based upon a null hypothesis of zero difference.
e Quasi-complete separation (model fit questionable) due to low cell counts from heaviness of smoking index.

TABLE 22 Between-group analysis of abstinence (primary outcome; self-reported abstinence as smoking no more than 
five cigarettes within the 6-month study period, validated by saliva test) at 6 months, using exact inference

Modela

N = 209

App group 
abstinence
n (%)
N = 104

Standard group abstinence
n (%)
N = 105 ORb 95% exact CIc p-valued

Adjusted for treatment group only 12 (11.5) 3 (2.9) 4.41 (1.14 to 25.09) 0.028

Adjusted model, including treatment 
group and stratification variables

12 (11.5) 3 (2.9) 4.49 (1.15 to 25.88) 0.027

Adjusted model, including treatment 
group, stratification and prognostic 
variables

12 (11.5) 3 (2.9) 4.36 (1.10 to 25.22) 0.033

a Logistic regression model used, modelling the odds of abstinence, adjusted for differences of smoking rate at baseline, 
SES at baseline (stratification variables), heaviness index at baseline (prognostic variable) and treatment group. This is 
a conservative model, with all participants included [including those withdrawn, lost to follow-up (non-responders), as 
well as complete cases], with any ‘missing’ values set to not abstinent.

b Odds ratio [the odds of abstinence for participants in the app group is (OR) times that of the odds of abstinence for 
participants in the standard group].

c 95% exact CI for OR.
d The p-value is based upon a null hypothesis of zero difference.
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TABLE 23 Sensitivity analysis assessing between-group differences in abstinence (primary outcome; self-reported 
abstinence as smoking no more than five cigarettes within the 6-month study period, validated by saliva test) at 6 months, 
excluding withdrawals

Modela

N = 203

App group 
abstinence
n (%)
N = 100

Standard group abstinence
n (%)
N = 103 ORb 95% Wald CIc p-valued

Adjusted for treatment group only 12 (12.0) 3 (2.9) 4.55 (1.24 to 16.63) 0.022

Adjusted model, including treatment 
group and stratification variables

12 (12.0) 3 (2.9) 4.61 (1.24 to 17.09) 0.022

Adjusted model, including treatment 
group, stratification and prognostic 
variables

12 (12.0) 3 (2.9) 4.56 (1.22 to 17.06)e 0.024

a Logistic regression model used, modelling the odds of abstinence, adjusted for differences of smoking rate at baseline, 
SES at baseline (stratification variables), heaviness index at baseline (prognostic variable) and treatment group. This is 
a conservative model, including those lost to follow-up (non-responders), as well as complete cases, with any ‘missing’ 
values set to not abstinent. Withdrawals (6 participants) are excluded as a sensitivity analysis.

b Odds ratio [the odds of abstinence for participants in the app group is (OR) times that of the odds of abstinence for 
participants in the standard group].

c 95% Wald CI for OR.
d The p-value is based upon a null hypothesis of zero difference.
e Quasi-complete separation (model fit questionable) due to low cell counts from heaviness of smoking index.

TABLE 24 Sensitivity analysis assessing between-group differences in abstinence (primary outcome; self-reported 
abstinence as smoking no more than five cigarettes within the 6-month study period, validated by saliva test) at 6 months, 
excluding withdrawals, using exact inference

Modela

N = 203

App group 
abstinence
n (%)
N = 100

Standard group abstinence
n (%)
N = 103 ORb 95% exact CIc p-valued

Adjusted for treatment group only 12 (12.0) 3 (2.9) 4.52 (1.17 to 25.73) 0.025

Adjusted model, including treatment 
group and stratification variables

12 (12.0) 3 (2.9) 4.53 (1.15 to 26.09) 0.026

Adjusted model, including treatment 
group, stratification and prognostic 
variables

12 (12.0) 3 (2.9) 4.45 (1.13 to 25.76) 0.030

a Logistic regression model used, modelling the odds of abstinence, adjusted for differences of smoking rate at baseline, 
SES at baseline (stratification variables), heaviness index at baseline (prognostic variable) and treatment group. This is 
a conservative model, including those lost to follow-up (non-responders), as well as complete cases, with any ‘missing’ 
values set to not abstinent. Withdrawals (6 participants) are excluded as a sensitivity analysis.

b Odds ratio [the odds of abstinence for participants in the app group is (OR) times that of the odds of abstinence for 
participants in the standard group].

c 95% exact CI for OR.
d The p-value is based upon a null hypothesis of zero difference.
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TABLE 25 Sensitivity analysis assessing between-group differences in abstinence (primary outcome; self-reported 
abstinence as smoking no more than five cigarettes within the 6-month study period, validated by saliva test) at 6 months, 
of complete cases

Modela

N = 131

App group 
abstinence
n (%)
N = 65

Standard group abstinence
n (%)
N = 66 ORb 95% Wald CIc p-valued

Adjusted for treatment group only 12 (18.5) 3 (4.5) 4.76 (1.27 to 17.74) 0.020

Adjusted model, including treatment 
group and stratification variables

12 (18.5) 3 (4.5) 4.83 (1.28 to 18.31) 0.020

Adjusted model, including treatment 
group, stratification and prognostic 
variables

12 (18.5) 3 (4.5) 5.11 (1.32 to 19.78)e 0.018

Missing 39 39

a Logistic regression model used, modelling the odds of abstinence, adjusted for differences of smoking rate at baseline, 
SES at baseline (stratification variables), heaviness index at baseline (prognostic variable) and treatment group. Those 
non-responders, withdrawals and missing, remain missing.

b Odds ratio [the odds of abstinence for participants in the app group is (OR) times that of the odds of abstinence for 
participants in the standard group].

c 95% Wald CI for OR.
d The p-value is based upon a null hypothesis of zero difference.
e Quasi-complete separation (model fit questionable) due to low cell counts from heaviness of smoking index.

TABLE 26 Sensitivity analysis assessing between-group differences in abstinence (primary outcome; self-reported 
abstinence as smoking no more than five cigarettes within the 6-month study period, validated by saliva test) at 6 months, 
of complete cases, using exact inference

Modela

N = 131

App group 
abstinence
n (%)
N = 65

Standard group abstinence
n (%)
N = 66 ORb 95% exact CIc p-valued

Adjusted for treatment group only 12 (18.5) 3 (4.5) 4.70 (1.18 to 27.32) 0.023

Adjusted model, including treatment 
group and stratification variables

12 (18.5) 3 (4.5) 4.71 (1.17 to 27.64) 0.025

Adjusted model, including treatment 
group, stratification and prognostic 
variables

12 (18.5) 3 (4.5) 4.88 (1.19 to 29.03) 0.024

Missing 39 39

a Logistic regression model used, modelling the odds of abstinence, adjusted for differences of smoking rate at baseline, 
SES at baseline (stratification variables), heaviness index at baseline (prognostic variable) and treatment group. Those 
non-responders, withdrawals and missing, remain missing.

b Odds ratio [the odds of abstinence for participants in the app group is (OR) times that of the odds of abstinence for 
participants in the standard group].

c 95% exact CI for OR.
d The p-value is based upon a null hypothesis of zero difference.
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TABLE 27 Post hoc sensitivity analysis assessing between-group differences in self-reported prolonged abstinence 
(smoking no more than five cigarettes within the 6-month study period) at 6 months

Modela

N = 209

App group 
abstinence
n (%)
N = 104

Standard 
group 
abstinence
n (%)
N = 105 ORb 95% Wald CIc p-valued

Adjusted for treatment group only 25 (24.0) 16 (15.2) 1.76 (0.88 to 3.53) 0.112

Adjusted model, including treatment 
group and stratification variables

25 (24.0) 16 (15.2) 1.78 (0.87 to 3.63) 0.114

Adjusted model, including treatment 
group, stratification and prognostic 
variables

25 (24.0) 16 (15.2) 1.75 (0.85 to 3.57) 0.128

a Logistic regression model used, modelling the odds of abstinence, adjusted for differences of smoking rate at baseline, 
SES at baseline (stratification variables), heaviness index at baseline (prognostic variable) and treatment group. This is 
a conservative model, including those lost to follow-up (non-responders), as well as complete cases, with any ‘missing’ 
values set to not abstinent.

b Odds ratio [the odds of abstinence for participants in the app group is (OR) times that of the odds of abstinence for 
participants in the standard group].

c 95% Wald CI for OR.
d The p-value is based upon a null hypothesis of zero difference.

TABLE 28 Post hoc sensitivity analysis assessing between-group differences in self-reported prolonged abstinence 
(smoking no more than five cigarettes within the 6-month study period) at 6 months, using exact inference

Modela

N = 209

App group 
abstinence
n (%)
N = 104

Standard 
group 
abstinence
n (%)
N = 105 ORb 95% exact CIc p-valued

Adjusted for treatment group only 25 (24.0) 16 (15.2) 1.76 (0.83 to 3.79) 0.153

Adjusted model, including treatment 
group and stratification variables

25 (24.0) 16 (15.2) 1.76 (0.82 to 3.87) 0.159

Adjusted model, including treatment 
group, stratification and prognostic 
variables

25 (24.0) 16 (15.2) 1.72 (0.80 to 3.78) 0.179

a Logistic regression model used, modelling the odds of abstinence, adjusted for differences of smoking rate at baseline, 
SES at baseline (stratification variables), heaviness index at baseline (prognostic variable) and treatment group. This is 
a conservative model, including those lost to follow-up (non-responders), as well as complete cases, with any ‘missing’ 
values set to not abstinent.

b Odds ratio [the odds of abstinence for participants in the app group is (OR) times that of the odds of abstinence for 
participants in the standard group].

c 95% exact CI for OR.
d The p-value is based upon a null hypothesis of zero difference.
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TABLE 29 Between-group analysis of 7-day abstinence (self-reported last cigarette or puff 7 or more days ago) at 6 weeks

Modela

N = 209

App group 
abstinence
n (%)
N = 104

Standard 
group 
abstinence
n (%)
N = 105 ORb 95% Wald CIc p-valued

Adjusted for treatment group only 20 (19.2) 21 (20.0) 0.95 (0.48 to 1.89) 0.889

Adjusted model, including treatment 
group and stratification variables

20 (19.2) 21 (20.0) 0.94 (0.47 to 1.88) 0.865

Adjusted model, including treatment 
group, stratification and prognostic 
variables

20 (19.2) 21 (20.0) 0.91 (0.45 to 1.83) 0.793

a Logistic regression model used, modelling the odds of abstinence, adjusted for differences of smoking rate at baseline, 
SES at baseline (stratification variables), heaviness index at baseline (prognostic variable) and treatment group. This is 
a conservative model, with all participants included [including those withdrawn, lost to follow-up (non-responders), as 
well as complete cases], with any ‘missing’ values set to not 7-day abstinent.

b Odds ratio [the odds of abstinence for participants in the app group is (OR) times that of the odds of abstinence for 
participants in the standard group].

c 95% Wald CI for OR.
d The p-value is based upon a null hypothesis of zero difference.

TABLE 30 Between-group analysis of 7-day abstinence (self-reported last cigarette or puff 7 or more days ago) at 6 weeks, 
using exact inference

Modela

N = 209

App group 
abstinence
n (%)
N = 104

Standard 
group 
abstinence
n (%)
N = 105 ORb 95% exact CIc p-valued

Adjusted for treatment group only 20 (19.2) 21 (20.0) 0.95 (0.45 to 2.00) 1.000

Adjusted model, including treatment 
group and stratification variables

20 (19.2) 21 (20.0) 0.94 (0.45 to 1.99) 1.000

Adjusted model, including treatment 
group, stratification and prognostic 
variables

20 (19.2) 21 (20.0) 0.91 (0.43 to 1.93) 0.935

a Logistic regression model used, modelling the odds of abstinence, adjusted for differences of smoking rate at baseline, 
SES at baseline (stratification variables), heaviness index at baseline (prognostic variable) and treatment group. This is 
a conservative model, with all participants included [including those withdrawn, lost to follow-up (non-responders), as 
well as complete cases], with any ‘missing’ values set to not abstinent.

b Odds ratio [OR; the odds of abstinence for participants in the app group is (OR) times that of the odds of abstinence 
for participants in the standard group].

c 95% exact CI for OR.
d The p-value is based upon a null hypothesis of zero difference.
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TABLE 31 Between-group analysis of 7-day abstinence (self-reported last cigarette or puff 7 or more days ago, validated 
by a saliva test) at 6 months

Modela

N = 209

App group 
abstinence
n (%)
N = 104

Standard group abstinence
n (%)
N = 105 ORb 95% Wald CIc p-valued

Adjusted for treatment group only 16 (15.4) 5 (4.8) 3.64 (1.28 to 10.33) 0.015

Adjusted model, including treatment 
group and stratification variables

16 (15.4) 5 (4.8) 3.69 (1.29 to 10.59) 0.015

Adjusted model, including treatment 
group, stratification and prognostic 
variables

16 (15.4) 5 (4.8) 3.67 (1.27 to 10.60)e 0.016

a Logistic regression model used, modelling the odds of abstinence, adjusted for differences of smoking rate at baseline, 
SES at baseline (stratification variables), heaviness index at baseline (prognostic variable) and treatment group. This is 
a conservative model, with all participants included [including those withdrawn, lost to follow-up (non-responders), as 
well as complete cases], with any ‘missing’ values set to not 7-day abstinent.

b Odds ratio [the odds of abstinence for participants in the app group is (OR) times that of the odds of abstinence for 
participants in the standard group].

c 95% Wald CI for OR.
d The p-value is based upon a null hypothesis of zero difference.
e Quasi-complete separation (model fit questionable) due to low cell counts from heaviness of smoking index.

TABLE 32 Between-group analysis of 7-day abstinence (self-reported last cigarette or puff 7 or more days ago, validated 
by a saliva test) at 6 months, using exact inference

Modela

N = 209

App group 
abstinence
n (%)
N = 104 (%)

Standard group 
abstinence
n (%)
N = 105 (%) ORb 95% exact CIc p-valued

Adjusted for treatment group only 16 (15.4) 5 (4.8) 3.62 (1.20 to 13.14) 0.018

Adjusted model, including treatment 
group and stratification variables

16 (15.4) 5 (4.8) 3.64 (1.20 to 13.31) 0.019

Adjusted model, including treatment 
group, stratification and prognostic 
variables

16 (15.4) 5 (4.8) 3.59 (1.18 to 13.18) 0.021

a Logistic regression model used, modelling the odds of abstinence, adjusted for differences of smoking rate at baseline, 
SES at baseline (stratification variables), heaviness index at baseline (prognostic variable) and treatment group. This is 
a conservative model, with all participants included [including those withdrawn, lost to follow-up (non-responders), as 
well as complete cases], with any ‘missing’ values set to not abstinent.

b Odds ratio [the odds of abstinence for participants in the app group is (OR) times that of the odds of abstinence for 
participants in the standard group].

c 95% exact CI for OR.
d The p-value is based upon a null hypothesis of zero difference.
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TABLE 33 Between-group analysis of 7-day abstinence (self-reported last cigarette or puff 7 or more days ago) at 
6 months

Modela

N = 209

App group abstinence
n (%)
N = 104 (%)

Standard group abstinence
n (%)
N = 105 (%) ORb 95% Wald CIc p-valued

Adjusted for treatment 
group only

28 (26.9) 20 (19.1) 1.57 (0.82 to 3.01) 0.178

Adjusted model, including 
treatment group and 
stratification variables

28 (26.9) 20 (19.1) 1.56 (0.81 to 3.00) 0.183

Adjusted model, including 
treatment group, strati-
fication and prognostic 
variables

28 (26.9) 20 (19.1) 1.54 (0.80 to 2.97) 0.197

a Logistic regression model used, modelling the odds of abstinence, adjusted for differences of smoking rate at baseline, 
SES at baseline (stratification variables), heaviness index at baseline (prognostic variable) and treatment group. This is 
a conservative model, with all participants included [including those withdrawn, lost to follow-up (non-responders), as 
well as complete cases], with any ‘missing’ values set to not 7-day abstinent.

b Odds ratio [the odds of abstinence for participants in the app group is (OR) times that of the odds of abstinence for 
participants in the standard group].

c 95% Wald CI for OR.
d The p-value is based upon a null hypothesis of zero difference.

TABLE 34 Between-group analysis results of 7-day abstinence (self-reported last cigarette or puff 7 or more days ago) at 
6 months, using exact inference

Modela

N = 209

App group 
abstinence
n (%)
N = 104

Standard 
group 
abstinence
n (%)
N = 105 ORb 95% exact CIc p-valued

Adjusted for treatment group only 28 (26.9) 20 (19.1) 1.56 (0.78 to 3.19) 0.234

Adjusted model, including treatment 
group and stratification variables

28 (26.9) 20 (19.1) 1.55 (0.77 to 3.16) 0.243

Adjusted model, including treatment 
group, stratification and prognostic 
variables

28 (26.9) 20 (19.1) 1.53 (0.76 to 3.11) 0.263

a Logistic regression model used, modelling the odds of abstinence, adjusted for differences of smoking rate at baseline, 
SES at baseline (stratification variables), heaviness index at baseline (prognostic variable) and treatment group. This is 
a conservative model, with all participants included [including those withdrawn, lost to follow-up (non-responders), as 
well as complete cases], with any ‘missing’ values set to not abstinent.

b Odds ratio [the odds of abstinence for participants in the app group is (OR) times that of the odds of abstinence for 
participants in the standard group].

c 95% exact CI for OR.
d The p-value is based upon a null hypothesis of zero difference.
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TABLE 35 Vignettes from qualitative process evaluation

Participant Case summary 
Examples of themes and 
codes applied to excerpts Mechanisms Excerpts from interview 

Quitting smoking

315 Used the app to help get through 
strong cravings and avoid lapses (e.g. 
by charting progress in My Profile and 
Smoking Patterns). Also employed 
strategies suggested by the app.

Themes
Time and context
Smoking
Support
Cessation as a process
Preparation stage
Drivers to engagement
 
Codes
Motivations
and justifications
Lapses including previous 
quit attempts
Current context including 
pandemic

Increased financial con-
straints, health concerns

I quit pretty quick, which I’ve not been able to do before. I’ve been 
smoking on and off since I was 15, and the last time I was able to quit was 
when I was pregnant with my 15-year-old daughter.

‘Equipping’ > Use of 
strategies suggested by 
app

Interviewer: What do you think helped with that this time?
Well, I think money, definitely. I lost my job in October, so that was 
definitely motivation to stop. [ … ]
It’s an expensive habit. But also, my health in general was a huge motiva-
tion [ … ]
Interviewer [ … ] did you try out any of the strategies that the app suggested?

Strategies and aids
Tracking cravings
My Profile and Smoking 
Patterns
Boredom
Quit successful
Quit date

Tracking progress, 
monitoring craving levels

I did the exercise ones, and I spent a lot more time indoors with my 
daughter. That was the strategy that said, ‘be indoors with people who 
don’t smoke’. We don’t smoke inside, well, we don’t smoke at all now, but 
we don’t smoke inside the house, so I spent a lot more time like, forcing 
myself not to go outside. I also changed up my morning routine because 
we used to sit outside, have a cup of coffee, smoke and then go to work. 
So, my partner and I started exercising in the morning together and then 
we’d have a … well, I’d have a decaff coffee and then go to work, kind of 
thing [ … ]
[ … ] I was tracking my cravings and making sure that I was still on track. 
And noticing, okay, so I’ve only got three more days until you [the crav-
ings] should start going away, sort of thing. You know, my cravings went 
from being really high to non-existent, but it took about a week to actually 
get there. [ … ] Just to remind myself that I did want to stop [laughs].

continued
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Participant Case summary 
Examples of themes and 
codes applied to excerpts Mechanisms Excerpts from interview 

‘Committing’, ‘Preparing’ Interviewer: So, from your survey, it seems that [ … ] you haven’t smoked in the 
first two weeks of the study – how are things going now?
I haven’t smoked at all. I have no desire to. I haven’t smoked since Dec 
12th.
Interviewer: [ … ] Do you think the app had any influence in this attempt, what 
would you attribute to … ?

Well, I think the app gave me the kick up the bum. It made me make a 
commitment, ’cause I’ve been umming and ahhhing about it for ages and 
just going, ‘oh, I need to quit but you know, it’s the pandemic and I’m 
bored’. [Laughs] I think it gave me … when you guys contacted me about 
using … well, I contacted you about using the app and then it said that I 
could use it, I think that gave me the push. It was something a bit more 
concrete and an actual set date and it really did keep me on track.

114 Actively engaged with the app. She 
attributed her success to the app, at 
least in part. Training the app helped 
her reduce smoking before making 
the quit attempt. Used strategies 
from the app to maintain the quit 
attempt and avoid lapse. App used 
most in stage 1 (preparation) and 
then need for the app decreased.

Themes
Drivers to engagement 
Preparation
Cessation as a process
Support
Disconnecting/barriers to 
engagement
 

‘Reporting and preparing 
for quit day’ > reporting 
smoking leads to smoking 
reduction

To be honest, I really thought I was going to fail at quitting but it [the app] 
actually works. I found that before the quit, when I had to log each of the 
times I was smoking, actually made me smoke less.

‘Equipping’ > use of 
strategies suggested by 
app

Yeah, I think it was that because if you smoked more than five in a day, 
you got a little sad face as well. So, I noticed as I was getting towards the 
quit date, I was actually thinking, do I need to really have this smoke or 
not? I was cutting down before which I think helps for when I did quit. I 
hadn’t been smoking as much just before then.

Codes
Reporting leads to 
reduction
Quit date
Strategies suggested by 
the app

Used nicotine replacement 
lozenges

[ … ]
Like I said, in the first week, I found it [the app] the most useful. I think I’d 
gone and brought a pack of Mint Imperials, so if I’m sat bored in a meeting, 
at least I can have one of those, to keep my hands and mouth busy for a 
few minutes.

TABLE 35 Vignettes from qualitative process evaluation (continued)



D
O

I: 10.3310/KQ
YT5412 

Public H
ealth Research 2024 Vol. 12 N

o. 4

Copyright ©
 2024 N

aughton et al. This w
ork w

as produced by N
aughton et al. under the term

s of a com
m

issioning contract issued by the Secretary of State for H
ealth  

and Social Care. This is an O
pen Access publication distributed under the term

s of the Creative Com
m

ons Att
ribution CC BY 4.0 licence, w

hich perm
its unrestricted use, 

distribution, reproduction and adaptation in any m
edium

 and for any purpose provided that it is properly att
ributed. See: htt

ps://creativecom
m

ons.org/licenses/by/4.0/. For 
att

ribution the title, original author(s), the publication source – N
IH

R Journals Library, and the D
O

I of the publication m
ust be cited.

91

Participant Case summary 
Examples of themes and 
codes applied to excerpts Mechanisms Excerpts from interview 

[ … ] I was really, actually surprised that it worked. I’ve tried to do it before, 
and I failed within a week or two. So, it’s been really good.
[ … ]
Interviewer: Okay, so you said that you used the app quite a bit in the run up to 
quitting, are you still sort of looking at it or has that dropped off now?
I think I’ve gone on it once in the last like, month probably. Just to see how 
much money I’ve saved. I do look in my bank account and think, I do not 
see that money in there [laughs]. But, I have just moved house, so that’s 
why.

211 Briefly used the app to identify where 
he smoked and then avoided those 
trigger locations. Attributed his ability 
to quit both to lockdown and the app.

Themes
Drivers of engagement
Disconnecting/barriers to 
engagement
Time and context
Preparation
Smoking

‘Committing, reporting and 
preparing for quit day’ > 
setting quit date
Used app to map and 
avoid contextual cues

I like the … it didn’t last very long because I set a very short quitting date, 
but I like the idea of reporting where and when. I did that for a couple of 
days and then I purposely went to different routes; when I was on a walk 
and that in the mornings, I would go on different routes to avoid that 
place. It became a routine that I would light a cigarette at that place, so I 
went a different way. [ … ] So, I thought that was quite clever, recording 
where you’d had a cigarette and all that kind of stuff. [ … ]

Codes
Quit date
Reporting smoking with 
app
Used reporting to change 
routine

Social context supportive 
of quit attempt

I think lockdown has played a major part in it [cessation]. I’m not out and 
about in public or out socialising with my mates and all that kind of stuff. 
Because my wife doesn’t smoke and because I’m at home, it’s like, I just 
can’t be bothered with it. [ … ]

Mentions of family and 
others
Lapses/previous quit 
attempts

I’m extremely happy about it. I think it’s brilliant. I’ve tried giving up at 
least, I’d say half a dozen times in my life and each time I’ve given up, 
unfortunately I’ve gone back for one reason or the other. Obviously, this 
time, I’m determined not to do. In previous attempts, I found it hard work. 
It’s not easy. All these people that say they found it a walk in the park … 
nonsense. In the past I’ve found it very, very difficult but this time, I’ve not 
struggled at all.

continued
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Participant Case summary 
Examples of themes and 
codes applied to excerpts Mechanisms Excerpts from interview 

311 Used the app extensively in stage 1 
in multiple locations. He found the 
app made him aware of his smoking 
patterns and triggers and attributes 
this to being able to change his 
behaviour. Felt that the app messages 
had bolstered his motivation to 
maintain the quit. He gives an 
anecdote of when he was about to 
lapse when a message from the app 
reminds him that he is no longer a 
smoker. Largely disengaged with the 
app after doing the preparation stage 
because he saw it as connected with 
his old life as a smoker.

Themes
Drivers of engagement
Smoking
Cessation as a process
Support
Preparation
Smoking

‘Validating’ > bolstering 
quit attempt
 
Uses app to understand 
smoking patterns and 
triggers

I think sometimes doing it for yourself or for someone else, isn’t always 
enough. Especially if you’ve got a really bad craving and this time around 
… I think I told you before that this time I haven’t been craving them 
whatsoever. But I know that in previous quit attempts, and there have 
been many. I would sit there with the cold sweats and the twitchy fingers 
going, ‘it’s okay, I’m doing something good for myself’. I think you’re always 
after that extra bit of validation.

Codes
Inspiring me/validation
Cravings
Lapses/previous quit 
attempts
Messages – thoughts on
Strategies and aids
Self-efficacy

‘Reporting’ > enabled to 
see smoking patterns

I think a lot of the messages that are displayed through the app, they do 
just that. They’re not so much reminding you why you’re quitting. I think 
you know why you’re quitting and that’s why you’re quitting. What they do 
is they sort of they just bolster your defences a little bit. The odd fact here, 
the odd figure there.
[ … ]

Reporting with the app
Identity
Message not appropriate 
for context/situation

App messages re-enforced 
identity as a non-smoker

When I started using the app, quitting for me was always something that 
I would like to do but it just always felt like it’s just that little bit out of 
reach. I just couldn’t quite grasp it. It was always something that I wanted 
to do but I couldn’t quite get there. Before the app, that was no different. I 
very much attribute my quitting to the app because it helped me subtract 
the patterns of me smoking. It allowed me to see when I was smoking 
more, and it then allowed me to unpick why I was smoking more. That 
was the key to the lock for me. It was helping me see that was why I was 
smoking more, when the only solution I could draw was because I felt 
I should. That really is a pathetic reason and it sort of broke down that 
barrier of not being able to quit.

[ … ]
I remember [ … ] I was having a really bad day. [ … ] I called into a services 
and I don’t know why because I’d never been there before in my life but 
I went and got a drink and I said, ‘I’ll take 20 [names cigarette brand] and 
a lighter,’ and that bloody app pops up with a little message saying, ‘have 
you thought about smoking today?’ And I immediately said, ‘do you know 
what, forget the cigarettes’. The timing was absolutely impeccable. It was 
completely random because I’d never been in that services before.

TABLE 35 Vignettes from qualitative process evaluation (continued)
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Participant Case summary 
Examples of themes and 
codes applied to excerpts Mechanisms Excerpts from interview 

I have no idea why the message popped up, but it did. So as much as I say 
that I ignored the app after I quit – but perhaps I wasn’t thinking about 
smoking, I was just a bit stressed, I was a bit irritable. Then this message 
pops up. Even though it was completely nonsensical, it allowed me to take 
a deep breath and think, okay, so that message doesn’t make sense to my 
situation at the moment, but I was a smoker, I’m now not. I’m a lot better 
off for it. So, my app use definitely waned after I quit. In my mind, that was 
part of the design.
On the lead up to quitting, the way it tracks how you smoke, when you 
smoke, where you smoke. That doing that by itself is the reason that I do 
not smoke anymore.

115 Employed strategies suggested by 
the app to manage cravings and avoid 
lapsing. His engagement with the app 
was greatest in stage 1 – preparing 
for quit

Themes
Support
Preparation
Disconnecting
 
Codes
Strategies and aids/
suggested by the app

‘Equipping’ with strategies Interviewer: So, the app suggests various strategies that you can try whilst on a 
quit attempt, did you try any of those?
I don’t think I used any specific ones. I used the ones that said, try and pre-
occupy yourself with something else. I found that if I happened to catch it 
at that point when I was having a craving then I did tend to find it helpful.

Cravings
Vaping – substitution
Quit date

Substitution of smoking 
roll-ups with vaping
 
‘Preparing’ > used app to 
prepare for quit attempt

Interviewer: Have you tried any other quit smoking aids or support since you 
started the study?
Yeah, I’ve been using my vape, so -but I haven’t been using any other apps 
or anything like that. [ … ] Yeah, but I’m trying to sort of ease up on it and 
ween myself down. Obviously, I’ve still got nicotine in the vape.
[ … ]

Disengaged with app as 
felt reduced need for 
support

I didn’t find it any less useful per se [in stage 2], but I did find in that build 
up, it was more useful then in that build up. To be like, trying to ween 
down in this period and getting to the 1st of February when I set mine, 
then like I just found it … the further I got along with my quit attempt, the 
easier it was becoming.
Interviewer: Yeah, so you didn’t feel the need to engage with it so much?

Yeah, so I found I had less reliance in the app itself, but I wouldn’t say I 
found it any less useful.
Interviewer: Okay, are you still looking at the app from time to time or has that 
stopped now?
I haven’t looked at it for a few days to be fair.

continued

TABLE 35 Vignettes from qualitative process evaluation (continued)
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Participant Case summary 
Examples of themes and 
codes applied to excerpts Mechanisms Excerpts from interview 

Lapse

206 Engaged with the app by reporting 
smoking. This made him aware of his 
smoking patterns and triggers (e.g. 
boredom). Made the transition to 
vaping and reduced the number of 
cigarettes smoked.

Themes
Support
Smoking
Drivers of engagement
 
Codes
Boredom
Reduction
Vaping – substitution
Messages – thoughts on

‘Reporting’ > promoting 
self-awareness of triggers 
and patterns
 
Substitution of cigarettes 
with vaping
 
‘Equipping’ > use of 
strategies suggested by 
app

It made me monitor pretty much everything in my life as well. Every time I 
needed to for a cigarette, like I say, I wouldn’t even think about it, I would 
just go. I was on 20+ cigarettes a day. At this moment in time, I’m on 
something called a vape. That’s mainly because it’s something to do with 
my hands. Now I have a cigarette in the morning, and I have a cigarette 
after my meal still too before bed. So, I’ve cut down from about 20+ a 
day to around 4–5 a day [ … ] Normally it would be, oh, ‘I’m bored’ or if 
I’m watching TV – this is on an advert; I’ll just quickly nip out and have a 
smoke now but it didn’t pop in my head. [ … ] In the end, what I was doing 
was making a cup of tea or sandwiches or … just not thinking about going 
for a smoke.

Self-monitoring/self- 
regulation boosted

‘Validating’ app messages Interviewer: Okay, so quite a big change.
Yeah. It’s about keeping my hands busy as well, it’s very difficult when 
you’ve been doing it for so long. I’ve been smoking since I was 11 [ … ] 
I could probably stand with a smoker and not think about it. The smell 
might put us on the edge a little bit but like I say, I’ve always got my vape 
in my pocket. [ … ]

All in all, the app is really great. Little messages really, really help. 
Especially when you know in the back of your head that you don’t need to 
go for one just because you’re bored. With the little messages there, for 
extra support, just telling you what your mind knows, that you don’t need 
to go for one. An app knows that you don’t need to go for one, so why are 
you going for one?

111 Did not feel ready to quit when her 
quit date arrived and didn’t reset her 
quit date. Became demotivated and 
decided that the goal of quitting was 
not attainable within the time frame 
and disengaged.

Themes
Preparation
Time and context
Disconnecting/
disengagement
Suggestions from 
participants
 
Codes
Quit date
Christmas/social situation 
outweighs support

Didn’t succeed in resetting 
quit date
 
Stress, time of year/
situation
 
Still smoking, discontinued 
efforts to quit

I set my quit date for as far in advance as I could because I wanted my quit 
date to be on like the 1st January, so it was like a New Year’s resolution. 
I don’t think it gave me the option to do that, so I had to put it on a few 
days before that, which was like just after Christmas. So, it would have 
been good to be able to do that. I think at the time of my quit date, it was 
when I was working over Christmas, so it was like a really stressful period. 
So, I was actually smoking more. So, I felt like a bit of a disappointed with 
myself and when I realised it wasn’t really possible in that time frame, so 
that’s when I kind of stopped using it.

TABLE 35 Vignettes from qualitative process evaluation (continued)
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Participant Case summary 
Examples of themes and 
codes applied to excerpts Mechanisms Excerpts from interview 

120 Liked the app and reported smoking 
and set a quit date. In stage 2 he 
lapsed. This was over Christmas while 
socialising. He did report the lapses 
but largely disengaged from the app 
because he considered his attempt 
had failed.

Themes
Drivers to engagement
Disconnecting/barriers
Time and context
Support
Smoking

Social situation outweighs 
cessation support
 
Saw lapse as a failure and 
discontinued efforts to 
quit

[ … ] it was really useful and possibly even inspirational. Just the tips and 
the nature of it, you know, something there to aid you and encourage 
you to give up, it was a good thing. Also, that it had a real-world effect, it 
thought that it had a … yeah, it’s a good idea and it was a good experience.
[ … ]

Codes
Christmas/social situation 
outweighs support
Reduction
Reporting encourages 
self-monitoring
Strategies and aids/inc. 
suggested by the app
Reporting smoking post 
quit date

Attempted some app 
strategies
 
Disengaged with app 
support messages after 
reporting smoking post 
quit date

[I] did start to tail off using it; the main reason for that is … the most risky 
situation for me to start smoking is either when I’m on my own and at a 
loose end, so kind of pottering around. Another one is, and even more so 
perhaps, socialising. Being with people. Christmas and New Year’s intruded 
within the time period that I’d set myself. I [ … ] I found myself smoking 
and reaching for cigarettes even more rapidly than I had been, certainly 
more so than the early stages of me using the app.

The app had a direct effect on reducing the number of cigarettes at first, 
probably for the first 2 or 3 weeks, so not really so long. Then towards 
Christmas, it would be too easy to pick up … and when I realised that I’d 
failed; I’d crossed the line, and I hadn’t given up. It just picked up again.
[ … ]

Yeah, so I’d tried to go back to it [the app]. Like I say, sort of Christmas and 
New Year were what broke me away from it. I thought I’d go back to it for 
a few days or so and then it just began to tail off even more, so, yeah. It’s 
unfortunate that it was … for me, anyway, was around that time [ … ] But 
certainly, at the beginning, first 2 or 3 weeks, I was battling and every cig 
… it really does get me down because every cigarette that I have, I think 
about it and you want to just record the stress and thinking about what it’s 
doing to me and so on.

[ … ]
Interviewer: Did you try any of the strategies that were suggested by the app? I 
know that was quite a while ago now.
[ … ] Yeah, I remember sort of delaying for a few minutes; I did do that, 
and it encouraged me to do that; smoking a cigarette is something that 
is often, not every time but often, I’d hesitate before doing it but then I 
would end up doing it anyway. So, there’s always that kind of delay.

continued
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Participant Case summary 
Examples of themes and 
codes applied to excerpts Mechanisms Excerpts from interview 

Interviewer: Yeah, I can see that. So, I can see that you’ve reported smoking 
post the quit date on the app. Do you have any memory of how helpful or 
otherwise you found those messages? When you get a sort of – you’ve lapsed 
message.
By the time I got to that stage, I wasn’t really following the app, so I didn’t 
really take in those messages. I saw that it was giving messages, but I 
didn’t really read them to be honest. The main thing was that I was still 
smoking post the date.

210 Was smoking at the time of interview. 
She disengaged with the app after 
lapsing and deleted it.

Themes
Smoking
Disconnecting/
disengagement

Negative emotions around 
lapsing

No, I used it for about a month. Of course, when I started smoking again 
after that, I felt bad and embarrassed, so I didn’t use it much after that but 
… 

Codes
Embarrassed
Reporting smoking post 
quit date

Saw lapse as a failure and 
discontinued efforts to 
quit

Interviewer: Okay, did you still see messages and things still popping up and 
did you still report when you were smoking after the quit date?

Lapses including previous 
quit attempts
Messages – thoughts on

Disengaged with app 
support messages after 
reporting smoking post 
quit date

I did, yeah, and then after a couple of days, I deleted the app when I saw 
that it was using … ’cause I didn’t see the point of using the data when I 
was back smoking.
Interviewer: Okay and did you find any of the messages that it sent you when 
you’d started smoking again … did you find those helpful at all or had you 
disengaged by that point?

Just disengaged by that point. Just more about, oh, another failed attempt. 
I’ll stop eventually [laughs].
Interviewer: If you don’t mind me asking, what sort of triggered you to restart 
smoking again?
Funnily enough, just the worst time to stop smoking, shifts and things.’ 
Cause I work for an agency, I don’t always get enough shifts and things, so 
that stresses me out. I’m thinking, ‘oh my god, how am I going to pay my 
bills?’ You end up smoking more and you shouldn’t be spending money on 
those things [laughs].

[ … ]
Interviewer: [ … ] if you try again at some point, would you be interested in 
trying the app again?
Yeah, I would. It’s easy when you live alone to have something giving you 
support and reminders because you haven’t got someone here giving you 
a cheer and a, ‘well done’. You know. It’s good to have an app [laughs].

TABLE 35 Vignettes from qualitative process evaluation (continued)
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TABLE 36 SWAT participants baseline descriptive statistics

£20 
incentive
(n = 101)

£10 
incentive
(n = 103)

Overall
(n = 204)

Age at consent: mean (SD) 42.0 (9.6) 40.3 (10.6) 41.1 (10.2)

Gender: n (%)

  Male 51 (50.5) 40 (38.8) 91 (44.6)

  Female 50 (49.5) 63 (61.1) 113 (55.4)

Number of cigarettes smoked per day: n (%)

  Less than 16 63 (62.4) 62 (60.2) 125 (61.3)

  16 or more 38 (37.6) 41 (39.8) 79 (38.7)

SES: n (%)

  Low 33 (32.7) 26 (25.2) 59 (28.9)

  High 68 (67.3) 77 (74.8) 145 (71.1)

Socioeconomic grade: n (%)

  1 (highest) 45 (60.8) 47 (61.8) 92 (61.3)

  2 5 (6.8) 8 (10.5) 13 (8.7)

  3 7 (9.5) 4 (5.3) 11 (7.3)

  4 10 (13.5) 10 (13.2) 20 (13.3)

  5 (lowest) 7 (9.5) 7 (9.2) 14 (9.3)

Missing 27 27 54

Ethnicity: n (%)

  White 91 (90.1) 95 (92.2) 186 (91.2)

  Indian 1 (1.0) 0 (0.0) 1 (0.5)

  Pakistani  0 (0.0) 2 (1.9) 2 (1.0)

  Bangladeshi 2 (2.0) 1 (1.0) 3 (1.5)

  Black African 0 (0.0) 2 (1.9) 2 (1.0)

  Black (other) 1 (1.0) 0 (0.0) 1 (0.5)

  Asian 3 (3.0) 0 (0.0) 3 (1.5)

  Mixed race 2 (2.0) 1 (1.0) 3 (1.5)

  Not given 1 (1.0) 2 (1.9) 3 (1.5)

Number of cigarettes usually smoke a day: mean (SD) 15.6 (7.1) 15.3 (6.8) 15.4 (6.9)

Employment status: n (%)

  In work during last 12 months 74 (73.3) 75 (72.8) 149 (73.0)

  Out of work for more than 12 months 26 (25.7) 19 (18.5) 45 (22.1)

  Retired 0 (0.0) 1 (1.0) 1 (0.5)

  Full-time student 1 (1.0) 8 (7.8) 9 (4.4)

continued
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£20 
incentive
(n = 101)

£10 
incentive
(n = 103)

Overall
(n = 204)

Occupation: n (%)

  Modern professional 20 (27.0) 17 (22.4) 37 (24.7)

  Clerical 10 (13.5) 8 (10.5) 18 (12.0)

  Senior manager/administration 11 (14.9) 11 (14.5) 22 (14.7)

  Technical 10 (13.5) 5 (6.6) 15 (10.0)

  Semiroutine manual/service 6 (8.1) 11 (14.5) 17 (11.3)

  Routine manual/service 5 (6.8) 4 (5.3) 9 (6.0)

  Middle/junior manager 8 (10.8) 8 (10.5) 16 (10.7)

  Traditional professional 4 (5.4%) 12 (15.8) 16 (10.7)

Missing 27 27 54

Highest qualification: n (%)

  No formal 9 (8.9) 4 (3.9) 13 (6.4)

  General Certificate of Secondary Education or similar 24 (23.8) 18 (17.5) 42 (20.6)

  A/Advanced Subsidiary Level or similar 28 (27.7) 23 (22.3) 51 (25.0)

  Degree or similar 36 (35.6) 50 (48.5) 86 (42.2)

  Other 4 (4.0) 8 (7.8) 12 (5.9)

Heaviness of Smoking Index: n (%)

  Low 26 (25.7) 37 (35.9) 63 (30.9)

  Moderate 67 (66.3) 55 (53.4) 122 (59.8)

  High 8 (7.9) 11 (10.7) 19 (9.3)

FUTS: n (%)

  A little of the time 10 (9.9) 6 (5.8) 16 (7.8)

  Some of the time 28 (27.7) 38 (36.9) 66 (32.4)

  A lot of the time 41 (40.6) 43 (41.8) 84 (41.2)

  Almost all the time 14 (13.9) 9 (8.7) 23 (11.3)

  All the time 8 (7.9) 7 (6.8) 15 (7.4)

SUTS: n (%)

  No urges 1 (1.0) 0 (0.0) 1 (0.5)

  Slight urges 6 (5.9) 5 (4.9) 11 (5.4)

  Moderate urges 43 (42.6) 39 (37.9) 82 (40.2)

  Strong urges 29 (28.7) 38 (36.9) 67 (32.8)

  Very strong urges 16 (15.8) 18 (17.5) 34 (16.7)

  Extremely strong urges 6 (5.9) 3 (2.9) 6 (5.9)

WISDM Automaticity subscale score: mean (SD) 4.92 (1.75) 4.59 (1.72) 4.75 (1.74)

WISDM cue exposure/associative processes subscale score: mean (SD) 4.48 (1.27) 4.74 (1.40) 4.61 (1.34)

Self-efficacy average score: mean (SD)  1.73 (0.86)  1.63 (0.88)  1.69 (0.87)

TABLE 36 SWAT participants baseline descriptive statistics (continued)
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TABLE 37 SWAT 6-month questionnaire response rates overall and by incentive group

6-month question
£10 incentive proportion
N = 103 (%)

£20 incentive proportion
N = 101 (%)

Overall proportion
N = 204 (%)

Have you smoked any tobacco 
in the last 6 months?

74 79 76

Are you currently smoking 
tobacco?

74 81 77

How many cigarettes do you 
currently smoke? (among those 
reporting currently smoking)

89 96 93

When did you last smoke a 
cigarette?

69 78 74

How many serious quit 
attempts have you made 
during the study?

68 78 73

FUTS 68 78 73

SUTS 68 78 73

Smoking aid questions 66 78 72

App questions (intervention 
group only)

71 76 73

EQ-5D-5L questions 66 78 72

Self-efficacy questions 67 78 73
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