Optimisation of Baby, Me & NRT: a nicotine replacement therapy adherence intervention for pregnancy
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ABSTRACT
(200 words)
Objective: Nicotine Replacement Therapy (NRT) is effective for quitting smoking, but pregnant women appear to benefit less than others. Likely reasons include poor adherence due to erroneous beliefs about NRT. We developed a theory-guided, blended interpersonal and digital NRT adherence intervention (“Baby, Me & NRT” [BMN]) for delivery alongside standard UK pregnancy smoking cessation care. Aims were to optimise BMN’s acceptability and feasibility of delivery prior to efficacy evaluation. Methods: Three sequential cohorts of pregnant daily smokers received standard care plus BMN from pre-quit to 28 days after quit date, with subsequent qualitative and quantitative data collection. Data analysis utilized the Person-Based Approach “table of changes’ method, with refinements after each cohort. Results: N=35 initiated BMN. All accepted NRT, with 92% (n=32) accepting “dual” NRT; 66% (n=23) attended all six consultations. Twenty-five (71%) participants, and their practitioners, provided feedback. Improvements included: using an NRT beliefs questionnaire to guide counselling; recommending NRT patches overnight if needed; making texts responsive to recipients’ smoking and NRT use; allowing recipients to reduce text frequency; adding a webpage featuring real-life pregnancy quit stories; adapting leaflet images to more clearly convey messages. Conclusion: BMN has been optimized via successive cohort testing and appears feasible to deliver.
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INTRODUCTION

Smoking in pregnancy is a major public health concern and cause of health inequalities in many high-income countries. For example, in England 2025, approximately 5% people smoked throughout pregnancy,1 but those from the most deprived areas are over six times more likely to smoke in pregnancy than those from the least deprived areas.2 Smoking in pregnancy is the leading preventable cause of negative birth outcomes in high-income countries, increasing the risk of placental abruption, miscarriage, stillbirth, ectopic pregnancy, preterm labour and low birthweight.3,4 Pregnancy motivates many people to try to stop smoking, but failure to stop and postnatal relapse rates are high.5

Nicotine Replacement Therapy (NRT) is an effective quit aid outside of pregnancy,6 providing ‘clean’ nicotine to ameliorate tobacco withdrawal symptoms and cravings without the harmful chemicals in cigarette smoke. Use of a daily patch plus a fast-acting product on demand (‘dual/combination’ NRT) is most effective.7 According to UK guidelines, NRT is considered safe to use in pregnancy for both mother and baby, and evidence reflects this.8  NRT is offered at no cost by the National Health Service (NHS) to expectant mothers who want to quit smoking, and by all English Stop Smoking Services (SSS).9 However, the effectiveness of NRT appears likely lower in pregnancy than when used by non-pregnant smokers.10 This is thought to be due to poorer NRT adherence observed within compared to outside of pregnancy,11-13 plus an increase in pregnancy nicotine metabolism14,15 which means that higher NRT doses may be required for effective withdrawal and craving control. Qualitative research also suggests that pregnant women do not use NRT as advised (e.g. inadequate dosage or duration of use) due to safety concerns, low perceived need, low efficacy beliefs, experiencing or anticipating side effects, continued smoking, and mixed messages from health professionals.16-18 Correct use of NRT in appropriate doses would likely result in increased pregnancy quit rates.

To address this issue, we developed an evidence-based, theory-guided, blended (in-person and digital) prototype NRT adherence intervention (“Baby, Me & NRT”),19 to be delivered alongside standard smoking cessation care for pregnancy which, in the UK, includes free NRT provision. BMN is the first NRT adherence intervention designed specifically for this population; it aims to help pregnant people use NRT more effectively and so help them to stop smoking. The prototype development process, underlying research, theory and frameworks are described in detail elsewhere.19-22 Briefly, BMN is theoretically underpinned by two models; firstly, the Necessities and Concerns Framework of adherence,23 which emphasizes an individual’s perceived need for a particular treatment weighed up against their concerns about potential negative effects, and, secondly, the Perceptions and Practicalities Approach,24 which distinguishes between intentional and unintentional poor adherence i.e., deliberate under-use versus forgetting or running out of medication. BMN aims to help reduce the barriers and enhance the facilitators of pregnancy NRT adherence, such as by challenging erroneous harm beliefs and giving practical tips for optimal usage.

We followed the phased approach to complex intervention development and evaluation20 and the Person-Based Approach21,22 (PBA). These emphasize the importance of a stage of intervention piloting and optimization, prior to testing in a randomized controlled trial (RCT), to maximize the intervention’s potential for effectiveness and to reduce the chance of design or implementation failure. Optimization can be defined as a process to evaluate or test intervention components to identify what does and does not work, although different frameworks propose a wide range of methods from factorial experiments to qualitative research.25 The Person-Based Approach to intervention optimization involves collating and responding to feedback from intended users of the intervention with the aim of maximizing intervention acceptability and, therefore, likely engagement for future users including the people delivering it. The approach advocates the use of qualitative and mixed methods.

In this study, we detail the piloting and optimization of BMN using a Person-Based, mixed-methods approach, undertaken to maximize its potential effectiveness prior to testing in a full-scale RCT. We wished to ensure that the finalized Baby, Me and NRT intervention would be acceptable to pregnant women undergoing a quit attempt with NRT, and feasible for stop smoking practitioners to deliver. In addition to informing intervention optimization and evaluation for smoking cessation in pregnancy, findings should also inform interventions targeting NRT adherence outside of this population.
  
MATERIALS AND METHODS

This study is registered at www.researchregistry.com. The full protocol is available at Open Science Framework (https://osf.io/kf9ph/).  

Study Design & Theoretical Approach

We used the Person-Based Approach 21,22,26 to guide study design. PBA advocates intervention optimisation through qualitative or mixed methods research that aims to elicit detailed user feedback to enable researchers to understand users’ views and experiences with the prototype and how they interact with it.27 User feedback results in intervention modifications, where possible, then further research is carried out to assess whether these modifications have made the intervention acceptable, and the cycle continues until no further high-priority modifications are needed. We offered BMN to pregnant women enrolled in three sequential optimisation cohorts and, after delivery of the prototype intervention, sought recipients’ quantitative and qualitative feedback. Practitioners’ qualitative feedback was also sought less formally. For the first two cohorts, in order to maximise the fidelity of delivery of intervention counselling, BMN was delivered by two trained stop smoking practitioners who were members of the research team involved in its development. For the third cohort, in addition to these practitioners, we trained two specialist pregnancy stop smoking practitioners unfamiliar with BMN to deliver it; this was to check that they could deliver the intervention after a realistic amount of training as well as to gauge their views on acceptability and feasibility. We used the PBA “table of changes” method26 to inform how feedback data were used to modify BMN after each cohort (see ‘Data analysis’).

Description of the prototype intervention

Briefly, as described fully elsewhere,19 “Baby, Me & NRT” (BMN) is a behavioural support package that integrates with usual UK National Health Service (NHS) care for smoking in pregnancy. It aims to improve pregnant people’s adherence to the NRT offered as part of usual care, helping them to use it optimally. BMN comprises i) enhanced behavioural counselling, ii) a dedicated website, iii) a 30-day programme of tailored daily text messages, and iv) a leaflet.

All BMN components emphasise key evidence-based messages that counter negative beliefs about using NRT in pregnancy and reinforce positive ones. BMN aims to increase motivation to use NRT to help stop smoking in pregnancy, particularly ‘dual NRT’ i.e., a nicotine patch and fast-acting NRT product together. Intervention messages aim to promote optimal adherence, help overcome practical problems with NRT use, encourage action planning to minimise forgetting to use NRT, and offer guidance on preventing and managing lapses from abstinence to smoking. 

BMN is designed to be delivered alongside usual smoking cessation care in pregnancy. In the UK NHS, usual care has been defined by the UK Centre for Smoking Cessation Training (NCSCT),28 and includes the offer of up to six behavioural counselling sessions delivered over four to six weeks, setting a quit date, provision of dual NRT, and monitoring of smoking status at follow ups. Key BMN intervention messages were checked for acceptability by NCSCT cessation practitioners during development, enabling the intervention to be integrated into the first four weeks of usual care, with enhanced counselling delivered alongside usual care counselling. Counselling is delivered one-to-one by trained pregnancy smoking cessation practitioners, either face-to-face or by telephone/videocall. In the first session, participants set quit dates, are counselled in using NRT, and are given a 14-day NRT supply to use from the start of their quit attempt. Follow-up support consultations are offered at weekly intervals after the quit date, with further NRT supplies arranged as needed. The BMN website, leaflet and text message components are made available to recipients at the start of treatment. Prototype BMN intervention components are described briefly below; full details are available elsewhere.19. 

Enhanced practitioner counselling
In addition to usual care counselling, practitioners provided women with personalised information which responded to their views about using NRT. Women were strongly encouraged to use sufficient dual NRT to enable them to avoid smoking completely, and to use a proactive problem-solving approach to overcoming barriers to correct use. They were encouraged to continue using NRT during any smoking lapse lasting less than two weeks.

Tailored SMS text messages
The prototype intervention included a 30-day programme of tailored SMS text support for improving NRT adherence in pregnancy. Messages addressed motivation to stop smoking and to use NRT, intentional and unintentional non-adherence, correct usage techniques and amounts of NRT, relapse prevention, and general social support. Texts were personalised by name, tailored to user characteristics including choice of NRT product, and started two days before agreed quit dates. Recipients could stop texts early by sending a “STOP” message.

Illustrated leaflet
A professionally designed brief leaflet, available in A5 or A6 sizes, comprised six sections of simple graphics and text explaining how NRT works, common misconceptions, how to use NRT correctly, how to identify and manage side effects, and links to further information sources (including the website below). 

Website
The website reflected the leaflet’s design, aiming to reinforce key adherence-enhancing messages. We incorporated text, images, animations, and expert videos to try to maximise engagement.

Recruitment

With ethical approval from the Nottingham 1 NHS Research Ethics Committee (Ref: 19/EM/0193, IRAS 254560), recruitment and data collection ran from1st June 2019 to 30th September 2020. Working with Nottingham University Hospitals ante-natal secondary care clinic staff, two researchers consented and enrolled English-speaking, pregnant women who were aged 16 and over, less than 25 weeks' gestation, smoked at least 1 daily cigarette, agreed to set a quit date within 14 days, and agreed to receive the BMN intervention including trying NRT. Participants needed access to a smartphone and, if they also vaped, needed to agree to stop vaping for the study duration. Those already in a smoking cessation study or receiving cessation support, including texts or NRT, were ineligible. Cohort 3 recruitment, which was affected by COVID-19 restrictions on face-to-face contact, also used online advertising to identify participants, and consent was given online.

Data collection

Participant characteristics
At baseline, prior to the first consultation, participants were asked their age, gestation, and current and pre-pregnancy smoking behaviour.

BMN acceptability
Participant feedback (quantitative): at Day 28 after quit date, we sent a link to an online end-of-study questionnaire (Supplementary Materials 1) seeking participants’ evaluations of the intervention using closed-ended and Likert-type questions, including ratings of the helpfulness of intervention components and messages, opinions on the frequency and timing of support, and whether participants would recommend the intervention. Questionnaire items relating to the SMS text messages were adapted from a previous study;29 all other items were created for this study.

BMN engagement
Use of BMN components: we collected data on participants’ acceptance of NRT (whether they chose ‘dual’, ‘single’ or no NRT at the initial consultation), numbers of intervention consultations attended, average duration of website views, and whether participants requested text message discontinuation. The online end-of-study questionnaire above also asked participants to self-report their usage of BMN components and features.

Use of NRT: at Day 7 and Day 28 after quit date, we asked participants about their current smoking and NRT status via a link to an online questionnaire.

BMN optimisation 
Participant feedback (qualitative): we sought pregnant participants’ qualitative feedback by offering face-to-face or telephone interviews shortly after Day 28, conducted by two researchers not involved in intervention delivery. With consent, interviews were audio-recorded and transcribed. Interviewers used semi-structured questions seeking participants’ views on, and suggested improvements to, BMN and its components (Supplementary Materials 2). Participants’ preference for telephone interviews, followed by COVID-19 restrictions coming into place during the Cohort 2 follow-up period, meant that only telephone interviews took place.

Practitioner feedback (qualitative): during and after each cohort we invited study practitioners’ views on BMN’s feasibility of delivery in stop smoking consultations and how this could be improved. Following Cohort 3, in which practitioners unfamiliar with BMN were trained to deliver it, we also invited feedback on positive and negative aspects of the intervention. For Cohorts 1 and 2, as practitioners were part of the research team, feedback was often given informally (e.g. verbally during meetings) and we did not deem it necessary to interview them formally. Key points were recorded during meetings, and they also provided brief written feedback notes at the end of these two cohorts. Following Cohort 3, which also involved practitioners newly trained in delivering BMN, all four practitioners were interviewed, with notes taken from the interview recordings by other members of the research team.

Prototype modifications: we used the Person-Based Approach (see “Data analysis”) to tabulate qualitative feedback and inform decisions; we also considered quantitative findings.
 
Optimising future trial outcome measures
Reported separately from this manuscript, we collected pre- and post-intervention measures during this study to optimise as potential future trial outcomes, including biochemical samples for validation of smoking status30 and participants’ necessity beliefs and concerns about using NRT in pregnancy.31 We also collected data to compare different measures of NRT adherence and smoking behaviour (weekly questionnaires versus daily “NicUse” app reports).32,33 We have described elsewhere how we developed, evaluated and optimised these measures,31-33 and the likely impact of the BMN prototype on nicotine and tobacco smoke exposures,30 so these are not discussed further here.

Sample size and data analysis

Sample size
We aimed to recruit up to 40 participants across a maximum of   sequential cohorts. We anticipated that, per cohort, approximately ten participants would provide sufficient qualitative data for saturation on key themes relating to prototype optimisation and, if analyses suggested that no further BMN modifications were needed, that fewer than four cohorts might be required. Data saturation refers to the point at which no additional data are being found.34.

Data analysis
Analysis was conducted at the end of each cohort. For quantitative measures, descriptive statistics summarised views on the intervention and measures of engagement. For qualitative data, following data familiarisation, participants’ negative and positive comments about the prototype BMN intervention and its elements were extracted verbatim and tabulated using the Person-Based Approach ‘table of changes’ method (https://www.personbasedapproach.org/table_of_changes.html)26 together with quantitative findings and the comments of practitioners, taken from meeting and interview notes. Consistent with the Person-Based Approach, the qualitative analysis aimed to generate practical insights into users’ experiences of specific intervention features (e.g. positive and negative views towards components, what was liked and disliked) rather than to generate fully interpretive themes. While the frequency of an issue being raised by multiple participants can provide an indication of its potential importance, a single participant may also identify a point that is critical to the design or functioning of the intervention. To enhance methodological rigour, initial coding of comments (LM) was reviewed by another member of the research team (RT). Feedback was then entered into the first three columns of the table of changes (“intervention element”, “positive comments”, “negative comments”). Qualitative and quantitative findings were integrated within the table of changes by collating evidence relating to each intervention element from multiple data sources where available (e.g. interview feedback, usage data, questionnaire responses, engagement data) and by categorizing both qualitative and quantitative sources of evidence for an intervention component as positive or negative. The wider team then used the combined evidence to identify issues, discuss and note potential solutions, and assess and record the importance of the proposed changes using the simple coding framework provided with this method. At the end of each cohort, we produced a list of potential modifications to BMN with justifications for each (e.g. consistency of feedback, feasibility of implementing), then decided, at a meeting of the whole research team, which changes should be actioned.

RESULTS

Participant characteristics and study flow

Figure 1 shows participant flow per cohort. Testing was stopped after three cohorts as no significant new issues were identified during Cohort 3. In total, we screened 438 pregnant women who smoked, of whom 9% (n=40) were recruited. Most non-participants did not meet study inclusion criteria, which included being a daily smoker and willingness to try quitting smoking with in-person counselling sessions and NRT. Of 40 women recruited, five could not be contacted after baseline and took no further part: the remaining analyses refer to participants who were contactable and began treatment (N=35, 8% of those screened). Table 1 shows their baseline characteristics; they were, on average, approximately 30 years old, of 15.6 weeks’ gestation and smoked around 9 daily cigarettes. The follow-up questionnaires sent at Day 7 and at Day 28 (end-of-study) were completed by 74% (n=26) and 69% (n=24) of N=35 participants, respectively; 71% (n=25) gave qualitative interview feedback.

BMN acceptability

Participants’ evaluative ratings of BMN in the end-of-study questionnaire were positive overall. On a five-point scale from “very unhelpful” (“1”) to “very helpful” (“5”), the intervention was rated as at least “helpful” (“4”) by 96% (n=23) of the end-of-study questionnaire respondents (n=24) and as “very helpful” by 71% (n=17); 100% agreed that they would recommend the support package to another pregnant person. For individual components, ratings of at least “helpful” ranged from 96% (n=23) for the follow-up telephone consultations to 71% (n=17) for the website. All respondents except one (96%, n=23) rated the consultations as “about the right length”, versus too long or too short, and 100% rated the information contained as “about the right amount”, versus too much or too little. On a five-point agreement scale, high proportions responded “agree” (“4”) or “strongly agree” (“5”) that the leaflet was easy to understand (83%, n=20), interesting (83%, n=20) and they learned new information from it (92%, n=22). Equivalent figures for the website were 79% (n=19), 75% (n=18) and 75% (n=18). The number of text messages received was rated as “about right” by 67% (n=16), with 25% (n=6) rating these as “too many” and 8% (n=2) as “too few”. One out of N=35 participants (3%) sent a request to stop the text support.

BMN engagement

Use of BMN components
All six consultations were attended by 66% (n=23) of the N=35 participants who began treatment, and 69% (n=24) were retained to the end of treatment. Retention rates were 75% in Cohort 1 and Cohort 2, in which participants received their initial consultation face-to-face, and 60% in Cohort 3, in which this was carried out remotely due to COVID-19 restrictions. Self-reported use of intervention components was high. Out of the end-of-study questionnaire respondents (n=24), all reported reading the leaflet at least once; 29% (n=7) reported reading it more than once. All except three respondents (87%, n=21) reported looking at the intervention website, 33% (n=8) more than once, but only 42% (n=10) reported viewing any of its embedded videos/animations. Objective website data sometimes indicated relatively low engagement (e.g. Cohort 1 average visit duration 52 seconds). All end-of-study questionnaire respondents (n=24) reported receiving the intervention text messages; 83% (n=20) reported reading “all of the messages”, 4% (n=1) reported reading “most of the messages”, 8% (n=2) reported reading “about half of the messages”, and 4% (n=1) reported reading “only some of the messages”.

Use of NRT
All N=35 participants who began treatment accepted the offer of NRT; 91% (n=32) accepted dual NRT and 8% (n=3) accepted fast-acting products only. At Day 7, all respondents to the follow-up questionnaire across all cohorts (n=26) reported having used NRT, and 58% (n=15) of respondents reported their current smoking status as abstinent. At Day 28, out of respondents to the end-of-study follow-up questionnaire across all cohorts (n=24), 50% (n=12) reported their status as “not smoking and using NRT”, 46% (n=11) as “smoking and using NRT” and 4% (n=1) as “smoking and not using NRT”.   

BMN optimisation: qualitative interview findings and prototype modifications

BMN modifications were largely informed by participants’ and practitioners’ qualitative interview feedback; we also considered quantitative data. COVID-19 restrictions drove some changes to counselling delivery for Cohort 3 (100% remote delivery), with feedback collected on these. Tables 2-4, organized by intervention component, show how specific findings influenced decisions to change or to not change prototype components. The following labels identify when modifications were identified: C1 (Cohort 1), C2 (Cohort 2) or C3 (Cohort 3). Some modifications were implemented between cohorts while others were implemented when finalising the intervention for pragmatic reasons. A full description of the qualitative interview findings is provided below, augmenting the summary of key impressions presented in Tables 2-4. Overall, participant views on BMN were positive and in line with quantitative feedback. The support component viewed most favourably was enhanced behavioural counselling, although participants reported liking having multiple intervention components that work together as it was felt to make the content accessible to different people. Some participants reported that BMN helped them with quitting (“I wouldn’t be able to do it [quit] without the support package.” C2:PT2204).

i) Enhanced behavioural counselling (Table 2)
The counselling component was considered the most helpful and perceived as the primary source for NRT information and advice. Participants particularly liked the clarity of information, approachability of the stop smoking practitioners, and having their achievements recognised. When interpersonal counselling moved entirely to telephone/videocall delivery during C2, due to COVID-19, some participants were reportedly distracted during the consultations. Additional guidelines were developed for practitioners to successfully deliver support remotely.

Following C1, intervention practitioners suggested using women’s baseline responses to the NRT-in-Pregnancy Necessities and Concerns Questionnaire (NiP N&CQ),31 which was developed as a trial measure, to help tailor their discussions. This was incorporated into C2 and C3, with participants finding it a useful prompt (“It was good because a lot of women are going to think different things.” C2:PT1205; “It was useful to identify things I wasn’t sure of.” C3:PT2303). However, practitioners found that this could be time-consuming, potentially impeding the delivery of enhanced NRT-adherence content. In response, we developed guidance for using the NiP N&CQ, including limiting the number of statements discussed. 
Some C1 participants reported that NRT side effects and nicotine withdrawal symptoms remained a barrier to adherence. Counselling content was therefore adapted to increase focus on proactively managing side effects, usage issues and withdrawal (C2). Between-appointment text messaging with the practitioner was not considered during intervention development but happened organically during C1 and was popular with participants. Guidance to standardise this was therefore developed for C2 onwards.   

ii) NRT (Table 2)
Practitioners’ responsiveness to switching NRT products appeared important to participants’ continued use (“I liked having the option that if something [NRT] wasn’t working that it could be changed right away.” C2:PT2201). However, in C2, it became apparent that some participants were not using combination NRT. One reason was a reluctance to use the patch due to sensitive skin or a skin condition (“I had to stop using the patches because I had a reaction with my eczema…” C2:PT2202). Others had stopped using their fast-acting NRT product due to side effects. As encouragement to use combination NRT was a key feature of the intervention, changes were made to recommend trying an alternative patch brand that uses a different adhesive and instructing participants on proper application. A third fast-acting product (nicotine spray) was also added to the supply options.  

Some participants in C1 and C2 struggled with cigarette cravings in the morning. In response, we consulted with experts about suggesting keeping the 24-hour patch on overnight if required. The main reason for recommending removing the NRT patch is to prevent continuous nicotine exposure, but the alternative may be that pregnant people continue to smoke. With the agreement of experts, changes were made to instructions to recommend keeping the 24-hour patch on overnight if morning cravings could not be overcome using fast-acting products or other techniques.

iii) Text messages (Table 3)
The daily text message component was generally considered helpful and acceptable (“I quite liked the text messages everyday cos they sort of spur you on” C2:PT2205). Participants liked the balance of message types, use of accessible language, message timing and personalisation (“…seemed like it was from a person not a machine.” C2:PT1202).
Sometimes participants felt that the texts did not reflect how their quit attempt was going (C2). This could be demotivating if the content assumed continued NRT adherence and smoking abstinence (“it deflates you a little bit because you think you’re not doing as well as others.” C2:PT1205). In C3, therefore, we tailored some text messages according to participants’ ongoing adherence behaviour, using their replies to texts to capture their smoking and NRT use. The level of replies was moderate so, after consulting with participants, it was decided to use data they were providing concurrently to a daily smoking and NRT reporting app (NicUse)32,33 to tailor such messages, as this was considered more convenient.

A few participants felt they were receiving too many text messages (“The texts got a bit too much for me […] It got to the point I was just flicking through them and taking the notification off my phone.” C2:PT1205). Consequently, when finalising the intervention, a “LESS” reply function was introduced so that participants could reduce the number of messages rather than stopping them or disengaging. Texts were also limited to a maximum of two per day after the first week, and a text was sent on Day 1 advising participants of this and the “LESS” function.

iv) Leaflet (Table 3)
Participants generally liked the leaflet design, balance of text and images, and friendly tone. Some images were thought to be open to misinterpretation (C1), such as a pregnant woman laying down under the ‘side effects’ information. This was replaced with a skin irritation image when finalising the leaflet. Two leaflet size options were offered (A5 & A6) to explore which participants preferred. Some liked the A6 size because “it could easily go in your handbag” (C2:PT2205), while others found the text size too small (C2). As there was no outright preference, we decided to use the A5 leaflet in the final intervention due to its larger text size. In C1, the leaflet was given out after the first consultation, but some women reported not having looked at it. In C2 and C3, this was changed so that the leaflet was sent out in advance of the first consultation, which appeared to increase engagement (“It was a good starting point.” C3:PT3302).

v) Website (Table 4)
Participants who had viewed the website said that it was user-friendly and liked the content, but overall engagement with the website was low. Various strategies were tested in C2 and C3 to increase this. In C1, participants suggested including a new webpage on ‘real-life NRT quit stories’. This was implemented, with C2 participants responding positively (“It’s nice to know other people are doing it and have gone through it. . . that’s the one bit of the website that I looked at.” C2:PT1202). Other suggestions included sharing the website link before the first consultation, simplifying some ‘wordy’ content, and adding further links to web content from the automated text messages. In C3, text message links were refined to use a more ‘clickbait’ approach. However, changes had no significant impact on website engagement, with many participants citing a lack of need as the main reason.

Feedback in C1 and C2 suggested making the website more interactive, and the idea of an online forum was introduced as a possible way to achieve this. Responses to this suggestion were mixed. Some participants thought it would encourage peer support and may increase engagement with other parts of the website, but not all those who liked the idea thought they would be active users. Others suggested that a chatroom would need to be heavily moderated to avoid negativity and the spread of misinformation. Due to this need for moderation and to have an active community, which can be difficult within the context of a trial, it was decided not to incorporate this change into the intervention.

Finally, as most sessions were taking place by phone rather than by videocall, practitioners suggested including an NRT product demonstration video on the website. This was developed and implemented in C3, with those who viewed the video finding it helpful. One participant discovered they had been using their NRT products incorrectly.  

Following C3, the research team considered the merits of including a website as part of the intervention. BMN was designed to reinforce key content through different delivery modes, while also appealing to personalised learning styles, so it may not be necessary for participants to engage with all the intervention components (“…you’re kind of getting the same thing and I preferred listening to [practitioner]” C2:PT2203). It was suggested that the website might be useful once interpersonal support stops (“… now that I don’t have the telephone and the text messages, now that support has petered off, there’s more room for the leaflet and website to come back into play.” C2:PT2204). As it was unlikely the website was having a negative effect, it was decided to keep it.   
[bookmark: _Hlk161919852][bookmark: _Hlk161922724] 
DISCUSSION

Key findings

We assessed the acceptability of BMN and optimised it for future trial use via successive cohort testing on its intended users. Acceptability among pregnant participants undergoing a quit attempt appeared high across cohorts in terms of evaluative ratings, particularly for BMN’s enhanced counselling and NRT component. This component also appeared feasible for practitioners to deliver, particularly after we found solutions to issues they identified regarding it potentially being time-consuming. Participants were, on average, over 15 weeks pregnant at baseline, and the majority had smoked in a previous pregnancy and had a partner who smoked; factors previously associated with failure to quit smoking in pregnancy.35   Engagement and retention were good; two thirds who began the support attended all six consultations, 91% accepted dual NRT, and 69% provided both end-of-study questionnaire and interview feedback. Although not an exact comparison, a study of an opt-out referral pathway embedded into usual care36 found that, of those referred to stop smoking support in pregnancy in two hospital Trusts, 29% and 45%, respectively, attended the first stop smoking consultation. In terms of retention, data from England in 2019-202037 show that, of pregnant people who engaged with stop smoking support and set a quit date, 74% provided their smoking status at 4-weeks follow up. Almost all our participants reported finding BMN helpful, with most finding it “very helpful”. The texts and leaflet were well engaged with, although engagement with the website was lower. At Day 28, 46% of questionnaire respondents reported that they were concurrently smoking and using NRT (50% reported using NRT and not smoking). For this intervention, participants were encouraged to abstain from smoking, although, contrary to existing guidelines at the time, the intervention informed participants not to stop using NRT if they had a period of smoking that lasted less than two weeks. Therefore, this dual use may reflect continued engagement in NRT and continued attempts to abstain, although this is speculative. Within-person analyses of the same dataset found that, among those smoking and using NRT concurrently, women smoked less on days they used more NRT.38

[bookmark: _Int_igNKIwVx]Several modifications were made as a result of feedback from cohort testing, particularly to the consultations. Following Cohort 1, in response to practitioners’ suggestions, we incorporated use of a pregnancy NRT beliefs questionnaire (NiP N&CQ),31 originally developed as a pre-post intervention outcome measure, into the initial consultation. All participants were asked to complete this at baseline and again at the end of study; from Cohort 2 onwards, participants’ baseline responses were used by practitioners to help tailor their discussion of NRT in the initial session, addressing any specific concerns or unhelpful beliefs highlighted. Participant-led modifications included more sophisticated tailoring of the text messaging system to reflect their ongoing quitting behaviour, flexibility regarding text message frequency, and more engaging web content. COVID-19 restrictions on face-to-face consultations prompted other changes, such as creating video demonstrations of how to use different NRT products properly. Not all suggested changes were implemented. Chatroom provision was suggested by some participants but decided against due to mixed views and practical constraints (e.g. low potential number of users, need for moderation to avoid potentially harmful misinformation).

Study weaknesses

There are many potential designs for optimisation studies, including randomised designs.25 This was an observational study with no randomisation; all participants received the intervention. It is therefore difficult to know if acceptability was similar to that of usual care, and, although there is preliminary evidence for BMN having positive effects on NRT adherence, with no comparator we can say nothing about intervention efficacy. Two-thirds of women who started support attended all consultations, so the optimised BMN appears capable of engaging sufficient pregnant women to affect cessation rates should this prove effective. It is likely that participants’ responses evaluating BMN were biased in favour of positivity; all but one of those who provided feedback were participants retained to the end of the study, and the majority reported ongoing use of NRT. Participants may have felt that a lot of time was invested in them by those delivering the intervention and so may not have wanted to appear critical of this. Participants often reported a positive relationship with their practitioner and may have believed that their feedback would reach them. We mitigated against this as much as possible by assuring participants of the confidentiality of their responses and distancing collection of research data from support delivery e.g. by using online questionnaires and informing participants that those carrying out interviews were a different team to the practitioners. We also asked participants to answer honestly and reminded them of the purpose of the study, i.e., to make improvements to BMN. 

A potential limitation is the lack of ethnic diversity within our sample, who were 94% White British; this may affect the generalisability of our results to other ethnic groups. However, people from ethnic minority groups are much less likely to smoke during pregnancy than White ethnic groups in the UK, and the ethnic profile of our sample is like that of other UK smoking in pregnancy cohorts, which have similarly high proportions of White British women.39,40 In a study of pregnant smokers in England,41 a high proportion of those who were interested in help with quitting smoking were interested in accessing digital support, and mobile phone ownership is high among this group, but generalisability may be limited to those interested in using NRT. A further limitation is that only 9% of those screened were eligible and willing to take part. Reasons for ineligibility included not being a daily smoker, already accessing stop smoking support, being unwilling to set a quit date and/or use NRT, and not being interested in participating. It appears, where collected, that many women were excluded for not being a daily smoker at the time of screening. However, reasons for ineligibility were not collected consistently so we cannot specify which factors most contributed to non-participation.

Study strengths

The BMN prototype we created prior to cohort testing was carefully constructed; it was informed by behaviour change theory and derived via detailed systematic reviews and qualitative work with pregnant women and their health professionals. We therefore had a well-developed prototype at the outset of cohort testing. During the optimisation process we sought feedback from intended future intervention users, i.e., people undergoing a supported quit attempt with NRT during pregnancy, as well as the practitioners delivering it. Practitioners included NHS smoking cessation advisors outside of the research team, who were newly trained in BMN intervention delivery, i.e. those whom we intended would deliver BMN in future trials set in routine care settings. Their training and fidelity of delivery will be the subject of a separate paper. 

Another study strength is the mixed methods approach used; we triangulated data from different sources to inform our decisions about changes to BMN. We used a systematic, transparent approach to classifying and acting on participant feedback after each cohort, involving the whole research team in decisions, and desirable changes were actioned where possible. The simple coding framework supplied with the method we followed26 helped the research team to decide reliably whether potential modifications should be actioned, with clear justifications required for each criterion (e.g. consistency of feedback, feasibility of implementing). Qualitative and quantitative evaluations of BMN components were generally in high agreement. Where agreement appeared lower, e.g. participants made relatively few, brief website visits despite offering positive evaluations, we erred on the side of caution, e.g. by adding features to increase engagement. 

Findings in context

Historically, studies have been criticised for describing behavioural interventions so poorly that others would have difficulty replicating them, or for using interventions developed without reference to behaviour change theories. Sometimes, interventions developed for a particular patient group have been trialled in others without strong evidence to suspect any positive treatment effects might be replicated in different people. More recently, researchers have paid closer attention to intervention development; examples include detailed descriptions of behavioural cessation interventions for those with serious mental illness,42 from special populations such as Aboriginal and Torres Strait Islander mothers,43 and a smoking in pregnancy smartphone app developed using the Multiphase Optimisation Strategy (MOST) and the Behaviour Change Wheel.44 As well as applying a systematic approach when developing BMN,19 our sequential cohorts enabled us to iteratively test and optimise its acceptability, feasibility and, in particular, engagement, which has been a major challenge for some other smoking in pregnancy interventions that include smartphone support,45 even after usability testing.46 By collecting both qualitative and quantitative feedback data, intervention developers can have more confidence in the observations yielded by both types of methodological approach. Iteratively testing and refining interventions following the sequential approach we used allows researchers and developers to identify problems early and to respond promptly to priorities and insights.

The fact that relatively few changes were required during intervention optimisation may demonstrate the value of a systematic and iterative, Person-Based Approach to prototype.20 It is encouraging that two thirds of those we recruited, who smoked nine cigarettes per day at baseline, on average, engaged until the end of treatment and almost all reported continuing use of NRT. Taken together, findings from this study and others mentioned earlier30-33 contributed to a protocol for the SNAP2 trial which is currently underway to evaluate the intervention.47 

Conclusions
[bookmark: _Hlk188982968]
Informed by the Person-Based Approach, a prototype complex intervention to help stop smoking in pregnancy (“Baby, Me & NRT”) was optimised for future trial use. Via successive cohort testing among pregnant women who smoked, and cessation practitioners trained in its delivery, we identified issues that might impact on future engagement and acceptability, applying a systematic approach to optimization adaptations. The resulting BMN intervention, delivered through multiple channels, was shown to be acceptable to pregnant women undergoing a smoking quit attempt with NRT, and feasible for practitioners to deliver, although the website component was less well engaged with. A remote delivery model following COVID-19 restrictions was feasible and did not appear to impact on engagement with interpersonal counselling sessions. BMN’s optimization through this study has prepared it for evaluation in clinical trials.
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Table 1: Baseline participant characteristics
	Characteristic
	Women who began treatment (N=35)
% (n) unless otherwise stated 

	Age in years (mean [SD])
	30.1 (5.3)

	Gestation in weeks (mean [SD])
	15.6 (4.2)

	Ethnicity
  White
  Other
	
94% (33)
6% (2)

	Partner smoking status
   No partner
   Partner who smokes
   Partner who is a nonsmoker / ex-smoker
	
14% (5)
60% (21)
26% (9)

	Smoking status in previous pregnancies
   No previous pregnancies
   Smoked in a previous pregnancy
   Did not smoke in a previous pregnancy
	
9% (3)
83% (29)
9% (3)

	Number of cigarettes smoked per day (mean, SD) 
	8.6 (6.4) 


Percentages may not add up to exactly 100% due to rounding. 
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Table 2: Table of changes - issues identified and changes made for the BMN enhanced behavioural counselling and NRT component
	Issue identified
	Possible change 
	Coding 
	MoSCoW
	If / when implemented

	C1: Side effects, usage issues and withdrawal symptoms were given as reasons for poor NRT adherence and discontinuation
	Practitioners to provide more information on proactively managing side effects, usage issues, and withdrawal
	IMP, EAS, REP, EXP, NCON
	Must do
	Implemented before C2

	C1-C2: Some participants were distracted during consultations
	Encourage people to find a private place to talk
	IMP, EAS, REP, EXP, NCON
	Should do
	Implemented before C2+3

	
	Develop a protocol for delivering behavioural support and NRT remotely e.g offer the first consultation by telephone or video consultation
	IMP, EAS, REP, EXP, NCON
	Must do
	Implemented before C2+3

	C2: Study practitioners suggested using the NRT-in-Pregnancy Necessities & Concerns Questionnaire (NiP N&CQ) to tailor the pre-quit behavioural counselling session
	Use the NiP N&CQ to tailor pre-quit behavioural counselling session discussion around NRT

	EAS, REP, EXP, NCON
	Could do
	Implemented before C3

	C2: Some participants were using NRT to cut down smoking rather than quit 
	Practitioners to include more advice on the importance of quitting not cutting down with NRT, while still recognising this as progress
	IMP, EAS, REP, EXP, NCON
	Should do
	Implemented before C3

	C3: Using the NiP N&CQ to tailor the pre-quit behavioural counselling was time-consuming for practitioners
	Develop a practitioner protocol for using the NiP N&CQ to guide the pre-quit counselling (e.g. discuss max 5 items)
	IMP, EAS, REP, EXP, NCON
	Must do
	Implemented in finalised intervention 

	C2: Participants reported being unable to tolerate one or more of the NRT products that were available through Baby, Me & NRT (nicotine patch, inhalator, lozenges), making it difficult for them to use combination NRT
	Develop a protocol for people who refuse or are unable to tolerate the nicotine patch
	IMP, EAS, REP, EXP, NCON
	Must do
	Implemented before C3

	
	Encourage people to try another brand of nicotine patch if they refuse it due to past experience or current side effects on skin
	IMP, EAS, REP, EXP, NCON
	Must do
	Implemented before C3

	
	Offer another strong fast-acting NRT (e.g. nasal or mouth spray) for those unable to tolerate the nicotine patch or other fast-acting options
	IMP, EAS, REP, EXP, NCON
	Must do
	Implemented before C3

	C2: Some participants were experiencing strong morning cravings
	24-hour patch can be kept on overnight for those struggling with morning cravings
	IMP, REP, EXP, NCON

	Should do
	[bookmark: _Hlk161925239]Implemented before C3 (expert guidance and ethical approval were sought before actioning)


C1 = Cohort 1, C2 = Cohort 2, C3 = Cohort 3; MoSCoW (Must do; Should do: Could do: Would like to do); IMP = important for behaviour change, EAS = easy/uncontroversial, REP = repeatedly said, EXP = supported by experience e.g. experts, literature, NCON = not contradict experience, NC = not changed

Table 3: Table of changes - issues identified and changes made for the BMN text message and BMN leaflet components
	Component 
	Issue identified
	Possible change 
	Coding 
	MoSCoW
	If / when implemented

	Text messages
	C1: Text messages did not always reflect participants’ current NRT adherence behaviour (i.e. whether they were smoking or using NRT)
	Develop adherence-based, tailored text message content and test this using a text message ‘reply’ approach
	IMP, EAS, REP, EXP, NCON
	Must do
	Implemented before C3

	
	C1-C2: Some participants thought there were too many daily text messages


	Review messages to ensure a maximum of 2 per day
	IMP, EAS, REP, EXP, NCON
	Must do
	Implemented before C3

	
	
	Introduce a ‘LESS’ reply function to reduce the number of text messages
	IMP, EAS, REP, EXP, NCON
	Must do
	Implemented in finalised intervention

	
	C3: Few participants replied to adherence tailoring text message questions
	For the final intervention, tailor texts to ongoing NRT adherence using data from the NicUse app, which is used to record daily NRT adherence and smoking
	IMP, EAS, REP, EXP, NCON
	Must do
	Implemented in finalised intervention 

	Leaflet 
	C1: Some participants and a co-investigator did not like the image of the pregnant woman lying down as it looked like this was a possible side effect of using NRT
	Replace image of pregnant woman lying down
	EAS, REP, EXP, NCON
	Should do 
	Implemented before C2

	
	C1. There was fairly low engagement with the leaflet
	Practitioners to signpost participants to the leaflet during the first behavioural counselling session
	EAS, REP, NCON
	Should do 
	Implemented before C2

	
	C1-C3: A5 and A6 sized leaflets were offered to participants, but there was no outright preference
	Opted for A5 due to larger text size for those with poorer eyesight
	
	Should do 
	Implemented in finalised intervention


C1 = Cohort 1, C2 = Cohort 2, C3 = Cohort 3; MoSCoW (Must do; Should do: Could do: Would like to do); IMP = important for behaviour change, EAS = easy/uncontroversial, REP = repeatedly said, EXP = supported by experience e.g. experts, literature, NCON = not contradict experience, NC = not changed


Table 4: Table of changes - issues identified and changes made for the BMN website component
	Issue identified
	Possible change 
	Coding 
	MoSCoW
	If / when implemented

	C1: Participants thought it would be valuable to hear from other pregnant women who had used NRT to quit smoking
	Add webpage on real life NRT quit stories
	IMP, EAS, REP, EXP, NCON
	Should do
	Implemented before C2

	C1: Side effects, usage issues and withdrawal symptoms were given as reasons for poor NRT adherence and discontinuation
	Review website content to enhance information on these topics
	IMP, EAS, REP, EXP, NCON
	Should do
	Implemented before C2

	C1-3: There was low engagement with the website (maximum 2 visits per person throughout; Cohort 1 average visit duration 52 seconds; Cohort 3 average visit duration 112 seconds)
	Send participants a link to the website prior to the first behavioural counselling session
	EAS, REP, EXP, NCON
	Should do
	Implemented before C2

	
	Practitioners to signpost participants to the website during the first behavioural counselling session
	EAS, REP, EXP, NCON
	Should do
	Implemented before C2

	C2: Website content was considered hard to read / lengthy in places
	Review website content to reduce excessive text and / or add bullet points
	EAS, REP, NCON

	Should do
	Implemented before C3

	C2: Due to the move to remote delivery (COVID-19), practitioners could no longer demonstrate NRT products in person
	Produce and add NRT product demonstration videos to the website by practitioners
	IMP, EAS, REP, EXP, NCON
	Must do
	Implemented before C3

	C1-C2: Participants thought the website could be more interactive e.g. a chatroom
	Consider adding a moderated chatroom to the website
	NC
	Could do
	[bookmark: _Hlk161926858]Not implemented due to the need for ongoing chatroom moderation and potential lack of uptake/ sufficient community size


C1 = Cohort 1, C2 = Cohort 2, C3 = Cohort 3; MoSCoW (Must do; Should do: Could do: Would like to do); IMP = important for behaviour change, EAS = easy/uncontroversial, REP = repeatedly said, EXP = supported by experience e.g. experts, literature, NCON = not contradict experience, NC = not changed
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Figure 1: Participant study flow per cohort (Quit Date [“QD”]; End of Study [“EoS”])
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