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Abstract

Introduction: E-cigarette use has rapidly increased amongst young people in

Australia, however the prevalence of use amongst pregnant people is not known.

The aim of this study was to examine the prevalence of e-cigarette use and dual

use of e-cigarettes and tobacco cigarettes, characteristics associated with use and

reasons for use amongst a sample of pregnant Australian people attending public

antenatal clinics.

Methods: A cross-sectional survey was conducted with 4024 pregnant people

attending antenatal appointments, between July 2021 and December 2022, in one

local health district in New South Wales, Australia. Main outcome measures were

current use of e-cigarettes, dual use with tobacco cigarettes, participant character-

istics associated with use and reasons for use.

Results: 1.24% of pregnant people used e-cigarettes, 34% of these were dual

smokers. Being a current smoker (OR 39.49; 95% CI 9.99–156.21) or ex-smoker

(OR 29.86; 95% CI 8.75–101.95) were associated with e-cigarette use. Quitting

smoking was the most reported reason for use (52%).

Discussion and Conclusions: This study is the first to report on the prevalence

of e-cigarette use amongst pregnant people in Australia. We found that a small

proportion of pregnant people use e-cigarettes and that many are dual users or ex-

smokers. E-cigarette use and rates of dual use in pregnancy in Australia appear

lower than internationally, however they are similarly being used as a smoking-

cessation aid by many. As regulatory environments relating to e-cigarette access

change in Australia, large-scale studies are required to continue to monitor

e-cigarette use and dual use in pregnancy.
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Key Points
• Strict regulatory environments relating to e-cigarettes exist in Australia.
• E-cigarette use in pregnancy in Australia appears to be lower than

internationally.
• Most e-cigarette users are dual smokers or ex-smokers.
• Users often report using e-cigarettes as a smoking cessation aid.

1 | INTRODUCTION

Electronic cigarettes (e-cigarettes) are battery powered
devices that heat an ‘e-liquid’ to produce an aerosol which
is inhaled by the user [1]. These devices primarily serve as
electronic nicotine delivery systems and contain chemicals
and toxic substances that increase risk of cancer [1]. Long
term health effects are not yet established, however their use
may be associated with heart and respiratory disease [2].

While the adverse effects of smoking tobacco during
pregnancy on perinatal and child health are well known [3],
there is limited data on the safety of e-cigarette use during
pregnancy. Emerging research suggests that e-cigarette use
during pregnancy may be associated with increased risk for
small for gestational age when compared to non-e-cigarette
users [4, 5]. Guidance for clinicians in New Zealand and
the UK endorses the use of e-cigarettes to support smoking
cessation if a pregnant woman is unable to quit smoking
using other methods [6–8]. However, in the USA and
Australia, it has been recommended that pregnant people
avoid the use of e-cigarettes [9, 10]. The Australian Preg-
nancy Care Guidelines do not currently address e-cigarette
use in pregnancy [11].

Regulation of the availability of nicotine containing
e-cigarettes varies internationally from an age-restricted con-
sumer good (UK, NZ and USA) to a doctors’ prescription
only model (Australia) [12]. Population based studies from
the USA and UK, report prevalence of current e-cigarette
use amongst pregnant people between 2.2% and 4.6%
[13, 14]. Obisesan et al. [13] found that 2.2% of pregnant
people in the USA (N = 7434, 2016–2018) were current
e-cigarette users, with 46% reporting dual use with tobacco
cigarettes. Bowker et al. [14] found that 4.6% of pregnant
people in the UK were current users of e-cigarettes and
72.8% were dual users. Given the rapidly evolving nature of
e-cigarette use globally, and when these studies were con-
ducted, these rates may be underestimates of current use. In
Australia, no pregnancy specific prevalence data on current
use of e-cigarettes have been reported. Population surveys
conducted in New South Wales (NSW) (2021–2022) found
the prevalence of current e-cigarette use in females of child-
bearing age to be 15.7% (16–24 years), 7.0% (25–34 years)
and 3.5% (35–44 years) [15]. However, given pregnancy may
influence patterns of use [4] prevalence of e-cigarette use
amongst pregnant people in Australia remains unknown.

Few studies have examined characteristics associated
with e-cigarette use in pregnancy. Rollins et al. [16]
found that pregnant people in the USA who reported
e-cigarette use were significantly more likely to identify
as non-Hispanic White, have depression symptoms dur-
ing pregnancy, and use drugs or alcohol during preg-
nancy compared to people who reported no e-cigarette
use [16]. Further, a 2018 UK study found that, smoking
during pregnancy was the characteristic most strongly
associated with e-cigarette use in pregnancy [17]. No
research has examined characteristics associated with
e-cigarette use in pregnancy in the Australian context.

To inform government health policy and support health
care professionals to provide appropriate assessment and
effective management for e-cigarette use in pregnancy, it is
important to understand why pregnant people use
e-cigarettes. A 2021 systematic narrative review found the
most common reasons reported for e-cigarette use during
pregnancy were: to help reduce or quit smoking; prevent
relapse to smoking; and to reduce smoking related
harm [18]. However, none of the included studies were
conducted in Australia, and therefore the generalisability of
these results to Australian pregnant people is not known.

Considering the gaps in current understanding of the
prevalence and nature of e-cigarette use during preg-
nancy in Australia this study aimed to examine:

• the prevalence of current e-cigarette use;
• the prevalence of dual use of tobacco cigarettes and

e-cigarettes;
• characteristics associated with current e-cigarette

use; and
• and reasons for e-cigarette use;

in a sample of pregnant people attending public antenatal
clinics.

2 | METHODS

2.1 | Study design and setting

A cross-sectional survey was undertaken from 19 July
2021 to 22 December 2022 with pregnant people who
were receiving public antenatal care from one local
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health district in NSW, Australia. The district covers
urban and regional/rural areas, including one tertiary
referral hospital (approximately 4000 births annually)
and 14 smaller regional hospitals (approximately 50–2000
births annually). In NSW approximately 78% of births are
in public hospitals [19].

2.2 | Sampling and recruitment

People were eligible to participate in the survey if they
were: at least 18 years of age, between 12- and 37-week
gestation, attended their first, 27–28 week or 35–36-week
antenatal appointment within the previous week, had
sufficient level of English language proficiency to com-
plete the survey, were mentally and physically capable of
completing the survey and had not had an adverse preg-
nancy outcome.

Each week, all eligible Aboriginal and/or Torres Strait
Islander people (the term Aboriginal will be used from
this point when referring to Aboriginal and/or Torres
Strait Islander people), all people from smaller regional
hospitals, and a random sample of people from the two
largest hospitals were selected to participate. Selected
people were mailed a participant information statement
outlining the survey and its purpose. Aboriginal people
were first sent a text message offering survey participa-
tion via online or telephone. People were then tele-
phoned up to 10 times over 2 weeks, to elicit consent and
complete the survey, with non-Aboriginal people being
offered online if telephone was declined.

2.3 | Data collection procedures

The online and telephone surveys were identical in ques-
tions and help provided. The online survey was devel-
oped using REDCap [20] and was accessible via email or
text message using a unique survey link. Telephone sur-
veys were undertaken by trained female interviewers.
The online and telephone surveys were reviewed for cul-
tural appropriateness for Aboriginal people and pilot
tested prior to use.

2.4 | Measures

2.4.1 | Current e-cigarette use

All participants were asked ‘Have you ever used an
e-cigarette or vaping device?’ (Yes/No/Don’t know). Par-
ticipants who responded ‘Yes’ were then asked ‘How
often do you currently use an e-cigarette or vaping device?

Responses were categorised by use (current users [Daily;
At least once a week; Once a month; Less often than once
a month] and not current users [Not at all/I don’t use one
now] and frequency) [21].

2.4.2 | Current and recent smoking

All participants were asked ‘Which of the following state-
ments is true for you now?’ Response options were cate-
gorised by smoking status (smoker [I smoke every day about
the same as before I was pregnant; I smoke every day, but
I’ve cut down since finding out I was pregnant; I smoke
every once in a while], ex-smoker [I don’t smoke tobacco
products now, but I used to] or non-smoker [I have never
smoked or smoked less than 100 cigarettes in my life]) [22].
Ex-smokers were asked ‘Can you tell me when you stopped
smoking?’ responses were categorised as >6 months before
pregnancy, <6 months before pregnancy, 0–3 months of
pregnancy, 4+ months of pregnancy. Participants who were
both current smokers and e-cigarette users were defined as
dual users.

2.4.3 | Reasons for e-cigarette use

Current e-cigarette users were asked ‘What is your main
reasons(s) for using an e-cigarette or vaping device?’.
Response options were categorised by theme (Preferable
to smoking tobacco cigarettes [they are less harmful than
regular cigarettes; they are cheaper than regular ciga-
rettes; they taste better than regular cigarettes; when I
cannot or am not allowed to smoke; seem more accept-
able than regular cigarettes], To help me quit smoking
regular cigarettes, To cut down on number of regular cig-
arettes I smoke/ed, To avoid returning to smoking regu-
lar cigarettes, Out of curiosity/just wanted to try them,
Other) [21, 23].

2.4.4 | Participant characteristics

Participant characteristics collected in the survey included
age, Aboriginal origin, relationship status, smoking status,
partner smokes, education, first pregnancy and current
week gestation. Residential postcode was collected from
the medical records.

2.5 | Analysis

Descriptive statistics were used to describe current
e-cigarette use, dual use and reasons for using e-cigarettes

E-CIGARETTE USE IN PREGNANCY AUSTRALIA 1735
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in pregnancy. Residential postal codes were categorised
using the Socio-Economic Indexes for Area with index
quintiles collapsed into ‘most disadvantaged (quintiles
one and two), ‘mid disadvantaged’ (quintile three) and
‘least disadvantaged’ (quintiles four and five) [24]. Associ-
ations between use of e-cigarettes and participant charac-
teristics, as outlined in the previous paragraph, were
assessed using simple logistic regression models (nine
models), as well as a multivariable logistic regression
model which included all nine characteristics. Statistical
analysis was completed using SAS V9.3, with alpha level
of 0.05 used to denote statistical significance.

2.6 | Ethics

Ethics approval was obtained from Hunter New England
Local Health District Human Research Ethics Committee
(16/11/16/4.07) and the NSW Aboriginal Health and
Medical Research Council (1236/16). The study met the
Committees guidelines for protection of human subjects
concerning their safety and privacy.

3 | RESULTS

3.1 | Participation

Over the 18-month survey period, 9352 people were
selected to participate. Of these, 7790 (83.30%) were con-
tactable, 7046 (90.45%) were deemed eligible on the day
of attempted contact and 4024 (57.1%) gave consent and
completed the survey.

3.2 | Participant characteristics

Participants were an average of 26 weeks gestation with a
mean age of 30 years. Most participants were married or
living with a partner (90%), 9% identified as Aboriginal
and 7% were current smokers (Table 1).

3.3 | Current use of e-cigarettes and dual
e-cigarette and tobacco cigarette use

Of the 4024 participants surveyed, 722 (18%) reported having
ever used an e-cigarette and 50 (1.24%) reported currently
using e-cigarettes. Approximately half of current e-cigarette
users reported daily use (54%) (Table 1). Of the 50 current
e-cigarette users, 17 (34%) were also current smokers (i.e.,
dual users) and 29 (58%) were ex-smokers (Table 1). Rates of
use were higher amongst 18–25 years olds (2.5%), single

TABL E 1 Characteristics, e-cigarette use and dual use of

tobacco cigarettes for participants in the study sample (N = 4024).

n %

Age, years

18–25 806 20.0

26–35 2732 67.9

36+ 486 12.1

Mean (SD) 30 years (5 years)

Aboriginal, or Torres Strait Islander, or
both (n = 4018)

373 9.3

Relationship status (n = 4001)

Single 416 10.4

Live with partner or married 3585 89.6

Education (n = 4008)

High school or less 1146 28.6

TAFE Certificate or Diploma 1288 32.2

University Degree or higher 1574 39.3

Socio economic disadvantage (n = 4019)a

Most disadvantaged 2052 51.1

Mid disadvantaged 1236 30.8

Least disadvantaged 731 18.2

First pregnancy (n = 4009) 1761 42.6

Current weeks gestation

Mean (SD) 26 weeks (8 weeks)

Smoking status (n = 4020)

Current smoker 278 6.9

Ex-smoker 876 21.8

Non-smoker 2864 71.2

Time since quit smoking (ex-smokers N = 874b)

>6 months before pregnancy 494 56.5

<6 months before pregnancy 111 12.7

0–3 months of pregnancy 241 27.6

4+ months of pregnancy 28 3.2

Partner smokes (n = 4020) 708 17.6

Ever used an e-cigarette 722 17.9

Currently using an e-cigarette 50 1.24

Current smoker (Dual user) 17 34.0

Ex-smoker 29 58.0

Non-smoker 3 6.0

Frequency of current e-cigarette use (N = 50)

Daily 27 54.0

At least once a week 5 10.0

Once a month 9 18.0

Less often than once a month 9 18.0

Time since quit smoking (e-cigarette users who are ex-smokers
N = 29)

>6 months before pregnancy 9 31.0

<6 months before pregnancy 8 27.6

(Continues)
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people (3.6%), those with lower education levels (2.5%) and
Aboriginal people (3.5%). (Table 2). These higher numbers
of Aboriginal people using e-cigarettes should be interpreted
in the context of the historic and ongoing impacts of
colonisation.

3.4 | Characteristics associated
with current e-cigarette use

Younger age (18–25 years), Aboriginal origin, being single,
having a partner that smokes, high school or lower level
education or TAFE certificate/diploma and being a cur-
rent or ex-smoker were all found to be significantly associ-
ated with current e-cigarette use. After adjusting for all
characteristics, only smoking status remained significant
(p < 0.001). Being a current (odds ratio [OR] 39.49, 95%
confidence interval [CI] 9.99–156.21) or ex-smoker
(OR 29.86, 95% CI 8.75–101.95) significantly increased the
odds of current e-cigarette use (Table 2).

3.5 | Reasons for using e-cigarettes
in pregnancy

The most frequently reported reasons for current use of
e-cigarettes were to quit smoking (52%), cut down smok-
ing (20%) and avoid returning to smoking (18%) (Table 3).

4 | DISCUSSION

This study is the first to report on the prevalence of
e-cigarette use amongst pregnant people in Australia.
The study found that a small proportion of pregnant peo-
ple attending public antenatal clinics in Australia were
current e-cigarette users (1.24%), however rates of use
were higher amongst some demographic groups. Just
over a third of current users reported dual use with
tobacco cigarettes. Smoking status was the most signifi-
cant characteristic associated with current e-cigarette
use, with current and ex-smokers having over 29 times
the odds of using e-cigarettes in pregnancy compared to

non-smokers. The most commonly reported reason for
current e-cigarette use in pregnancy was to quit smok-
ing (52%).

The prevalence of current e-cigarette use in preg-
nancy reported in this study (1.24%) is lower than that
reported by previous international studies in the UK
(2.2%) [13] and USA (4.6%) [14]. In the UK, reported use
may be higher due to some professional bodies endorsing
e-cigarettes as a smoking cessation aide for pregnancy
[7, 8], and the lower cost of e-cigarettes compared to
other countries [25]. Prevalence of use in both the UK
and USA may reflect their increased accessibility as an
approved consumer product as well as increased expo-
sure to promotional media [26]. This contrasts with the
stricter regulatory environment in Australia where
e-cigarettes are only legally available with prescription,
have a higher cost than in other countries, advertising
e-cigarettes to consumers is prohibited [27] and use is not
supported as a cessation aid in pregnancy [10]. Rates of
use were higher amongst 18–25 year olds, Aboriginal
people, single people and those with lower education
levels. Such findings suggest that e-cigarette use may be
more prevalent amongst some demographic groups. It is
important to recognise that the ongoing impacts of colo-
nisation and the multifaceted nature of smoking and
e-cigarette use contribute to higher rates amongst Aborig-
inal people. Further population wide surveys of pregnant
people in Australia and internationally are required to
develop a clear understanding of how many people are
using e-cigarettes in pregnancy, to determine prevalence
of use across different demographic groups and examine
how the different regulatory environments are impacting
on rates of use.

Consistent with previous research, being a current
smoker (OR 39.49, 95% CI 9.99–156.21) or ex-smoker
(OR 29.86, 95% CI 8.75–101.95) were the characteristics
most strongly associated with current e-cigarette use [17].
Of the current e-cigarette users 34% reported that they
were also current smokers. Internationally, studies have
reported that 46% to 73% of pregnant e-cigarette users
continue to smoke tobacco cigarettes [13, 14] and that
patterns of smoking, vaping and dual use can vary
throughout pregnancy with dual users commonly con-
tinuing dual use or returning to exclusive smoking by late
pregnancy [28]. Further research is needed to explore
patterns of e-cigarette use during pregnancy and to
understand the outcomes of dual use given the frequency
of this behaviour.

In our study, nearly two thirds of current e-cigarette
users were ex-smokers, the majority reporting quitting
smoking in either the six months prior to (28%) or during
pregnancy (41%). The most commonly reported reason
for current e-cigarette use in pregnancy was to quit

TAB L E 1 (Continued)

n %

0–3 months of pregnancy 10 34.5

4+ months of pregnancy 2 6.9

aSocioeconomic disadvantage categorised as: Most disadvantaged (quintiles

1 and 2), mid disadvantaged (quintile 3), least disadvantaged (quintile 4

and 5).
bSix ex-smokers either didn’t know or didn’t answer the question.

E-CIGARETTE USE IN PREGNANCY AUSTRALIA 1737
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smoking (52%). This supports previous research, where
greater than 70% of pregnant e-cigarette users reported
use to assist with quitting smoking [29]. Expert consensus
concludes there is currently insufficient evidence to sup-
port the efficacy and safety of e-cigarettes as a smoking
cessation treatment in pregnancy [9, 10, 30]. Cochrane
reviews [31, 32] currently recommend behavioural inter-
ventions plus approved nicotine replacement therapies as
best practice care for supporting pregnant people to quit.
While some individual Australian State health depart-
ment policies and medical association guidelines [10, 33]
have recently incorporated specific guidance to avoid
e-cigarette use during pregnancy, the current Australian
Clinical Practice Guidelines for Pregnancy Care [11] do
not include any information on the use of e-cigarettes in
pregnancy. The Australian Pregnancy Care Guidelines
need to provide clear guidance on assessment and sup-
port for people who are using e-cigarettes in pregnancy.

The findings of this study should be considered in light
of its strengths and limitations. The study was conducted
with a large sample of randomly selected or complete sam-
pling of pregnant people attending public antenatal ser-
vices from metropolitan, rural and regional areas of NSW
and achieved a consent rate of 58.7%. When compared to
people who gave birth in NSW in 2021, mean age was
comparable (30 vs. 31 years) however the study sample
had slightly more participants who identified as Aborigi-
nal (9.6% vs. 5.1%) [34] and smoking rates amongst all
study participants were slightly lower (6.8% vs. 7.9%)
which may suggest actual e-cigarette use could be higher
[34]. Finally, while a significant association was found
between e-cigarette use and some indicators of socio eco-
nomic disadvantage (education level and marital status),
no such association was found for residential postcode.

This may be due to the large geographic areas covered by
some rural postcodes and the considerable variation in
socio-economic status within these areas.

5 | CONCLUSION

The findings of this study suggest that pregnant people
may be using e-cigarettes primarily to assist in quitting
smoking, however many appear to continue to smoke.
Further large-scale population-based studies of pregnant
people are required to monitor e-cigarette use, dual use
and patterns of use through pregnancy, particularly given
the evolving Australian regulatory environment relating
to e-cigarette access and the rapidly increasing rates of
e-cigarettes use since this study was conducted. Further
research is needed to understand the risks of e-cigarettes
use and dual use, and their efficacy as a smoking cessa-
tion aid in pregnancy.
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TAB L E 3 Participants reported reasons for current e-cigarette use in pregnancy (N = 50).

Current smoker
(N = 17)

Ex-smoker
(N = 29)

Non-smoker
(N = 3)

Total
(N = 50)

n % n % n % n %

To help me quit smoking regular cigarettes 9 52.9 16 55.2 1 33.3 26 52.0

To cut down on the number of regular cigarettes
I smoke/smoked

7 41.2 3 10.0 0 0.0 10 20.0

To avoid returning to smoking regular cigarettes 1 5.9 7 24.1 0 0.0 9 18.0

Preferable to smoking tobacco cigarettes
(cheaper, less harmful, taste better)

0 0.0 5 17.2 0 0.0 5 10.0

Out of curiosity/just wanted to try them 1 5.9 3 10.0 1 33.3 5 10.0

Other 2 3 10.0 1 33.3 3 6.0

To be social 1 5.9 1 3.3 0 0.0 2 4.0

Stress relief 0 0.0 1 3.3 1 25.0 2 4.0

When run out of cigarettes 1 5.9 0 0.0 0 0.0 1 2.0
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