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Abstract
Objectives: Postpartum smoking relapse rates are high. This trial assessed the effectiveness of the BabyBreatheTM intervention for maintaining postpartum smoking cessation.
Design: Multicentre, two-arm, superiority, parallel group, pragmatic individually randomised, controlled trial. 
Setting: United Kingdom (UK) community health visiting services. 
Participants: Pregnant women and people reporting quitting smoking in the 12 months before, or during, pregnancy, with exhaled carbon monoxide (CO) verified abstinence, were randomised (1:1) to receive BabyBreatheTM (BB) or usual care (UC), using a secure web-based randomisation sequence, stratified by recruitment hub, partner smoking status and quit timing (before or during pregnancy). No blinding was possible in this trial.
Intervention: BabyBreatheTM comprised in-person or remote smoking cessation maintenance interpersonal support at 28-32 weeks gestation and 10-14 days postpartum. The BB box, posted at birth, contained theory-driven advice for cessation maintenance, nicotine replacement therapy sample, and motivational tools. Tailored motivational and educational text messages were provided. A website and app provided tailored cessation maintenance advice, social support, motivational tools and gamification. Control was usual postpartum care (UC).
Main outcome measure: The primary outcome was continuous abstinence, verified by exhaled CO 12-months postpartum (<7 ppm). 
Results: Between 4th September 2021 and 3rd August 2023, 887 participants were randomised (BB=441, UC=445). 886 were included in an intention-to-treat analysis.  The group difference in smoking abstinence at 12-months postpartum was not statistically significant (BB=242/441 (54.9%) vs UC=222/445 (49.9%); adjusted odds ratio 1.23, 95% confidence interval 0.94 to 1.60, p=0.133), risk difference (RD) 4.8% (-1.7%, 11.2%) and number needed to treat (NNT) 20.8 (8.9 to –58,8). A per-protocol analysis favoured BB (BB=200/350 (57.6%) vs UC=222/445 (49.9%); odds ratio 1.36 (1.02 to 1.81) p=0.035)) with RD 7.2% (0.3%, 14.1%) and NNT 13.9 (7.1 to 333.3). There were no trial-related adverse incidents. 	Comment by Susan Stirling (MED - Staff): @Allan Clark (MED - Staff) amended these	Comment by Allan Clark (MED - Staff): OK, but following on from the Altman paper I sent I feel it is better to report these as "NNTB 8.9 to infinity to NNH 58.8"...what do you think  	Comment by Susan Stirling (MED - Staff): Yep thanks I think sounds ok. Are you going to add the reference?	Comment by Allan Clark (MED - Staff): I think I would not put the reference, apparently it is the standard way to report them when the risk difference crosses zero	Comment by Caitlin Notley (MED - Staff): @Allan Clark (MED - Staff) not sure I follow this?! Any further changes needed to the text?	Comment by Allan Clark (MED - Staff): so, the 8.9 means that the best possible scenario is that for every 8.9 people treated one more person would quit; to for every 58.8 people treated one more person would not quit . This is why I liked the approach of NNTB 8.9 to infinity to NNH 58.8 (i.e. the results are consistent with a number needed to treat to see a benefit is 8.9 to a number need to treat to see a harm is 58.8). If easier we can have a quick chat on Monday. 	Comment by Caitlin Notley (MED - Staff): Ok I get this but it has not been asked for...so if we add it need to explain and probably need ot also spell out in full?	Comment by Allan Clark (MED - Staff): We had the NNT before, but the calculation was a little out so we are just correcting it. NNTB and NNHM are standard term but I think in the abstract we can not put the terms but put them in the main text?

Conclusions: In this trial, the Babybreathe TM intervention did not significantly increase sustained smoking cessation amongst participants. A post-hoc per-protocol analysis, including only those who received interpersonal support as intended, demonstrated significantly greater benefit for BabyBreatheTM over usual care. A focus on fidelity and further targeting of BabyBreatheTM may be warranted.
Trial registration: ISRCTN70307341.
Funding: National Institute for Health Research Public Health Research Programme: NIHR129074.

What is already known on this topic
· In a Cochrane review, pooled studies found that it was unclear whether interventions prevented smoking relapse among women who had stopped smoking spontaneously in early pregnancy, with a ‘borderline’ effect at six to 11 months (six studies; n=2458, average risk ratio (RR) 1.33, 95% confidence interval (CI) 1.00 to 1.77, I² = 0.0%). 
· A further Cochrane review of relapse prevention interventions included postpartum relapse prevention trials as a sub-group. Trials including postpartum follow-up found no significant benefit of interventions (15 studies, n=4606, RR 1.02, 95% CI 0.94 to 1.09, I² = 3%). 
· To inform the BabyBreathe trial, we undertook a qualitative synthesis exploring experience and understanding of postpartum relapse, a systematic review of predictors of return to smoking postpartum, and a review of behaviour change techniques in preventing return to smoking postpartum, finding that interventions combining multiple techniques were the most promising.
What this study adds:
· Babybreathe was a large definitive trial of a complex behavioural intervention for maintaining postpartum smoking abstinence. 
· Findings did not reach statistical significance on the primary outcome, suggesting that in this trial, the BabyBreatheTM intervention did not support long term sustained smoking abstinence.
· When the BabybreatheTM intervention was adhered to we found a significant difference in the primary outcome.
Introduction
Prevalence of tobacco smoking is higher amongst women of reproductive age in England compared with the general population.(1) Many people who smoke successfully quit during pregnancy, but there are marked health inequalities, as those with lower income are less likely to quit and more likely to relapse back to smoking. Tobacco smoking is a key modifiable risk factor for adverse pregnancy outcomes and quitting smoking during pregnancy reduces these risks.(2) There is a unique opportunity to help those who stop smoking in pregnancy to quit permanently. Most people who quit smoking wish to remain abstinent after the birth; however, up to three quarters of spontaneous quitters return to smoking within six months.(3) Sustained postpartum smoking abstinence has significant health benefits for the mother, as most new mothers are young enough to minimise long-term harm, particularly from cancers and cardiovascular disease.(4) Maternal smoking is the primary source of infant and child second-hand smoke exposure,a substantial cause of child ill health and mortality.(5) There is also an intergenerational effect: children of mothers who smoke are twice as likely to smoke themselves in later life.(6) 
There are wide, and substantial, estimates of the total United Kingdom (UK) National Health Service (NHS) annual costs associated with smoking in pregnancy and postpartum relapse to smoking, ranging between £8.1 and £64 million overall for treating maternal health problems in 2010.(7) equating to approximately £100m if the higher estimate is correct in 2025. Postpartum smoking relapse is a key global public health problem; yet there are no evidence-based interventions, and in the UK there is no routine support for maintaining smoking abstinence.(8) The NHS Long Term Plan prioritises smoking cessation services in pregnancy,(9) and recent policy has commissioned targeted, evidence based, interventions, including financial incentives, for smoking cessation in pregnancy,(10) overlooking postpartum support. 
Previously trialled interventions to support sustained smoking abstinence postpartum overall did not demonstrate clear  effectiveness, as although there was an effect at 12 to 17 months postpartum (two studies, n=431, average RR 2.20, 95% CI 1.23 to 3.96), there was only a borderline effect at six to 11 months postpartum (six studies, n=2458; average RR 1.33, 95% CI 1.00 to 1.77).(11) A Cochrane review of relapse prevention interventions included postpartum relapse prevention trials as a sub-group, finding no significant benefit of interventions (15 studies, n = 4606, RR 1.02, 95% CI 0.94 to 1.09).(12) A subsequent trial tested the effectiveness of financial incentives for maintaining postpartum smoking cessation, with inconclusive findings.(13) New approaches are urgently needed to address this important public health issue. Our team undertook multiple systematic reviews to inform the logic model underpinning BabyBreatheTM. (14) We reviewed qualitative studies exploring experience and understanding of postpartum smoking relapse,(15) undertook a systematic review of predictors of postpartum smoking relapse (16), and identified the most promising behaviour change techniques in preventing return to smoking postpartum.(17) Interventions combining multiple techniques were the most promising, suggesting that sustained postpartum smoking cessation requires a complex intervention. We hypothesised intervention components and their functions(18) to achieve sustained postpartum smoking abstinence. We worked with pregnant and postpartum women and people, families and healthcare professionals to design an intervention that could be delivered alongside usual care, be feasible to implement in practice, and be acceptable. This trial aimed to definitively test the effectiveness of BabyBreatheTM at supporting women and people to stay smokefree following pregnancy. 

Methods 
The trial protocol was registered and published  (Notley, 2023(14)). Ethical approval was granted by the North West - Preston Research Ethics committee (21/NW/0017).
Trial design: Multicentre, pragmatic, two-arm, superiority, parallel group, individually randomised, controlled trial, with internal pilot, including economic evaluation and process evaluation.
Setting: Participants were recruited through UK midwifery services during pregnancy, in-person or remotely via telephone, and online using social media advertising. The intervention was delivered in the community by health visitors or trained researchers, in-person or remotely, alongside delivery of usual care (UC). 
Participants: Between July 2021 and August 2023 research midwives screened pregnant women and people in England and Scotland at the first antenatal booking appointment, discussed the study and sought written consent to be contacted by the research team. Initially, large numbers of potential participants (n=5,231) were excluded because they were not in areas with BabyBreatheTM trained health visitors. This barrier was removed when we extended the intervention to remote delivery, enabling us to recruit participants from across the UK. Participants provided initial ‘consent to be contacted’ during early pregnancy (n=2,774). Potential participants were then contacted by an automated system, via email or text message, at approximately 26 weeks gestation and confirmed eligibility.  provide full consent and completed a CO test prior at approximately 26 weeks gestation (n=1,271 [46%] of participants who had provided consent to contact). Eligibility criteria were:
1. Pregnant women/people who have stopped smoking completely in the 12 months before pregnancy, or at any time during pregnancy. 
2. At 26 weeks gestation or any time following this up until birth, not having smoked a single puff of a cigarette for at least 4 weeks. 
3. Able to read and understand English. 
4. Willing and able to give informed consent for study participation. 
5. Aged at least 16 years.
6. Expired carbon monoxide (CO) reading <four parts per million (ppm).
Potential participants were asked to download a study-specific smartphone application (iCOBabyBreathe), so they could use a study-provided individual use CO monitor (iCO) (Bedfont) to take two readings. The highest reading was input into a bespoke REDCap database. Where CO readings ≥26 weeks gestation were able to take place in person as part of standard care, readings were obtained by a member of the clinical team. Following provision of written informed consent, and confirmation of eligibility through a CO reading, the participant received a text/email inviting them to complete the baseline questionnaire. 
Randomisation: Submission of the baseline measures triggered randomisation. Between 4th September 2021 and 3rd August 2023, participants were randomised (1:1 ratio) to one of the two treatment groups, using a secure web-based randomisation sequence. Randomisation was stratified by recruitment hub, partner smoking status and quit timing (before or during pregnancy). Random block sizes of four and six were used.
Allocation concealment and blinding: The list was generated by Clinical Trial Unit data management and securely stored and was not revealed until after the participant was randomised, to ensure concealment. No blinding was possible due to the nature of the trial. The intervention was delivered only by trained health care providers or researchers. Control participants were allocated to health care providers not trained to deliver BabyBreatheTM, to limit contamination. 
Intervention: BabyBreatheTM is a  complex intervention underpinned by behaviour change theory.(18) It consists of interpersonal support (in-person or remotely delivered by video call or telephone) with a trained health care provider (health visitor, member of health visiting team, or researcher) at approximately 28-32 weeks gestation, to align with scheduled UC visits, and to prepare for the immediate postnatal period. At the time of birth, the BabyBreatheTM box (i.e., a relapse prevention kit) was sent in the post containing: behaviour change theory driven advice leaflets for Mothers and partners; advice on nicotine alternatives; a sample of nicotine replacement gum; gifts for parents; reminders; encouragement to set goals and self-reward; and motivational tools. An automated text message support system was triggered, delivering supportive, motivational and educational messages following a reducing schedule, with opportunities to tailor messages by answering ‘lapse’ or ‘smoke-free’. Access was provided to the BabyBreatheTM website and app, providing tailored and targeted advice and offering the opportunity to engage with social support, motivational tools, and gamification as rewards. A second interpersonal discussion was scheduled at 10-14 days postpartum, aligning with UK UC health visiting protocols. Digital and remote support via text message, the website and BabyBreatheTM app continued for up to 12 months postpartum, and support from Healthcare Professionals (HCPs) was reiterated at routine appointments. The intervention is fully described elsewhere and all intervention components were chosen and developed though preceeding co-production research.(14)
Control: The UC group received usual antenatal and postnatal care as per the NHS maternity care pathway (i.e., no routine relapse prevention support). UC varies across the UK, but commonly includes routine screening for smoking status by a midwife at the first antenatal booking appointment. If a patient reports currently smoking or has a CO reading >4 ppm, they should be automatically referred to NHS commissioned stop smoking services (opt-out referral). These services focus on abstinence in pregnancy, only giving brief advice about maintaining abstinence postpartum and in the long-term. Prior to this trial (and in usual care), no information is collected on past smoking status, and no information is routinely given from either midwives or health visitors to address potential postpartum smoking relapse.
Outcomes:
Primary Outcome: The primary effectiveness outcome was self-reported continuous smoking abstinence, from birth, biochemically validated by CO monitoring at 12 months postpartum, with cut-off of <7 ppm for those who were not pregnant, or with a cut-off of <4ppm if they are pregnant again at this time point, according to the Russell standard.(19) Adapting the Russell standard for the postpartum population, we granted a period of ‘grace’, allowing up to five smoking lapses (a one-off instance of smoking) between the birth of the baby and the 12-month follow-up, before the outcome was counted as relapse. Participants provided CO readings electronically, using the iCO monitor and iCOBabyBreathe app, enabling the trial to continue during COVID restrictions. Where it was possible to collect CO readings in person this continued, as part of standard care, or readings were taken by a researcher, offering participants help with taking a CO reading where needed.
Secondary outcomes: Measured at 6 and 12 months postpartum by online self-report, or researcher follow-up, included self-reported point prevalence abstinence and time to relapse, participant reported partner smoking status, self-efficacy (single item, self-report), Edinburgh Postnatal Depression Scale(20), behavioural support use (e.g., support from a stop smoking service), nicotine product use, perceived stress(21) the Alcohol Use Disorders Test for Consumption (AUDIT-C)(22),  health related quality of life (HRQoL) using the EQ-5D-5L(23). Infant health outcomes (e.g., minor infections requiring General Practitioner (GP) visits and more serious ill health requiring hospitalisation), participant and infant health resource use and cost-effectiveness were measured at 12 months postpartum using participant self-report. Participants were reimbursed for their time (£15 shopping voucher) on completion of 12-month follow-up. Fidelity of the intervention was assessed with digital analytics data and recording of interpersonal contacts. Assessments for the full process evaluation and for cost-effectiveness are reported in the protocol (14) and findings will be reported elsewhere. Adverse events and serious adverse events were not recorded as part of the trial. However, healthcare practitioners were able to record adverse incidents.
Analysis: Analysis followed a pre-specified statistical analysis plan (OSF | Babybreathe SAP V1.2 28-11-24.pdf). Based on existing relapse estimates and smoking cessation in pregnancy trial outcomes, we estimated that if the primary outcome occurs in 25% of the control group (based on an estimated relapse rate of 75%(24) compared with 35% of the intervention group, then we would need 880 participants to have 90% power to detect this 10% difference at the 5% level of significance. We estimated that this difference between control and intervention groups was realistic based on recent trials.(25) Loss to follow-up or withdrawal was not considered within the sample size calculation, as all those lost to follow up (or those not CO verified) were counted as returned to smoking, as is standard in smoking cessation trials. Analysis of smoking status was based on the intention-to-treat principle, by analysing individuals according to the group they were allocated to. All analysis was completed using STATA version 18.
Baseline data were summarised descriptively by group. Analysis of the primary outcome was based on a logistic regression model, adjusting for recruitment hub in the ‘minimally adjusted model’. Secondary analysis adjusted for factors known to predict relapse (i.e., time of giving up smoking (pre-pregnancy vs during pregnancy), use of e-cigarette in previous week (yes/no) and smoking status of partner (partner doesn’t smoke/no partner vs partner smokes) in a ‘fully adjusted’ model. The odds ratios were estimated from these models and a risk difference estimated using an identity link function, when the model failed to converge risk differences were estimated using approximate equations based on the control rate and the odds ratio. Subgroup analyses were conducted for deprivation (using the Index of Multiple Deprivation (IMD)), timing of quit, e-cigarette use at baseline and partner smoking status, by including an interaction between subgroup and intervention/control term in the model. Secondary outcomes were analysed in a similar fashion using logistic regression models for binary outcomes. For continuous outcomes linear regression was used. For AUDIT-C outcomes, due to the ordinal natural of the outcome a Mann-Whitney test was used. For the number of GP visits a Negative binomial regression model was used. For the time to relapse we analysed only individuals who had relapsed and provided a valid date of relapse at 12 months using a Kaplan-Meier curve and Cox’s proportional hazard model, adjusting for the factors specified previously. Additionally, a non-prespecified per-protocol analysis was completed for the primary outcome, restricting the intervention participants to only those who received interpersonal care (a major aspect of the intervention). 
An independent data monitoring committee reviewed data collection and analysis. 
Role of the funding source: National Institute for Health Research – Public Health Research funded the study (ref: NIHR129074). The views expressed are those of the author/s and not necessarily those of the NIHR or the Department of Health and Social Care. 
Trial oversight: The trial was managed by the UK CRC Registered Norwich Clinical Trials Unit (CRCUK 51), with weekly trial management meetings involving the Chief Investigator and named researchers. Independent oversight was provided by the Trial Steering Committee (TSC) that included a Chair and five independent members. The Data Monitoring Committee met prior to each TSC and included three independent experts.
Patient and Public Involvement: The intervention tested was co-developed with patient and public involvement (PPI). Two PPI members were contributed to the funding proposal for the trial. They remained involved throughout the trial, and attended all trial steering committee meetings. PPI members partnered with us to design study recruitment materials and provided feedback on data collection instruments, assessing the patient burden and advising on language used. At the end of the study, PPI members commented on the findings, contributed to the dissemination plan, and attended the final trial findings meeting (team dissemination). 
Results
A total of 887 participants were randomised. Sixteen participants discontinued the intervention but were included in the ITT analysis for the primary outcome (Figure 1). One participant was excluded post-randomisation and not included in the ITT analysis (randomised in error as ineligible [declared current smoking]).  Thus, data for 886 participants were analysed (BB=441, UC=445).
Baseline characteristics of participants in the two groups were similar (Table 1). Approximately one third (32.2%) of participants had stopped smoking in the 12 months before falling pregnant and the remainder (67.7%) reported stopping smoking during early pregnancy. Around one-third (35.0%) of participants reported living with a partner who smoked tobacco. Education level was high overall, with 42.2% of participants being educated to degree level. Thirty-eight percent reported having used an e-cigarette to help with smoking cessation.
The follow-up rate for self-report data collection was 86% (n=764) at 6 months and 85% (n=751) at 12 months. Follow-up rates were similar for the two study groups (Figure 1). 
Biochemically verified self-reported continuous abstinence at 12 months postpartum was 54.9% (242/441) in BB and 49.9% (222/445) in UC (Table 2). While the intervention appears to have had a small positive effect, the reported difference did not reach statistical significance (odds ratio 1.23, 95% confidence interval 0.94 to1.60, fully adjusted, P= 0.133), with number needed to treat NNT 20.8 (-58.8 to 8.9). (NNTH 58.8 to  ∞ to NNTB 8.7).	Comment by Susan Stirling (MED - Staff): @Allan Clark (MED - Staff) reported as 8.7 to -125 in the abstract - think need to be consistent
In total, 72.6% (320/441) of BB and 69.4% (309/445) of UC participants self-reported being smoke free at six months (Table 3). This finding was not statistically significant (odds ratio 1.17, 95% confidence interval 0.87 to 1.57, fully adjusted, P= 0.306). At 12 months 67.1% (296/441) of BB and 61.8% (275/445) of UC participants self-reported being smoke free. This was not statistically significant (odds ratio 1.27, 95% confidence interval 0.96 to 1.68, fully adjusted, P= 0.098). 
For self-reported time until relapse, the fully adjusted hazard ratio of 0.75 and the failure curve being to the right of the control group suggested that even if individuals do relapse they relapse later in the intervention group, however this did not reach statistical significance (p=0.130) (Table 3 & Figure 2)
At 6 and12 months, there was no significant difference in smoking status between the two groups for those that reported having a non-smoking partner at baseline (Table 3); nor between the groups for breastfeeding status. At 6 months there was no significant difference between the two groups in self-efficacy to remain smokefree, but there was a significant difference between the two groups in self-efficacy to remain smokefree at 12 months, with 76.7% (237/309) of the intervention group being very or extremely confident in remaining smokefree versus 63.8% (190/298) of the control group (P=0.001, odds ratio 1.90 to 95% CI: 1.32, 2.74, fully adjusted) (Table 3).
There were no statistically significant between-group differences in outcomes at 6 or 12 month follow-up for postnatal depression, behavioural support, perceived stress or e-cigarette use (Table 3).
At 12 months, the intervention group showed significantly higher use of nicotine replacement therapy (NRT) products compared with the control group (OR 3.11, CI 1.43 to 6.77, fully adjusted, P=0.004) (Table 3), although there were no significant differences in NRT use at 6 months, and no difference in reported nicotine product use within the last 7 days at either 6 or 12 months(Table 3). There were no significant group differences in reported alcohol consumption at 6 months, but at 12 months the intervention group had significantly lower alcohol consumption compared with the control group (P=0.0067) (Table 3).
There were no statistically significant differences in health outcomes for infants between the BB and UC groups at 12 months (Table 4).
Eighteen adverse incidents were reported during the trial, 12 in the control group (2.7%) and six in the intervention group (1.4%). None were deemed related to the trial. One participant (UC) reported “Neonatal death”. Two further participants (one UC, one BB) were listed as “lost to follow up”. The other participants indicated adverse health outcomes for the baby.  
In pre-planned sub-group analyses,across all sub-groups analysed; deprivation level (using Index of Multiple Deprivation (IMD)), timing of initial quit, e-cigarette use and partner smoking status) those quitting in pregnancy (versus before pregnancy); there were no significant differences (P values >0.05, Table 5 & Figure 3). 
BabyBreatheTM intervention fidelity was variable. All intervention participants were sent the initial leaflets and 98% of the intervention group were sent the BabyBreatheTM box. Seventy-five percent of participants were sent, and did not discontinue, SMS text message support for the full 12 months of the programme. These were all ‘passively received’ aspects of the intervention. The interpersonal intervention was received by 347 participants (79.0%) and not received by 94 participants (21.0%), due to pressures with health visiting services, missed appointments by participants, and administrative errors. In a post hoc per protocol analysis including only those who received the interpersonal intervention (Table 2) we found that the BB intervention group were significantly more likely to remain smoke free at 12 month follow up ((BB=200/347 (57.6%) vs UC=222/445 (49.9%); odds ratio 1.36 (1.02 to 1.81) p = 0.035; risk difference 7.2 (0.3 to 14.1), fully adjusted), with  number needed to treat NNT 13.9 (7.1 to 333.3).
Overall, 60% received an antenatal intervention contact, and 70% received a postnatal contact. A sub-sample of 39 intervention contacts were audio-recorded and researcher-coded for adherence with a mean adherence score of 3.5/5 (range 2 to 5).  The ‘active’ elements of the intervention that were digital/remote had low engagement. The website was accessed by 32% of intervention participants, and only 9% installed the Babybreathe app (Table 6). The iCO monitors were used to self-monitor for motivational purposes by 41.6% (n=148) of BB participants, but also by 21.0% (n=73) of UC participants (Table 7).
Discussion
The BabyBreatheTM intervention, in addition to usual postpartum care, yielded 5% higher rates of sustained smoking abstinence at 12 months postpartum, although this was not statistically significant. Consistent with the null finding, there were no differences in health outcomes for infants of participants between the study groups. Self-reported smoking outcomes were consistent with the CO verified primary outcome. There were no significant differences between BB and UC on most secondary outcomes, although the direction of effect consistently favoured BB. Furthermore, a post hoc per-protocol analysis demonstrated a significant effect of the intervention for those who received the interpersonal intervention, suggesting some fidelity concerns with intervention delivery impacting the primary outcome. At 12 months, the intervention group were significantly more likely to be using nicotine replacement therapy (NRT) products, as they had been encouraged to do as part of the intervention, had higher self-efficacy to remain smokefree, and reported significant reductions in alcohol use compared with the usual care group. It is possible that  NRT use increased abstinence rates in the BB group and NRT should be further explored as an aid to maintaining postpartum smoking cessation. Reduced alcohol use may have been a behavioural effect of the intervention, or it may be that lower use of alcohol was protective against smoking relapse, since there is a strong association between alcohol use and tobacco smoking relapse.(26)
There was no strong evidence that intervention effectiveness varied across different subgroups. It is worth noting that there was a (non-significant) tendency towards improved outcomes for BB group participants from the lowest fifth of the IMD sub-populations, those reporting quitting smoking during pregnancy (rather than before), those with no previous use of an e-cigarette, and amongst those living with a partner who smoked tobacco. As these factors are leading predictors of postpartum relapse,(16) there is some suggestion that relapse prevention intervention and support may be particularly beneficial for these sub-populations, although Babybreathe study did not provide definitive evidence of this. 
Although we did not find a statistically significant effect of the BabyBreatheTM intervention on the primary outcome, we observed substantially higher than expected rates of sustained smoking abstinence across groups. Such high levels of abstinence in the UC group at 12 months may have limited our ability to demonstrate an effect of the intervention. This trial reported much higher rates of sustained abstinence than the highly effective intervention of financial incentives, where a sustained abstinence rate of 40% was reported for the intervention group in a recent relapse prevention trial, with an abstinence rate of 27% for the control group,(13) in comparison to our control group abstinence rate of 50%. The higher reported rates of sustained abstinence reported across both groups in this trial may reflect the highly motivated, highly educated and higher socioeconomic status population that we inadvertently recruited, perhaps due to including online recruitment methods, and including people who quit in preparation for pregnancy. We also observed high levels of reported e-cigarette use at both baseline and follow up across groups,  reflecting national trends in English population level vaping (27) and use of vapes by pregnant women and people,(28) which have increased since conception of the trial. Initially quitting smoking by vaping, and continuing to vape, may have aided smoking cessation, although we did not find evidence of this during the study. This finding is in line with survey evidence suggesting that sustained regular vaping may promote cessation,(29) although further evidence directly addressing this question is required.
A further explanation is the cultural change that has been observed in recent years in the UK. There have been continued declines in population level smoking, (30) and a sharp decline in rates of smoking in pregnancy in England. (31) The UK government has invested significantly in an opt out approach to smoking cessation during pregnancy, with support embedded throughout the maternity care pathway. (15) This approach appears to have been successful.(32) Increased focus on the harms of smoking, both generally and during pregnancy specifically, may be interpreted as a denormalisation of tobacco smoking, that may be reflected in the trial population in terms of likelihood of sustaining smokefree status. Alternatively, or in addition, it may be that we observed a strong Hawthorne effect, as those randomised may have been more motivated to stay smokefree simply as an artefact of being in the trial.
There were some fidelity concerns with intervention delivery that may also have affected outcomes. Approximately a fifth of those randomised to the intervention group did not receive any interpersonal intervention with a trained BabyBreatheTM health care professional; due both to issues with provision of the intervention and to participant factors such as cancelling a health visitor appointment; potentially missing the most vulnerable people. Due to this fidelity issue, we ran an unplanned per-protocol analysis. The analysis demonstrated that, for those that received at least one interpersonal contact, the intervention was effective for long term smoking cessation in comparison to usual care. There was also very low uptake of the app and website components of the intervention, and both intervention and control participants reported positive feelings of being ‘part of a programme’ (qualitative data reported separately). Finally, use of remote individual iCO monitors as a research tool across groups potentially had a motivating impact for control and intervention participants, since we noted instances of self-monitoring, and positive feedback on use of the monitors by participants in both groups.
This study was the largest postpartum smoking relapse prevention trial conducted to date. It tested a theory based co-designed intervention, that had been developed with input from pregnant and post-partum women and people, their partners, and health care professionals. The intervention enabled choice and provided multiple routes to support for maintenance of smoking cessation.
The trial was multi-centre, recruiting to target across sites in England and Scotland, and remotely across the UK. Multiple different approaches to ‘standard care’ in terms of postnatal health support were involved, meaning that the trial was pragmatic and reflected ‘real world’ practice. During Covid-19 related restrictions, the trial was able to adapt to recruit and deliver the intervention remotely, in line with standard care provision. There was  an authorised protocol amendment to enable flexibility and adaptiveness in both recruitment and intervention delivery. The trial achieved high follow-up rates and levels of CO verification for those reporting smokefree status. There were no concerns with data quality, loss to follow-up or missing data.
A limitation is that the initial sample size calculation was based on a much lower rate of sustained postpartum abstinence (25%) than was observed in the control arm. Given the high abstinence rates across both groups, this suggests that the trial may have been slightly underpowered to detect a difference. However, power calculations are quite robust, as when the percentage is 25%-75% this is unlikely to greatly affect the power.  . A further limitation, as discussed, is that not all participants received the intervention as intended, which may have affected the overall effectiveness of the BabyBreatheTM programme. In addition, some aspects of the intervention were not engaged with, e.g., only 32% visited the website, and only 9% installed the app. A final limitation is that we recruited a more highly educated population, with fewer participants in the lowest IMD fifth, compared with recent large UK trials of smoking cessation in pregnancy or postpartum.(13,33) The skewed recruited population could be a limitation of the complex trial recruitment procedures, including remote online recruitment, that may have represented a barrier to engagement and potentially limits generalisability.
This trial found that the BabyBreatheTM intervention did not significantly increase sustained smoking abstinence postpartum for people who quit smoking in pregnancy. Although 5% more participants receiving the BabyBreatheTM intervention achieved validated, continuous smoking abstinence at 12-months postpartum compared with usual postpartum care, this difference was not statistically significant. All secondary outcomes also showed a similar positive change, although again were not statistically significant. A per-protocol analysis did however demonstrate significance for those that received interpersonal intervention. In this trial, we conclude that there was insufficient evidence that the BabyBreatheTM intervention assisted people to stay smoke free postpartum, over and above usual care. If the intervention had been delivered as planned there may have been an improvement in rates of smoking abstinence for people receiving the full intervention dose. Further work is needed to explore how to increase fidelity to BabyBreatheTM in the real world, and to test effectiveness for populations that are less educated and less affluent.
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Table 1: Baseline characteristics of trial participants 
	
	Usual Care (UC) (n=445)
	Babybreathe Intervention (BB) (n=441)
	Total (n=886)

	Age, mean (SD)
	29.29 (5.16)
	29.08 (5.52)
	29.19 (5.34)

	Number of days into pregnancy when recruited, mean (SD)
	175 (56.52)
	170 (51.23)
	172 (53.98)

	When did you quit smoking
	
	
	

	       Before pregnancy, n(%)
	142 (31.9%)
	143 
(32.4%)
	285 (32.2%)

	       During pregnancy, n(%)
	302 (67.9%)
	298 
(67.6%)
	600 (67.7%)

	       Missing, n(%)
	1 
(0.2%)
	0
	1 (0.1%)

	Partner smoking status
	
	
	

	      No partner, n(%)
	27 
(6.1%)
	32 
(7.3%)
	59 (6.7%)

	      My partner currently smokes    tobacco
	155 (34.8%)
	155 
(35.1%)
	310 (35.0%)

	     Partner does not smoke   tobacco
	262 (58.9%)
	254 
(57.6%)
	516 (58.2%)

	    Missing
	1 
(0.2%)
	0
	1 (0.1%)

	Highest qualification
	
	
	

	      None, n(%)
	6 
(1.4%)
	6 
(1.4%)
	12 (1.4%)

	      GCSE, n(%)
	117 (26.3%)
	115 
(26.1%)
	232 (26.2%)

	      A-level, n(%)
	127 (28.5%)
	118 
(26.8%)
	245 (27.7%)

	     Degree, n(%)
	181 (40.7%)
	193 
(43.8%)
	374 (42.2%)

	Prefer not to say n(%)
	13 
(2.9%)
	9 
(2.0%)
	22 (2.5%)

	     Missing, n(%)
	1 
(0.2%)
	0
	1 (0.1%)

	Ethnicity
	
	
	

	   White, n(%)
	409 (91.9%)
	405 
(91.8%)
	814 (91.9%)

	   Mixed, n(%)
	12 
(2.7%)
	14 
(3.2%)
	26 (2.9%)

	   Asian / Asian British, n(%)
	7 
(1.6%)
	6 
(1.4%)
	13 (1.5%)

	  Black/African/Caribbean/Black British, n(%)
	9 
(2.0%)
	11 
(2.5%)
	20 (2.3%)

	   Arab, n(%)
	0 

	2 
(0.5%)
	2 (0.2%)

	   Any other ethnic group, n(%)
	5 
(1.1%)
	3 
(0.7%)
	8 (0.9%)

	Prefer not to say
	2 
(0.5%)
	0 

	2 (0.2%)

	   Missing, n(%)
	1 
(0.2%)
	0
	1 (0.1%)

	Marital status
	
	
	

	      Single, n(%)
	79 (17.8%)
	83 
(18.8%)
	162 (18.3%)

	     Co-habiting, n(%)
	203 (45.7%)
	189 
(42.9%)
	392 (44.2%)

	     Civil partnership, n(%)
	19 
(4.3%)
	20 
(4.5%)
	39 (4.4%)

	     Married, n(%)
	126 (28.3%)
	128 
(29.0%)
	254 (28.7%)

	     Divorced, n(%)
	1 
(0.2%)
	5 
(1.1%)
	6 (0.7%)

	    Widowed, n(%)
	0
	0
	0

	   Prefer not to say, n(%)
	16 
(3.6%)
	16 
(3.6%)
	32 (3.6%)

	    Missing, n(%)
	1 
(0.2%)
	0
	1 (0.1%)

	Confidence to continue not to smoke until baby’s first birthday
	
	
	

	    Not at all confident
	18 
(4.0%)
	18 
(4.1%)
	36 
(4.1%)

	    Slightly confident
	88 (19.8%)
	77 
(17.5%)
	165 (18.6%)

	    Moderately confident
	171 (38.4%)
	156 
(35.4%)
	327 (36.9%)

	    Very confident
	113 (25.4%)
	115 
(26.1%)
	228 (25.7%)

	    Extremely confident
	54 (12.1%)
	75 
(17.0%)
	129 
(14.6%)

	   Missing, n(%)
	1 
(0.2%)
	0
	1 
(0.1%)

	Did you use Nicotine Replacement Therapy (NRT) to help you stop smoking?
	
	
	

	  No, n(%)
	399 (89.7%)
	388 
(88.0%)
	787 (88.8%)

	 Yes, n(%)
	45 (10.1%)
	53 
(12.0%)
	98 
(11.1%)

	Missing, n(%)
	1 
(0.2%)
	0
	1 
(0.1%)

	Have you used any Nicotine Replacement Therapy (NRT) in the last week? 
	
	
	

	  No, n(%)
	433 (97.3%)
	426 
(96.6%)
	859 (97.0%)

	 Yes, n(%)
	11 
(2.5%)
	15 
(3.4%)
	26 
(2.9%)

	Missing, n(%)
	1 
(0.2%)
	0
	1 
(0.1%)

	Did you use an e-cigarette to help you stop smoking?
	
	
	

	  No, n(%)
	283 (63.6%)
	265 
(60.1%)
	548 (61.8%)

	 Yes, n(%)
	161 (36.2%)
	176 
(39.9%)
	337 (38.0%)

	Missing, n(%)
	1 
(0.2%)
	0
	1 
(0.1%)

	have you used an e-cigarette in the last week?
	
	
	

	  No, n(%)
	393 (88.3%)
	389 
(88.2%)
	782 (88.3%)

	 Yes, n(%)
	51 (11.5%)
	52 
(11.8%)
	103 (11.6%)

	Missing, n(%)
	1 
(0.2%)
	0
	1 
(0.1%)

	Did you use a heat-not-burn product to help you stop smoking?
	
	
	

	  No, n(%)
	422 (94.8%)
	425 
(96.4%)
	847 (95.5%)

	 Yes, n(%)
	22 
(4.9%)
	16 
(3.6%)
	38 
(4.3%)

	 Missing, n(%)
	1 
(0.2%)
	0
	1 
(0.1%)

	Have you used a heat-not burn product in the last week?
	
	
	

	  No, n(%)
	442 (99.3%)
	436 
(98.9%)
	878 (99.1%)

	 Yes, n(%)
	2 
(0.5%)
	5 
(1.1%)
	7 
(0.8%)

	Missing, n(%)
	1 
(0.2%)
	0
	1 
(0.1%)

	Did you receive any professional help with stopping smoking? 
	
	
	

	No, n(%)
	422 (94.8%)
	409 (92.7%)
	831 (93.8%)

	Yes, no longer receiving it, n(%)
	18 (4.0%)
	21 (4.8%)
	39 (4.4%)

	Yes, still receiving it, n(%)
	4 (0.9%)
	11 (2.5%)
	15 (1.7%)

	Missing, n (%)
	1 (0.2%)
	0
	1 (0.1%)

	Are you currently using any apps which help with quitting smoking or staying quit from smoking?
	
	
	

	  No, n(%)
	422 (94.8%)
	427 
(96.8%)
	849 (95.8%)

	 Yes, n(%)
	22 
(4.9%)
	14 
(3.2%)
	36 
(4.1%)

	Not answered n(%)
	1 
(0.2%)
	0
	1 
(0.1%)

	Edinburgh post natal depression scale, mean (SD)*
	8.92 
(4.84)
N = 444
	8.71 
(4.96)
N = 441
	8.82 (4.90)
N = 885

	Perceived stress (PSS4) score+
	4.71 
(2.73)
N = 444
	4.58 
(2.85)
N=441
	4.64 (2.79)
N = 885

	Index of Multiple Deprivation (IMD) score

	
	
	

	Least deprived four fifths (scores of 3 to 10)
	349
(78.4%)
	322
(73.0%)
	671
75.7%)

	Most deprived fifth (scores of 1 and 2)
	93 
(20.9%)
	114
(25.9%)
	207
(23.4%)

	IMD score missing
	3 
(0.7%)
	5
(1.1%)
	8
(0.9%)

	Hub
	
	
	

	London
	82 (18.4%)
	80 (18.1%)
	162 (18.3%)

	North East
	57 (12.8%)
	59 (13.4%)
	116 (13.1%)

	Norfolk
	153 (34.4%)
	152 (34.5%)
	305 (34.4%)

	Remote delivery
	102 (22.9%)
	100 (22.7%)
	202 (22.8%)

	Scotland
	51 (11.5%)
	50 (11.3%)
	101 (11.4%)


*Edinburgh post-natal depression scale (20) : maximum score 30, a score > 10 suggests minor or major depression may be present
+ Perceived stress scale (21). Maximum score 40; higher score = greater perceived stress
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	Minimally adjusted (only for stratification variables)*
	Fully adjusted+

	Outcome
	UC(n=445)
	BB (n=441)
	Odds Ratio (95% CI)
	p-value
	Difference in risk (95%CI)
	Odds Ratio (95% CI)
	p-value
	Difference in risk (95%CI)

	12 Month abstinence
[ITT analysis]
	222
(49.9%)
	242
(54.9%)
	1.23
(0.94, 1.60)
	0.132
	5.1 
(-1.4, 11.7)
	1.23 (0.94, 1.60)
	0.133
	4.8 
(-1.7, 11.2)

	12 Month abstinence
[per-protocol analysis]
	222 (49.9%)
	200! (57.6%)
	1.35 (1.02,1.80)
	0.035
	7.6 (0.6-14.5)
	1.36 (1.02,1.81)
	0.035
	7.2 (0.3-14.1)


* adjusted for randomization arm and site only
+ additionally adjusted for time of giving up smoking (pre-pregnancy vs during pregnancy); use of e cigarette in the previous week (yes/no) and smoking status of partner (partner doesn’t smoke/no partner vs partner smokes)
!  Out of 347 who received the interpersonal intervention

Table 3: Secondary outcomes: Smoking cessation at 6/12 months postpartum (unvalidated)
	
	
	Minimally adjusted (only for stratification variables)*
	Fully adjusted+

	Outcome
	UC
(n=445)
	BB (n=441)
	Effect Size0 (95% CI)
	p-value
	Difference in risk (95%CI)
	Effect size0 (95% CI)
	p-value
	Difference in risk (95%CI)

	
	
	
	
	
	
	
	
	

	6 month abstinence
	309
(69.4%)
	320
(72.6%)
	1.17
(0.87, 1.56)
	0.302
	3.0
(-3.0, 8.9)
	1.17 (0.87, 1.57)
	0.306
	2.1
(-3.8, 7.9)

	12 Month abstinence
	275 (61.8%)
	296 
(67.1%)
	1.26 
(0.96, 1.67)
	0.097
	5.5 
(-0.7, 11.8)
	1.27 
(0.96, 1.68)
	0.098
	5.3 
(-0.8, 11.5)

	Partner non-smoking at 6 months$
	257/363 (70.8%)
	239/350 (68.3%)
	1.13 (0.82, 1.55)

	0.464
	2.4 (-4.0, 9.1)
	1.06 (0.70, 1.62)
	0.771
	-0.3 (-0.5, 4.6)

	Partner non-smoking at 12 months&
	238/325 (56.9%)
	232/333 (69.7%)
	1.19 (0.85, 1.67)
	0.314
	3.7 (-3.2, 10.6)
	1.21 (0.79, 1.85)
	0.390 
	4.6 (-5.85,14.05)#

	Time to relapse (days), median (IQR)

	172 (96-247)
	189 (126-294)
	
0.75 (0.52,1.10)
	0.138
	
	0.75 (0.52-,1.09)
	0.130
	

	Breast-feeding at 6 months
	160/383 (41.8%)
	174/373
(46.7%)
	1.23 (0.92, 1.65)
	0.160
	4.9 (-2.0, 11.9)
	1.23 (0.92, 1.65)
	0.161
	5.0 (-1.9, 12.0)

	Breast-feeding at 12 months
	115/344 (33.4%)
	108/355 (30.4%)
	0.88 (0.64, 1.21)
	0.416
	-2.9 (-9.8, 4.0)
	0.88 (0.64, 1.21)
	0.430
	-2.7 (-9.6, 4.2)

	Very confident/extremely confident to stay smokefree at 6m
	252/316 (79.8%)
	268/328 
(81.7%)
	1.13 (0.76, 1.68)
	0.540
	2.3 (-3.8, 8.5)
	1.15 (0.78, 1.71)
	0.481
	2.5 (-3.6, 8.6)

	Very confident/extremely confident to stay smokefree at 12m
	190/298 (63.8%)
	237/309
(76.7%)
	1.88 (1.31, 2.69)
	0.001
	11.7 (4.6, 18.8)
	1.90 (1.32, 2.74)
	0.001
	12.7$ (5.0, 19.9)

	Postnatal depression - Mean (SD) EPDS (6m)
	9.51
(5.56)
N=382
	9.00
(5.49)
N=372
	-0.462 (-1.24, 0.32)
	0.247
	
	-0.322 
(-0.95, 0.31)
	0.317
	

	Postnatal depression - Mean (SD)
EPDS (12 m)
	9.41
(5.56)
N = 343
	8.76
(5.10)
N=354
	-0.632 (-1.42, 0.15)
	0.115
	
	-0.362 
(-1.03, 0.31)

	0.286
	

	Behavioural support Received professional help at 6m
	3/383
(0.8%)
	4/375 (1.1%)
	NA
	0.723%
	
	
	
	

	Behavioural support Received professional help at 12m
	1/344 (0.3%)
	2/355 (0.6%)
	NA
	1.000%
	
	
	
	

	Perceived stress - Mean (SD) PSS4 (6m)
	4.98 
(2.93)
N = 378
	4.83
(2.92)
N = 369
	-0.142 
(-0.55, 0.28)
	0.518
	
	-0.052 
(-0.41, 0.32)
	0.809
	

	Perceived stress - Mean (SD)
PSS4 (12 m)
	5.14
(2.82)
N = 342
	4.96
(2.85)
N = 350
	-0.172 
(-0.59, 0.25)
	0.424
	
	-0.042 
(-0.41, 0.34)
	0.854
	

	ECig use in last 6m at 6m
	152/383 (39.7%)
	146/375 (38.9%)
	0.98 (0.72, 1.32)
	0.876
	0.2 (-6.6, 7.0)
	1.01 (0.74, 1.40)
	0.936
	0.24 (-6.94,8.26)#

	ECig use in last 6m at 12m
	143/344 (41.6%)
	144/355 (40.6%)
	0.95 (0.70, 1.30)
	0.767
	-1.0 (-8.0, 5.9)
	0.93 (0.67, 1.28)
	0.650
	-1.1 (-7.9, 5.6)

	ECig Use in last 7 days - 6m
	115/383 (30.0%)
	104/375 (27.7%)
	0.90
	0.507
	-1.6 (-7.8, 4.5)
	0.92 (0.64, 1.31)
	0.637
	-0.17 
(-5.8, 5.4)

	ECig Use in last 7 days - 12m
	101/344 (29.4%)
	105/355 (29.6%)
	1.01 (0.72, 1.40)
	0.976
	0.7 (-5.8, 7.3)
	0.98 (0.69, 1.39)
	0.895
	0.08 
(-6.0, 6.4)

	NRT use at 6m
	9/383 (2.4%)
	14/375 (3.7%)
	1.64 (0.70, 3.88)
	0.254
	1.4$ (-1.1, 3.8)
	1.67(0.71, 3.96)$
	0.243
	1.54 (-0.68,6.47)#

	NRT use at 12m
	9/344 (2.6%)
	27/355 (7.6%)
	3.13 (1.44, 6.81)
	0.004
	5.0$ (1.8, 8.2)
	3.11 (1.43, 6.77)
	0.004
	5.2 (1.8, 8.6)

	NRT use in last 7 days at 6m
	3 /383 (0.8%)
	7/375 (1.9%)
	2.43 (0.62, 9.53)
	0.204
	1.08$ (-0.5, 2.7)
	2.39 (0.61, 9.43)
	0.212
	1.09 (-0.31,6.27)#

	NRT use in last 7 days at 12m
	4/344 (1.2%)
	10/355 (2.8%)
	2.50 (0.77, 8.09)
	0.125
	1.7$ (-0.4, 3.7)
	2.45 (0.75, 8.00)
	0.137
	1.69 (-0.30,7.66)#

	Alcohol use - AUDIT-C (6m)
Mean 
(SD) Median
IQR
	
2.36
(2.26)
2
0 – 4
N=377
	
2.11
(2.15)
2
0 – 3.5
N = 368
	
	0.1127%
	
	
	
	

	Alcohol use - AUDIT_C (12 m)
Mean 
(SD)
Median 
IQR

	
2.47
(2.19)
2 
1 – 4
N = 342
	
2.05
(2.08)
2 
0 – 3
N = 350
	
	0.0067%
	
	
	
	


* adjusted for randomization arm and site only
+ additionally adjusted for time of giving up smoking (pre-pregnancy vs during pregnancy); use of ecig in the previous week (yes/no) and smoking status of partner (partner doesn’t smoke/no partner vs partner smokes) 
& Women reporting no partner were included in this category
$ result from adjusted model as previously specified but omitting site (inclusion of site yielded “inadmissible mean estimates)
0 Odds ratio unless otherwise specified
1 Hazard ratio
2 Mean difference
% from Fisher’s exact test
# Estimated assuming a risk in the BB group of PUC x OR / (1 – PUC + OR x PUC), where PUC is the risk in the usual care group convergence not achieved with or without site 
% from Mann-Whitney test

Table 4: Infant health outcomes at 12 months 
	
	ITT population
	Minimally adjusted (only for stratification variables)*
	Fully adjusted+

	Outcome
	Control 
(n=445)
	Intervention (n=441)
	IRR
(95% CI)
	p-value

	IRR
(95% CI)
	p-value


	
	
	
	
	
	
	

	
	
	
	OR (95% CI)
	
	OR (95% CI)
	

	One or more hospital admissions
n (%)
N
	

50
(14.7%)
341
	

50 
(14.3%)
349
	0.98 (0.64, 1.50
	0.929
	0.97 (0.63, 1.49)
	0.900

	
	
	
	
	
	
	

	No of GP visits$
Mean
(SD)
Median
IQR
N
	2.42
(2.67)
2
0 – 4
320
	2.20
(3.16)
2
0 – 3
333
	IRR

0.91 (0.76, 1.07)
	0.253
	IRR

0.91 (0.77, 1.08)
	0.265

	Length of stay (days)
Mean
(SD)
Median
IQR
N
	

2.85
(3.10)
2
1 – 4
342
	

2.80
(3.7)
2
1 – 4
350
	0.7309
	
	
	
	
	

	NICU admission
	36/340 (10.6%)
	38/351 (10.8%)
	1.03 (0.64, 1.67)
	0.899
	0.2 (-4.3, 4.8)
	1.04 (0.64, 1.69)
	0.878
	0.2 (-4.0, 4.8)

	
	
	
	
	
	
	
	
	


* adjusted for randomization arm and site only
+ additionally adjusted for time of giving up smoking (pre-pregnancy vs during pregnancy); use of ecig in the previous week (yes/no) and smoking status of partner (partner doesn’t smoke/no partner vs partner smokes)
$ excluding 28 participants who responded “yes” to GP visits but did not provide the number of visits. 
Infant health outcomes – length of stay when giving birth:
* from Mann-Whitney test

Table 5 Subgroup analyses of primary outcome
	[bookmark: _Hlk191389875][bookmark: _Hlk191379993]
	UC

	BB
	Minimally adjusted+
	Adjusted for baseline$

	
	12 Month abstinence, n(%)
	12 Month abstinence, n(%)
	Odds ratio (95% CI)
	p-value
	p-value of interaction
	Odds ratio (95% CI)
	p-value
	p-value of interaction

	Index of Multiple Deprivation Score
	
	
	
	
	
	
	
	

	Most deprived fifth (scores of 1 & 2)
	42/93 (45.2%)
	63/114 (55.3%)
	1.53 (0.87, 2.66)
	0.138
	0.4296
	1.54 
(0.88, 2.70)
	0.135
	0.4400

	 Least deprived four fifths (scores of 3 to 10) 
	178 /349
(51.0%)
	177/322 
(55.0%)
	1.17
(0.86, 1.59)
	0.310
	
	1.17 (0.86, 1.59)
	0.313
	

	Timing of quit
	
	
	
	
	
	
	
	

	Prior to pregnancy
	83/142 (58.5%)
	86/143 (60.1%)
	1.07 (0.67, 1.73)
	0.767
	0.4977
	1.06 (0.66, 1.72)
	0.806
	0.4720

	During pregnancy
	138/302 (45.7%)
	156/298
(52.4%)
	1.30 (0.94, 1.80)
	0.106
	
	1.32 (0.95, 1.82)
	0.097
	

	Ecig use*
	
	
	
	
	
	
	
	

	Yes 
	30/48 (62.5%)
	31/48 (64.6%)
	1.11 (0.47, 2.59)
	0.814
	0.796
	1.05 (0.44, 2.51)
	0.910
	0.841

	No
	192/397 (48.4%)
	211/393 (53.7%)
	1.24 (0.94, 1.64)
	0.131
	
	1.24 (0.93, 1.64)
	0.137
	

	Partner smoking
	
	
	
	
	
	
	
	

	Partner does not smoke/no partner
	154/290 (53.1%)
	160/286 (55.9%)
	1.12 (0.81, 1.56)
	0.488
	0.3864
	1.14 (0.82, 1.59)
	0.449
	0.4761

	Partner smokes
	68/155 (43.9%)
	82/155 (52.9%)
	1.44 (0.92, 2.27)
	0.112
	
	1.39 (0.88, 2.20)
	0.155
	


* Classified as “yes” if responded “yes” to both “did you use an e-cigarette to help you stop smoking” and “have you used an e-cigarette in the last week”? 
+ adjusted for randomization arm and site only 
$ additionally adjusted for time of giving up smoking (pre-pregnancy vs during pregnancy); use of ecig in the previous week (yes/no) and smoking status of partner (partner doesn’t smoke/no partner vs partner smokes except where the variable is the subgroup variable of interest
Table 6: Intervention fidelity 
	
	N=441
	Note

	Interpersonal intervention (manualised) 

	
	

	No intervention (antenatal or postnatal) received 
	94 (21%) 
	Due to pressures with health visiting services, missed appointments by participants, and administrative errors.

	Antenatal visit received
	263 (60%) 
	(Based on at least ‘ASK*’ being delivered)

	Postpartum visit received
	307 (70%)  
	(*one or more postpartum visits)

	Mean interpersonal intervention adherence score 
	3.5/5 (range 2-5) 
	Note: n=39 – sub-sample interpersonal intervention sessions audio–recorded  and coded for adherence (1- very low adherence to 5 - very high adherence) 

	Leaflets provided
	100% 
	Sent by email on randomisation

	BabyBreatheTM website accessed at least once
	32%
	User sent unique access code for log in

	BabyBreatheTM app downloaded   
	9%
	Install rate

	SMS messages 
	75% 
	Received full text message programme for 12 months without opting out

	BabyBreatheTM box sent
	98% 
	Sent in post at time of birth notification



Table 7 – Self-reported use of iCO monitors
	Self-reported use of iCO monitor in addition to research readings
	Control (n=347*)
	Intervention (n=356*)

	No
	274 (79.0%)
	208 (58.4%)

	Yes
	73 (21.0%)
	148 (41.6%)


Totals may not=100% because of rounding
*Denominator is only those responding to this question





Figure 1: Babybreathe consort / Participant Flow Diagram
Enrolment
Allocation
6 mth Follow-Up
12 mth Follow-Up
386 completed 6 month follow up
59 (13.3%) no response
Screened by midwife at pregnancy booking appointment or via online recruitment n = 8005
Not meeting inclusion criteria: never smoker or currently smoking, unwilling to provide consent, out of area n = 5231
Provided consent to contact in early pregnancy n = 2774
Unable to be re-contacted n=1503
Provided initial consent = 1271
Confirmed eligibility with negative CO reading at or after 28 weeks pregnancy and randomised
n= 887
Failed screening criteria (n=384):
1. Ineligible pre-screening       n=25
2. No response to eligibility
              questions                             n=140
3. Not currently pregnant         n=8
4. Not fully quit smoking	          n=12
5. Failed to confirm quit	          n=6
6. Date of last puff > 12m
              prior to pregnancy                n=6
7. Date of last puff ≤ 4 weeks   n=4
8. CO test failed 
          (>4ppm or not completed)   n=161
9. Eligible but refused 	          n=22
Usual care / control (n= 445)
Babybreathe intervention n=442
Post-randomisation exclusion:
randomised in error n=1
381 completed 12 month follow up
60 (13.6%) no response
441 included in ITT analysis
370 completed 12 month follow up
75 (16.9%) no response
445 included in ITT analysis
378 completed 6 month follow up
63 (14.3%) no response
Discontinued intervention:
· Triggers cravings      n=3
· Still birth                    n=2
· Support not needed  n=4
· Out of area                n=1
· No reason given        n=6










































Figure 2: Time to relapse at 12m – Failure Kaplan-Meier curve
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NB Individuals with date >365 days were truncated at day 393 (365 days + 4 weeks)
Figure 3: Sub-group analyses[image: ]
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