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Running title: Use of e-cigarettes during pregnancy 

Abstract
Objective
To estimate prevalence of vaping in pregnancy. Compare characteristics and attitudes between exclusive smokers and vapers, and between exclusive vapers and dual users (smoke and vape). 
Design
Cross-sectional survey
Setting
Hospitals across England and Scotland 
Population 
Pregnant women attending antenatal clinics in 2017
Methods
Women 8-24 weeks gestation completed screening questions about their smoking and vaping. Current or recent ex-smokers and/or vapers completed a full detailed survey about vaping and smoking. 
Main outcome measures
The prevalence of vaping, characteristics and attitudes of women who vape and/or smoke. 
Results 
Of 3360 pregnant women who completed screening questions, 515 (15.3%, 95% CI 14.1-16.6) were exclusive smokers, 44 (1.3%, 95% CI 1.0-1.8) exclusive vapers and 118 (3.5%, 95% CI 2.9-4.2) dual users. 
In total 867 (25.8%) women completed the full survey; compared with smokers (n=434), vapers (n=140) were more likely to hold higher educational qualifications (OR 1.51, 95% CI 1.01-2.25). Compared with exclusive vapers (n=33), dual users (n=107) were younger (OR 0.91 95% CI 0.85-0.98) and less likely to hold high qualifications (OR 0.43, 95% CI 0.20-0.96). Compared with smokers, dual users were more likely to be planning to quit smoking (OR 2.27, 95% CI 1.24-4.18). Compared with smokers, vapers were more likely to think vaping was safer than smoking (78.6% v 36.4%).
Conclusions
One in twenty pregnant women report vaping, most also smoke. Dual users are more motivated towards stopping smoking than smokers. Where women have tried, but cannot stop smoking, clinicians could encourage them to consider vaping for smoking cessation. 
Funding
Cancer Research UK, Tobacco Advisory Group Project (Grant number C53479/A22733).
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Tweetable extract
One in twenty women report vaping during pregnancy, but of those that do vape most also smoke, despite having intentions to quit. 
Introduction 
Smoking when pregnant affects the health of women and their fetus (1-4). Global prevalence of smoking in pregnancy is around 2%, but varies between countries and regions (5). In England around 11% of women self-report smoking at the time of delivery, with higher rates amongst women below the age of 20 years and those in routine or manual occupations (6, 7). Most women who quit during pregnancy relapse within the first 6 months after birth (8-10).
The prevalence of vaping outside of pregnancy is between 5-7% (11) and has remained stable in recent years (12-15). The most frequently reported reason for vaping is to help quit smoking, and ex-smokers often report vaping to prevent relapse (16). In non-pregnant smokers, a large trial found electronic cigarettes (ECs) to be more effective for cessation than nicotine replacement therapy (NRT) (17). ECs are not risk free, however, compared with smoking, ECs are likely to be less harmful (18); long-term vapers who do not smoke have lower levels of carcinogens and toxins (19). 
There is limited information about the nature or extent of EC use in pregnancy (20-24) and few studies have addressed the safety.  ECs often contain nicotine, the effects of using nicotine, particularly in higher doses is unclear in the human pregnancy(25). Some studies indicate an association between ECs and adverse infant outcomes (26, 27) and dual use (smoking and vaping) is not associated with lower nicotine intake(28). However, others have shown associations between exclusive vaping (non-smokers) and higher birthweight compared to women who smoke during pregnancy (29). In addition, ECs do not expose users to toxic products of combustion which are associated with adverse effects on the fetus (30).  A large trial in pregnancy is currently assessing the effectiveness of ECs (31). UK advice for health professionals, is in favour of using ECs in pregnancy in order to avoid smoking (32). Understanding who vapes during pregnancy, how they vape and attitudes towards vaping will help health professionals target and support pregnant smokers to use ECs, who might otherwise continue to smoke and assist vapers who continue to smoke to stop smoking. 
We aimed to estimate prevalence of vaping in pregnancy and compare characteristics, smoking behaviour and attitudes of pregnant women who smoke exclusively (and do not vape) with pregnant women who vape. For women who reported currently vaping in pregnancy, we compared the characteristics of exclusive vapers with dual users.
METHODS
Study design 
This paper reports cross-sectional baseline findings from a UK longitudinal cohort study, designed to explore the use of and attitudes towards EC during pregnancy. Anyone over 16 years old, 8-24 weeks pregnant were eligible to complete an initial set of short questions (screening survey) which asked their vaping and smoking status, and those who were recent ex-smokers, currently smoked and/or vaped were invited to complete a longer survey (the full survey). Consent was then gained to complete a further two surveys in late pregnancy and postpartum. We report findings from the first survey here. Women were offered a £10 high street shopping voucher for completing the full survey. 
Recruitment of participants
[bookmark: _Hlk38623198]We used purposive non-probability sampling by selecting 17 National Health Service (NHS) hospital recruitment sites with varying smoking in pregnancy rates from a range of geographical locations across the UK (England and Scotland). We recruited from various antenatal clinics at each hospital (e.g. general and specialist); between June and November 2017 a research midwife/nurse systematically handed out a screening survey to all pregnant women attending selected clinics. 
The screening survey contained a question asking women whether they had completed the survey before, if they had, they were then excluded from answering any further questions. Each hospital was asked to recruit approximately 44 women into a longitudinal cohort. Women who completed the full survey, were asked for their contact details and given a unique identifier; a member of the research team cross matched these details to ensure each woman only completed the full survey once. 
 Of 4193 pregnant women handed the screening survey, 3360 (80.0%) were eligible to complete the initial screening questions about smoking and vaping, 797 women were ineligible (20.0%) due to gestation (<8 weeks/>24 weeks) or age (< 16 years), or they had completed the survey before. (Figure S1). 
This work was funded by Cancer Research UK, Tobacco Advisory Group Project and was externally peer reviewed (Grant number C53479/A22733). A patient public involvement panel (PPI) was involved in the study concept and design. Table S1 shows in more detail how PPI was used in this study.  Ethical approval was given by the South West Frenchay Research Ethics Committee. Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidance (33) and Transparent Reporting of Evaluations with Nonrandomized Designs (TREND) (34) guidance were used for reporting. Full details of the study are in the protocol (35) and Research Registry database (36).
Survey content and measurements  
The survey was divided into two parts: the screening survey and the full survey (Appendix S1).  
Screening survey 
Women were asked their gestation (weeks pregnant), age, and whether they had completed the survey previously. They were then asked about current smoking and vaping status. For smoking, the categories were: never smoker, ex-smoker (stopped smoking more than 3 months before finding out they were pregnant), recent ex-smoker (stopped smoking in the 3 months before pregnancy, or after finding out about pregnancy), and current smoker (smoke occasionally, but not every day; smoke every day, but have cut down; smoke every day, about the same as before pregnancy; smoke every day, more than before pregnancy). For vaping, the categories were: never vaped (never heard of EC and never tried; heard of EC but never tried), ex-vaper (tried, but do not use now), current vaper (currently use ECs, but not every day; use ECs every day). 
Full survey
In the full survey participants were asked questions about their views and experiences of using ECs, including a combination of original questions and ones derived from previous studies (shown by citations). This included questions about; future intentions to use ECs in pregnancy and the postpartum(37) (answers on a 5-point Likert scale, ranging from very likely to very unlikely). Attitudes and acceptability to the use of ECs during pregnancy including views on safety of use during pregnancy and vaping safety compared to smoking and NRT(38) (answers on a 7-point Likert scale, ranging from strongly disagree to strongly agree).
Participants were also asked questions about their current smoking behaviour and beliefs, which consisted of; when they last smoked (in the last 24 hours, 1-6 days ago, 7-30 days ago, 1-2 months ago, 2-3 months ago, more than 3 months ago), nicotine dependence which was categorised according to the Heaviness of Smoking Index (HSI)(39, 40) (time to first smoking in the morning and number of cigarettes per day), and attitudes to stopping smoking in pregnancy, including when they tried to stop smoking during pregnancy (yes/no/stopped smoking before I became pregnant) and if they were planning to quit (yes, within next 2 weeks/yes, within the next 30 days/yes, within the next 3 months/no). Cigarettes smoked per day (CPD) were categorised as either “0-10” or “≥11” to distinguish between heavy and light smokers (41); we included zero as some women smoked occasionally but not every day.
Demographic questions asked about educational attainment, age participant left education and ethnicity.
Measurements
The main outcome measure was smoking and vaping status collected from the screening survey questions, and were defined as follows. “Exclusive smokers”: pregnant women who reported they currently smoked cigarettes (daily or occasionally) and were not currently using an EC. “Vapers”: pregnant women who currently used an EC (daily or occasionally); vapers were sub-divided into “exclusive vapers” who currently used an EC but did not currently smoke, and “dual users” who currently used an EC (daily or occasionally) and also currently smoked cigarettes (daily or occasionally). We excluded recent ex-smokers who were not using ECs from our comparisons in our analysis as there is already strong evidence to show that pregnant women who quit smoking are systematically different from those who continue (42, 43). 
Multiple choice and Likert type scales were collapsed into smaller categories due to low use of some of the response options. Questions that used yes/no responses were not recategorized. Continuous data was not normally distributed and was summarised into medians/interquartile ranges. 
Sample Size
The sample size calculation was based on the precision of estimates of prevalence of vaping and smoking for the longitudinal cohort study. We determined a priori that a sample size of 600 women would ensure adequate precision, using a Wilson score 95% confidence interval for small proportions, and assuming the prevalence is around 5%, to provide 95% confidence limits of 3.5%-7%, with greater precision for estimates of prevalence for the baseline screening survey. The actual precision for those that completed the screening survey is apparent from the 95% confidence intervals presented.  

Data analysis
We used screening survey responses to estimate the prevalence of vaping and smoking for all pregnant women with 95% confidence intervals. We used estimates of the proportions, in the following categories: exclusive smokers, exclusive vapers and dual users.  We then compared prevalence of vaping and smoking status (smokers/non-smokers/exclusive vapers, dual users) by age group, gestation when recruited into the study and region using chi-squared tests.
For those who were eligible and completed the full survey, we described maternal characteristics, smoking and vaping behaviour, and attitudes towards ECs among all participants. Then we used these latter independent variables to conduct chi-squared tests, to determine differences between all women who vaped (both exclusive and dual users) and those who were exclusive smokers, and any differences between exclusive vapers and dual users. We used the Mann Whitney U test to compare age between the groups. We compared current smoking behaviour between dual users and exclusive smokers using chi-squared tests. Logistic regression was used to obtain odds ratio for any significant findings. 
Missing data are described but were excluded from significance tests, we did not use multiple imputation, as for most variables less than 5% of responses were missing. P values were deemed significant if they were less than 0.05. Analysis was carried using Stata-SE version 15. 

Results
There were 3360 women who completed a screening survey; Figure S1 shows 2336 (69.5%) of women had never smoked, had stopped smoking >3 months ago and/or were not current vapers, and therefore were not eligible to complete the full survey.  A total of 1024 (30.5%) reported they were either a smoker, recent ex-smoker and/or vaped; 867 (25.8%) completed the full survey. 
A total of 515 women (15.3%, 95% CI 14.1-16.6) who completed the screening survey were exclusive smokers, 162 (4.8%, 95% CI, 4.1-5.6) were currently vaping; 44 (1.3%, 95% CI, 1.0-1.8) were exclusive vapers, 118 (3.5%, 95% CI, 2.9-4.2) were dual users (Table 1). Women were predominantly between the ages 25 and 34 years (57.6%), from the North of England (27.1%) and in their second trimester of pregnancy (50.6%). There were statistical differences between vaping and smoking status by age group and region participant was recruited (p=<0.001), but not with gestation at recruitment. 
Table S2 provides a detailed breakdown of self-reported smoking and vaping of everyone who completed the screening questions; one woman (0.03%) who had never smoked reported being a current vaper. 
Table 2 shows the characteristics of the 867 women who completed the full survey (i.e. those who were current or recent ex-smokers, and/or vapers). There were 434 (50.1%, 95% CI, 46.7-53.4) exclusive smokers and 140 (16.1%, 95% CI, 13.8-18.8) current vapers (dual and exclusive); of the vapers, 33 (23.6%) were exclusive vapers and 107 (76.4%) were dual users. Educational level was a significant predictor of EC use; having an educational attainment of A-level or above compared to GCSE or less increased the odds of using an EC by 51% (OR 1.51, 95% CI 1.01-2.25).  
When comparing pregnant women who are exclusive vapers with dual users, dual users were significantly younger (OR 0.91 95% CI 0.85-0.98), less likely to hold a higher level of qualification (OR 0.43, 95% CI 0.20-0.96), less likely to have stayed in education above the age of 16 years (OR 0.34, 95% CI 0.15-0.78) more likely to report their pregnancy was unplanned (OR 3.74 95% CI 1.65-8.50) and more likely to have smoked in previous pregnancies (OR 4.04, 95% CI 1.59-10.29) (Table 2). 
Table 3 describes smoking and vaping behaviour including intention to quit for all those who completed the full survey and compares exclusive smokers and vapers. Compared to exclusive smokers, dual users were more likely to be planning to quit smoking (OR 2.27, 95% CI 1.24-4.18) and to report not smoking in the previous 24 hours (OR 7.93, 95% CI 4.86-12.93). Over half of women who were exclusive vapers (57.6%) had stopped smoking before pregnancy, 74.8% of dual users and 70.3% of exclusive smokers had tried to stop smoking since becoming pregnant.
Table 4 describes attitudes to EC use in pregnancy amongst all those who completed the full survey and compares exclusive smokers with vapers (exclusive and dual). Vapers were more likely to think using an EC was safer than smoking (78.6% v 36.4%). There was no significant difference in their perception of the harms of nicotine in pregnancy, with most vapers (70%) and smokers (76%) agreeing with the statement ‘nicotine is harmful to my unborn baby’. There were no significant differences between dual and exclusive vapers in their attitudes towards ECs or how acceptable they found them (data not shown).  
Discussion
Main findings
This is the first UK study to report vaping prevalence, user characteristics and attitudes towards vaping during pregnancy. Just under 5% of all pregnant women reported currently vaping, the majority of whom continued to smoke. Among smokers and ex-smokers, just over 16% reported vaping in pregnancy, mostly as dual users. Dual users were more likely to report wanting to quit smoking and less likely to have smoked in the previous 24 hours compared with exclusive smokers. There were significant differences between dual users and exclusive vapers; dual users were younger, less educated, less likely to have a planned pregnancy and more likely to have smoked in a previous pregnancy. Over half of exclusive vapers had stopped smoking before becoming pregnant. 

Strength and limitations 
Strengths include the prospective recording of data during pregnancy, rather than retrospective data collection postpartum, reducing recall error and bias. The selection of hospital recruitment sites was non-random, as we only used hospitals that had research nurses/midwives available to recruit, although the majority of hospitals in England have this service available (44). Efforts were made to ensure a wide range of geographical locations, socio-economic areas and variation in smoking in pregnancy rates. Non-smokers may have been less likely to complete the screening survey as they might consider the topic not relevant and non-English readers would not be included. We did not record how many declined to complete the screening survey, however in a previous study measuring smoking prevalence in pregnancy, using very similar methods, the rate of decline was only 4.5%(42). The sociodemographic profile of the smokers was similar to previous cohort studies measuring smoking in pregnancy; women were predominantly white-British, with low education (6, 42, 45). Only women who attended antenatal clinics were surveyed, yet most women in the UK attend these appointments (46).  
Reliance on self-reported smoking and vaping status may lead to underreporting (47). The social stigma of smoking is well known and qualitative work suggests there is also stigma associated with vaping (37), however the surveys were anonymous, everyone was asked to complete them, and this could be done quickly and discreetly. We did not report whether women were using other forms of nicotine in pregnancy, such as NRT, however this is generally low(48). Another caution is that the number of vapers, particularly exclusive vapers, is relatively low, and a quarter of reported exclusive vapers from the screening survey did not complete the full survey. Therefore, findings may not be representative of all pregnant vapers and we may have missed small differences between exclusive vapers and dual users. Also, as countries vary in smoking prevalence (5) it is likely vaping prevalence will too, therefore these results may not apply to all pregnant populations. Women below the age of 16 years were excluded, therefore we do not report vaping patterns in this age category. Data collected about attitudes and beliefs should be approached with caution as responses will be limited to the questions asked, further qualitative research is required to establish the validity of responses. 
Interpretation 
Previous studies, mostly based in the US between 2014 and 2017, estimated the prevalence of vaping during pregnancy to be between 0.6-15% (20-23, 49). Variations in findings are likely due to different data collection and recall periods, including use before or at differing points during pregnancy. Our findings show that 4.8% of pregnant women are vaping in early pregnancy. Previous UK data from Stop Smoking Services (SSS), a free support service in the UK, found only 2.2% women were vaping in pregnancy (16); however, this figure will not include those who quit smoking before or on discovering they are pregnant. Our findings suggest that one in twenty pregnant women in England and Scotland whom antenatal clinicians encounter is vaping. Among pregnant smokers or ex-smokers around 16% are vaping which is far greater than that reported by SSS, as many pregnant smokers do not access these services.  Understanding the characteristics of pregnant vapers and reasons women vape is clearly relevant to antenatal care and clinicians require knowledge and skills to deal appropriately with issues arising from this. 
Around three quarters of vapers were dual users, which concurs with findings showing that both pregnant (20, 22) and non-pregnant vapers (15) often continue to smoke. Outside of pregnancy, dual users report that vaping is a way to reduce their smoking below a perceived harm threshold(50). Reduced levels of carbon monoxide have been identified in non-pregnant dual users who significantly cut down their smoking (51). However, the greatest reduction in toxicant exposure is seen in EC users who completely stop smoking(19, 28). Understanding how clinicians can support pregnant vapers to stop smoking is required; our finding that, like other women who smoke during pregnancy(6, 42), dual users were younger and less likely to hold higher educational qualifications compared to exclusive vapers could help target behavioural cessation support by addressing social influences, knowledge and intentions in these specific groups. 
Over half of exclusive vapers in our study reported stopping smoking before pregnancy. Outside of pregnancy, vaping among long-term ex-smokers is common (15, 17), and in one RCT 80% of those abstinent after 1 year and assigned to ECs reported still using them (17). Understanding pregnant women’s reasons for continued use would help provide more appropriate support for women who want to quit both vaping and smoking. 
A majority of vapers believed ECs were safer than smoking during pregnancy, and this didn’t differ between dual and exclusive vapers, therefore facilitating beliefs may be important in the uptake of vaping. However, both vapers and smokers were undecided about the harms of using nicotine during pregnancy. Animal studies have shown that nicotine is associated with detrimental neurological and behavioural effects on the fetus (25, 52). The effects of high dose nicotine alone in human pregnancy is unclear (25). However, the short-term (53, 54) and long-term effects of nicotine exposure through NRT in human pregnancy is not associated with greater risk to the fetus (55) or infant (56). Perinatal exposure to ECs in animals (23) is potentially detrimental and there are mixed reviews about their safety in human studies (26-29), but data is very limited. However, similar to NRT, ECs have no products of combustion and this may prevent most tobacco related harms (30) if successfully used to quit. In order for women to make informed decisions about using ECs to stop smoking, clinicians and health care providers should supply women with the latest evidence. 
Conclusion
[bookmark: _Hlk39208246]Our findings suggest that in England and Scotland, one in twenty women use e-cigarettes in pregnancy, most of whom smoke concurrently. Among women who smoke in pregnancy or did so shortly before conception around 16% are vaping. Currently the UK NHS supports pregnant smokers to stop smoking; our findings show that clinicians need to be aware of the frequency with which they are likely to encounter pregnant women who vape. Pregnant dual users are more motivated towards stopping smoking than women who only smoke. Clinicians may consider encouraging smokers who have unsuccessfully tried stopping, to consider vaping as a step towards stopping smoking; understanding the characteristics of pregnant vapers and reasons for vaping may help with this.
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