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Abstract

Aims: The aim of this study was to examine the safety of e-cigarettes (EC) and nicotine

patches (NRT) when used to help pregnant smokers quit.

Design: A recent trial of EC versus NRT reported safety outcomes in the randomized

arms. We conducted a further analysis based on product use.

Setting: Twenty-three hospitals in England and a stop-smoking service in Scotland

took part.

Participants: The participants comprised 1140 pregnant smokers.

Interventions: We compared women using and not using EC and NRT regularly during

pregnancy.

Measurements: Measurements included nicotine intake compared with baseline, birth

weight, other pregnancy outcomes, adverse events, maternal respiratory symptoms and

relapse in early abstainers.

Findings: Use of EC was more common than use of NRT (47.3% vs 21.6%, P < 0.001).

Women who stopped smoking (abstainers) and used EC at the end-of-pregnancy (EOP)

reduced their salivary cotinine by 45% [49.3 ng/ml, 95% confidence interval (CI) = −79.8

to −10]. Only one abstainer used NRT at EOP. In dual users, cotinine increased by 19%

(24 ng/ml, 95% CI = 3.5–68). In women reporting a reduction of at least 50% in cigarette

consumption, cotinine levels increased by 10% in those using nicotine products and by

9% in those who did not. Birth weights in dual users and exclusive smokers were the

same (3.1 kg). Birth weight in abstainers using either nicotine product was higher than in

smokers [3.3 kg, standard deviation (SD) = 0.7] versus 3.1 kg, SD = 0.6;

difference = 0.15 kg, 95% CI = 0.05–0.25) and not different from abstainers not using

nicotine products (3.1 kg, SD = 0.8). Abstainers and smokers using nicotine products had

no worse pregnancy outcomes or more adverse events than abstainers and smokers not
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using them. EC users reported more improvements than non-users in cough [adjusted

relative risk (aRR) = 0.59, 95% CI = 0.37–0.93] and phlegm (aRR = 0.53, 95% CI = 0.31–

0.92), controlling for smoking status. EC or NRT use had no association with relapse.

Conclusions: Regular use of e-cigarettes or nicotine patches by pregnant smokers does

not appear to be associated with any adverse outcomes.
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Birth weight, e-cigarettes, nicotine, pregnancy, safety, smoking, vaping

INTRODUCTION

Smoking is associated with a range of adverse pregnancy outcomes

[1,2], but the role of nicotine in these effects is currently not clear. In

animal studies, forced chronic high doses of nicotine during pregnancy

have been shown to have a range of serious adverse effects, but it is

not clear if this generalizes to intermittent nicotine doses self-

administered by human smokers [3].

Nicotine replacement therapy (NRT), mainly in the form of nico-

tine patches, is widely used to help pregnant smokers quit [4]. Two

recent systematic reviews of studies of the effects of NRT on preg-

nancy outcomes identified no clear evidence of adverse effects, but

commented that only limited data were available [5,6]. A narrative

review reported some concerns, but also recommended NRT use [4].

E-cigarettes (EC) are another nicotine product that some pregnant

smokers use as an aid to stopping smoking [7]. EC have a wider reach

than traditional NRT products [8,9] and also appear more effective for

smoking cessation [10]. Unlike NRT, however, EC are a consumer

product, rather than a medicinal product, and data on their safety in

pregnancy are even more limited.

An earlier systematic review of existing literature reported insuffi-

cient evidence to draw conclusions, but noted some indications that

vaping has little or no effect on birth weight [6]. One study found a

greater number of abnormal reflexes in infants of both smokers and EC

users compared with non-smokers [11]. This could be due to smoking in

early pregnancy, or genetic and familial factors or could be due to nico-

tine exposure. Two studies reported associations between EC use in late

pregnancy and preterm birth and low birth weight, but it was not clear

whether these associations were due to previous smoking [12,13]. Two

more recent studies did not find an association between EC use during

pregnancy and adverse pregnancy outcomes [14] or with low gesta-

tional weight gain [15], but the level of EC use was not established.

Randomized controlled trials (RCTs) can be expected to provide

the best causal evidence of drug safety, but their usefulness in asses-

sing safety of nicotine products in pregnancy is limited. This is

because most participants usually continue to smoke; and among

those who stop smoking, only some use the assigned products, while

some use the products assigned to the comparison group. An alterna-

tive is to use the data from such studies to compare participants who

did or did not use nicotine products regularly during pregnancy. As

these groups are not randomized, unmeasured confounders can influ-

ence the result, but less than in cohort studies, where spontaneous

quitters may differ substantially from those using nicotine in, for

example, baseline smoke intake and dependence and whether they

quit in early pregnancy or later. In RCTs, participants are relatively

homogenous, in that they all smoked during the first trimester, sought

help with stopping smoking and met inclusion criteria; also, informa-

tion is available on baseline measures and on nicotine product use

during pregnancy that cohort studies usually do not have.

We completed a large RCT comparing EC and nicotine patches

given to pregnant smokers (PREP trial) [16]. Regarding smoking cessa-

tion, the results were affected by EC use in the NRT arm. When this

was controlled for, EC were more effective than NRT in all efficacy

outcomes. Regarding product safety, the two study arms did not differ

in pregnancy outcomes apart from low birth weight, that was less fre-

quent in the EC arm.

We present a secondary analysis of this data set that, instead of

comparing the randomized groups, compares outcomes in participants

who did and did not regularly use these two nicotine products during

their pregnancy.

METHODS

Design

In the PREP trial, pregnant women motivated to stop smoking were

randomized to either nicotine patches or EC and received up to six

weekly telephone support calls. They were contacted again at

35 weeks gestation (end of pregnancy, EOP). An additional follow-up

collecting safety data was conducted at 3 months post-partum. For

full trial procedures, see the PREP report [16].

Assessments of product safety in randomized groups can be

affected by the fact that only some participants use their assigned

product regularly and some use products assigned to the comparison

group. To complement the analysis based on the randomized groups

that was presented in the PREP report, in this study we compare par-

ticipants who did and did not use nicotine products regularly during

pregnancy, regardless of randomization.

We aimed to compare women who did and did not use EC or

NRT (nicotine products) regularly during their pregnancy in the

following:

1. Changes in salivary cotinine levels at EOP compared with baseline,

to see whether product use increases or decreases nicotine intake

compared to smoking.
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2. Baseline characteristics, to identify variables that are associated

with such use, so these can be controlled for.

3. Birth weight and other birth outcomes, to see if product use poses

any risks or negates benefits of stopping smoking.

4. Respiratory symptoms in women, to verify the previous

counterintuitive finding of better respiratory outcomes with EC

use [16].

5. Rate of relapse to smoking in early abstainers. If product use

increases the risk of relapse, this would represent a negative safety

outcome.

The study was approved by the National Research Ethics Ser-

vice Committee London–South East (ref: 17/LO/0962) and the

Medicines and Healthcare Regulatory Agency via the Clinical Trial

of an Investigational Medicinal Product Notification Scheme. A Data

Monitoring and Ethics Committee and a Trial Steering Committee

supervised the study. The study was pre-registered on International

Standard Randomized Controlled Trial Number, ref.: ISRCTN

62025374.

Participants

PREP recruited 1140 pregnant (12–24 weeks gestation) daily

smokers, wanting help with stopping smoking, having no strong pref-

erence for EC or NRT and not currently using these products.

The analysis of birth and maternal outcomes includes data from

1095 participants, as in the main report [16]. The analyses exclude

participants who withdrew from the study prior to delivery (n = 6),

had undergone elective termination (n = 2), gave birth outside study

sites and have missing birth and maternal outcomes information

(n = 24) or had twins (n = 13).

Study products

E-cigarettes

Participants received a refillable EC starter kit (One Kit by the UK Ecig

Store; Wembley, UK) and two 10-ml bottles of tobacco-flavoured

e-liquid (18 mg/ml nicotine). Further supplies of e-liquid were posted

on request for up to 8 weeks. Participants were asked to source and

pay for any supplies after 8 weeks.

Nicotine Replacement therapy

Participants received an initial 2-week supply of Nicorette Invisi

15 mg/16-hour nicotine patches. Further supplies were posted on

request for up to 8 weeks. Participants were encouraged to access

further supplies of patches and/or other NRT products via their

general practitioner (GP) or local stop smoking service. In the

United Kingdom, pregnant smokers receive NRT free.

Measures

At baseline, demographic and smoking history variables were col-

lected and participants provided a saliva sample. During telephone

calls at weeks 1–4 post-target quit date (TQD) and at EOP, partici-

pants reported on their smoking status and use of nicotine products.

At EOP only, participants reported any onset of four respiratory

symptoms since starting treatment: phlegm, shortness of breath,

cough and wheezing and on any changes in these symptoms if pre-

existent [17].

At EOP, saliva samples for cotinine analysis were collected

from three groups of participants: self-reported abstainers, those

reporting a reduction in cigarette consumption by at least 50% and

those reporting currently both smoking and using nicotine

products. This was to validate self-reported abstinence and

self-reported smoking reduction and to see any effects of dual use

on nicotine intake.

Health status was monitored, and serious adverse events (SAEs),

other adverse events (AEs) and adverse reactions (ARs) were recorded

at each contact.

Research midwives collected birth and maternal outcomes via

hospital records relating to termination, miscarriage (non-live birth

prior to 24 weeks gestation), stillbirth (non-live birth at 24 weeks ges-

tation or later), neonatal death (from live birth to 28 days), post-

neonatal death (from 29 days), preterm birth (< 37 weeks gestation),

low birth weight (< 2500 g), neonatal intensive care (NICU) admis-

sions, congenital abnormalities, caesarean-section delivery, gestational

age and birth weight.

Definitions

Regular use of EC or NRT was defined as per main trial analysis [16];

that is, as a self-report of having used the product for at least 5 con-

secutive days during the first 4 weeks, using regularly for at least

1 week, or occasionally for at least 3 weeks or currently using the

product at EOP. Participants who reported regular use of both prod-

ucts were included among EC or NRT users according to the pre-

dominant product use. If both products were used to the same

extent, participants were included among EC users to reduce the

number of comparison groups and because health effects of EC use

were of particular interest. Participants meeting this definition are

labelled as ‘regular users of EC’, ‘regular users of NRT’ or ‘regular
users of nicotine products’ if the two previous categories are

analysed together.

Current use of EC or NRT at EOP was defined as self-report of

currently using the product at EOP. Participants meeting this defini-

tion are labelled as ‘current users of EC’, ‘current users of NRT’ or
‘current users of nicotine products’ if the two previous categories are

analysed together.

The main study report describes the problems we encountered

with collecting postal saliva samples. Studying the instructions, pro-

viding the samples, packaging them and mailing them back proved

SAFETY OF VAPES AS QUIT-AIDS IN PREGNANCY 3
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challenging for women in late pregnancy or with newborn

babies. Because of the lack of samples we are using self-reported

point-prevalence abstinence in this report; that is, reporting

no smoking at all in the past 7 days at EOP. Participants

meeting these criteria are labelled as ‘abstainers’. Participants who

reported smoking or had missing information were classified as

smokers.

Participants who reported at EOP that they reduced their daily

cigarette consumption by at least 50% are labelled as ‘reducers’.
Relapse was defined as self-reported abstinence at 4 weeks, fol-

lowed by non-abstainer status at EOP. When looking at links between

relapse and nicotine product use at 4 weeks, product use was defined

as using EC or NRT on at least 1 day at week 4.

Statistical methods

Birth, maternal outcomes and SAE analyses include the full sample.

AE analyses include only participants who were reached and asked

the relevant questions.

Rates of relapse, presence of respiratory symptoms and categori-

cal birth and maternal outcomes were analysed using binomial regres-

sion with a logarithmic link to estimate risk ratios (RR). Birth weight

and gestational age, which were reasonably normally distributed, were

analysed using linear regression.

We report both median (interquartile range, IQR) for cotinine

readings and estimate median differences and 95% confidence inter-

vals (CIs), as the difference scores were symmetrical. We estimated

95% CIs by bootstrapping the median differences between EOP and

baseline using 10 000 replications.

Differences in birth weight across smoking status groups were

estimated using regressions to estimate differences and their corre-

sponding 95% CIs.

Analyses of birth and maternal outcomes, AEs and relapse rates

were adjusted for baseline characteristic associated with the out-

come in which the groups differed (see Supporting information,

Tables S1 and S2). Where baseline characteristics used to adjust the

models were missing, we imputed the value using the multiple

imputation model described in the main paper [16]. Participants

were recruited throughout 23 sites, but because treatment was pro-

vided centrally by the study team at Queen Mary University of

London (QMUL) rather than at the sites, analyses were not adjusted

for sites. Analyses comparing incidence of respiratory symptoms

between nicotine product users and non-users were adjusted for

smoking status.

As treatment was provided centrally by the study team at

QMUL we did not anticipate heterogeneity across study sites, but

we looked into checking this assumption via mixed-effect logistic

models, with site included as random effect. However, cluster size

was too small.

The analyses reported here were not pre-specified and should

be considered exploratory. All analyses were run using Stata

version 17.0.

RESULTS

Use of nicotine products

Regular use of EC during pregnancy (n = 539, 47.3%) was more com-

mon than regular use of NRT (n = 235, 20.6%; z = 21.6, P < 0.001).

The difference was more pronounced in the proportions who used EC

and NRT at the time of EOP follow-up: n = 232 (21.2%) versus n = 28

(2.5%; z = 0.03, P < 0.001). Among abstainers, there were 131 (66.8%)

regular users of EC and 40 (20.4%) regular users of NRT (z = 41.4,

P < 0.001), while 25 (12.8%) abstainers did not use nicotine products

regularly.

Differences in baseline characteristics between
abstainers using and not using nicotine products and
smokers

Abstainers using EC and abstainers using NRT did not differ in baseline

characteristics (Supporting information, Table S1) and so were combined

into one group (i.e. nicotine users) for analyses (Supporting information,

Table S2). There were no significant differences between abstainers

using and not using nicotine products (Supporting information,

Table S2). Compared to smokers, both groups of abstainers (using and

not using nicotine products regularly) had lower cigarette dependence

scores and were lighter smokers at baseline, as indexed by salivary cotin-

ine levels. In addition, abstainers using nicotine products had a higher

level of education and were more likely to be employed than smokers.

Based on these results, analyses for pregnancy outcomes

(i.e. birth and maternal outcomes, SAE and AE) were adjusted for

baseline cotinine levels, occupation and Fagerström Test of Cigarette

Dependence (FTCD) [18].

Nicotine intake from cigarettes and from nicotine
products

Due to problems with collecting saliva samples at EOP discussed

above, analyses of changes in salivary cotinine levels included only

297 (48.9%) of 607 eligible participants. Participants who did and did

not provide saliva samples were balanced on cigarette consumption,

baseline cotinine levels and tobacco dependence scores (Supporting

information, Table S3).

We examined effects of current use of nicotine products on

cotinine levels in three groups of participants.

1. Abstainers: abstainers who used EC at the time of EOP (n = 41)

reduced their cotinine levels from 109.0 (IQR = 57.2–137.0)

to 59.7 ng/ml (26.4–186.0); that is, by 45% (median

difference = 49.3, bootstrapped 95% CI = −79.8 to −10). The one

abstainer using NRT and providing full data increased their cotinine

intake from 63.1 to 128.0 ng/ml (the increase seems due to a low

baseline reading).

4 PESOLA ET AL.
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2. Dual users: those smoking and using EC at EOP (n = 104) increased

their cotinine levels by 19% from 127 ng/ml (82.4–192.0) at base-

lines to 151 ng/ml (89.0–258.0) at EOP (median

difference = 24 ng/ml, bootstrapped 95% CI = 3.5–68). Those

smoking and using NRT (n = 10) increased their cotinine levels by

16%, from 120 (64.5–191.0) to 140 ng/ml (50.4–194.0; median

difference = 20 ng/ml, bootstrapped 95% CI = −34.1 to 103.5).

3. Reducers: those who self-reported reducing their cigarette con-

sumption by at least 50% (i.e. reducers). Reducers not using EC or

NRT (n = 83) increased their cotinine levels by 9.3% [from

108 ng/ml (74.1–162.0) to 118 ng/ml (65.1–214.0); median

difference = 10, bootstrapped 95% CI = −7.0–41.0]. Reducers

using EC (n = 77) increased their cotinine levels by 10% from

123 (86.6–178.0) to 135 ng/ml (85.9–248.0; median

difference = 12 ng/ml, bootstrapped 95% CI = −11.0 to 36.0.

Reducers using NRT (n = 8) increased their cotinine levels by 17%,

from 120 (63.6–163.0) to 140 ng/ml (42.5–211.5; median

difference = 20, bootstrapped 95% CI = −61.9 to 121.0).

Table 1 shows the results with EC and NRT users combined.

Abstainers using nicotine products reduced their cotinine levels by

38%, while dual users increased them by 19%. Reducers increased

their cotinine levels by 9–10%, whether or not they used nicotine

products (Table 1).

Use of nicotine products and birth weight

Birth weight of infants born to abstainers who were regularly using

EC or NRT did not differ (3.3 kg, SD = 0.7 versus 3.3 kg, SD = 0.5; see

Supporting information, Table S4), so the two groups were combined

as abstainers regularly using nicotine products.

Birth weight of infants born to abstainers regularly using nicotine

was higher than birth weight of smokers (3.3 kg, SD = 0.7 versus

3.1 kg, SD = 0.6; difference = 0.15 kg, 95% CI = 0.05–0.25) and not

different from abstainers not regularly using nicotine products (3.1 kg,

SD = 0.8).

The last row of Table 2 shows additional comparisons in sub-

groups defined by smoking status and use of nicotine products. There

was no difference between birth weight of infants of women who

continued to smoke and did not use nicotine products and birth

weight of infants of dual users; that is, women who continued to

smoke and in addition used nicotine products regularly.

Use of nicotine products and other pregnancy
outcomes

Table 2 shows adverse pregnancy outcomes and gestational age in

groups defined by their smoking status and regular use of nicotine

products. Abstainers using EC and NRT did not differ in these out-

comes (Supporting information, Table S4), and so are merged as nico-

tine product users.

The small sample of abstainers not using nicotine products

(n = 25) had more preterm births than abstainers using nicotine, which

also translated into a higher proportion with any adverse pregnancy

outcome (see Table 2). Among women who did not manage to stop

smoking there were no differences between those who did not use

nicotine products and those who did (dual users).

In the complete sample (combining abstainers and smokers), nico-

tine product users (n= 774) did not differ from non-users (n = 156) in

SAEs (12.1 versus 14.7%, RR = 0.84, 95% CI = 0.55–1.29) or in AEs

(25.5 versus 22.4%; RR = 1.14, 95% CI = 0.83–1.56; comparisons

adjusted for employment).

EC use and respiratory symptoms

Information on respiratory symptoms was collected only towards the

end of the study and was available for 143 participants.

For this subset of participants, there were no differences in the

onset of four respiratory symptoms since starting treatment between

women regularly using and not using EC (see Supporting information,

Table S5).

T AB L E 1 Changes in cotinine levels from baseline in abstainers, smokers and reducers using and not using nicotine products at end of
pregnancy.

Baseline ng/ml, median

(IQR)

EOP ng/ml, median

(IQR)

Difference and bootstrapped 95%

CIa

Abstainers using nicotine products at EOP (n = 42) 109

(57.2–137.0)
67.5

(26.4–186.0)
−41.6 (−38%)b

(−74.6–1)

Smokers using nicotine products at EOP (dual

users) (n = 114)

127

(81.3–191.0)
151

(85.9–250.0)
24 (+19%)b

(3.5–58.5)

Reducers using nicotine products at EOP (n = 85) 123

(86.6–178.0)
135

(82.3–247.0)
12 (+9.8%)b

(−12.0–36.0)

Reducers not using nicotine products an EOP

(n = 83)

108

(74.1–162.0)
118

(65.1–214.0)
10 (+9.3%)b

(−7.0–41.0)

Note: Bold type indicates p < 0.05.

Abbreviations: CI = confidence interval; EOP = end of pregnancy; IQR = interquartile range.
a10 000 bootstrap replications.
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Table 3 shows changes in symptoms in women who experienced

them prior to the start of treatment. EC users reported better out-

comes for cough and phlegm than non-users. Controlling for smoking

status did not change the results.

The respiratory symptoms questions were included to check the

previous findings of favourable effects of EC use on pre-existing

cough and phlegm [17], but we also checked this in NRT users and

non-users for completeness. The two groups did not differ

(Supporting information, Table S6).

Use of nicotine products and relapse

In participants who were abstinent from smoking at 4 weeks, relapse

rates at 6 months were similar in those who used EC and NRT and

those not using nicotine products at 4 weeks (Table 4).

DISCUSSION

We did not detect any major risk associated with using EC and NRT

during late pregnancy.

Abstainers using EC at EOP reduced their salivary cotinine levels

compared with baseline by 45%. Levels in dual users increased by

19%, while women who reported reducing their cigarette consump-

tion by at least 50% increased their cotinine levels by 9.3% if they did

not also regularly use nicotine products or by 9.8% if they did. Finding

increased cotinine levels in reducers was unexpected, especially as

pregnancy is known to speed up nicotine metabolism [19]. We did not

collect samples from women who did not report a reduction in their

cigarette consumption and so could not check whether their salivary

cotinine levels also increased. We identified only one study that

reported cotinine levels in early and late pregnancy, but the samples

were not identical and the later sample included women who stopped

T AB L E 3 Change in respiratory symptoms in participants who did not and did use EC regularly.

Change in pre-existing symptomsa
Used EC regularly

(n = 39–54) n (%)

Did not use EC regularly

(n = 20–40) n (%)

Unadjusted RR

(95% CI)b
Adjusted RR

(95% CI)b,c

Phlegm

Worse 12 (30.8) 13 (65.0) 0.47 (0.27–0.84) 0.53 (0.31–0.92)

Same 12 (30.8) 4 (20.0)

Better 15 (38.5) 3 (15.0)

Shortness of breath

Worse 21 (38.9) 17 (42.5) 0.92 (0.56–1.50) 1.00 (0.62–1.61)

Same 28 (51.9) 20 (50.0)

Better 5 (9.3) 3 (7.5)

Cough

Worse 16 (35.6) 19 (65.5) 0.54 (0.34–0.87) 0.59 (0.37–0.93)

Same 14 (31.1) 6 (20.7)

Better 15 (33.3) 4 (13.8)

Wheezing

Worse 12 (30.0) 16 (48.5) 0.62 (0.34–1.12) 0.64 (0.35–1.16)

Same 24 (60.0) 14 (42.4)

Better 4 (10.0) 3 (9.1)

Note: Bold type indicates p < 0.05.

Abbreviations: CI = confidence interval; EC = electronic cigarette; EOP = end of pregnancy; RR = relative risk.
aSymptoms were measured on a 5-point scale: much better, somewhat better, the same, somewhat worse and much worse; worse = somewhat worse and

much worse, same = same, better = somewhat better and much better.
bRR are for symptoms deterioration (somewhat worse and much worse versus same, much better and somewhat better).
cAdjusted for smoking status at EOP.

T AB L E 4 Relapse rates at EOP in 4-week abstainers who did and did not use EC and NRT at 4 weeks.

Not using nicotine (n = 29) Using EC (n = 86) Using NRT (n = 30) Using either or both (n = 121)

Relapsed by EOP n (%) 9 (31.0) 29 (33.7) 10 (33.3) 41 (33.9)

RR (95% CI)a 1.08 (0.57–2.04) 1.03 (0.48–2.21) 1.09 (0.59–2.00)

Abbreviations: CI = confidence interval; EC = electronic cigarette; EOP = end of pregnancy; FTCD = Fagerström Test of Cigarette Dependence;

NRT = nicotine replacement therapy; RR = relative risk.
aThe group not using nicotine products is the reference. Model adjusted for FTCD, baseline cotinine levels and occupation.
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smoking [20]. Future studies that collect cotinine data in early and late

pregnancy can clarify this issue.

The key adverse effect of smoking on pregnancy concerns

restricted prenatal growth [21,22]. Overall, the use of nicotine prod-

ucts in later pregnancy was not associated with infant birth weight,

while in abstainers, those using nicotine products had infants with a

higher birth weight than smokers and not different from infants of

abstainers not using nicotine. The birth weight of infants of dual users

did not differ from that of smokers. This suggests that use of EC and

NRT after the first trimester may not affect intrauterine growth in

women who continue to smoke and that it does not reduce the bene-

fits of stopping smoking in women who quit.

Users of EC and users of NRT did not differ in any safety out-

comes, and use of these products was not associated with any of the

adverse events that we monitored. It should be noted, however, that

these findings only concern nicotine use in the later stages of preg-

nancy, as all participants were smoking in the first trimester. Future

research should examine pregnancy outcomes in daily vapers who

never smoked, provided such use becomes more common.

Unexpectedly, the small sample of abstainers not using nicotine

products had more adverse outcomes than abstainers using them and

also more than smokers. It is possible that this group included women

who avoided nicotine products because of pregnancy complications

or that this was a chance finding.

In a previous large randomized trial involving non-pregnant

smokers, participants allocated to EC experienced less cough and

phlegm during 1-year follow-up than those allocated to NRT, and the

effect was independent of smoking cessation [17]. The same phenom-

enon was observed in this study. The observation seems counter-

intuitive, but several previous reports noted improvements in upper

respiratory tract infections associated with EC use [23–25]. The main

ingredients in EC aerosol are propylene glycol and glycerine, both of

which have antibacterial effects [26], and it is possible that inhaling

them regularly may reduce bacterial infections. Further studies, such

as a trial of usual care plus nicotine-free EC versus usual care only in

patients with chronic upper airways infections, is needed to clarify the

issue.

Smokers who stop smoking with the help of EC are more likely to

continue using their product than is the case with licensed stop-

smoking medications [27]. This raises an important question of how

such use affects relapse to smoking. In this sample, post-cessation EC

use had no association with relapse. Evidence from other sources is

needed to establish whether use of EC prevents or facilitates relapse

over longer time-periods.

The key limitation of this study is that nicotine product use was

not randomized. Analysing the effects of nicotine products based on

their actual use avoids the problem that randomization does not guar-

antee product use, but product use is a self-selected behaviour. We

controlled for any baseline differences between users and non-users,

but the study findings could still have been influenced by differences

we did not detect. It is reassuring that the findings broadly tally with

those from the randomized comparison that did not detect any risk

signals in the EC arm, where nicotine use was much higher than in the

NRT arm. Nevertheless, the results need to be interpreted with cau-

tion. Another limitation is the reliance upon self-reported abstinence.

The statistical power in some comparisons was limited; for example,

there were only 25 abstainers not using nicotine products. Effects on

any rare pregnancy complications could have been missed. Also, the

women and infants were only followed-up to 3 months post-delivery.

Saliva samples were obtained from only a subsample of eligible partic-

ipants, although those who did and did not provide the samples did

not differ in the key baseline variables.

In summary, abstainers using EC and NRT had infants with signifi-

cantly higher birth weight than smokers and not different from

abstainers not using nicotine. The previous finding of an association

of EC use with positive changes in respiratory symptoms was repli-

cated. We did not detect any risks to pregnancy from EC nor NRT use

by smokers trying to quit. These new findings could alleviate some

concerns about use of nicotine-containing products to help pregnant

smokers quit, but further studies are needed to verify these results.
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1. Avşar TS, McLeod H, Jackson L. Health outcomes of smoking during

pregnancy and the postpartum period: an umbrella review. BMC

Pregnancy Childb. 2021;21(1):254.

2. Abraham M, Alramadhan S, Iniguez C, Duijts L, Jaddoe VW, Den

Dekker HT, et al. A systematic review of maternal smoking during

pregnancy and fetal measurements with meta-analysis. PLoS ONE.

2017;12:e0170946.

3. Dempsey DA, Benowitz NL. Risks and benefits of nicotine to aid

smoking cessation in pregnancy. Drug Saf. 2001;24:277–322.
4. Morales-Suárez-Varela M, Puig BM, Kaerlev L, Peraita-Costa I,

Perales-Marín A. Safety of nicotine replacement therapy during preg-

nancy: a narrative review. Int J Environ Res Public Health. 2023;

20:250.

5. Blanc J, Tosello B, Ekblad MO, Berlin I, Netter A. Nicotine

replacement therapy during pregnancy and child health outcomes: a

systematic review. Int J Environ Res Public Health. 2021;18:4004.

6. Taylor L, Claire R, Campbell K, Coleman-Haynes T, Leonardi-Bee J,

Chamberlain C, et al. Fetal safety of nicotine replacement therapy in

pregnancy: systematic review and meta-analysis. Addiction. 2021;

116:239–77.
7. Mark KS, Farquhar B, Chisolm MS, Coleman-Cowger VH, Terplan M.

Knowledge, attitudes, and practice of electronic cigarette use among

pregnant women. J Addict Med. 2015;9:266–72.
8. Caraballo RS, Shafer PR, Patel D, Davis KC, McAfee TA. Peer

reviewed: quit methods used by US adult cigarette smokers, 2014–
2016. Prev Chronic Dis. 2017;14:160600.

9. McNeill A, Brose L, Robson D, Calder R, Simonavicius E, East K et al.

Nicotine vaping in England: an evidence update including health risks

and perceptions, September 2022. A report commissioned by the

Office for Health Improvement and Disparities. London: Office for

Health Improvement and Disparities; 2022.

10. Hartmann-Boyce J, Lindson N, Butler AR, McRobbie H, Bullen C,

Begh R, et al. Electronic cigarettes for smoking cessation. Cochrane

Database Syst Rev. 2022;(3):CD015170.

11. Froggatt S, Reissland N, Covey J. The effects of prenatal cigarette

and e-cigarette exposure on infant neurobehaviour: a comparison to

a control group. EClinMed. 2020;28:100602.

12. Kim S, Oancea SC. Electronic cigarettes may not be a ‘safer alterna-
tive’ of conventional cigarettes during pregnancy: evidence from the

nationally representative PRAMS data. BMC Pregnancy Childb.

2020;20:557.

13. Regan AK, Bombard JM, O’Hegarty MM, Smith RA, Tong VT.

Adverse birth outcomes associated with prepregnancy and prenatal

electronic cigarette use. Obstet Gynecol. 2021;138:85–94.

14. Cohn AM, Elmasry H, Wild RC, Johnson AL, Abudayyeh H, Kurti A,

et al. Birth outcomes associated with e-cigarette and non-e-cigarette

tobacco product use during pregnancy: an examination of PATH data

waves 1–5. Nicotine Tob Res. 2023;25:444–52.
15. Wen X, Thomas MA, Liu L, Moe AA, Duong PH, Griffiths ME,

et al. Association between maternal e-cigarette use during

pregnancy and low gestational weight gain. Int J Gynecol Obstet.

2023;162:300–8.
16. Hajek P, Przulj D, Pesola F, Griffiths C, Walton R, McRobbie H, et al.

Electronic cigarettes versus nicotine patches for smoking cessation

in pregnancy: a randomized controlled trial. Nat Med. 2022;28:

958–64.
17. Hajek P, Phillips-Waller A, Przulj D, Pesola F, Myers Smith K, Bisal N,

et al. A randomized trial of e-cigarettes versus nicotine-replacement

therapy. N Engl J Med. 2019;380:629–37.
18. Fagerström K. Determinants of tobacco use and renaming the FTND

to the Fagerström test for cigarette dependence. Nicotine Tob Res.

2012;14:75–8.
19. Bowker K, Lewis S, Coleman T, Cooper S. Changes in the rate of nic-

otine metabolism across pregnancy: a longitudinal study. Addiction.

2015;110:1827–32.
20. Panjari M, Bell R, Bishop S, Astbury J, Rice G, Doery J. A randomized

controlled trial of a smoking cessation intervention during pregnancy.

Aust NZ J Obst Gynaecol. 1999;39:312–7.

21. Reeves S, Bernstein I. Effects of maternal tobacco-smoke exposure

on fetal growth and neonatal size. Exp Rev Obst Gynecol. 2008;3:

719–30.
22. Brand JS, Gaillard R, West J, McEachan RR, Wright J, Voerman E,

et al. Associations of maternal quitting, reducing, and continuing

smoking during pregnancy with longitudinal fetal growth: findings

from Mendelian randomization and parental negative control studies.

PLoS Med. 2019;16:e1002972.

23. Miler JA, Hajek P. Resolution of chronic nasal Staphylococcus aureus

infection in a non-smoker who started to use glycerine based

e-cigarettes: antibacterial effects of vaping? Med Hypotheses. 2018;

118:42–3.

SAFETY OF VAPES AS QUIT-AIDS IN PREGNANCY 9

 13600443, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/add.16422 by T

est, W
iley O

nline L
ibrary on [30/01/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0003-1837-3924
https://orcid.org/0000-0003-1837-3924
https://orcid.org/0000-0001-6856-6439
https://orcid.org/0000-0001-6856-6439
https://orcid.org/0000-0003-1133-8835
https://orcid.org/0000-0003-1133-8835
https://orcid.org/0000-0002-7777-1845
https://orcid.org/0000-0002-7777-1845
https://orcid.org/0000-0002-7303-4805
https://orcid.org/0000-0002-7303-4805
https://orcid.org/0000-0002-6179-046X
https://orcid.org/0000-0002-6179-046X
https://orcid.org/0000-0002-0995-7955
https://orcid.org/0000-0002-0995-7955
https://orcid.org/0000-0001-9790-2796
https://orcid.org/0000-0001-9790-2796
https://orcid.org/0000-0001-9160-4296
https://orcid.org/0000-0001-9160-4296


24. Miler JA, Hajek P. Resolution of recurrent tonsillitis in a non-smoker

who became a vaper. A case study and new hypothesis. Med

Hypotheses. 2017;109:17–8.
25. Miler JA, Mayer B, Hajek P. Changes in the frequency of airway

infections in smokers who switched to vaping: results of an online

survey. J Addict Res Ther. 2016;7:290.

26. Robertson O, Bigg E, Puck TT, Miller BF, with the technical

assistance of Elizabeth A. Appell. The bactericidal action of propylene

glycol vapor on microorganisms suspended in air. I. J Exp Med. 1942;

75:593–610.
27. Butler AR, Lindson N, Fanshawe TR, Theodoulou A, Begh R, Hajek P,

et al. Longer-term use of electronic cigarettes when provided as a

stop smoking aid: systematic review with meta-analyses. Prev Med.

2022;165:107182.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Pesola F, Smith KM, Phillips-Waller A,

Przulj D, Griffiths C, Walton R, et al. Safety of e-cigarettes and

nicotine patches as stop-smoking aids in pregnancy:

Secondary analysis of the Pregnancy Trial of E-cigarettes and

Patches (PREP) randomized controlled trial. Addiction. 2024.

https://doi.org/10.1111/add.16422

10 PESOLA ET AL.

 13600443, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/add.16422 by T

est, W
iley O

nline L
ibrary on [30/01/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1111/add.16422

	Safety of e-cigarettes and nicotine patches as stop-smoking aids in pregnancy: Secondary analysis of the Pregnancy Trial of...
	INTRODUCTION
	METHODS
	Design
	Participants
	Study products
	E-cigarettes
	Nicotine Replacement therapy

	Measures
	Definitions
	Statistical methods

	RESULTS
	Use of nicotine products
	Differences in baseline characteristics between abstainers using and not using nicotine products and smokers
	Nicotine intake from cigarettes and from nicotine products
	Use of nicotine products and birth weight
	Use of nicotine products and other pregnancy outcomes
	EC use and respiratory symptoms
	Use of nicotine products and relapse

	DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	DECLARATION OF INTERESTS
	DATA AVAILABILITY STATEMENT

	REFERENCES


