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Abstract

Introduction: The prevalence of e-cigarette use has increased dramatically in the last decade in 

the U.S. Understanding the prevalence, patterns of use, and risk factor associations of e-cigarette 

use in pregnant women is particularly important as this could have potential health implications 

for the mother and the developing child.

Methods: Using Behavioral Risk Factor Surveillance System Survey data from 2016 to 2018, 

adult women of reproductive age (18–49 years) who reported being pregnant (n=7,434) were 

studied. Self-reported current e-cigarette use was the main exposure. Other measures included 

combustible cigarette smoking status, and high-risk behaviors (including other tobacco, marijuana, 

or heavy alcohol use; binge drinking; and others). All analyses were done in 2019.
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Results: Approximately 2.2% of pregnant women reported current e-cigarette use, of whom 

0.6% reported daily use. The highest prevalence of e-cigarette use was observed in the youngest 

age group of pregnant women (3.2%), with 41.7% of all pregnant current users being aged 18–24 

years. There was a marked increase in the prevalence of current use of e-cigarettes among 

pregnant women from 1.9% in 2016 to 3.8% in 2018. Approximately 46% of pregnant current e-

cigarette users reported concomitant cigarette smoking. Compared with pregnant never e-cigarette 

users, pregnant current e-cigarette users had a higher prevalence of other tobacco product use, 

marijuana use, heavy alcohol intake, binge drinking, and other high-risk behaviors.

Conclusions: These findings underscore the need to strengthen prevention and policy efforts 

specifically in the vulnerable subgroup of pregnant women.

INTRODUCTION

Since their introduction into the U.S. market in 2007, awareness about e-cigarettes and their 

subsequent use has increased, with ever-use of e-cigarettes among adults increasing from 

1.8% in 2010 to 15.3% in 2016.1–3 Current use of e-cigarettes among adults has also 

increased significantly from 0.3% in 2010 to 4.5% in 2016,2,4 affirming the increased 

popularity of these products.

Although many pregnant smokers are aware of the harms associated with smoking during 

pregnancy, and are motivated to stop smoking,5,6 there has been an increasing prevalence of 

use of e-cigarettes among pregnant women, with a sizeable proportion of these women being 

never smokers, which could potentially be due to the general perception of e-cigarettes as 

being less harmful than cigarette smoking.1,6–9 Combustible cigarette smoking in pregnancy 

has declined, with a reduction in prevalence from 14.3% in 2011 to 10.9% in 2015.10 

However, the exact prevalence of e-cigarette use among pregnant women is uncertain, with 

estimates varying widely from 0.6% to 15%, potentially due to the limited sample sizes.
7,11–14

Smoking during pregnancy is a major modifiable risk factor for increased fetal and maternal 

morbidity and mortality, causally associated with increased incidence of low birth weight, 

preterm birth, stillbirth, ectopic pregnancy, placental abruption, and sudden infant death 

syndrome.6–8,15–17 It could also have lifelong implications for the fetus post-delivery, as it 

has been associated with increased incidence of respiratory illness and reduced lung 

function,17–20 as well as negative behavioral outcomes (including attention–deficit 

hyperactivity disorder, conduct disorder, and antisocial behavior) in these children after 

birth, often persisting into adulthood.17,20,21 With more than 4,000 chemicals present in 

cigarette smoke, it is difficult to isolate the effect of nicotine20; however, several animal 

studies have linked some of these adverse outcomes to the nicotine present in cigarettes.
18,20–22 Given that nicotine concentrations in e-cigarettes are as high as 59 mg/mL in some 

devices,23 their use in pregnant women is concerning. In addition, studies have shown a 

correlation between the use of e-cigarettes and other high-risk behaviors such as alcohol use, 

marijuana use, and sensation-seeking behaviors, which may increase overall risk of negative 

outcomes in pregnancy.24–26
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Considering the vulnerability of pregnant women and the developing fetus, updated, high-

quality, population-level data are needed to better understand the burden of e-cigarette use in 

pregnant women, to inform further regulation of e-cigarettes and the creation of public 

health campaigns targeting this subpopulation. Therefore, using the nationally representative 

Behavioral Risk Factor Surveillance System (BRFSS) surveys from 2016 to 2018, this study 

aims to describe the use of e-cigarettes among pregnant women in the U.S. In addition, this 

study assesses the trends of e-cigarette use in this 3-year period and examines the 

relationship between e-cigarette use and other high-risk behaviors including cigarette 

smoking, other tobacco use, alcohol and marijuana use, binge drinking, and intravenous drug 

use.

METHODS

The BRFSS is the largest health survey system in the world, established by the Centers for 

Disease Control and Prevention to collect information on the health-related risk behaviors, 

chronic health conditions, and use of preventive services among U.S residents aged >18 

years from all 50 states as well as the District of Columbia and three U.S territories.27 Cross-

sectional BRFSS survey data from 2016 to 2018 were pooled and analyzed.

The BRFSS is a publicly available data set with de-identified data, and consequently the 

present analysis did not require IRB review.

Study Population

There was a total of 1,373,755 participants in the BRFSS surveys from 2016 to 2018. Of 

these, 219,925 adult women of reproductive age (18–49 years) with information on their 

pregnancy status were included. Participants were categorized as pregnant or not pregnant 

based on their response to the question: To your knowledge, are you now pregnant? All 

further analyses were conducted in the subgroup of women who reported being pregnant 

(n=7,434).

Measures

Participants were categorized as ever e-cigarette users who responded yes to the question: 

Have you ever used an e-cigarette or other electronic vaping product, even just one time in 
your entire life? They were then further classified into current/former user based on their 

response to the question: Do you now use e-cigarettes or other electronic vaping products 
every day, some days, or not at all? Participants who reported use every day or some days 
were classified as current users, and then subclassified as daily (“everyday”) or occasional 

users (“somedays”).

Participants were categorized as ever or never cigarette smokers based on their response to 

the question: Have you smoked at least 100 cigarettes in your entire life? Ever smokers were 

further categorized as current/former smokers based on their response to the question: Do 
you now smoke cigarettes every day, some days, or not at all?

Other tobacco use was defined as those who currently use chewing tobacco, snuff, or snus; 

heavy alcohol use as having more than seven drinks per week; binge drinking as having four 
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or more drinks on one occasion; and marijuana use as using marijuana on ≥1 days in the last 

30 days. Other high-risk behaviors is a composite variable in BRFSS defined as those who 

in the past year, had injected any drugs other than those prescribed, been treated for any 

sexually transmitted disease, or given or received money or drugs in exchange for sex.

Demographic factors included age, race/ethnicity, marital status, education level, 

employment, and metropolitan area. Income was defined using federal poverty cut offs for 

each state, considering the number of adults and children in the home. All variables were 

self-reported.

Statistical Analysis

To ensure representativeness of the data, the BRFSS uses design weighting and iterative 

proportional fitting.28 Sampling design elements and design weights were applied to all 

analyses. Proportions and weighted percentages in each subgroup were obtained using the 

“svy: subpop” command.

The overall analytic goal was to describe the prevalence and trends of e-cigarette use in 

pregnant women. Sociodemographic factors and high-risk behaviors were examined across 

all respondents by pregnancy status and reported as weighted percentages. E-cigarette use 

prevalence was then examined in the overall population and among subcategories defined by 

pregnancy status and age. Trends in e-cigarette use prevalence were assessed from 2016 to 

2018 and tested using logistic regression with survey year as a continuous variable.

Among pregnant women, the overall prevalence of dual use of e-cigarettes and combustible 

cigarette smoking was examined, with further analysis stratified by BRFSS age categories. 

To further assess polytobacco use patterns among e-cigarette using pregnant women, 

cigarette smoking patterns were assessed by e-cigarette use status, and vice-versa.

All analyses were conducted using Stata, version 15.1 with the significance level set at 

p=0.05 (two-sided). Data were analyzed in 2019.

RESULTS

There were 7,434 pregnant adult women of reproductive age (18–49 years) within the study 

population. About 54.2% of participants were aged 18–29 years. Almost half were white, 

56.5% were married, 57.6% currently employed, and 55.8% were living >200% above the 

poverty line (Table 1). Compared with non-pregnant women, pregnant women were more 

likely to be younger and married and other sociodemographic characteristics were 

distributed similarly across the two groups (Appendix Table 1).

Among pregnant women, 7.0% reported current cigarette smoking, 0.7% used other tobacco 

products, 5.9% used marijuana, 1.7% drank alcohol heavily, 3.8% reported binge drinking in 

the last 30 days, and 9.2% reported other high-risk behaviors (Table 1).

Current e-cigarette use prevalence among pregnant women was 2.2%, with 0.6% of pregnant 

women reporting daily use. Additionally, approximately 21.0% reported former e-cigarette 
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use (Table 1). The prevalence of current e-cigarette use was highest among those aged 18–24 

years (3.2%), followed by those aged 25–29 years (2.3%) (Appendix Table 3).

The prevalence of current e-cigarette use among pregnant women was 1.9% in 2016, 1.6% 

in 2017, and 3.8% in 2018, corresponding to an absolute prevalence difference of −0.2% 

from 2016 to 2017 (p=0.66) and 2.2% from 2017 to 2018 (p=0.009). A similar increase in 

the prevalence of use of e-cigarettes was observed among non-pregnant women (Figure 1, 

Appendix Table 2).

The majority of pregnant e-cigarette users were young (69.2% aged <30 years), white 

(63.3%), single (57.6%), and employed (61.7%) (Appendix Table 4).

The overall prevalence of dual use of e-cigarettes and cigarette smoking among pregnant 

women was 1.1%. Examining subcategories defined by age, pregnant women aged 35–49 

years had the highest prevalence of dual use (1.5%) (Appendix Figure 1).

Among current e-cigarette users, 46.3% also reported to be current cigarette smokers, 

whereas 30.3% had never smoked combustible cigarettes (Figure 2A, Appendix Table 5).

Among current combustible cigarette smoking pregnant women, 13.9% were also current 

users of e-cigarettes. Approximately 51.1% of former smokers were former e-cigarette users 

(Figure 2B, Appendix Table 6).

Among pregnant current e-cigarette users, 3.6% reported other tobacco use, compared with 

0.5% of never users. Of the pregnant current e-cigarette users, 46.8% reported marijuana 

use, 12.0% were heavy alcohol users, 24.1% reported binge drinking in the past 30 days, and 

22.6% reported other high-risk behaviors. Among never users, the percentages of pregnant 

women who reported similar behaviors were 3.1%, 1.3%, 2.6%, and 6.0% respectively 

(Figure 3, Appendix Table 7).

DISCUSSION

Using BRFSS, the largest nationally representative data on e-cigarette use to date, this study 

found that e-cigarette use during pregnancy is substantial, with a prevalence of 2.2% in this 

cohort. Given that there were approximately 4 million live births annually in the U.S. in 

2016 and 2017,29 this translates to approximately 88,000 babies potentially exposed to e-

cigarettes each year in utero. Also concerning is that the prevalence of e-cigarette use 

doubled between 2016 and 2018 in pregnant adult women, with about 30% of pregnant 

current e-cigarette users having never smoked combustible cigarettes. This is concerning as 

it shows that cigarette-naïve women have taken up e-cigarettes for reasons other than 

cessation, exposing their fetuses to the potential harms associated with e-cigarettes.

The overall prevalence in this study differs somewhat from estimates obtained in the 

Population Assessment of Tobacco and Health Survey and in the National Health Interview 

Survey (NHIS), where the prevalence of current e-cigarette use among pregnant women 

were reported as 4.9% and 3.3% respectively.12,13 This could be due to the slightly different 

age demographics of the women included in the studies, difference in sampling 
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methodology, and a chance variation with small samples sizes, as there are 7,434 women in 

the BRFSS compared to 388 in the Population Assessment of Tobacco and Health Survey 

and 1,071 in the National Health Interview Survey.

Approximately 70% of pregnant e-cigarette users were aged <30 years, with the highest 

prevalence of current use reported among the youngest age group of 18–24 years (3.2%). 

These observations are similar to other studies which show a decrease in the odds of using e-

cigarettes with increasing age,30 and are reflective of the distribution of use of e-cigarettes in 

the general population, with the youngest age group having the highest burden of use.3,31

E-cigarettes contain nicotine, as well as propylene glycol and glycerin delivered in an 

aerosol vapor.7,23,32,33 They also contain potentially harmful volatile organic compounds 

(e.g., benzene) and heavy metals (e.g., lead), albeit at lower levels than in cigarette smoke.
32,34,35 Nicotine has been established to be a highly addictive substance that readily crosses 

the placenta into the fetus, where it may have teratogenic effects, causing 

neurodevelopmental and pulmonary abnormalities.1,6,7,32,35 Additionally, formaldehyde and 

acrolein, present in e-cigarette aerosols, have been linked with DNA damage and 

mutagenesis,32 and flavoring chemicals, including diacetyl and benzaldehyde, have been 

found to be cytotoxic to human embryonic stem cells and pulmonary fibroblasts,36 and 

associated with respiratory disease when inhaled.32,35 Highlighting the potential dangers of 

e-cigarette use, the 2016 report of the Surgeon General stated that, “The use of products 

containing nicotine poses dangers to youth, pregnant women, and fetuses. The use of 

products containing nicotine in any form among youth, including in e-cigarettes, is 

unsafe.”35 Furthermore, in utero fetal exposure to nicotine has been associated with long-

term adverse respiratory and neurobehavioral effects that could persist into adulthood.18,21

Among pregnant combustible cigarette smokers in this study, a larger proportion were 

current or former users of e-cigarettes compared with never smokers. In addition, almost half 

of current e-cigarette users reported current cigarette smoking. Several studies have shown 

that current smokers are more likely to have tried or currently use e-cigarettes than people 

who never smoked,37,38 and other studies speculate that many pregnant e-cigarette users 

might be cigarette smokers who started using e-cigarettes when they discovered they were 

pregnant in a bid to stop or reduce their cigarette smoking.9 This could be attributed to the 

assumption that e-cigarettes are a safer alternative to cigarette smoking.1,7,9,39,40 However, 

many e-cigarette users continue to smoke combustible cigarettes, and the concomitant use of 

e-cigarettes has been associated with higher odds of nicotine dependence and long-term dual 

use.30,41

The overall prevalence of dual use of e-cigarettes and cigarette smoking among pregnant 

women in this study was 1.1%, and interestingly, the age group with the highest prevalence 

of dual use was the oldest age group of 35–49 years. Although there is limited information 

on the dual use prevalence in pregnancy, this observation is contrary to studies that find the 

highest burden of dual use among younger age groups.9,40 Dual use patterns are interesting 

as they could be interpreted from different perspectives. Although some studies suggest that 

a subgroup of highly motivated pregnant smokers who are aware that smoking is harmful to 
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their babies take up e-cigarettes as a means of quitting smoking,16,40,42 others deem dual use 

to be more indicative of higher levels of nicotine dependence.43,44

The current position of the American College of Obstetricians and Gynecologists is that 

nicotine exposure of any form is a significant health risk for the developing fetal brain and 

lungs, and that e-cigarettes have not been proven to have any effect on smoking cessation.45 

In addition, given the limited data available on the health effects of e-cigarettes, their use in 

pregnant women is strongly discouraged.45 The U.S. Preventive Services Task Force also 

reiterates this, recommending behavioral interventions and proven pharmacological 

interventions to aid smoking cessation instead.46 However, it is interesting to note that 

despite the public health messages on e-cigarette use, the prevalence trends show an increase 

in e-cigarette use among pregnant women from 2016 to 2018, with a more drastic increase 

observed from 2017 to 2018 among pregnant women, compared with non-pregnant women. 

These findings are reflective of trends observed in the general population, with an increase 

in use of e-cigarettes from 2017 to 2018, particularly among the younger population.31 This 

suggests that more aggressive public health campaigns concerning the potential harms 

associated with e-cigarette use need to be directed at vulnerable subpopulations.

Associations have been observed between marijuana and alcohol use and adverse fetal 

outcomes such as low birth weight, shorter birth length, increased rate of premature birth, 

and neurocognitive developmental impairment.47–49 E-cigarette use has been linked to an 

increased incidence of marijuana and alcohol use, and other high-risk behaviors including 

risky sexual behavior,26,50–52 which could compound the negative effects of these behaviors 

on fetal outcomes. This study confirms these associations, as pregnant current e-cigarette 

users had the highest prevalence of use of other tobacco products and marijuana, heavy 

alcohol intake, binge drinking, and other high-risk behaviors, including injection drug use, 

treatment for sexually transmitted diseases in the past year, and exchanging sex for drugs or 

money. Never users had the lowest prevalence of these behaviors. This relationship could be 

partially explained by the association between e-cigarette use and the personality trait of 

sensation seeking, where individuals seek experiences that fuel their desire for varied 

sensations and experiences.53–55

The increase in e-cigarette use among pregnant women as well as the higher risk of 

concomitant high-risk behaviors warrant close attention by regulatory agencies, given their 

interest in e-cigarette use patterns in vulnerable populations.56 It is important to monitor the 

content of e-cigarette advertisements, necessitating them to highlight the potential dangers 

associated with their use to vulnerable individuals such as pregnant women. It is also critical 

to ensure that the potential harms of e-cigarette use on fetal health are clearly labeled on e-

cigarette packages. In addition, this study provides justification to conduct longitudinal 

studies to explore maternal and fetal health effects of e-cigarette use in pregnancy, as well as 

long-term outcomes in offspring born to these women. This study will also support 

aggressive public health education strategies to reduce e-cigarette use in pregnancy and 

could also inform clinical practice, encouraging physicians to dedicate more time to asking 

pregnant women about e-cigarette use, and counseling and referring them for help when 

needed.
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Limitations

This study has a few limitations. It is cross-sectional, and thus no directionality of use of e-

cigarettes and traditional cigarettes or other high-risk behaviors could be ascertained. There 

were no data available on duration and intensity of e-cigarette use, and it is difficult to tell to 

what degree dual use prevalence might capture active quit attempts or if current use spanned 

the pregnancy period. Also, recall bias might influence e-cigarette use reporting, leading to 

an underestimation of e-cigarette use prevalence, and social desirability bias might lead to an 

under-reporting of other high-risk behaviors in pregnancy. Lastly, other high-risk behaviors 

were defined based on behavior within the past year for each participant and not restricted to 

the time of pregnancy.

Despite these limitations, this study provides the most up-to-date information on the 

prevalence and use patterns of e-cigarettes and other high-risk behaviors in the unique 

subgroup of pregnant women.

CONCLUSIONS

The prevalence of e-cigarette use among pregnant women in the U.S. is 2.2%, with a two-

fold increase in prevalence of use from 2016 to 2018. The youngest age group (18–24 years) 

had the highest burden of use. Among pregnant women, current e-cigarette users had a 

higher prevalence of concurrent cigarette smoking, other tobacco use, marijuana use, heavy 

alcohol intake, binge drinking, and other high-risk behaviors including intravenous drug use 

and exchange of sex for money, compared with never e-cigarette users. These findings are 

important for tobacco regulation strategies and set a baseline for future monitoring of e-

cigarette use trends in this select population. They also highlight the need for more 

longitudinal studies to explore the potential harms of e-cigarette use in pregnancy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Trends in e-cigarette use among adult pregnant women, 2016 to 2018.
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Figure 2. 
E-cigarette use and smoking patterns among pregnant women.
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Figure 3. 
Prevalence of high-risk behaviors among pregnant women by e-cigarette use status.
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Table 1.

Demographic Characteristics of Pregnant Women in the BRFSS

Characteristics Currently pregnant (n=7,434)
Crude (95% CI)

Age, years

 18–24 28.2 (26.3, 30.1)

 25–29 26.0 (24.3, 27.8)

 30–34 27.8 (26.0, 29.6)

 35–49 18.0 (16.5, 19.6)

Race

 White 49.3 (47.3, 51.4)

 Black or African American 12.7 (11.5, 14.1)

 Hispanic 27.0 (25.0, 29.0)

 Other 11.0 (9.6, 12.6)

Marital status

 Married 56.5 (54.5, 58.5)

 Divorced 5.8 (4.9, 6.7)

 Widowed 0.9 (0.5, 1.9)

 Single 36.8 (34.8, 38.8)

Education

 Less than high school 15.6 (13.9, 17.5)

 High school/Some college 53.7 (51.7, 55.8)

 College graduate 30.6 (28.9, 32.4)

Employment status

 Employed 57.6 (55.5, 59.6)

 Unemployed 36.1 (34.1, 38.2)

 Student 6.3 (5.4, 7.4)

 Retired 0.0 (0.0, 0.1)

Income

 Below poverty line 22.9 (21.1, 24.8)

 Within 100%–200% above poverty l 21.3 (19.5, 23.2)

 >200% above poverty 55.8 (53.6, 57.9)

Metropolitan area

 Center city 30.6 (26.0, 35.6)

 Same county as center city 25.2 (19.5, 31.8)

 Suburban county 22.5 (18.0, 27.6)

 Outside metropolitan area 21.8 (18.3, 25.7)

Smoking status

 Current 7.0 (6.1, 8.0)

 Former 18.6 (17.1, 20.3)

 Never 74.4 (72.6, 76.1)

Other tobacco use
a 0.7 (0.5, 1.0)
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Characteristics Currently pregnant (n=7,434)
Crude (95% CI)

Heavy alcohol use 1.7 (1.3, 2.4)

Marijuana use 5.9 (3.7, 9.2)

Binge drinking 3.8 (3.1, 4.7)

Other high risk behaviors
b 9.2 (8.0, 10.6)

E-cigarette use, %

Current 2.2 (1.7, 2.8)

 Daily 0.6 (0.4, 0.9)

 Occasional 1.5 (1.1, 2.1)

Former 21.0 (19.3, 22.9)

Never 76.8 (74.9, 78.6)

Notes: Results presented as % (95% CI). Weighted percentages are reported. n is the unweighted sample size in the dataset.

a
Defined as current use of chewing tobacco, snuff, or snus every day or some days.

b
Individuals who injected any drugs other than those prescribed in the last year, been treated for any sexually transmitted disease in the past year, or 

given or received money or drugs in exchange for sex in the past year.

BRFSS, Behavioral Risk Factor Surveillance System.
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