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Abstract

Background: Electronic cigarettes (e-cigarettes) are increasing in popularity in the United States. Prior prev-
alence estimates of e-cigarette use in pregnancy range from 1% to 15%.
Materials and Methods: We assessed prevalence of e-cigarette and conventional cigarette use during pre-
conception or pregnancy in a large sample of racially/ethnically diverse, low-income pregnant women via
telephone survey (2015–2018) and compared sociodemographic characteristics and mental health conditions.
Results: Of 1365 pregnant women surveyed, 54 (4.0%) reported e-cigarette use (regardless of other tobacco
use), 372 (27.3%) reported conventional cigarette use without e-cigarette use (conventional cigarette use), and
939 (68.8%) reported no tobacco or nicotine replacement therapy (NRT) product use during the preconception
period and/or pregnancy. Seventy-four percent of women using e-cigarettes reported also using conventional
cigarettes. Women who used e-cigarettes were more likely to report high school education or greater, income
<$30,000, White race, and non-Hispanic ethnicity than women who used conventional cigarettes. Women who
used e-cigarettes were more likely than women who used conventional cigarettes or no tobacco/NRT to report
symptoms of depression. Women who used e-cigarettes and women who used conventional cigarettes were
more likely than women who used no tobacco/NRT to report a history of severe mental health conditions,
alcohol use during pregnancy, and marijuana or other drug use during preconception.
Conclusions: In this sample, 4% of women used e-cigarettes during preconception and/or pregnancy and most also
used conventional cigarettes. Increased efforts by providers to screen for tobacco (including use of e-cigarette) and
polysubstance use and to provide cessation services could improve outcomes of mothers and children.
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Introduction

Electronic cigarettes (e-cigarettes) are devices
that heat a liquid (usually containing nicotine1) to

generate aerosol that is inhaled. E-cigarettes were patented
in 20032 and began to appear in the United States in 2007.2

E-cigarette use is rapidly increasing in the United States

among adolescents and young adults,3–5 and many indi-
viduals who use e-cigarettes, including pregnant women,
are motivated by a perception that e-cigarettes are safer
than conventional cigarettes and an effective aid in ciga-
rette smoking cessation.6,7 The long-term health effects of
e-cigarette use are largely unknown, but e-cigarette aero-
sols can contain harmful substances such as heavy metals,
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volatile organic compounds, and cancer-causing agents.2,8

Most e-cigarettes contain nicotine, which is a known re-
productive and developmental toxicant.2,9

The American College of Obstetricians and Gynecologists
(ACOG) recommends that obstetric providers screen all pa-
tients for use of any tobacco or nicotine products, including
e-cigarettes.10 However, England et al. found that 40% of
obstetric providers reported that they did not ever screen
pregnant women for noncombustible tobacco product use.11

Given the increasing popularity of e-cigarettes and the po-
tential risks of e-cigarette use during pregnancy, identifying
the prevalence of e-cigarette use among women near the time
of conception and during pregnancy and characteristics as-
sociated with e-cigarettes use may inform clinical and pre-
ventive interventions. For example, this information could
help direct tobacco screening recommendations by identify-
ing high-risk groups, such as those with co-occurring mental
health issues. A small number of prior studies have assessed
the prevalence of e-cigarette use in small samples of pregnant
women. Within the United States, the rates range from 0.06%
(n = 326) in a university sample to 15.1% (n = 286) in a na-
tional online sample of pregnant women.12–14 One nationally
representative sample of pregnant women in the United States
in 2013–2014 (n = 388 pregnant women) found that 4.9%
reported use of e-cigarettes, a prevalence estimate among
tobacco products that was second only to that of conventional
cigarette use.15 The largest study to date (n = 3277) sampled
from two states in the Southwestern United States in 2016 and
reported a prevalence of 1.4% in the last 3 months of preg-
nancy, but a prevalence of 7% during the period from 3
months before pregnancy through time of survey (2–6 months
postpartum).16 Finally, in a nationally representative sample
based on data from the National Health Interview Survey
(2014–2017), 3.6% of pregnant women (total n = 1071) used
e-cigarettes, which was similar to the rate of use in non-
pregnant women of reproductive age (total n = 26,849).14

The current study extends prior studies by using a more
recent sample of pregnant women assessed between 2015 and
2018. Specifically, we measured e-cigarette use in a sample
of 1365 racially/ethnically diverse, low-income pregnant
women. The data were collected from telephone screening
surveys that were part of several larger studies of tobacco use
during the preconception period and/or pregnancy. Data were
analyzed to address the following aims: (1) What is the
prevalence of e-cigarette use in the preconception period
and/or during pregnancy? (2) What are the sociodemographic
characteristics of individuals who used e-cigarettes in the
preconception period and/or during pregnancy and how do
they compare to women who used conventional cigarettes
without e-cigarettes and to women who do not use any to-
bacco products? (3) Are there differences in the prevalence of
mental health conditions and in the use of other substances in
women who used e-cigarettes versus women who used con-
ventional cigarettes without e-cigarettes or no tobacco
products in preconception and/or pregnancy?

Materials and Methods

Participants

Participants included in this study completed a telephone
survey as a part of two larger studies that focused on effects
of maternal cigarette smoking on fetal and infant neurode-

velopment. Participants included in this study were assessed
with the telephone survey in January 2015 through April 2018
(n = 1365). The survey included questions about tobacco
product use (conventional cigarettes, e-cigarettes, hookah,
herbal cigarettes, cigars, cigarillos, chewing tobacco, pipes,
snuff, snus, and other forms) and nicotine replacement ther-
apy (NRT) product use (nicotine patches, gum, or lozenges)
during the preconception period and/or pregnancy. Partici-
pants who reported using e-cigarettes were included in the
e-cigarette use category regardless of whether they also
used conventional cigarettes, other tobacco products, or
NRT. Participants who reported using conventional ciga-
rettes and not e-cigarettes were included in the conventional
cigarette use category, regardless of whether they also used
other tobacco products or NRT. Participants using no to-
bacco or NRT products were considered unexposed and
were classified in the no tobacco/NRT group. Participants
who did not use conventional cigarettes or e-cigarettes, but
reported using other tobacco or NRT products were ex-
cluded from analysis. In total, the survey was administered
to 1476 women. Of those, 111 (7.5%) reported using other
tobacco or nicotine products but not conventional cigarettes
or e-cigarettes and were excluded from further analysis. All
participants were pregnant and 16–45 years old at the time
of the survey.

Procedures

Telephone survey. Participants were recruited for the
telephone survey through active recruitment at a single, low-
income, urban clinic and through flyers and advertisements
at local obstetric offices and community centers. Participants
provided verbal consent to a telephone survey to determine
eligibility for two larger studies that focused on effects of
maternal cigarette smoking on fetal and infant neurodeve-
lopment. The telephone survey was completed before par-
ticipation in the larger studies to determine eligibility for the
larger studies. Participants completed a series of survey
questions over the telephone including items pertaining to
tobacco or nicotine use, substance and alcohol use, mental
health, medications, and demographic information. The
study was approved by the local Institutional Review Board
(Women and Infants Hospital, FWA No. 00000056).

Measures

Demographic and obstetric factors. Demographic vari-
ables included maternal age at the time of survey (in years),
number of people in their household, number of children,
income, education, and race/ethnicity. Obstetrical factors
included estimated gestational age (EGA) at the time of
survey. Annual household income was reported as a cate-
gorical variable that was consolidated into the following
categories: <$30,000; $30,000–49,999; $50,000–74,999;
$75,000–99,999; and ‡$100,000. Highest level of education
was reported as a categorical variable that was consolidated
into the following categories: less than high school; high
school diploma/GED; some college or Associate’s degree;
college degree or greater. In the telephone survey, respon-
dents were asked to select the race and ethnicity identities
with which they most closely identify and were encouraged
to select as many categories as applied. Participants were
also given the option to select ‘‘other’’ and to name the other
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category if no listed categories were appropriate. Write-in
responses were recoded if appropriate (e.g., if two race
groups were written in, a category of ‘‘multiracial’’ was as-
signed). For the purpose of analyses, responses were con-
solidated into the following categories: non-Hispanic Asian
American, non-Hispanic Black or African American, non-
Hispanic Native American or Alaska Native, non-Hispanic
White, multiracial, or another race (here ‘‘other’’ was com-
bined with Native Hawaiian, or Pacific Islander because of
small numbers); Hispanic/Latinx. Participants were coded
as multiracial if they selected more than one racial category
or selected the ‘‘multiracial’’ category. Household income,
race/ethnicity, and education were all also analyzed as di-
chotomous variables (less than or greater than $30,000 per
year; non-Hispanic White or other race/ethnicity; and less
than high school or high school and above, respectively).
EGA was calculated based on participant report of last
menstrual period or ultrasound.

Tobacco product use. To assess for e-cigarette use be-
fore and during pregnancy, respondents were asked, Are you
currently using any of the following tobacco or nicotine
products? If respondents reported tobacco or nicotine use,
they were prompted to select the type of product from a list.
Respondents were considered to have used e-cigarettes if
they selected the e-cigarette category (e-cigarettes, vaping,
e-hookah or hookah pens, e-juice, vape pipes or pens,
ENDS). (ENDS are electronic nicotine delivery systems.)
Participants were then asked, Did you use any of those
products I listed during this pregnancy or 3 months prior to
pregnancy? followed by a presentation of the same options as
the previous item. As previously described, participants were
included in the ‘‘e-cigarette use’’ category if they reported
any e-cigarette use in the 3 months before pregnancy (re-
ferred to as ‘‘preconception’’) and/or during pregnancy, re-
gardless of whether they also used conventional cigarettes,
other tobacco products, or NRT. To assess conventional
cigarette use before and/or during pregnancy, respondents
were first asked, Do you smoke cigarettes? Those who re-
sponded ‘‘yes’’ were asked, Approximately how many ciga-
rettes have you smoked per day during your pregnancy? Did
you use any of those products I listed during this pregnancy
or 3 months prior to pregnancy? Respondents who were not
current smokers were asked, Did you smoke at all during this
pregnancy or in the 3 months prior to pregnancy? Those who
responded ‘‘yes’’ were asked how many cigarettes they
smoked per day during that period. Respondents were in-
cluded in the ‘‘conventional cigarette use’’ category if they
reported conventional cigarette use in preconception and/or
pregnancy but did not use e-cigarettes, regardless of whether
they also used other tobacco products or NRT. Participants
were only included in the ‘‘no tobacco/NRT use’’ category if
they did not use any tobacco or NRT products of any kind in
preconception and/or pregnancy.

Mental health. Women were categorized as having
symptoms of depression during pregnancy if they responded
yes to both questions, During your pregnancy, did you ever
feel depressed or down or sad or irritable or lost pleasure in
things you usually enjoy? and Did you feel like this most of the
day, nearly every day, for 2 weeks or more? Women were not
asked about symptoms of depression before pregnancy.

Women were also asked whether they had ever been diag-
nosed with bipolar disorder, schizophrenia, schizoaffective
disorder, or psychosis; those responding ‘‘yes’’ were cate-
gorized as having a severe mental health condition.

Alcohol, marijuana, and other substance use. A series of
questions were administered to determine alcohol use during
pregnancy and to assess marijuana use and other substance
use in the 3 months before pregnancy. Respondents were
considered to have used alcohol during their pregnancy if
they responded ‘‘yes’’ to the question, Have you drunk any
alcohol during this pregnancy, including the weeks before
you found out? Those who responded ‘‘yes’’ were asked,
How many drinks per week on average? Because of the po-
tential for stigma, we assessed the use of marijuana and other
illicit drugs only during the preconception period. Re-
spondents were considered to have used marijuana if they
responded ‘‘yes’’ to the question, In the 3 months prior to this
pregnancy, did you use marijuana? Following a section on
alcohol, tobacco, and marijuana, respondents were also
asked, In the 3 months prior to this pregnancy, did you use
other drugs? Those who responded ‘‘yes’’ were considered to
have used other drugs in the preconception period.

Statistical analyses

Analyses were performed using Stata Version 15. Sample
characteristics included demographic factors, gestational
age, tobacco or nicotine product use, mental health and al-
cohol, marijuana, and other substance use, as previously
described. Means and frequencies for study variables were
generated across tobacco product use categories, and global
tests of differences were conducted. For continuous vari-
ables, analysis of variance was used to produce an F-statistic
and associated p-value. For binary, ordinal, and categorical
variables, a chi square statistic was generated with associ-
ated p-value. p-Values of £0.05 were considered statisti-
cally significant.

If global tests indicated differences across tobacco product
use categories for a specific variable, differences were inde-
pendently assessed in two separate regression models where
tobacco product use category was the independent variable.
In one model, ‘‘conventional cigarette use’’ was set as the
referent value, and in the other, ‘‘no tobacco use’’ was set as
the referent value. Count variables were modeled using
negative binomial regression for variables that were highly
dispersed (number of drinks per week and number of ciga-
rettes per day), or Poisson regression (number of children and
number of people in household), which both generate inci-
dence rate ratios. Incidence rate ratios can be interpreted as
the magnitude of the increase or decrease in the count vari-
able associated with moving from the referent category
(no tobacco use or conventional cigarette use) to the com-
parison category (e-cigarette use or conventional cigarette
use). The association between tobacco product use category
and binary variables (income less than or greater than $30,000
per year; non-Hispanic White or other race/ethnicity; and less
than high school or high school and above) was analyzed
using logistic regression to generate odds ratios (ORs). Be-
cause the number of women who used e-cigarettes was small,
all regression analyses were unadjusted.
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Results

Prevalence of e-cigarette use in pregnancy

As shown in Table 1, in our sample of 1365 pregnant wo-
men, 4.0% (n = 54) reported e-cigarette use, 27.3% (n = 372)
reported conventional cigarette use, and 68.8% (n = 939) re-
ported no tobacco product use during preconception and/or
pregnancy. Of women who reported e-cigarette use, 74.1%
(n = 40) also reported conventional cigarette use, while
25.9% reported only e-cigarette use. More women reported
e-cigarette use during preconception and/or pregnancy in
2015–2016 (4.7%) than 2017–2018 (2.4%) ( p = 0.046).

Sociodemographic characteristics

Characteristics of the sample by tobacco product use cat-
egory are shown in Table 1. Mean maternal age was 27.1
(standard deviation [SD] = 5.2), and the average gestational

age at the time of the survey was 13.7 weeks (SD = 9.2). The
majority of participants (64.8%) reported an income below
or equal to $30,000 per year, and 65.3% reported they had
attained a high school education or less. Our sample was
reflective of the racial and ethnic demographics of Southern
New England, with 25.7% identifying as Hispanic/Latinx,
37.1% non-Hispanic White, 17.1% non-Hispanic Black or
African American, 2.4% non-Hispanic Asian American,
2.4% non-Hispanic Native American or Alaska Native, and
14.9% non-Hispanic multiracial. A small percentage (3.3%)
of women did not identify with one of the above listed racial
identities or chose not to respond.

Likelihood of sociodemographic characteristics by to-
bacco product use category are shown in Table 2. Women
who reported e-cigarette use in preconception and/or preg-
nancy were more likely to identify racially and ethnically as
non-Hispanic White compared to women who reported con-
ventional cigarette use (OR = 2.48; 95% confidence interval

Table 1. Sample Characteristics by Tobacco Product Use in Preconception

and/or Pregnancy, 2015–2018 (N = 1365)

E-cigarette use,a

(4%/n = 54)
Conventional cigarette

use,a (27%/n = 372)
No nicotine use
(69%/n = 939)

Total
(N = 1365)

N (%)

Race/ethnicity
Black/African American, non-Hispanic 4 (7.4) 63 (16.9) 159 (16.9) 226 (16.5)
White, non-Hispanic 35 (64.8) 160 (43.0) 294 (31.3) 489 (35.8)
Hispanic/Latinx 1 (1.9) 61 (16.4) 277 (29.5) 339 (24.8)
Asian American, non-Hispanic 0 (0.0) 2 (0.1) 29 (3.1) 31 (2.3)
Native American/Alaska Native,

non-Hispanic
1 (1.9) 13 (3.5) 18 (1.9) 32 (2.3)

Multiracial, non-Hispanic 11 (20.4) 54 (14.5) 132 (14.1) 197 (14.4)
Another race, non-Hispanicb 0 (0.0) 0 (0.0) 6 (0.6) 6 (0.4)
Missing 2 (3.7) 19 (5.1) 24 (2.6) 45 (3.3)

Education
Less than HS 14 (25.9) 150 (40.3) 266 (28.3) 430 (31.5)
HS/GED 22 (40.7) 122 (32.8) 294 (31.3) 438 (32.1)
Some college/associate’s degree 13 (24.1) 67 (18.0) 175 (18.6) 255 (18.7)
College or greater 4 (7.4) 25 (6.7) 178 (18.9) 207 (15.2)
Missing 1 (1.9) 9 (2.4) 26 (2.8) 35 (2.6)

Income >$30,000/year 20 (43.5) 68 (21.3) 336 (39.9) 424 (35.2)
Depression symptoms during pregnancy 13 (32.5) 61 (18.9) 83 (10.11) 157 (13.3)
Serious mental health conditions 8 (20.0) 51 (15.5) 37 (4.5) 96 (8.0)
Marijuana (preconception)c 21 (38.9) 157 (43.0) 151 (16.1) 329 (24.2)
Other drugs (preconception)c,d 2 (4.9) 13 (4.0) 1 (0.1) 16 (1.3)
Alcohol during pregnancy 20 (48.8) 120 (37.7) 166 (20.2) 306 (25.9)

Mean (SD)

Maternal age (years) 26.8 (5.6) 27.4 (5.1) 27.0 (5.2) 27.1 (5.2)
Cigarettes per daye 8.9 (6.4) 6.2 (4.9) 0.0 (0.0) 1.1 (3.2)
No. of children 1.1 (1.2) 1.3 (1.5) 1.1 (1.2) 1.14 (1.3)
No. of people in household 3.6 (1.7) 3.4 (1.7) 3.3 (1.4) 3.32 (1.5)
Drinks per weeke 4.30 (6.5) 4.2 (7.4) 1.7 (2.1) 2.86 (5.3)

aE-cigarette use defined as e-cigarette use regardless of conventional cigarette, other tobacco product, or NRT product use. Conventional
cigarette use defined as conventional cigarette use and not e-cigarette use, regardless of other tobacco products or NRT product use. No
nicotine use defined as no e-cigarette, conventional cigarette, other tobacco, or NRT product use.

bAnother race consisted of race category selection ‘‘other’’ combined with Native Hawaiian or Pacific Islander.
cPreconception is defined as the 3 months before pregnancy.
dOther drugs refers to any substances other than tobacco and nicotine products, alcohol, and marijuana.
eCigarettes per day and drinks per week analyses included only participants who reported any cigarette before or during pregnancy and

any alcohol use during pregnancy, respectively.
e-cigarette, electronic cigarettes; HS, high school; NRT, nicotine replacement therapy; SD, standard deviation.
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[CI] = 1.34–4.60) and compared to women who reported no
tobacco use (OR = 4.25; 95% CI = 2.40–7.89). Women who
reported e-cigarette use were significantly more likely to have
completed education beyond high school (OR = 1.95; 95%
CI = 1.02–3.72) compared to women who reported conven-
tional cigarette use. Additionally, women who reported
e-cigarette use were more likely to have an annual household
income >$30,000 than women who reported conventional
cigarette use (OR = 2.84; 95% CI = 1.49–5.39).

Concurrent mental health conditions

Likelihood of concurrent mental health conditions by
category of tobacco product use is shown in Table 2. Women
who reported e-cigarette use were more likely than women

who reported conventional cigarette use (OR = 2.06, 95%
CI = 1.00–4.22) and women who reported no tobacco use
(OR = 4.28, CI = 2.13–8.62) to report symptoms of depres-
sion in pregnancy (Fig. 1a). Women who reported conven-
tional cigarette use were more likely than women who
reported no tobacco use to report symptoms of depression in
pregnancy (OR = 2.07; 95% CI = 1.45–2.98). Compared to
women who reported no tobacco use, both women who re-
ported conventional cigarette use (OR = 3.94, 95% CI = 2.52–
6.14) and women who reported e-cigarette use (OR = 5.34;
95% CI = 2.30–12.40) were more likely to have a history of a
severe mental health condition (bipolar disorder, psychosis,
schizoaffective disorder, or schizophrenia) (Fig. 1b).

Among women who reported e-cigarette use, the majority
also reported using conventional cigarettes (74%). Among all

Table 2. Likelihood of Selected Study Variables Associated with Tobacco Use in Preconception

and/or Pregnancy

E-cigarette use compared
to no tobacco/NRT usea

E-cigarette use compared to
conventional cigarette usea

Conventional cigarettes
use compared to no
tobacco/NRT usea

Logistic regression

OR p 95% CI OR p 95% CI OR p 95% CI

White, non-Hispanic 4.25 <0.001 2.40 to 7.89 2.48 0.004 1.34 to 4.60 1.75 <0.001 1.36 to 2.25
Income >$30,000 1.16 0.635 0.64 to 2.10 2.84 0.001 1.49 to 5.39 0.41 <0.001 0.30 to 0.55
Less than HS degree 1.15 0.672 0.61 to 2.14 1.95 0.042 1.02 to 3.72 0.59 <0.001 0.46 to 0.76
Depression symptoms

during pregnancy
4.28 <0.001 2.13 to 8.62 2.06 0.048 1.00 to 4.22 2.07 <0.001 1.45 to 2.98

Serious mental health
conditions

5.34 <0.001 2.30 to 12.40 1.36 0.470 0.59 to 3.11 3.94 <0.001 2.52 to 6.14

Marijuana (preconception)b 3.32 <0.001 1.87 to 5.89 0.84 0.567 0.47 to 1.51 3.93 <0.001 3.00 to 5.16
Alcohol during pregnancy 3.76 <0.001 1.99 to 7.11 1.57 0.175 0.82 to 3.02 2.40 <0.001 1.80 to 3.18
Other drugs

(preconception)b,c
42.41 0.002 3.76 to 477.82 1.24 0.783 0.27 to 5.69 34.24 0.001 4.46 to 262.82

Linear regression

Coef. p 95% CI Coef. p 95% CI Coef. p 95% CI

Maternal age (years) -0.27 0.712 -1.70 to 1.16 -0.61 0.420 -2.10 to 0.88 0.34 0.285 -0.29 to 0.97

Poisson regression

IRR p 95% CI IRR p 95% CI IRR p 95% CI

No. of children 1.00 0.993 0.74 to 1.36 0.80 0.16 0.59 to 1.09 1.25 <0.001 1.11 to 1.40
No. of people

in household
1.10 0.275 0.93 to 1.29 1.08 0.405 0.91 to 1.28 1.02 0.592 0.95 to 1.09

Negative binomial regression

IRR p 95% CI IRR p 95% CI IRR p 95% CI

Cigarettes per dayd — — — 1.43 0.051 1.00 to 2.05 — — —
Drinks per weekd 2.49 0.002 1.40 to 4.42 1.03 0.915 0.58 to 1.84 2.41 <0.001 1.78 to 3.27

aE-cigarette use defined as e-cigarette use regardless of conventional cigarette, other tobacco product, or NRT product use. Conventional
cigarette use defined as conventional cigarette use and not e-cigarette use, regardless of other tobacco products or NRT product use. No
tobacco/NRT use defined as no e-cigarette, conventional cigarette, other tobacco, or NRT product use.

bPreconception is defined as the 3 months before pregnancy.
cOther drugs refers to any substances other than tobacco and nicotine products, alcohol, and marijuana.
dCigarettes per day and drinks per week analyses included only participants who reported any cigarette before or during pregnancy and

any alcohol use during pregnancy, respectively.
Bold values indicate a statistically significant association.
CI, confidence interval; OR, odds ratio.
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women who used conventional cigarettes, women who used
e-cigarettes smoked around 43% more conventional ciga-
rettes per day than women who did not use e-cigarettes (i.e.,
8.86 vs. 6.18 cigarettes per day), and this finding was statis-
tically significant (incidence rate ratio [IRR]: 1.43, 95%
CI = 1.00–2.05). Women who reported e-cigarette use were
significantly more likely to have used alcohol during pregnancy
compared to women who reported no tobacco use (OR =
3.76; 95% CI = 1.99–7.11). Women who reported e-cigarette
use and who drank alcohol during pregnancy consumed 2.49
times the number of drinks per week compared to women
who reported no tobacco use and who drank alcohol (i.e.,
4.30 vs. 1.73 drinks per week; IRR = 2.49; 95% CI = 1.40–
4.42). Women who reported e-cigarette use (OR = 3.32; 95%
CI = 1.87–5.89) and women who reported conventional cig-
arette use (OR = 3.93, 95% CI = 3.00–5.16) were more likely
to report having used marijuana in the preconception period
compared to women who reported no tobacco use. Both
women who reported e-cigarette use (OR = 42.41; 95%
CI = 3.76–477.82) and women who reported conventional
cigarette use (OR = 34.24; 95% CI = 4.46–262.82) were more
likely than women who reported no tobacco use to have used
one or more other drugs in the 3 months before pregnancy.

Discussion

Our study surveyed e-cigarette use in a large convenience
sample of pregnant women in Southern New England. Of the
1365 pregnant women surveyed between 2015 and 2018, the
prevalence of e-cigarette use during preconception and/or
pregnancy was 4.0%, which is consistent with the most recent
estimate from a nationally representative sample, 3.6%.14

Prior studies based on smaller convenience samples have
reported prenatal e-cigarette use prevalence ranging from
0.06% to 15.1%.12,13,16 More than 70% of women in our
sample who reported using e-cigarettes also reported using
conventional cigarettes during preconception and/or preg-
nancy, and at least some of these women may have been
using e-cigarettes and conventional cigarettes simulta-
neously. Earlier research has suggested that dual use of these
two types of tobacco may be associated with higher odds of
cardiovascular disease and with higher levels of biomarkers
related tobacco exposure, such as 4-(methylnitrosamino)-1-
(3-pyridyl)-1-butanol (NNAL) and N-nitrosonornicotin
(NNN), than with exclusive use of conventional ciga-
rettes.17,18 This finding is also consistent with previous
studies among pregnant women and in the general population

in which a high proportion of women using e-cigarettes also
used conventional cigarettes.6,12,15 Women in this study who
reported using e-cigarettes and conventional cigarettes also
reported that they smoked more cigarettes on average in
preconception and/or pregnancy than women who reported
smoking only conventional cigarettes. To our knowledge, this
is the first study on e-cigarette use in preconception and/or
pregnancy to quantify conventional cigarette use according to
the amount of use, rather than just the presence or absence of use.

In our sample of racially and ethnically diverse and low-
income pregnant women, women who reported conventional
cigarette use were significantly more likely to identify as non-
Hispanic White than women who reported no tobacco use,
which is similar to findings in other studies.12,15 In our study,
women who reported using e-cigarettes were even more
likely than women who reported conventional cigarette use to
identify as non-Hispanic White. Other studies have also
found that pregnant women who use e-cigarettes are more
likely to identify as non-Hispanic White,6,12 but pregnant
women who use e-cigarettes were not previously compared to
pregnant women who used conventional cigarettes. Ad-
ditionally, women who reported e-cigarette use were more
likely than those who reported conventional cigarette use to
have at least some higher education and an income of above
$30,000. Previous studies have reported inconsistent findings
regarding income and education characteristics of women
who use e-cigarettes.12,13

To our knowledge, this study is the first to report rates of
depression symptoms and severe mental health conditions in
women who use e-cigarettes in preconception or pregnancy.
One prior study reported higher rates of externalizing psy-
chiatric symptoms in pregnant e-cigarette users than nonu-
sers.15 Nearly one-third of women who reported e-cigarette
use in this study had symptoms of depression in pregnancy,
which was four times that of women who reported no tobacco
use and twice that of women who reported conventional
cigarette use. Prior studies have noted similar prevalence of
depression (37.5%) in women who use conventional ciga-
rettes in pregnancy19 and have demonstrated strong associ-
ations between nicotine addiction in pregnancy and current
depressive symptoms.20,21 There are several possible expla-
nations for associations between depression and e-cigarette
use. Women may use nicotine in pregnancy to self-medicate,
or cope with the symptoms of depression.11 Alternatively,
depressive symptoms may make cessation more difficult.20,22

More research is needed to explore the link between de-
pression in pregnancy and e-cigarette use.
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FIG. 1. Prevalence of mental health conditions and symptoms by tobacco product use in preconception and/or pregnancy.
(a) Depression symptoms in pregnancy. (b) Severe mental health conditions. Cig, conventional cigarette users; E-Cig,
electronic-cigarette users; No-use, no tobacco/NRT product use; NRT, nicotine replacement therapy.
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Women who reported e-cigarette use and women who
reported conventional cigarette use were more likely than
women who reported no tobacco use to have a history of
severe mental health conditions, such as schizophrenia, bi-
polar disorder, and other forms of psychosis. According to
national surveys, prevalence of cigarette use among indi-
viduals diagnosed with a psychotic episode or disorder is
much higher than prevalence in individuals with no psychi-
atric diagnosis (49.8% vs. 15.5%).23,24 Our study is the first
to examine the prevalence of severe mental health conditions
in women who used e-cigarettes during preconception and/or
pregnancy. Tobacco cessation interventions may need to be
tailored for this vulnerable population.

In addition to a higher prevalence of depressive symptoms
and serious mental health conditions, we also found an in-
creased likelihood of alcohol use in pregnancy and marijuana
and other substance use before pregnancy in both categories
of women who used tobacco (e-cigarette use and conven-
tional cigarette use) compared with women who reported no
tobacco use. Cigarette smoking and other substance use fre-
quently co-occur: in the United States, more than half of all
adults who meet diagnostic criteria for substance use disorder
report current cigarette smoking, with lifetime smoking rates
in this population reaching 75%.24 Similar patterns have been
observed in the general population, among those who meet
diagnostic criteria for alcohol use disorder 39% of this pop-
ulation reports current cigarette smoking, 65% reporting
lifetime smoking.23 Among pregnant women, prevalence of
alcohol use is substantially higher among women who smoke
than those who do not smoke.25 Any alcohol consumption
during pregnancy is considered by the USDA and others to be
excessive.26

Many women believe that e-cigarettes are safer in preg-
nancy than conventional cigarettes.7,27,28 Prior research
suggests that the general population regards the use of
e-cigarettes in pregnancy as safer than cigarettes. Thus, there
may be less social stigma and greater public acceptance of
e-cigarettes compared to cigarettes, which may motivate
some women to use e-cigarettes as an alternative to ciga-
rettes.29–31 Women who use e-cigarettes during pregnancy
cite cessation, safety, and reduced stigma as primary moti-
vating factors for their use.9,29 A qualitative review of online
forums found that while some women felt it was not safe to
use e-cigarettes in pregnancy, many pregnant women viewed
switching to e-cigarette use as safer than quitting ‘‘cold tur-
key’’ (without nicotine replacement) and safer than conven-
tional cigarette smoking.28

Most e-cigarettes contain nicotine, which is a known de-
velopmental toxicant.9,32 Animal studies have demonstrated
that prenatal nicotine exposure interferes with the formation
of synapses and axons along with other neuromolecular
functions resulting in problems with neurodevelopment and
cognitive functioning.28–36 In addition to specific neurobe-
havioral effects, animal research has demonstrated systemic
effects of prenatal nicotine exposure on physical health re-
sulting in increased systemic inflammation and impaired
pulmonary functioning.37,38 In addition to nicotine, prenatal
e-cigarette use exposes the mother and fetus to flavoring
chemicals and humectants, typically propylene glycol and
vegetable glycerin. There are thousands of chemical com-
pounds for flavoring available for e-cigarettes,39 some of
which have been linked to harmful pulmonary effects in mice

after prenatal exposure40,41 and cytotoxicity in human cells.42

Additional research is needed to better understand the spe-
cific health effects of e-cigarette use in pregnancy, alone and
in combination with combusted cigarettes, and the potential
effects of components other than nicotine, such as flavorings
and other additives.

Our study was limited by several factors. These data were
collected from a convenience sample in a small region in
Northeastern United States and results cannot be extrapolated
to other regions of the United States. However, the sample is
highly diverse, and the race/ethnicity distribution is similar to
that of the underlying source population. The study is also
limited by the framing of survey questions, which asked
whether participants used e-cigarettes and conventional cig-
arettes 3 months before pregnancy or during pregnancy, and
did not specify at what specific time point in pregnancy or
how frequently participants used e-cigarettes. Participants
who reported e-cigarette use could have used them on a single
occasion only, or up to multiple times daily and could have
changed their use after becoming pregnant. Furthermore, all
measures of tobacco, alcohol, and substance use were based
on self-report, and were not verified with biochemical mea-
sures, which could result in underestimation of prevalence.
Additionally, to assess depression symptoms in pregnancy,
we asked two questions regarding symptoms and duration, as
specified in the DSM-V, and did not use a standardized de-
pression measure. In future studies the use of standardized
measures of depression would improve the validity and
generalizability of findings. Finally, these data describe a
discrete 3-year period (2015–2018), but e-cigarette products
and the characteristics of those using e-cigarettes are con-
tinually evolving. Therefore, it is important for research to
continue to assess trends of e-cigarette use in pregnancy to
provide the most accurate information for clinical care and
policy.

Our study also has several strengths. This was the first to
specifically assess for depressive symptoms and serious
mental health conditions in pregnant women who used
e-cigarettes during preconception and/or pregnancy. We
found the prevalence of depression was significantly higher
in women who used e-cigarettes than in women who used
conventional cigarettes, and the prevalence of serious
mental illness was higher for women using e-cigarettes or
conventional cigarettes than those using no tobacco. Further,
our data were collected from a racially and ethnically diverse
population of pregnant women with relatively low education
and low income, which contributes important information
about the use of e-cigarettes in a high-psychosocial-risk
population. More research is needed to identify health out-
comes associated with the amount and type of e-cigarette
exposure in pregnancy.

Conclusions

In a large, diverse sample of pregnant women, we found
the prevalence of e-cigarette use before or during pregnancy
and/or preconception was 4.0%. In addition, the majority of
women using e-cigarettes also used conventional cigarettes.
Women who used e-cigarettes and women who used con-
ventional cigarettes had a high prevalence of other sub-
stance use, symptoms of depression, and of serious mental
health conditions. Increased efforts by providers to screen
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for tobacco use (including e-cigarette use) and polysubstance
use, and to provide or refer to evidence-based cessation in-
terventions could improve outcomes of mothers and children.
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