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ABSTRACT

Introduction E-cigarette use during pregnancy is a risk factor

for maternal and fetal health. Early studies on animals showed

that in utero exposure to e-cigarettes can have negative

health outcomes for the fetus. There has been only limited re-

search into the risk perceptions of e-cigarette use during

pregnancy. This study was conducted to comprehensively

characterize the constructs of risk perceptions with regard to

e-cigarette use during pregnancy using an Integrated Health

Belief Model (IHBM).

Methods Our STudy on E-cigarettes and Pregnancy (STEP)

used a mixed methods approach, with the study divided into

an initial qualitative part and a quantitative part. A netno-

graphic approach was used for the first part, which consisted

of the analysis of 1552 posts from 25 German-language on-

line discussion threads on e-cigarette use during pregnancy.

Using these qualitative results, a quantitative questionnaire

was developed to explore risk perception constructs about

e‑cigarette use during pregnancy. This questionnaire was sub-

sequently administered to pregnant women (n = 575) in one

hospital in Hamburg, Germany. Descriptive and bivariate anal-

ysis was used to examine differences in risk perception ac-

cording to participantsʼ tobacco and e-cigarette user status

before and during pregnancy. While the study design, meth-

ods and sample have been extensively described in our re-

cently published study protocol in the January 2020 issue of

Geburtshilfe und Frauenheilkunde, this paper is devoted to a

presentation of the results of our mixed methods study.

Results Themes related to perceived threats identified in the

qualitative study part were nicotine-related health risks and po-

tential health risks of additional ingredients. Perceived benefits

were possibility and facilitation of smoking cessation and a pre-

sumed potential to reduce harm. The subsequent quantitative

part showed that nearly all participants (99.3%) perceived

e‑cigarettes which contained nicotine as constituting a threat

to the health of the unborn child. The most commonly per-

ceived barrier was health-related (96.6%), while the most
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commonly perceived benefit was a reduction in the amount of

tobacco cigarettes consumed (31.8%). We found that partic-

ularly perceived benefits varied depending on the partici-

pantʼs tobacco and e-cigarette user status.

Conclusion When considering future prevention strategies,

the potential health risks and disputed effectiveness of e-cig-

arettes as a tool for smoking cessation need to be taken into

account and critically discussed.

ZUSAMMENFASSUNG

Einleitung Die Nutzung von E-Zigaretten während der

Schwangerschaft wird als Risikofaktor für die maternale und

fetale Gesundheit diskutiert. Erste Studien an Tieren zeigen,

dass die Exposition im Mutterleib zu negativen Gesundheits-

outcomes für den Fetus führen kann. Bisher wurden kaum Er-

gebnisse zur Risikowahrnehmung der E-Zigarette während

der Schwangerschaft publiziert. Diese Studie wurde durch-

geführt, um Konstrukte der Risikowahrnehmung der E-Ziga-

retten-Nutzung während der Schwangerschaft unter Verwen-

dung eines integrierten Health-Belief-Modells (IHBM) umfas-

send zu charakterisieren.

Methoden Unsere Studie zur E-Zigarette und Schwanger-

schaft (STEP) verwendete einen Mixed-Methods-Ansatz, be-

ginnend mit einem qualitativen Studienteil und einem an-

schließenden quantitativen Studienteil. Zunächst wurde ein

netnografischer Ansatz verwendet, indem 1552 Beiträge in

25 deutschsprachigen Online-Diskussionssträngen, die sich

mit dem Gebrauch von E-Zigaretten während der Schwanger-

schaft befassten, analysiert wurden. Basierend auf den quali-

tativen Ergebnissen wurde ein quantitativer Fragebogen ent-

wickelt, in dem Konstrukte der Risikowahrnehmung der E-Zi-

garetten-Nutzung während der Schwangerschaft untersucht

wurden. Dieser Fragebogen wurde anschließend an Schwan-

gere (n = 575) in einem Krankenhaus in Hamburg verteilt. In

deskriptiven und bivariaten Analysen wurden Unterschiede in

der Risikowahrnehmung in Abhängigkeit von dem Tabak- und

E-Zigaretten-Nutzerstatus vor und während der Schwanger-

schaft untersucht. Während das Studiendesign, die Methodik

und die Stichprobe von STEP ausführlich in unserem kürzlich

veröffentlichen Studienprotokoll in der Januar-Ausgabe 2020

von Geburtshilfe und Frauenheilkunde beschrieben wurde, wid-

met sich dieses Paper der Präsentation der Forschungsergeb-

nisse unserer Mixed-Methods-Studie.

Ergebnisse Themen, die im Zusammenhang mit wahr-

genommenen Bedrohungen im qualitativen Studienteil iden-

tifiziert wurden, waren nikotinbedingte Gesundheitsrisiken

und potenzielle Gesundheitsrisiken zusätzlicher Inhaltsstoffe.

Wahrgenommene Vorteile waren die Möglichkeit und Erleich-

terung der Raucherentwöhnung und die Vermutung, Scha-

den zu minimieren. Der anschließende quantitative Studien-

teil zeigte, dass beispielsweise fast alle Teilnehmerinnen

(99,3%) E-Zigaretten mit Nikotin als Bedrohung für die Ge-

sundheit des Ungeborenen empfanden. Die am häufigsten

wahrgenommene Barriere war gesundheitsbezogen (96,6%),

während der am häufigste wahrgenommene Nutzen in der

Reduzierung der Tabakzigaretten (31,8%) lag. Wir stellten

fest, dass insbesondere die wahrgenommenen Vorteile nach

dem Nutzerstatus von Tabak- und E-Zigaretten variierten.

Schlussfolgerungen Im Kontext zukünftiger Präventions-

maßnahmen sollten potenzielle Gesundheitsrisiken und die

umstrittene Wirksamkeit der E-Zigarette als Raucherentwöh-

nungsmittel berücksichtigt und kritisch diskutiert werden.
Abbreviations
HBM Health Belief Model
IHBM Integrated Health Belief Model
TPB Theory of Planned Behavior
Introduction
In the last decade, e-cigarettes have become popular, especially
among younger people [1]. The use of e-cigarettes has spread,
even among pregnant women. International research studies es-
timate that the prevalence of e-cigarette use in pregnancy is be-
tween 0.5 and 15% [2–4]. E-cigarette use in pregnancy is a rele-
vant health hazard for pregnant women and fetuses alike [5–7]:
e-cigarettes often contain nicotine, a fetal toxin [8–9]. In addi-
tion, e-cigarettes may contain other potential fetal toxins includ-
ing carcinogenic and mutagenic substances or heavy metals [10].
Previous animal studies suggest that e-cigarette use during preg-
nancy may be associated with epigenetic, organic [11–13] and
pulmonary [11,14,15] health risks for the fetus. Reputable pre-
vention organizations warn against using e-cigarettes in preg-
nancy [16,17].
Schilling L et al. Study on E-Cigarettes… Geburtsh Frauenheilk 2021; 81: 214–223 | © 2021. Th
Thus, examining the risk perceptions and health beliefs with re-
gard to the use of e-cigarettes during pregnancy is an important
starting point for prevention. According to commonly used be-
havior models, risk perceptions and their underlying assumptions
are central predictors for health or pathogenic behaviors [18,19].
In the Integrated Health Belief Model (IHBM), which combines
elements of frequently used behavior models (the Health Belief
Model (HBM) [19] and the Theory of Planned Behavior (TPB)
[18]), the intention to perform a behavior is predicted based on
perceived threats, perceived barriers, perceived benefits, atti-
tudes and perceived norms, and perceived self-efficacy. The IHBM
was adapted and applied in a study by Case et al. [20] on e-ciga-
rette use among college students. Applying the IHBM in the con-
text of pregnancy seems useful, since the risk perceptions of preg-
nant women could deviate from those of the general population.
Pregnant women might consider the risks for their unborn child
when deciding whether or not to use e-cigarettes [21]. Previous
studies have indicated that in addition to health-related factors
which are incorporated in the HBM, normative factors (as postu-
lated in the TPB) are relevant predictors of tobacco cigarette use
[22].

Only some aspects of risk perceptions about e-cigarette use in
pregnancy have been researched so far. Some studies have exam-
215e author(s).
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ined whether pregnant women (or women of childbearing age)
perceive e-cigarette use to be harmful to themselves or the un-
born child [3, 4,23,24]. Other studies have reported on the rea-
sons cited for e-cigarette use during pregnancy, such as fewer
perceived health risks compared to tobacco cigarettes or as an
aid to stop smoking [3,4, 23,24]. Qualitative studies have identi-
fied perceived barriers and norms associated with e-cigarette use
in pregnancy [4,25,26]. However, to our knowledge, only individ-
ual elements of the HBM have been used to understand the risk
perceptions of e-cigarette use during pregnancy, and not the
HBM in its entirety.

The primary objective of this paper was to advance our current
knowledge about risk perceptions with regard to e-cigarette use
during pregnancy. Accordingly, our first aim was to identify and
characterize the constructs of risk perceptions about e-cigarette
use during pregnancy, based on the IHBM. Our second aim was
to identify whether risk perceptions of e-cigarette use during
pregnancy vary according to e-cigarette user status. Since pre-
vious studies have shown that e-cigarette use in pregnancy occurs
primarily among pregnant smokers [21], our third aim was to
identify differences in risk perception according to tobacco ciga-
rette user status.
Side-by-side comparison (joint display)

Interpretation

Comparison of the qualitative results with the quantitative results

Discussion, interpretation and integration of research findings

▶ Fig. 1 Mixed methods approach. Description of the procedure
and methods of the mixed methods study.
Methods

Research design: a mixed methods study

In our STudy on E-cigarettes and Pregnancy (STEP) we mainly used
a sequential exploratory mixed methods approach to get a com-
prehensive understanding of the risk perceptions associated with
e-cigarette use in pregnancy (▶ Fig. 1). The defining characteris-
tics of our sequential mixed methods design was that the qualita-
tive part would be used to develop the questionnaire for the sub-
sequent quantitative part of the study [27]. We also compared the
results of the qualitative part with the results of the quantitative
part, along with identified themes in a side-by-side joint display
[27]. The mixed methods design has been extensively described
in our previously published study protocol in this journal [24],
and we therefore only provide a brief description of the qualitative
and quantitative study parts below.

Qualitative study part

In our study, the qualitative part of the study helped to identify
theory-based elements of risk perceptions of e-cigarette use dur-
ing pregnancy. Our qualitative study part used a netnographic ap-
proach which analyzed threads in various online discussion forums
(online communities) [28]. To do this, we identified German-lan-
guage online discussion threads addressing e-cigarette use in
pregnancy and analyzed their contents using the IHBM.

To identify German-language online forum threads on e-ciga-
rette use during pregnancy, the first author conducted an exten-
sive and multi-step search using the market-leading internet
search engine Google (period studied: April to June 2017). To
avoid bias caused by user data or online advertising, we did not
include recommended links or paid advertisements. We used the
internal search function to identify relevant threads within the
identified online forums. To analyze the identified threads, we
216 Schilling L et al.
used a qualitative content analysis approach as described by
Mayring [29,30]. Detailed information on this multi-step search
and the qualitative analysis process can be found in our previously
published study protocol [24]. In this paper we present an over-
view of the identified main constructs and themes perceived
threats, perceived benefits, perceived barriers, attitudes and perceived
norms (see [31] for details).

Quantitative study part

In the subsequent quantitative part of our study, we developed a
standardized questionnaire. Our previously published study pro-
tocol describes the questionnaire development process and pre-
testing of the questionnaire in detail [24].

Data collection

The developed questionnaire was administered to pregnant wom-
en attending the Asklepios Klinik Barmbek in Hamburg, Germany,
between 4th April 2018 and 11th January 2019. This clinic is a
large obstetric hospital with more than 3000 births every year
and a broad catchment area in the city of Hamburg and beyond.
Pregnant women were recruited during the standard birth regis-
tration interview, which was carried out by midwives in the clinic
[24].
Study on E-Cigarettes… Geburtsh Frauenheilk 2021; 81: 214–223 | © 2021. The author(s).



Instruments and measures

Perceived threats and attitudes about the harmfulness of e-cigarettes
were measured using an assessment of perceived absolute harms
[32], the perceived relative/comparative harms of e-cigarettes
with and without nicotine for pregnant women and unborn chil-
dren [2,33], and the perceived specific health risks of e-cigarette
use during pregnancy for pregnant women [34] and unborn chil-
dren. We also measured the overall perceived threats of the afore-
mentioned potential health risks.

Perceived benefits were measured using the question: “From
your point of view, what are the benefits of e-cigarette use during
pregnancy?” Participants could choose between several listed po-
tential benefits which included using e-cigarettes to stop smoking
or facilitate smoking cessation, harm reduction, and other bene-
fits [32,35,36].

As with the perceived benefits, we also measured perceived bar-
riers. The list of potential barriers to choose from were health-re-
lated, related to cessation of smoking and addiction, and a num-
ber of other perceived barriers [26].

In addition to the above-mentioned aspects about harmful-
ness, we measured the overall attitudes of the participants to-
wards the use of e-cigarettes by pregnant women in general and
as an alternative to tobacco cigarettes.

Perceived norms were measured by focusing on the acceptabil-
ity of e-cigarettes to partners and friends.

The questionnaire included questions on the use of tobacco and
e-cigarettes in the year before becoming pregnant and during the
current pregnancy [37]. Based on this information, we developed
two variables to reflect tobacco and e-cigarette user status (1 =
nonuser, 2 = former user, 3 = current user).

To describe our sample, we collected data on sociodemographic
characteristics such as age, using an open-ended question. We
used the answers to create the three categories “18 to 29”, “30
to 34”, “> 34 years”. We also measured the level of education
and created the categories “low”, “middle” and “high”. We eval-
uated immigrant background using the definition developed by
Schenk et al. [38]. We additionally included indicators for the
week of pregnancy and understanding/knowledge of e-ciga-
rettes.

Quantitative analysis

First, we carried out a descriptive analysis of the items within the
constructs “perceived threats/attitudes towards harmfulness”,
“perceived benefits”, “perceived barriers”, “overall attitudes” and
“perceived norms”. In a second and third step, we examined
whether risk perceptions vary according to the participantsʼ e-cig-
arette and tobacco cigarette user status by performing a two-
sided χ2 test/Fisherʼs exact test.
Results

Qualitative results

We were able to identify 1552 posts in 25 threads from a total of
14 online forums as relevant for our analysis [24].

▶ Table 1 provides an overview of the identified constructs as
well as their underlying aspects. Perceived threats of e-cigarette
Schilling L et al. Study on E-Cigarettes… Geburtsh Frauenheilk 2021; 81: 214–223 | © 2021. Th
use during pregnancy were severe nicotine-related health risks
for the pregnant woman and unborn child such as addiction, oxy-
gen deficiency, and sudden infant death (a). The perception of
threats included the potential health risks of additional ingre-
dients resulting in lung damage or cancer (b). The perceived
threats of e-cigarettes were partially diminished by the compari-
son with the harmfulness of tobacco cigarettes (c). However, the
perceived threats of e-cigarette use during pregnancy seemed to
vary, due to the lack of knowledge and research studies (d). Per-
ceived benefits included harm reduction (e), facilitation of and sup-
port for smoking cessation (f), and financial benefits (g), while
perceived barriers included lack of satisfaction (especially for e-cig-
arettes without nicotine) (h) and social stigma (i). Attitudes in-
cluded positive and negative attitudes about e-cigarette use dur-
ing pregnancy and were described in relation to the harmfulness
of e-cigarettes in general, and compared with tobacco cigarettes.
While there was uniformity regarding the nonuse of e-cigarettes
during pregnancy in general (j), there were partially positive atti-
tudes with regard to e-cigarette use as an alternative to using to-
bacco cigarettes during pregnancy (k). The identified themes for
perceived norms were the attitudes and behavior in the pregnant
womanʼs social environment (e.g., her partner) (l) as well as the
recommendations of medical providers (m).

Quantitative results
Sample characteristics

In the study period, 2092 pregnant women registered to give
birth in the hospital. A total of 575 pregnant women completed
the informed consent forms and the questionnaire (response rate:
27.5%) [24]. Of these, 540 participants fully answered the ques-
tions about their consumption of tobacco and e-cigarette use
and were included in the subsequent analysis. On average, partic-
ipants were 32.27 (SD 4.68) years old and in their 32.29 week of
pregnancy (SD 2.75). Most of the surveyed participants had a high
level of education (68.9%), and more than a quarter had an immi-
grant background (26.2%). All in all, 8.7% (26.5%) of the partici-
pants used tobacco cigarettes during pregnancy (before preg-
nancy). Six out of ten (62.3%) participants who knew about e-cig-
arettes before participating in the study (96.6%) were aware that
e-cigarettes could contain nicotine, and 7.8% used e-cigarettes
before pregnancy. Less than one percent used e-cigarettes during
pregnancy (0.4%).

Descriptive and bivariate results

Perceived threats/health-related attitudes

Nearly all (99%) participants agreed that e-cigarettes with nico-
tine are harmful to pregnant women and the unborn child. Eight
out of ten participants agreed that e-cigarettes without nicotine
are harmful to the health of pregnant women (82.1%) and the un-
born child (84.2%). Almost one fifth of the participants agreed
that e-cigarettes are less harmful to the health of pregnant wom-
en (24.6%) and unborn children (21.7%) than tobacco cigarettes.
A lower oxygen supply was the most frequently perceived poten-
tial health risk for the unborn child (89.3%). Addiction was the
most commonly perceived health risk for pregnant women
(86.2%). Current users of tobacco cigarettes agreed less often
that they would feel threatened by the potential health risks of
217e author(s).



▶ Table 1 Themes of IHBM constructs and selected quotes related to risk perceptions of e-cigarette use during pregnancy in 25 online discussion
threads, adapted by Schilling et al. [31].

Identified themes of IHBM
constructs

Selected quotes

Perceived threats

Severe nicotine-related
health risks (a)

“Nicotine is an addictive drug and a neurotoxin, which of course can be transmitted to the unborn child.
Thatʼs why I would personally abstain from nicotine during pregnancy!” (T20, 2017)

Potential health risks of
additional ingredients (b)

“Even if you smoke without nicotine, there are toxins that are not good for your lungs and certainly not
for the baby.” (T11, 2016)

Relative risks (c) “Whether it is harmful to the child has not been proven yet, but what has been proven is that it is healthier,
contains 3800 fewer toxins and you cannot smoke passively, etc.” (T5, 2012)

Lack of knowledge and
research studies (d)

“Even those without nicotine contain chemicals and nobody knows what the long-term consequences
will be!” (T3, 2012)

Perceived benefits

Harm reduction (e) “Vaping without nicotine is 10 times better than smoking. But of course, you should not vape during preg-
nancy either. But vaping is an option tomove away from normal cigarettes towards no cigarettes.” (T1, 2011)

Possibility and facilitation
of smoking cessation (f)

“Yes, I had already thought about e-cigarettes. It would be ideal, the habit stays, but thereʼs no more
nicotine.” (T7, 2014)

Financial benefits (g) “Good luck to anyone who wants to live healthier and wants to save a lot of money at the same time.”
(T2, 2011)

Perceived barriers

Lack of satisfaction (h) “Although I donʼt smoke, cigarettes without nicotine, isnʼt that like drinking without alcohol? –
Do you think that will satisfy your cravings?” (T22, 2012)

Social stigma (i) “I would say ‘stop that’ [e-cigarette use during pregnancy] is the general answer. [Evil smiley]
Be happy you havenʼt been put through the wringer yet!” (T11, 2016)

Attitudes

Negative attitudes (j) “As far as I know, this alternative to ‘normal’ smoking is very controversial. In my opinion, one should
completely leave it alone during pregnancy!” (T15, 2017)

Positive attitudes (k) “It is certain that not vaping or smoking is always better! […] But vaping without nicotine is still
1000 times better than smoking! ” (T17, 2011)

Perceived norms

Attitudes and behavior in
the social environment (l)

“My husband is a chemist and looked at the ingredients. He says thatʼs a good alternative for pregnant
women.” (T11, 2016)

Recommendations of
medical providers (m)

“Hey, in my last pregnancy, I could not stop that s*** smoking, therefore the chief physician in the hospital
recommended that I use e-cigarettes without nicotine, stating that it is healthier than normal cigarettes.”
(T11, 2016)

[…] Smileys within the text/aspects added by the researcher for clarification.

T = number of the associated thread; year of the post.

GebFra Science |Original Article
e‑cigarettes if they used them during pregnancy (p = 0.002)
(▶ Table 2).

Perceived benefits

The most commonly perceived benefit was that e-cigarettes
could help to reduce the consumption of tobacco cigarettes
(31.8%), followed by other benefits related to facilitating smoking
cessation, quitting smoking altogether, and other, less important
health risks. Perceived benefits varied somewhat according to the
participantsʼ tobacco and e-cigarette user status.

Perceived barriers

The most commonly perceived barriers were health-related (e.g.,
“E-cigarettes can harm the health of pregnant women and unborn
218 Schilling L et al.
children” [96.6%]) and did not vary significantly according to
e‑cigarette or tobacco cigarette user status.

Attitudes

Nearly all participants agreed that pregnant women should not
use e-cigarettes during pregnancy (98.7%). Fewer participants
believed that pregnant women should not use e-cigarettes as an
alternative to tobacco cigarettes (87.3%) (▶ Table 2).

Perceived norms

Around nine out of ten partners (92.7%) and friends (84.5%) of
the participants did not reject e-cigarette use during pregnancy.
The perception of norms varied according to the participantsʼ to-
bacco and e-cigarette user status.
Study on E-Cigarettes… Geburtsh Frauenheilk 2021; 81: 214–223 | © 2021. The author(s).



▶ Table 2 Risk perceptions about e-cigarette use in pregnancy among 540 surveyed pregnant women. Results of the quantitative part of the STEP.

Construct/Items Total
(n = 540)

E-cigarette use Tobacco cigarette use

None
(n = 498)

Former
(n = 40)

None
(n = 397)

Former
(n = 96)

Current
(n = 47)

% % % % % %

Perceived threats/attitudes towards harmfulness

Perceived absolute harms

▪ E-cigarettes with nicotine are harmful to the health
of pregnant women1

99.1 99.2 97.6 99.2 99.0  97.9

▪ E-cigarettes without nicotine are harmful to the health
of pregnant women

82.1 82.6 76.2 83.4 84.0  67.4*

▪ E-cigarettes with nicotine are harmful to the health
of unborn children1

99.3 99.4 97.6 99.5 98.9  97.9

▪ E-cigarettes without nicotine are harmful to the health
of unborn children

84.2 84.9 75.6 85.7 82.4  75.0

Perceived relative/comparative harms

▪ E-cigarettes with nicotine are less harmful to the health
of pregnant women than tobacco cigarettes

24.6 24.6 23.8 23.8 29.5  21.3

▪ E-cigarettes with nicotine are less harmful to the health
of unborn children than tobacco cigarettes

21.7 21.7 21.4 20.9 28.7  14.9

Perceived specific health risks

▪ Risk that the pregnant woman develops an addiction 86.2 87.1 76.2 87.6 85.3  76.6

▪ Risk that the respiratory tract of the pregnant woman
will be irritated

85.8 86.6 76.2 88.6 83.9  66.0**

▪ Risk that the inhaled vapor is toxic for the pregnant woman 83.2 84.0 73.8 85.1 82.1  70.2*

▪ Risk that the unborn child will get less oxygen 89.3 89.7 85.4 88.8 90.3  91.5

▪ Risk that the brain of the unborn child will be damaged 87.3 87.7 83.3 88.4 82.3  89.1

▪ Risk that the lungs of the unborn child will be damaged 86.4 86.4 85.7 85.3 86.5  95.7

Overall perceived threats

▪ How threatened would you feel by one or more of the
potential risks of e-cigarettes mentioned above?

93.5 94.3 84.4* 95.3 92.6  80.0*

Perceived benefits

▪ E-cigarettes can help pregnant smokers reduce the number
of tobacco cigarettes they smoke per day

31.8 31.2 39.0 29.3 36.2  42.6

▪ E-cigarettes can help pregnant smokers to quit smoking 28.7 27.4 43.9* 26.1 31.9  42.6*

▪ E-cigarettes can reduce the stress of smoking cessation
for pregnant smokers

26.7 25.9 36.6 25.1 28.7  36.2

▪ E-cigarettes harm the health of the pregnant women
and unborn child less than tobacco cigarettes

20.3 20.0 24.4 19.2 19.1  31.9

▪ E-cigarettes can reduce smoking cravings of pregnant smokers
during smoking cessation

19.2 17.5 39.0* 17.1 18.1  38.3*

▪ I do not see any benefits in e-cigarette use during pregnancy 49.6 51.2 31.7* 51.2 47.9  40.4

Perceived barriers

▪ E-cigarettes can harm the health of pregnant women
and unborn children1

96.6 96.7 95.2 96.4 96.9  97.8

▪ E-cigarettes have unknown health risks 89.1 88.8 92.92 90.3 87.5  82.6

▪ E-cigarettes can harm the health of the pregnant woman and
unborn children in a similar manner to tobacco cigarettes

85.5 85.1 90.5 84.4 88.5  89.1

▪ E-cigarettes can be addictive for pregnant women 72.0 72.4 66.7 72.6 77.1  56.5*

▪ Pregnant smokers can stop smoking tobacco cigarettes
without e-cigarettes

65.4 65.5 64.3 62.6 72.9  73.9

Continued next page
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▶ Table 2 Risk perceptions about e-cigarette use in pregnancy among 540 surveyed pregnant women. Results of the quantitative part of the STEP.
(Continued)

Construct/Items Total
(n = 540)

E-cigarette use Tobacco cigarette use

None
(n = 498)

Former
(n = 40)

None
(n = 397)

Former
(n = 96)

Current
(n = 47)

% % % % % %

Attitudes

▪ Pregnant women should not use e-cigarettes1 98.7 99.2 92.9 98.5 98.9 100.0

▪ Pregnant women should not use e-cigarettes as an alternative
to tobacco cigarettes

87.3 87.5 85.7 89.3 82.3  80.9

Perceived norms

▪ My partner rejects the use of e-cigarettes by pregnant women3 92.7 93.2 86.5 94.1 92.1  81.4*

▪ My friends reject the use of e-cigarettes by pregnant women 84.5 84.5 84.6 84.8 86.0  78.7

Percentages are based on valid cases

* p < 0.05

**p < 0.001
1 Due to the small number of cases, we did not calculate using Pearson χ2 test/Fisherʼs exact test.
2 ≥ 25% of expected frequencies less than 5
3 Participants without a partner were excluded (n = 517).

GebFra Science |Original Article
Mixed methods results

The quantitative results confirmed the findings of the qualitative
part of the study (cf. the detailed side-by-side comparison in ▶ Ta-
ble 3). A very commonly perceived benefit in the qualitative part
was “possibility and facilitation of smoking cessation”. The most
frequently mentioned perceived benefits in the quantitative part
of the study were that e-cigarettes could help to reduce/stop the
consumption of tobacco cigarettes and reduce stress when quit-
ting smoking.
Discussion
To our knowledge, this is the first study using an IHBM and com-
bining qualitative and quantitative methods to analyze risk per-
ceptions and health beliefs about e-cigarette use during preg-
nancy.

The perceived threat of e-cigarettes, especially e-cigarettes
containing nicotine, was high in both the qualitative and the
quantitative parts of our study. Nevertheless, in accordance with
previous studies, both parts showed that e-cigarette use was per-
ceived as a less serious health threat than tobacco cigarette use by
a minority of the surveyed women [21,32]. However, the percen-
tages identified in our study differ from the percentages reported
in previous studies [32,35]. The study by Mark et al. [32] showed
that 43% of a cohort of pregnant women from the U.S. believed
that e-cigarettes were less harmful to unborn children than tobac-
co cigarettes. These different percentages seemed to be in line
with the observed increase in the perceived harmfulness of e-cig-
arettes among the general population [39].

In line with this, our quantitative results show that health-re-
lated aspects were perceived as the main barriers to using e-ciga-
rettes during pregnancy. Our findings contradict previous indica-
tions that pregnant smokers might switch to e-cigarettes during
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pregnancy because the associated health risks are assumed to be
lower [2,3, 23]. Instead, the lack of knowledge about the health
risks for the fetus seemed to be a highly relevant concern and
therefore a barrier to pregnant women using e-cigarettes in both
our qualitative and quantitative study parts. The threat to fetal
health could be an explanation of why pregnant tobacco cigarette
users did not switch to e-cigarettes.

In addition to perceived health-related barriers, the most com-
monly cited barriers were the potential for addiction, the efficacy
of e-cigarettes as a tool to stop smoking and the difficulties in
stopping smoking using e-cigarettes (especially if they did not
contain nicotine). (For studies on e-cigarettes as a smoking cessa-
tion help in the general population, see [40]).

In contrast, our results showed that commonly perceived ben-
efits of e-cigarettes among current smokers included reducing
the amount they smoked or even smoking cessation with the help
of e-cigarettes. Previous studies have shown that pregnancy is an
opportunity for many women to quit smoking or reduce the num-
ber of tobacco cigarettes they smoke [41]. However, half of the
pregnant smokers who smoked just before the beginning or dur-
ing pregnancy continue to smoke during pregnancy [42]. The be-
lief that e-cigarettes are a smoking cessation aid could lead preg-
nant women to reach for e-cigarettes.

Reducing the stress of smoking cessation with the help of
e‑cigarettes was a central perceived benefit in our study. Previous
studies showed that some pregnant smokers evaluated quitting
nicotine during pregnancy as stressful and dangerous for the fetus
[25,43]. Pregnant smokers were afraid of harming their child by
the sudden withdrawal of nicotine and the accompanying stress
of sudden withdrawal [25,44]. Similar to stress reduction, satisfy-
ing cravings by using e-cigarettes was an important perceived
benefit. Smoking cessation during pregnancy frequently fails,
due to the addictive potential of nicotine [45, 46]. The perceived
Study on E-Cigarettes… Geburtsh Frauenheilk 2021; 81: 214–223 | © 2021. The author(s).



▶ Table 3 Mixed methods analysis: side-by-side comparison of qualitative and quantitative results of the STEP.

Theme Qualitative results (analysis of 1552 posts
from 25 online discussion threads)

Quantitative results (standardized survey
of 540 pregnant women)

Perceived threats/
attitudes towards
harmfulness

▪ High level of perceived seriousness of e-cigarettes with
nicotine

▪ Listed threats to the health of the unborn children included
reduced supply of oxygen and brain damage as perceived
risks

▪ Listed threats to the health of the pregnant woman
included addiction, irritation of the respiratory tract,
and cancer as perceived risks

▪ Nearly all (99%) participants agreed that e-cigarettes with
nicotine are harmful in pregnancy.

▪ Reduced oxygen supply was themost frequently perceived
health risk for unborn children (89.3%).

▪ Addiction was the most frequently perceived health risk
of e-cigarette use for pregnant women (86.2%).

▪ Harm of e-cigarettes without nicotine perceived as lower

▪ Harm of e-cigarettes perceived as lower compared to
tobacco cigarettes

▪ Eight out of ten participants agreed that e-cigarettes with-
out nicotine are harmful to the health of pregnant women
(82.1%) and unborn children (84.2%).

▪ Almost one fifth of the participants agreed that
e-cigarettes are less harmful to the health of pregnant
women (24.6%) and unborn children (21.7%) than tobacco
cigarettes.

Perceived benefits ▪ Listed benefits predominately focused on smoking cessa-
tion (e.g., facilitation and support of smoking cessation)

▪ Themost commonly perceived benefit was help to reduce
the consumption of tobacco cigarettes (31.8%), followed
by other benefits related to facilitating cessation of smok-
ing and harm reduction.

Perceived barriers ▪ Listed barriers were lack of satisfaction and social stigma ▪ Criticism/stigma (42.5%) and unsatisfied smoking cravings
(33.1%) and nicotine addiction (30.6%) were mentioned
less frequently than health-related barriers.

Attitudes ▪ Negative attitudes about the general use of e-cigarettes
during pregnancy

▪ More differentiated attitudes about the use of e-cigarettes
as an aid to smoking cessation during pregnancy

▪ Nearly all participants agreed that pregnant women should
not use e-cigarettes during pregnancy (98.7%).

▪ Fewer pregnant women agreed that pregnant women
should not use e-cigarettes as an alternative to tobacco
cigarettes (87.3%).

Perceived norms ▪ Recommendations to use e-cigarettes during pregnancy
given by partners, friends or medical providers

▪ Around one in ten (7.3%) partners and nearly two
in ten (15.5%) of the participantsʼ friends did not reject
e-cigarette use during pregnancy.
possibility of reducing stress and cravings and having a nicotine
substitute may support the decision to use e-cigarettes contain-
ing nicotine for smoking cessation during pregnancy – despite
the perceived health risks and the controversial efficacy of e-ciga-
rettes as a smoking cessation aid. These results underline how im-
portant it is to take stress and stress reduction into consideration
in the context of smoking cessation during pregnancy in clinical
practice.

In line with these perceived benefits and in agreement with
previous studies, we showed that some pregnant women had
positive attitudes towards the use of e-cigarettes as an alternative
to tobacco cigarettes [21]. This attitude was present in about 20%
of tobacco cigarette users. These pregnant smokers might be vul-
nerable to using e-cigarettes.

The decision to use e-cigarettes may also be influenced by the
pregnant womanʼs partner, family or medical providers. A re-
cently published study indicated that the decision to use e-ciga-
rettes during pregnancy was often an impulse decision, based on
recommendations made by friends, family or medical providers
[26]. Similarly, some forum users in our study reported getting
recommendations to use e-cigarettes during pregnancy from
partners, friends or medical providers. A previous study by
Schilling L et al. Study on E-Cigarettes… Geburtsh Frauenheilk 2021; 81: 214–223 | © 2021. Th
England et al. [47] found that 14% of obstetricians and gynecolo-
gists are of the opinion that e-cigarettes have no health effects.
Since perceived norms play an important role in decisions to per-
form a behavior [19], future prevention strategies need to address
misleading messages.

Strengths and limitations

Given the increasing rates of e-cigarette use worldwide and the
known harmful effects of nicotine on fetal development, the topic
of our manuscript is timely and has a high public health relevance.
Our mixed methods study is innovative, as it examines risk per-
ceptions of e-cigarette use during pregnancy from different per-
spectives and provides in-depth information on various constructs
of risk perception. In addition, we based our analysis on an inte-
grated Health Belief Model, another innovative approach. How-
ever, our study has several limitations, which have been exten-
sively described in our previous published study protocol [24].
We therefore only describe the most important limitations of our
study below.
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Qualitative study part

As is common in qualitative research, the aim is not to produce
representative results. Instead, in this part of the study we were
interested in the range of underlying aspects of risk perceptions
regarding e-cigarette use during pregnancy. Online discussion
threads are suitable for this, because they allow anonymous ex-
changes of opinions, making them predestined to explore stigma-
tized and taboo topics such as tobacco and e-cigarette use during
pregnancy [23,25,48]. However, it must be acknowledged that
the qualitative data was collected in 2017, and thus may not rep-
resent current opinions about e-cigarette use during pregnancy.

Quantitative study part

A main limitation of the quantitative part of our study is its repre-
sentativeness. Our results cannot be generalized to all pregnant
women in Germany, since the study sample was based on a single
clinic in Hamburg (cf. [24] for more information). Another impor-
tant limitation is the sample size. The sample sizes in some cross
tables did not meet the requirements for statistical tests. In addi-
tion, the number of participants who used e-cigarettes during
pregnancy was too small to evaluate whether the constructs of
risk perception we identified predict current e-cigarette use dur-
ing pregnancy.
Conclusion
Our innovative and integrative mixed methods approach revealed
a complex picture of the IHBM constructs “perceived threats”,
“perceived benefits”, “perceived barriers”, “attitudes and per-
ceived norms” regarding e-cigarette use during pregnancy. Our
innovative, netnographic, qualitative and traditionally quantita-
tive study found a considerable number of perceived threats and
various perceived barriers and negative attitudes. However, these
negative perceptions were accompanied by various perceived
benefits, especially among current users of tobacco cigarettes.
The multiple health risks of e-cigarette use during pregnancy
need to be critically addressed by obstetricians, gynecologists
and midwives and also in future smoking cessation programs for
pregnant smokers.
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