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The use of electronic cigarettes (often referred to as vapes or e-cigs) has
grown rapidly in the past decade. While these devices may not deliver the same level
of carcinogens and toxicants as combustible cigarettes, they can deliver nicotine (a
known developmental toxicant) as efficiently. Previous work suggests that, during
pregnancy, women may supplement or completely substitute their combustible
cigarette use with electronic cigarettes as either a form of harm reduction or smoking
cessation aid. The use of this product during pregnancy raises concerns regarding
the potential depression of combustible cigarette cessation during a time when
women, historically, have been highly motivated to quit. Additionally, there may be
risk for dual product use and increased and/or sustained nicotine exposure during
fetal development. To date, little is known about the population-level prevalence of
electronic cigarette use during pregnancy, what factors may be associated with
electronic cigarette use during pregnancy, how electronic cigarette use behavior
manifests among women during pregnancy (e.g., concurrently with combustible
cigarettes or used exclusively), or how perinatal combustible cigarette use behavior

manifests in the newly emerging electronic cigarette use landscape. The purpose of
this dissertation was to examine combustible and electronic cigarette use before,
during, and after pregnancy in a representative sample of recently pregnant women.
To achieve this purpose, three analytic phases were conducted. All analyses used
2016 and 2017 Pregnancy Risk Assessment Monitoring System data. First, I
described the prevalence of electronic cigarette use during pregnancy, as well as
associated maternal characteristics. Results from this analysis indicate that, despite
rapid increases in electronic cigarette use in the general population, only a small
contingent of women were using these products during pregnancy. Electronic
cigarette use was associated with maternal combustible cigarette use, education,
race, ethnicity and prenatal depression. Second, I conducted latent class analysis to
empirically identify patterns of combustible and electronic cigarette use before,
during, and after pregnancy. Four classes were identified: 1) light combustible
cigarette quitters (43.7% in 2016; 40.9% in 2017), 2) light combustible cigarette
temporary quitters (17.6% in 2016; 19.5% in 2017), 3) persistent heavy combustible
cigarette users (19.4% in 2016; 20.8% in 2017), and 4) persistent light combustible
cigarette users (19.4% in 2016; 18.9% in 2017). Results from this analysis indicate
that combustible cigarettes continue to be the primary product used among women,
with light use (< 10 cigarettes per day) emerging as the predominant behavior
pattern. Electronic cigarette use was minimal and was completely terminated during
pregnancy in nearly all latent classes. Dual combustible and electronic cigarette use
was not likely. Lastly, I conducted multinomial logistic regression to identify
sociodemographic, pregnancy-specific, and mental-health-related factors associated
with patterns of combustible and electronic cigarette use during the perinatal period.
This analysis revealed that these factors varied significantly across combustible and
electronic cigarette use patterns, with low socioeconomic status (low income and low

education) continuing to be a persistent determinant of risky combustible cigarette
use during pregnancy. This study sheds light on emerging patterns of combustible
and electronic cigarette use behavior during a sensitive developmental period primed
for behavior change. These patterns will continue to shift as new cohorts of exclusive
electronic cigarette users enter adulthood and begin having children of their own, so
continued surveillance of these behaviors during the perinatal period is imperative.
Furthermore, despite, and perhaps as a result of, decades of tobacco control efforts,
deeply embedded disparities continue to persist. To address these disparities, future
efforts must consider perinatal product use at a more granular level and within the
context of women’s lived experience.
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CHAPTER 1. INTRODUCTION
Overview of Context and Research Gaps
Combustible cigarette use during pregnancy is a major preventable risk factor for
maternal and infant morbidity and mortality (US DHHS, 2014). Despite known harms,
the prevalence of combustible cigarette use during pregnancy has remained largely stagnant in
the U.S., with notable decreases only in the last few years (Tong, Dietz, Morrow et al., 2013;
CDC, 2015; Drake, Driscoll, & Mathews, 2018). Most recent data indicate the lowest nationwide
prevalence of prenatal combustible cigarette use to-date (7.2%; Drake, Driscoll, & Mathews,
2018). However, prenatal use is heterogeneous across the U.S. with specific states and
populations bearing a disproportionate prevalence of use. State-level prevalence of combustible
cigarette use during pregnancy ranges from 1.6% in California to as high as 25.1% in West
Virginia (Drake, Driscoll, & Mathews, 2018). Furthermore, women living in rural areas, young
adult women (20-24-years of age), non-Hispanic White women, Native American women,
women with a history of depression, and women with low-income experience a disproportionate
prevalence of combustible cigarette use, both in general (Doogan, Roberts, Wewers et al.,
2017; Mitchell, Kneipp, & Giscombe, 2015; Wang, Asman, Getzke et al., 2018), as well as
during pregnancy (Nighbor, Doogan, Roberts et al., 2018; Drake, Driscoll, & Mathews, 2018). It
is important to keep in mind that estimates of prenatal combustible cigarette use are
conservative. Women are less likely to disclose their use during pregnancy (Dietz, Homa,
England et al., 2011; Russel, Crawford, & Woodby, 2004) often due to feelings of guilt and fear
of stigma, which is likely most acutely felt by those experiencing social disadvantage (Bull,
Burke, Walsh, & Whitehead, 2007; Burgess, Fu, & van Ryn, 2009).
Women’s combustible cigarette use behavior during the perinatal period is complex,
heterogenous, and has a lasting impact on lifetime combustible cigarette use behavior.
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Pregnancy often acts as a catalyst for cessation or reduction in combustible cigarette use as
women are motivated to mitigate potential health risks to their fetus. Over half of pregnant
combustible cigarette users quit upon discovering their pregnancy; however, by six months
postpartum nearly half of those who quit relapse (CDC, 2018a; Rockhill, Tong, Farr et al., 2016)
despite intentions to remain abstinent (Von Kohorn, Nguyen, Schulman-Green, & Colson,
2012). Those women not able to successfully quit may opt for a harms reduction approach by
drastically reducing their daily combustible cigarette use (Heil, Herrman, Badger et al., 2014;
Solomon & Quinn, 2004). While a majority of women quit their combustible cigarette use, we
cannot expect that women quitting or reducing their combustible cigarette use at the same
moment in their pregnancy will necessarily run along the same behavioral trajectory.
Women’s combustible cigarette use behavior is highly variable across the perinatal
period, however salient patterns of behavior exist, including: successful quitting and maintained
cessation, persistent combustible cigarette use, temporary harm reduction (i.e., provisional
cessation or reduction), and even initiation of combustible cigarettes postpartum by naïve users
(Eiden, Homish, Colder et al., 2013; El-Khoury, Sutter-Dallay, & Van Der Waerden, 2017;
Fitzpatrick, Gray, & Quigley, 2016; Heil, Herrman, Badger et al., 2014; Kurti, Bunn, Villanti et al.,
2018; Mumford, Hari, Yu, & Liu, 2014; Mumford & Liu, 2015; Mumford & Liu, 2016; Munafò,
Heron, & Araya, 2008; Solomon & Quinn, 2004). These behavioral patterns have emerged
across women of different cultures (U.S., U.K., & France) and cohorts (1992-2015), and there is
some evidence to suggest that patterns, once adopted, have implications for later pregnancies
and lifetime quitting behavior. Hall and colleagues (2016) found that incomplete cessation
during pregnancy (i.e., reduction in use or relapse postpartum) is associated with increased
odds of smoking in subsequent pregnancies, thus extending exposure beyond a single
pregnancy. Rattan and colleagues (2013) report that women who successfully quit combustible
cigarette use in pregnancy had two times the odds of maintaining cessation decades later
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compared to women who continued use during pregnancy. While illuminating, previous work
examining patterns of combustible cigarette use behavior during the perinatal period are largely
not generalizable to U.S. populations (El-Khoury, Sutter-Dallay, & Van Der Waerden, 2017;
Fitzpatrick, Gray, & Quigley, 2016; Munafò, Heron, & Aray, 2008) nor do they capture
combustible cigarette use within the context of the new, ever-evolving electronic cigarette
landscape (Eiden, Homish, Colder et al., 2013; Heil, Herrman, Badger et al., 2014; Mumford,
Hari, Yu, & Liu, 2014; Mumford & Liu, 2015; Mumford & Liu, 2016).
To mitigate harm to their fetus, either as a form of harm reduction or as a smoking
cessation aid, some combustible cigarette users may be transitioning to electronic cigarettes
during their pregnancy (Ashford, Wiggins, Butler et al., 2016; Bhandari, Day, Payakachat et al.,
2018; Mark, Farquhar, Chisolm, Coleman-Cowger, & Terplan, 2015; Wagner, Camerota, &
Propper, 2017). Electronic inhalant devices, including electronic cigarettes, typically consist of
four basic components: a mouthpiece, a liquid-containing cartridge, a heating element (also
known as an atomizer), and a battery (Breland, Soule, Lopez et al., 2017). These devices
aerosolize substances such as nicotine, flavorings, additives, and more recently cannabinoids,
for inhalation (Breland, Soule, Lopez et al., 2017). While there are many names for these
devices (e.g., mods, vapes/vaporizers), the term “electronic cigarette” refers exclusively to
electronic inhalant devices intended to aerosolize nicotine (Breland, Soule, Lopez et al., 2017).
Electronic cigarettes were first commercially marketed in the U.S. in 2007 (FDA, 2016),
patented in 2013 as an alternative to combustible cigarettes (U.S. Patent No. 8,490,628 B2),
brought under Federal regulation in 2016 (FDA, 2016), and are often marketed as healthier and
safer alternatives to combustible cigarettes (Klein, Berman, Hemmerich et al., 2016). Since their
release into the U.S. market, these devices have rapidly proliferated and evolved (Breland,
Soule, Lopez et al., 2017). Early generations of electronic cigarettes (knowns as “cig-a-likes”),
resemble combustible cigarettes in shape and color, are disposable, and are largely inefficient
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in delivering nicotine to the user (Breland, Soule, Lopez et al., 2017; Voos, Goniewicz, &
Eissenberg, 2019). Second generation electronic cigarettes provide a more powerful,
rechargeable battery resulting in greater nicotine yields than their predecessors; often include
re-fillable cartridges; and are largely stylized after pens (Breland, Soule, Lopez et al., 2017;
Voos, Goniewicz, & Eissenberg, 2019). Third generation electronic cigarettes are large open
systems (often referred to as “mods”) that allow users to modify device components to uniquely
customize their vaping experience (e.g., e-liquid heating temperature, battery wattage, coil
resistance; Breland, Soule, Lopez et al., 2017; Voos, Goniewicz, & Eissenberg, 2019). Pod
devices are the newest electronic cigarette device on the market. Stylized after USB flash
drives, these devices include a refillable or disposable pod cartomizer (combined cartridge and
atomizer), and aerosolize a nicotine salt solution (a nicotine base and weak organic acid)
allowing for greater nicotine bioavailability for the user without the harshness and irritation
produced by free-base nicotine used in previous generations (Duell, Pankow, & Peyton, 2018;
Goniewicz, Boykan, Messina, Eliscu, & Tolentino, 2019; Reilly, Bitzer, Goel et al., 2019; Talih,
Salman, El-Hage et al., 2019; U.S. Patent 9,215,895 B2).
The diversity of electronic cigarette devices and constituents, as well as the time
required to observe long-term effects make answering questions of harm and for whom difficult
to answer. Existing evidence indicates that electronic cigarettes may not deliver the same level
of potential lung carcinogens and cardiovascular toxicants exhibited by combustible cigarettes
(FDA, 2016; Goniewicz, Gawron, Smith et al., 2017; Talih, Salman, El-Hage et al., 2019;
Wagener, Floyd, Stepanov et al., 2017; Voos, Goniewicz, & Eissenberg, 2019), but little is
known regarding the short- and long-term effects of electronic cigarettes on pregnant women
and the fetus. While the amount of nicotine a user is able to generate and absorb from an
electronic cigarette is highly variable, depending on a number of device (i.e., battery voltage,
coil resistance, liquid nicotine concentration, and nicotine form) and user characteristics (e.g.,
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previous device experience, puff volume, puff duration, metabolism), previous work indicates
that these devices are capable of delivering aerosol and user dosages of nicotine comparable to
and sometimes greater than combustible cigarettes (Voos, Goniewicz, & Eissenberg, 2019).
Nicotine is a known developmental toxicant and exposure to it in utero is associated with
numerous adverse health outcomes including stillbirth and preterm delivery (U.S. DHHS, 2014).
Evidence in animal studies suggest intergenerational epigenetic effects impacting lung,
cardiovascular, and brain development, as well as later cognitive functioning (Chen, Li, Lung
Chan at al., 2018; England, Bunnell, Pechacek, Tong, & McAfee, 2015; Suter, Mastrobattista,
Sachs, & Aagaard, 2015).
Electronic cigarette use in the U.S. has rapidly increased over the last decade (Bao, Xu,
Lu et al., 2018; Choi, Bestrshniy, & Forster, 2018; McMillen, Gottlieb, Shaefer, Winickoff, &
Klein, 2015), especially among youth (Getzke, Creamer, Cullen et al., 2019) and young adults
(Dai & Leventhal, 2019). In 2010, three years following the release of electronic cigarettes into
the U.S. market, only 1.8% of adults had ever used the products, but by 2013 prevalence of
ever use jumped to 13% of adults, with the greatest increases among established combustible
cigarette users (McMillen, Gottlieb, Schaefer et al., 2015). The prevalence of adults who had
ever used electronic cigarettes continued to exhibit steady increases through 2016 (12.6% in
2014; 13.9% in 2015; and 15.3% in 2016; Bao, Xu, Lu et al., 2018). Similarly, prevalence of
regular (daily or some days) electronic cigarette use among U.S. adults increased from 0.3% in
2010 to 6.8% in 2013, a 23-fold increase in only three years (McMillen, Gottlieb, Schaefer et al.,
2015). However, more recent years have seen regular electronic cigarette use stabilize among
adult users (3.7% in 2014; 3.5% in 2017; 3.2% in 2016; Bao, Xu, Lu et al., 2018; 3.2% in 2018;
Creamer, Wang, Babb et al., 2019), except among young adults (18-24 years) whose
prevalence of use continues to increase (e.g., 5.2% in 2017; 7.6% in 2018; Dai & Leventhal,
2019). Recent estimates of youth use suggest that at least one-in-five high school students use
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electronic cigarettes (Gentzke, Creamer, Cullen et al., 2019). Available estimates highlight the
rapidity and magnitude with which electronic cigarettes were adopted over the last decade and
not only by current combustible cigarette users but never users. While there may be potential for
electronic cigarettes to function effectively as harm reduction or smoking cessation aids (e.g.,
Hajek, Phillips-Waller, Przulj et al., 2019), their utility to function as such is a hotly contested
issue (e.g., Farsalinos, 2018; Fairchild, Bayer, & Lee, 2019) particularly given the alarming
increases in use among never users. Furthermore, electronic cigarette use may be associated
with increased likelihood of combustible cigarette initiation, particularly among youth (Soneji,
Barrington-Trimis, Willis et al., 2017; Berry, Fetterman, & Benjamin, 2019), and concurrent, or
dual, combustible and electronic cigarette use (Coleman, Rostron, Johnson et al., 2018).
Estimates of electronic cigarette use during pregnancy are limited. However, a few
studies report electronic cigarette use among pregnant women ranging from 0.6% to 23%
(Ashford, Wiggins, Butler et al., 2016; Bhandari, Day, Payakachat et al., 2018; Kapaya,
D’Angelo, Tong et al., 2019; Kurti, Bunn, Villanti, et al., 2018; Mark, Farquhar, Chisolm,
Coleman-Cowger, & Terplan, 2015; Oncken, Ricci, Kuo et al., 2017; Wagner, Camerota, &
Propper, 2019). Additionally, estimates of dual combustible and electronic cigarette use among
pregnant women range from 8.5% to 30.8% (Bhandari, Day, Payakachat et al., 2018; Kurti,
Bunn, Villanti et al., 2018; Wagner, Camerota, & Propper, 2017). Wagner and colleagues (2017)
also found that most women (74.6%) in their study reported switching to electronic cigarettes
upon discovery of their pregnancy. These estimates, although variable, suggest that women are
using electronic cigarettes during their pregnancy, some are using them in combination with
combustible cigarettes, and some are switching to electronic cigarettes because they are
pregnant.
Research gaps
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While previous research helps us begin to understand how electronic cigarette use
functions during the perinatal period, considerable research gaps exist. First, many of these
germinal electronic cigarette use studies were derived from convenience samples and thus
have limited generalizability (Ashford, Wiggins, Butler et al., 2016; Bhandari, Day, Payakachat
et al., 2018; Mark, Farquhar, Chisolm et al., 2015; Wagner, Camerota, & Propper, 2017).
Kapaya and colleagues (2019) examined prevalence of electronic cigarette use before and
during pregnancy using Pregnancy Risk Assessment Monitoring System data (a U.S.
surveillance system), but their findings are only generalizable to the states of Oklahoma and
Texas. In addition, none of the previous studies report population-based electronic cigarette use
prevalence after 2015. To-date, population-level perinatal electronic cigarette use prevalence is
unknown.
Second, few studies of maternal combustible cigarette use behavior have examined
quantity or frequency of combustible cigarette use during pregnancy (Kandel, Griesler, &
Schaffran, 2009; Pickett, Wakschlag, Dai, & Leventhal, 2003; Rockhill, Tong, England, &
D’Angelo, 2017), even fewer have examined changes in quantity/frequency across the perinatal
period (Eiden, Homish, Colder et al., 2013; Kondracki, 2019; Mumford & Liu, 2015), and none
have examined perinatal changes in combustible cigarette use quantity/frequency within the
context of electronic cigarette use. In response to the increasing restraints on combustible
cigarette use, light (often defined as ≤ 10 cigarettes per day; Levy, Biener, & Rigotti, 2009) and
intermittent (i.e., nondaily) combustible cigarette use has become increasingly prevalent as
users, particularly young adults (Pierce, White, & Messer, 2009) and women (Li, Holahan, &
Holahan, 2015), shift to lower consumption (Schane, Glantz, & Ling, 2009; Schauer, Malarcher,
& Mowery, 2016). It is important to characterize light combustible cigarette use, especially
during the perinatal period and within the context of electronic cigarette use, as light users
exhibit unique combustible cigarette use behaviors, are often under-identified, and still incur
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tobacco-related morbidities (Levy, Biener, & Rigotti, 2009; Schane, Ling, & Glantz, 2010; U.S.
DHHS, 2014).
Third, we do not know how electronic cigarette use manifests among women across the
perinatal period nor do we know what factors are associated with use or changes in use. To
date, few studies of maternal tobacco use behavior have examined how women’s electronic
cigarette use behavior might change across the perinatal period (Kurti, Bunn, Villanti et al.,
2018) and none have examined the frequency or changes in frequency of electronic cigarette
use across the perinatal period. Kurti and colleagues (2018) examined patterns of tobacco use,
including electronic cigarettes, among pregnant women using data from the Population
Assessment of Tobacco and Health Study (a U.S. population-based study), but their work did
not capture when during the perinatal period changes in electronic cigarette use might occur
(e.g., did women transition to new patterns of behavior upon learning of their pregnancy? Did
they change their behavior upon giving birth?). The rapid popularity of electronic cigarettes in
the general U.S. population, lack of scientific evidence and consensus regarding the risk and
safety of electronic cigarette use, and the perception of electronic cigarettes as safe (McCubbin,
Fallin-Bennett, Barnett et al., 2017) may all contribute to electronic cigarette use during
pregnancy.
Use of this product during pregnancy raises several pressing public health concerns:
•

What is the potential for electronic cigarettes to depress combustible cigarette use
cessation during a period in women’s life known for increased cessation capacity?

•

What is the potential for dual combustible and electronic cigarette use during
pregnancy and subsequent increased/maintained maternal and fetal nicotine exposure?
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•

How will patterns of perinatal combustible and electronic cigarette use change as
cohorts of young electronic cigarette users enter reproductive age and begin having
children of their own?

Furthermore, while we know that combustible cigarette use during the perinatal period
tends to be concentrated among women living in rural areas, non-Hispanic White women,
Native American women, women with a history of depression, and women with a low income
(Doogan, Roberts, Wewers et al., 2017; Mitchell, Kneipp, & Giscombe, 2015; Drake, Driscoll, &
Mathews, 2018; Nighbor, Doogan, Roberts et al., 2018; Wang, Asman, Getzke et al., 2018),
little is known about how electronic cigarette use is distributed across sociodemographic groups
and whether use follows patterns of vulnerability comparable to combustible cigarettes.
Currently these gaps limit our ability to understand and detect important differences in new
and emerging patterns of maternal combustible and/or electronic cigarette use. Understanding
these patterns of use among women during a sensitive developmental period primed for
behavior change will help guide and add much needed precision to tobacco control
programming and priorities.
Theoretical Frameworks
This dissertation was directed by two theoretical frameworks: Tobacco-related Health
Disparities Framework (TRHDF) and the Maternal and Child Health Life Course Framework.
The TRHDF (NCI, 2017) was developed to guide and inform tobacco-related health
disparities research, programing, and policies. It is a multilevel model that integrates the
tobacco use continuum (Fagan, Moolchan, Lawrence, Fernander, & Ponder, 2007), the
socioecological model (McLeroy, Bibeau, Steckler, & Glanz, 1998), and the life course. The
tobacco use continuum describes a continuous and dynamic sequence of tobacco use
behaviors, exposures, and outcomes across an individual or group’s life course and includes:
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secondhand smoke exposure, tobacco use initiation, current tobacco use, frequency and
intensity of use, cessation/quitting attempts, relapse/resumption of behavior, use of tobacco
cessation treatment, tobacco-related morbidity, and tobacco-related mortality (Fagan,
Moolchan, Lawrence, Fernander, & Ponder, 2007). Tobacco-related health disparities refer,
specifically, to the systematic and avoidable differences in the tobacco use continuum
experienced by specific groups due to conditions of disadvantage (Fagan, Moolchan, Lawrence,
Fernander, & Ponder, 2007). These conditions are chronic, cumulative, and, often debilitatingly
and generationally restrictive resulting in unfavorable systematic differences in individual’s and
group’s tobacco prevention and treatment capacity, infrastructure, and resource access
(Braveman, Kumanyika, Fielding et al., 2011; Fagan, Moolchan, Lawrence, Fernander, &
Ponder, 2007). The extent, severity, and duration of disadvantage influences how health
behaviors and health consequences manifest, both across an individual’s life course and within
groups of people (Braveman, Kumanyika, Fielding et al., 2011). Therefore, considerable
variation exists in the manifestation of tobacco-related health disparities within and across
individuals and groups (Fagan, Moolchan, Lawrence, & Ponder, 2007).
The organizational structure of the TRHDF is modeled after the socioecological model
(McLeroy, Bibeau, Steckler, & Glanz, 1998). Inherent in this theoretical backbone are the
following principles: 1) there are multiple levels of influence on tobacco use, 2) environmental
contexts are important determinants of tobacco use, 3) the influences of tobacco use behavior
interact across levels and it is the combination of those interactions that direct behavior, 4)
ecological models should be adapted to the behavior under examination, and 5) multi-level
interventions are most effective at changing tobacco use behavior (Sallis & Owen, 2015). The
socioecological model within the TRHDF allows us to identify and highlight the linkages between
tobacco use and multiple disadvantageous social conditions, as well as how those conditions
influence tobacco-related health disparities despite improvements for some groups or
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individuals (NCI, 2017). Within the TRHDF there are three levels at which factors influence
tobacco-related health disparities across the tobacco use continuum and life course: 1)
individual/intrapersonal level, 2) interpersonal level and contextual level, and 3) societal/policy
level (NCI, 2017). The individual/intrapersonal level factors contributing to tobacco-related
health disparities include an individual’s genetics, physiological processes, flavored tobacco and
chemosensory processes, and stress-related processes (NCI, 2017). The interpersonal and
contextual-level factors contributing to tobacco-related health disparities include social
relationships; immigration, acculturation, and assimilation; occupation and work environment;
and socioeconomic status (i.e., education, income, wealth, and neighborhood; NCI, 2017).
Lastly, the societal/policy-level factors contributing to tobacco-related health disparities include
communications and marketing and Federal, state, and local tobacco control policy (NCI, 2017).
The tobacco use continuum and the factors impacting the continuum and tobaccorelated health disparities are not isolated to a single moment in time. Tobacco-related health
disparities and associated factors act across an individual’s life beginning in utero and
continuing through early childhood, adolescence, adulthood, and later adult life (NCI, 2017). To
better orient the TRHDF to the period under study, I adopted concepts from the U.S.
Department of Health and Human Services’ maternal and child health life course framework (US
DHHS, 2010). The maternal and child health life course framework is a population-focused
model intended to help better understand and address health disparities (US DHHS, 2010).
Much of the framework parallels the TRHDF, so I included only two additional concepts: early
programming and critical or sensitive periods (US DHHS, 2010). Early programming recognizes
that early life experiences, including exposure in utero and maternal health prior to conception,
can “program” an individual’s development and future health (US DHHS, 2010). Early adverse
exposures may directly cause or increase an individual’s susceptibility to a detrimental health
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outcome. Critical or sensitive periods are moments in an individual’s life when they are
exceptionally susceptible to adverse exposures, such as during fetal development.
Conceptual Model
This study aims to better understand specific aspects of the combustible and electronic
cigarette use continuum during a critical and sensitive period in a woman’s and her infant’s life
course and examine how multilevel factors influence this continuum. The features of the
tobacco use continuum under investigation in this study include women’s:
•

Current combustible and electronic cigarette use before, during, and after pregnancy;

•

Frequency of combustible and electronic cigarette use;

•

Combustible and electronic cigarette use cessation/quitting attempts; and

•

Combustible and electronic cigarette use resumption/relapse.

The conceptual model for this study is depicted in Figure 1 below.
This study examined factors at two levels of the TRHDF: interpersonal and contextual
level and individual/intrapersonal level. Interpersonal and contextual-level factors included race,
ethnicity, and socioeconomic status (education, income, and neighborhood). Neighborhood is a
complex concept and difficult to capture. For the purposes of this work, geographic locale, or
living in a rural or urban environment, was used to operationalize, albeit in a limited capacity,
neighborhood. Individual-level factors included depression (i.e. stress-related processes),
pregnancy-specific factors (pregnancy intention and parity), and maternal age. While state-level
prevalences were generated and reported on in this study, examining the impact of Federal,
state, and local policies on women’s product use behavior is beyond the scope of this current
work.
Within the context of the perinatal period, the life course framework highlights that there
are two life course trajectories to consider, both the mother, in adulthood, and her fetus, in
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utero. Exposures experienced during this highly sensitive period have a significant impact on
fetal programming and development. While this study will not be assessing fetal exposure and
development directly, women’s combustible and electronic cigarette use behaviors examined in
this study have maternal and child health implications.
Figure 1.1: Conceptual Model - Integration of the Tobacco-related Health Disparities and
Maternal and Child Health Life Course Frameworks

Purpose
The purpose of this study was to examine combustible and electronic cigarette use
during the perinatal period in a representative sample of recently pregnant women. To better
understand new and emerging combustible and electronic cigarette use behavior during the
perinatal period, this study used the most recently available data from a surveillance system
specifically intended to capture women’s experiences before, during, and after pregnancy, the
CDC’s Pregnancy Risks Assessment Monitoring System. Using this system allows for the
characterization of perinatal combustible and electronic cigarette use in a representative
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sample, and thus broader generalization of findings. It also allows for greater temporal precision
in the examination of both combustible and electronic cigarette use behavior across the
perinatal period (i.e., three months prior to pregnancy, last three months of pregnancy, and two
to four months postpartum) and investigation of product use frequency.
Specific Aims
This dissertation had two specific aims listed below.
Specific Aim I. Using 2016 and 2017 Pregnancy Risk Assessment Monitoring System data,
characterize combustible and electronic cigarette use during the perinatal period.
Aim Ia. Determine the overall and state-level prevalence of electronic cigarette use
during pregnancy in 2016 and 2017.
Aim Ib. Determine patterns of combustible and electronic cigarette use during the
perinatal period.
Specific Aim II. Using 2016 and 2017 Pregnancy Risk Assessment Monitoring System Data,
identify interpersonal (sociodemographic) and intrapersonal (pregnancy-specific and mentalhealth-related) factors associated with patterns of combustible and electronic cigarette use
during the perinatal period.
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CHAPTER 2. FIRST MANUSCRIPT
INTRODUCTION
The use of electronic cigarettes in the U.S. has grown rapidly in the past decade,
especially among youth (Gentzke, Creamer, Cullen, et al., 2019) and young adults (Dai &
Leventhal, 2019). These devices (sometimes referred to as mods, vapes, JUULs) aerosolize
substances, such as nicotine, for inhalation (Breland, Soule, Lopez et al., 2017). While there is
considerable variability across devices in their ability to deliver nicotine, recent work suggests
that newer generations are capable of matching or, in some cases, exceeding the nicotine
delivery profiles (aerosol nicotine yields and user dosages) of combustible cigarettes,
particularly among experienced electronic cigarette users (Wagener, Floyd, Stepanov et al.,
2017; Talih, Salma, El-Hage et al., 2019; Voos, Goniewicz, & Eissenberg, 2019). The swift
adoption of these devices across the U.S. introduces many new, unanswered questions,
especially with regards to electronic cigarette use during pregnancy.
The novelty and constant evolution of electronic cigarettes makes identifying their shortand long-term health effects during pregnancy difficult. Electronic cigarettes are often marketed
as healthier and safer alternatives to combustible cigarettes (Klein, Berman, Hemmerich et al.,
2016). While these devices may deliver lower levels and overall numbers of toxins than
combustible cigarettes, they are very efficient nicotine delivery systems (Talih, Salman, El-Hage
et al., 2019; Wagener, Floyd, Stepanov et al., 2017; Voos, Goniewicz, & Eissenberg, 2019).
During pregnancy, nicotine easily crosses the placenta, entering the fetal bloodstream and
accumulating in fetal tissue (Jordanov, 1990; Luck et al., 1985; Wong, Barra, Alfaidy et al.,
2015). Fetal exposure to nicotine is associated with increased infant morbidity and mortality,
including impaired cardiorespiratory development and functioning, fetal growth restriction,
preterm delivery, and Sudden Infant Death Syndrome (U.S. DHHS, 2014). Exposure to nicotine
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during this sensitive period of human development may also contribute to cognitive and
behavioral deficits and increased risk of addiction in later life (Benowitz, 2008; England, Bunnell,
Pechacek, et al., 2015).
Current population estimates of electronic cigarette use during pregnancy are limited. To
date, seven studies have previously examined prevalence of electronic cigarette use during
pregnancy (Ashford, Wiggins, Butler et al., 2016; Bhandari, Day, Payakachat et al., 2018;
Kapaya, D’Angelo, Tong et al., 2019; Kurti, Bunn, Villanti et al., 2018; Mark, Farquhar, Chisolm
et al., 2015; Oncken, Ricci, Kuo et al., 2017; Wagner, Camerota, & Propper, 2017). These
studies include women from across the U.S. and capture prenatal electronic cigarette use from
as early as 2012. Estimates of prenatal electronic cigarette use range between 0.6% (Mark et
al., 2015) to 23.0% (Ashford et al., 2016). In addition to overall prenatal electronic cigarette use,
a few studies identified use of these devices in combination with combustible cigarette use (dual
product use) during pregnancy, with estimates ranging from 2.5% (Kurti et al., 2018) to 30.8%
(Bhandari et al., 2018). In some cases, women reported transitioning to electronic cigarettes
because they were pregnant (Ashford et al., 2016; Wagner, Camerota, & Propper, 2017). The
estimates, although variable, suggest: 1) electronic cigarette use is highly variable across
populations in the U.S., 2) women are using electronic cigarettes during their pregnancy, 3)
some women are dual using combustible and electronic cigarettes during pregnancy, and 4)
that some women are using electronic cigarettes because they are pregnant.
While these earlier works help us begin to understand the burden of electronic cigarette
use and the potential for dual product use during pregnancy, more work is needed, as many of
these studies relied on convenience sampling (Ashford et al., 2016; Bhandari et al., 2018; Mark
et al., 2015; Wagner, Camerota, & Propper, 2017), have limited geographic scope (Kapaya et
al., 2019), and do not capture the newer and increasingly popular generations of electronic
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cigarettes (Ashford et al., 2016; Bhandari et al., 2018; Kapaya et al., 2019; Kurti et al., 2018;
Mark et al., 2015; Oncken et al., 2017; Wagner, Camerota, & Propper, 2017).
Considering the rapid uptake of electronic cigarettes, their unknown potential for harm
during pregnancy, and the absence of current population-based estimates, this present study
aims to build on prior work by examining electronic cigarette use among recently pregnant
women from a large population-based sample using the most recent data available. We sought
to describe the overall and state-level prevalence of electronic cigarette use during pregnancy,
as well as the characteristics of women who reported using these devices. Using these data will
enable us to provide representative population-based estimates, as well as additional insight
into the impact of the popularity of newer devices.
METHODS
Data Source
This study analyzed 2016 and 2017 Pregnancy Risk Assessment Monitoring System
(PRAMS) data. PRAMS is an ongoing, population-based, annual surveillance system
implemented by the Centers for Disease Control and Prevention (CDC) in collaboration with
state, tribal, territorial, and local health departments to assess women’s experiences before,
during, and after birth (Shulman, D’Angelo, Smith, & Warner, 2018). PRAMS surveillance
captures approximately 83% of all live births in the U.S. (Shulman et al., 2018). The PRAMS
survey is mailed two to four months postpartum to a stratified sample of resident women
reporting live births in participating jurisdictions (Shulman et al., 2018). Non-respondents are
provided additional opportunities to participate (Shulman et al., 2018). PRAMS data are
weighted for sample stratification, nonresponse, and noncoverage to generate jurisdiction-level,
population-based estimates (Shulman et al., 2018). Each participating jurisdiction is expected to
reach a minimum weighted response rate threshold. This study includes all participating
PRAMS sites that achieved the requisite 55% minimum weighted response rate for 2016 (78%,
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n = 30 states and New York City) and 2017 (72%, n = 34 states, New York City, and Puerto
Rico). The 2016 PRAMS is the first to capture electronic cigarette use prior to and during
pregnancy across all participating sites.
Measures
We examined associations between electronic cigarette use during pregnancy and
relevant maternal characteristics, including: electronic cigarette use prior to pregnancy,
combustible cigarette use before and during pregnancy, sociodemographic characteristics (age,
education, race, ethnicity, income, residential context), and pregnancy-related characteristics
(pregnancy intention, experiencing depression during pregnancy, and parity).
Electronic cigarette use prior to and during pregnancy
PRAMS participants were asked about the frequency of their electronic cigarette use in
the three months prior to pregnancy and in the last three months of pregnancy. Women were
first asked, “Have you used any of the following products in the past 2 years? – E-cigarettes or
other electronic nicotine products”. Participants who selected no, were coded as 0, no electronic
cigarette use. Participants who selected yes, were then asked, “In the last 3 months of your
pregnancy, on average, how often did you use e-cigarettes or other electronic products?” and
“During the 3 months before your pregnancy, on average, how often did you use e-cigarettes or
other electronic products?”. The categorical response options for each electronic cigarette use
question were: “more than once a day”, “once a day”, “2 to 6 days a week”, “1 day a week or
less”, and “I didn’t use e-cigarettes then”. For each electronic cigarette use question, the
categories were collapsed, creating two dichotomous variables. Participants selecting “I didn’t
use e-cigarettes then” were coded as no electronic cigarette use (0). Those selecting any
frequency of electronic cigarette use were coded as using electronic cigarettes (1).
Combustible cigarette use prior to and during pregnancy
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PRAMS participants were asked about the frequency of their combustible cigarette use
in the three months prior to pregnancy and in the last three months of pregnancy. Women were
first asked, “Have you smoked any cigarettes in the past 2 years?”. Participants who selected
no were coded as 0, no combustible cigarette use. Participants who selected yes, were then
asked, “In the 3 months before you got pregnant, how many cigarettes did you smoke on an
average day?” and “In the last 3 months of your pregnancy, how many cigarettes did you smoke
on an average day?”. The categorical responses for each combustible cigarette question
included: < 1 cigarettes, 1 to 5 cigarettes, 6 to 10 cigarettes, 11 to 20 cigarettes, 21 to 40
cigarettes, ≥40 cigarettes, and “I didn’t smoke then”. For each combustible cigarette use
question, the categories were collapsed, creating two dichotomous variables. Participants
selecting “I didn’t smoke then” were coded as no combustible cigarette use (0). Those selecting
any frequency of combustible cigarette use were coded as using combustible cigarettes (1).
Sociodemographic characteristics
Maternal age was defined as a categorical variable (1 = < 17 year of age, 2 = 18 to 19
years, 3 = 20 to 24 years, 4 = 25 to 29 years, 5 = 30 to 34 years, 6 = 35 to 39 years, and 7 = ≥
40 years). Maternal education was defined as a categorical variable (1 = < high school
education, 2 = high school graduate, and, 3 = post-high school education). Maternal race was
defined as a categorical variable (1 = African American/Black, 2 = Native American/Alaskan
Native, 3 = Asian/Pacific Islander, 4 = Selected multiple racial categories, 5 = Selected other
racial category, and 6 = White). Maternal ethnicity was defined as a dichotomous variable (1 =
non-Hispanic origin, 2 = Hispanic origin).
Federal poverty level was used to represent women’s income level. Women were asked
“During the 12 months before your new baby was born, what was your yearly total household
income before taxes?” and “During the 12 months before your new baby was born, how many
people, including yourself, depended on this income?”. Midpoints for each income category
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were set as point estimates. Point estimates and the number of dependents were matched to
the Department of Health and Human Services poverty guidelines released a year prior to birth
(e.g., 2016 PRAMS births are matched to 2015 poverty guidelines; U.S. DHHS, 2015; U.S.
DHHS, 2016) and used to calculate Federal poverty levels for each woman. Federal poverty
levels were then collapsed into three categories (1 = ≤100% FPL, 2 = 101-200% FPL, and 3 =
>200% FPL).
Residential context was defined as a dichotomous variable (1 = Urban and 2 = Rural).
Pregnancy-related characteristics
Women’s pregnancy intention was captured with the following PRAMS question,
“Thinking back to just before you go pregnant with your new baby, how did you feel about
becoming pregnant?”. Categorical responses included: “I wanted to be pregnant later”, “I
wanted to be pregnant sooner”, “I wanted to be pregnant then”, “I didn’t want to be pregnant
then or at any time in the future”, and “I wasn’t sure what I wanted.” These responses were
collapsed into a trichotomous variable: 1 = intended pregnancy (“I wanted to be pregnant then”),
2= mistimed pregnancy (“I wanted to be pregnant later” and “I wanted to be pregnant sooner”),
and 3 = unintended pregnancy (“I didn’t want to be pregnant then or at any time in the future”
and “I wasn’t sure what I wanted”).
Experiencing depression during pregnancy was defined as a dichotomous variable (1 =
No and 2 = Yes). Parity (number of previous live births) was defined as a categorical variable (0
= 0 births, 1 = 1 birth, 2 = 2 births, 3 = 3 to 5 births, 4 = 6 or more births).
Data analysis
We analyzed each survey year independently. Prevalence of electronic cigarette use
during pregnancy and 95% confidence intervals were estimated by year for each PRAMS site
and with aggregated samples (all participating sites combined for that year). To describe
differences in electronic cigarette use by maternal characteristics, prevalence of electronic
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cigarette use during pregnancy and 95% confidence intervals were estimated for each
characteristic. We conducted Rao-Scott corrected chi-square tests (a design-adjusted version of
the Pearson’s chi-square test) to test for differences in electronic cigarette use by maternal
characteristics. Differences resulting in p values < 0.05 were considered statistically significant.
All statistical analyses were conducted with SAS 9.4 (SAS Institute, Cary, NC) using complex
survey procedures and appropriate analysis weights to account for the complex survey design.
RESULTS
Sample characteristics
The 2016 PRAMS included 31 sites with a total unweighted sample of 29,179 women.
The 2017 PRAMS included 40 sites with a total unweighted sample of 37,200 women. Nine
sites were unique to the 2017 PRAMS: Alabama, Georgia, Kansas, Kentucky, Montana, North
Carolina, North Dakota, Puerto Rico, and South Dakota.
The sample distributions for PRAMS 2016 and 2017 were similar. Most women were 2534 years of age (77.7% in 2016; 77.6% in 2017), had at least 12 years or more of education
(87.4% in 2016; 87.3% in 2017), identified as White (71.6% in 2016; 69.1% in 2017), identified
as non-Hispanic (77.4% in 2016; 81.1% in 2017), and a slim majority reported income placing
them over 200% the Federal Poverty Level (51.4% in 2016; 51.2% in 2017). A minority of
women in both PRAMS samples reported electronic cigarette use prior to pregnancy (4.5% in
2016; 4.0% in 2017), combustible cigarette use prior to pregnancy (17.1% in 2016; 17.2% in
2017), and combustible cigarette use during pregnancy (7.6% in 2016; 7.9% in 2017).
Electronic cigarette use during pregnancy
In 2016, 1.3% of women (95% CI [1.1%, 1.4%]) reported using electronic cigarettes
during their pregnancy. The 2016 site prevalence ranged from 0.3% in Rhode Island to 4.0% in
West Virginia. In 2017, 1.2% of women (95% CI [1.1%, 1.3%]) reported using electronic
cigarettes during their pregnancy. The 2017 site prevalence ranged from 0.2% in North Dakota
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to 4.1% in Arkansas. See Table 2.1 for the prevalence of women reporting electronic cigarette
use during pregnancy by year and PRAMS site.
By select maternal characteristics, 2016
In the 2016 PRAMS sample, significant associations were identified between electronic
cigarette use during pregnancy and electronic cigarette use prior to pregnancy (X2(1) = 802.9, p
< 0.01), combustible cigarette use prior to (X2(1) = 167.9, p < 0.01) and during pregnancy (X2(1) =
183.2, p < 0.01), maternal age (X2(6) = 2.7, p = 0.04), maternal education(X2(2) = 7.68, p = 0.02),
maternal race (X2(5) = 40.0, p < 0.01), maternal ethnicity (X2(1) = 34.5, p < 0.01), and
experiencing depression during pregnancy(X2(1) = 28.0, p < 0.01). Electronic cigarette use
during pregnancy was not significantly associated with federal poverty level, residential context,
pregnant intention, or parity. Women who used electronic cigarettes during their pregnancy
reported using electronic cigarettes prior to pregnancy (2.1%), combustible cigarettes prior to
pregnancy (3.1%), and combustible cigarettes during pregnancy (2.2%). They also tended to be
between 25 to 29 years of age, be at least a high school graduate, identify as White, identify as
non-Hispanic, and not experience symptoms of depression during their pregnancy.
By select maternal characteristics, 2017
In the 2017 PRAMS sample, significant associations were identified between electronic
cigarette use during pregnancy and electronic cigarette use prior to pregnancy (X2(1) = 1,589.6,
p < 0.01), combustible cigarette use prior to (X2(1) = 310.6, p < 0.01) and during pregnancy (X2(1)
= 457.0, p < 0.01), maternal education (X2(2) = 11.4, p < 0.01), maternal race (X2(5) = 58.7, p <
0.01), maternal ethnicity (X2(1) = 21.9, p < 0.01), federal poverty level (X2(2) = 34.4, p < 0.01),
residential context (X2(1) = 17.2, p < 0.01), pregnancy intention (X2(2) = 15.2, p < 0.01) and
experiencing depression during pregnancy (X2(1) = 120.4, p < 0.01). Electronic cigarette use was
not significantly associated with maternal age or parity. Women who used electronic cigarettes
during their pregnancy reported using electronic cigarettes prior to pregnancy (2.0%),
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combustible cigarettes prior to pregnancy (2.5%), and combustible cigarettes during pregnancy
(2.0%). They also tended to be at least a high school graduate, identify as White, identify as
non-Hispanic, report an income at or below 100% of the federal poverty level, report living in an
urban context, report an unintended pregnancy, and not experience symptoms of depression
during their pregnancy. See Table 2.2 for the prevalence of electronic cigarette use during
pregnancy by select maternal characteristics and PRAMS survey year.
DISCUSSION
This study examined electronic cigarette use during pregnancy among recently pregnant
women from a large population-based sample using most recent data available. We found that
few women at this point-in-time were using electronic cigarettes during their pregnancy. We also
observed differences in electronic cigarette use during pregnancy across specific maternal
characteristics. Women who reported prenatal electronic cigarette use tended to use
combustible cigarettes, identify as non-Hispanic, identify as White, be educated, and report
income above the federal poverty level. The findings from this work build upon previous studies
(Ashford et al., 2016; Bhandari et al., 2018; Kurti et al., 2018; Mark, Farquhar, Chisolm,
Coleman-Cowger, & Terplan, 2015; Oncken et al., 2017; Wagner, Camerota, & Propper, 2017).
We now know that during these critical years between 2016 and 2017, when there was wide
recognition that electronic cigarette use prevalence was rapidly increasing, their use among
pregnant women was low and relatively stable. Our finding is surprising given previous work
indicating high use among pregnant women and suggests differential concentrations of
electronic cigarette use among certain women.
First, the prevalence estimates generated from this work are consistent with estimates
previously reported (Kapaya et al., 2019). The 1.3% (2016) and 1.2% (2017) prevalence of
electronic cigarette use during pregnancy observed in the present study is comparable to the
1.4% estimate reported among 2015 PRAMS participants from Oklahoma and Texas (Kapaya
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et al., 2019). However, our estimates are substantially lower than estimates reported elsewhere
(23.0%, Ashford et al., 2016; 11.9%, Bhandari et al., 2018; 13.6%, Oncken et al., 2017; 6.3%,
Wagner, Camerota, & Propper, 2017). This discrepancy is likely due to the significant
association between electronic cigarette use during pregnancy and combustible cigarette use
identified in our study. Three of these studies reported high prevalence of combustible cigarette
use in their samples (84.0%, Ashford et al., 2016; 26.5%, Bhandari et al., 2018; 100.0%,
Oncken et al., 2017). The perception that electronic cigarettes are a safer and healthier
alternative to combustible cigarettes and an effective cessation aid may prompt women who use
combustible cigarettes to transition to electronic cigarettes or use these products concurrently
with combustible cigarettes during their pregnancy (Ashford et al., 2016; England, Tong, Koblitz
et al., 2016; Fallin, Assef, & Ashford, 2016; Farquhar, Mark, Terplan, & Chisolm, 2015; Kahr,
Padgett, Shope et al., 2015; Mark et al., 2015). Difference in estimates between our study and
Wagner and colleagues (2017) is harder to explain as our sample demographics align roughly
with what is reported in their work and their reported prevalence of combustible cigarette use
during pregnancy was less (5.6%) than what we reported. One explanation may be their use of
Amazon’s crowdsourcing platform Mechanical Turk (MTurk) as a data source. Recent studies
comparing MTurk samples to those from national health surveys have found that MTurk-derived
estimates are not generalizable with regards to health status and behaviors (Mortensen, Alcalá,
French, & Hu, 2018; Walter, Christakis, & Wright, 2018).
Second, our work demonstrates that only a small contingent of women reported dual
combustible and electronic cigarette use during pregnancy (2.2% in 2016 and 2.0% in 2017);
however, the results of this study cannot tell us why or how women might be using these
products. The low prevalence of dual use is surprising given that dual combustible and
electronic cigarette use is growing increasingly common among adults in the U.S., with over half
of adult electronic cigarette users using both products in 2015 and 2016 (Mirbolouk, Charkhchi,
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Kianoush et al., 2018). This difference may be attributed to the fact that dual product use
behavior among women is largely unstable, particularly in relation to pregnancy (Kurti et al.,
2018). Kurti and colleagues (2018) found that, among women who dual used combustible and
electronic cigarettes, the most common trajectory into or out of pregnancy was to transition to
exclusive combustible cigarette use. Furthermore, the only dual product users that transitioned
to exclusive electronic cigarette use during pregnancy were those who used hookah and
electronic cigarettes concurrently (Kurti et al., 2018). Consistent with Kurti et al., we also found
that combustible cigarettes were still the more common product used by women. Considering
the instability of dual product use and the predominance of combustible cigarettes, dual
combustible and electronic use during pregnancy may indicate the use of electronic cigarettes
to supplement reductions in combustible cigarette use. Future work will need to explore the
unique complexities of this behavior, as women may perceive dual product use during
pregnancy as a means to mitigate harm to their infant by reducing exposure to combustible
cigarette but unduly expose their fetus to high nicotine and toxicant levels (Goniewicz, Smith,
Edwards et al., 2018).
Third, electronic cigarette use during pregnancy was significantly associated with
race/ethnicity. Women who reported using these products during pregnancy identified as nonHispanic and White. This finding is consistent with previous works (Ashford et al., 2016;
Bhandari et al., 2018; Mark et al., 2015; Oncken et al., 2017). The difference in the frequency of
electronic cigarette use during pregnancy across racial and ethnic groups seen in this study
may be attributed to a number of factors. Electronic cigarettes are more widely available in high
socioeconomic neighborhoods (Rose, Barker, D’Angelo et al., 2014) and in neighborhoods with
higher percentage of White residents (Giovenco, Spillane, & Merizier, 2019). This
disproportionate exposure may contribute to higher reported knowledge of electronic cigarettes
among White combustible cigarette users (current or former; Hooper & Kolar, 2017).
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Additionally, racial and ethnic minority tobacco users may be less likely than White users to
believe that electronic cigarettes could successfully aid in combustible cigarette cessation or
that they are less harmful than combustible cigarettes (Choi & Forster, 2013) and so may be
less likely to switch (Harlow, Stokes, & Brooks, 2019).
Fourth, unlike combustible cigarette use during pregnancy, electronic cigarette use
during pregnancy was not associated with parity. For combustible cigarette use, first-time
mothers who use combustible cigarettes are more likely to initiate and maintain cessation
compared to women with multiple previous births (Graham, Hawkins, & Law, 2010). However, in
this study, first-time mothers reported the highest prevalence of electronic cigarette use during
pregnancy. In keeping with what’s expected, these women may be initiating combustible
cigarette cessation, but instead of completely disengaging with tobacco products, they are
leaning on electronic cigarette use as a cessation aid.
Fifth, despite the rapid increases in electronic cigarette use among youth and young
adults, maternal age was not significantly associated with electronic cigarette use during
pregnancy. It is likely that the sample used for this study may not fully capture the rapid
expansion of pod-style devices among emerging adults. Dai and colleagues (2019) found that
between 2017 and 2018, current electronic cigarette use among young adults increased by
46.2% (5.2% and 7.6%). These trends may be paralleled in future PRAMS data.
Limitations
The findings from this study subject to several limitations. First, this study relies on
maternal self-report. The data are subject to recall and social desirability biases that may result
in underestimation of electronic and combustible cigarette use. The use of self-report data for
investigating tobacco use during pregnancy is standard practice. To date, no biochemical
validation measure exists that distinguishes combustible from electronic cigarette use.
Secondly, these results are not generalizable to women who did not experience a live birth,
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mother-child dyads resulting from adoption or surrogacy, or women who were institutionalized or
incarcerated at the time of sampling. Future studies will benefit from exploring prenatal
combustible and electronic cigarette use behavior in these populations. Thirdly, because
electronic cigarettes are emerging products, the point-in-time estimates from 2016 and 2017
may not reflect trends in more recent years. This study used the most recent Pregnancy Risk
Assessment Monitoring System data available at the time. Continued investigation is needed to
assess ongoing trends in electronic cigarette use during pregnancy. Lastly, differences
observed between the 2016 and 2017 bivariate associations (maternal education, federal
poverty level, residential context, and pregnancy intention) are likely due to differences in the
sample. The 2017 PRAMS sample is larger and includes women from jurisdictions not
represented in the 2016 sample. Furthermore, while the chi-square tests produced different
statistics and p-values, electronic cigarette use followed similar distributions across those four
characteristics.
Conclusions
Electronic cigarette use has grown rapidly across the U.S. The swift adoption of these
devices and their unknown short- and long-term harms raise many concerns regarding their use
during pregnancy. Based on the findings from this study, the large increases observed in other
populations have not been paralleled in this population. This may be the calm before the storm,
as this study captures use prior to the meteoric rise of pod electronic cigarette devices in late
2017. Given the overall high acceptability and low stigma of electronic cigarettes, low perceived
risk of use, and significant risk to woman and fetus associated with nicotine exposure, pregnant
women and women of reproductive age continue to be important populations to surveil
regarding electronic cigarette use.
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Table 2.1: Weighted prevalence of electronic cigarette use during the last 3 months of pregnancy,
by site and year - Pregnancy Risk Assessment Monitoring System, United States, 2016 & 2017
2016
2017
(n = 31 sites)
(n = 40 sites)
Site
(n = 23,179 participants)
(n = 37,200 participants)
Weighted %
95% CI
Weighted %
95% CI
Total sites¶
1.3
1.1, 1.4
1.2
1.1, 1.3
Alaska
1.0
0.6, 1.5
1.1
0.7, 1.5
Alabama
1.7
1.1, 2.4
Arkansas
3.5
2.3, 4.6
4.1
2.4, 5.8
Colorado
1.5
0.9, 2.1
1.0
0.6, 1.3
Connecticut
0.9
0.5, 1.3
0.8
0.5, 1.1
Delaware
1.8
1.3, 2.4
1.8
1.3, 2.3
Georgia
1.4
0.7, 2.1
Hawaii
1.2
0.7, 1.8
0.5
0.2, 0.9
Iowa
1.0
0.5, 1.6
1.7
1.0, 2.3
Illinois
0.9
0.6, 1.3
1.2
0.8, 1.6
Kansas
0.9
0.4, 1.4
Kentucky
3.2
2.1, 4.2
Louisiana
1.8
1.2, 2.5
2.1
1.6, 2.7
Massachusetts
0.9
0.5, 1.4
0.9
0.5, 1.3
Maryland
0.8
0.6, 1.4
0.8
0.5, 1.1
Maine
1.2
0.7, 1.7
2.5
1.8, 3.1
Michigan
1.4
0.9, 1.9
0.7
0.4, 0.9
Missouri
2.0
1.3, 2.7
1.9
1.4, 2.4
Montana
2.1
1.5, 2.8
North Carolina
1.0
0.6, 1.5
North Dakota
0.2
0.1, 0.3
Nevada
1.0
0.5, 1.5
1.5
0.7, 2.3
New Hampshire
0.8
0.1, 1.4
1.4
0.7, 2.2
New Jersey
0.8
0.5, 1.2
0.4
0.3, 0.6
New Mexico
1.4
1.0, 1.9
1.7
1.3, 2.1
New York†
0.3
0.1, 0.6
1.6
1.1, 2.1
Oklahoma
0.9
0.6, 1.2
2.5
1.8, 3.1
Pennsylvania
2.1
1.4, 2.8
1.8
1.3, 2.3
Puerto Rico
0.4
0.03, 0.7
Rhode Island
0.3
0.1, 0.5
0.8
0.5, 1.1
South Dakota
0.4
0.2, 0.7
Texas
1.2
0.8, 1.5
0.4
0.2, 0.7
Utah
2.0
1.5, 2.5
1.2
0.9, 1.4
Virginia
1.2
0.6, 1.9
0.6
0.2, 1.0
Vermont
2.3
1.6, 3.0
1.7
1.2, 2.2
Washington
1.0
0.5, 1.5
1.8
1.2, 2.4
Wisconsin
1.5
0.8, 2.2
1.6
1.0, 2.1
West Virginia
4.0
3.0, 5.1
3.1
2.4, 3.9
Wyoming
1.9
1.1, 2.7
2.4
1.6, 3.1
New York City
0.7
0.4, 1.0
0.2
0.1, 0.3
¶Overall aggregate prevalence for all sites with data for each given year.†New York City births reported separately.
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Table 2.2: Weighted prevalence of electronic cigarette use during pregnancy¶ by select maternal characteristics – Pregnancy Risk
Assessment Monitoring System, United States, 2016 and 2017*

2016
Maternal characteristic

(n = 31 sites)
% (na)
95% CI

2017

(n = 23,179 participants)
Χ2b (df)
p-valuec

(n = 40 sites)
% (na)
95% CI

(n = 37,200 participants)
Χ2b (df)
p-valuec

CC use before pregnancy†
Available n

Yes
No
CC use during pregnancy‡
Available n

Yes
No
EC use before pregnancy§
Available n

Yes
No

35.6 (8,260)
3.1 (263)

2.7, 3.4

40.9 (15,203)
2.5 (390)

0.3 (27)

0.3, 0.5

2.3, 2.7

0.3 (42)

0.2, 0.3

35.8 (8,293)
2.2 (206)

2.0, 2.5

41.0 (15,253)
2.0 (317)

1.8, 2.2

1.2 (84)

1.0, 1.4

0.8 (114)

0.7, 0.9

47.9 (11,099)
2.1 (254)

1.9, 2.3

51.3 (19,074)
2.0 (383)

0.5 (67)

0.4, 0.6

1.8, 2.2

0.4 (89)

0.4, 0.5

48.6 (11,259)
0.1 (7)

0.02, 0.1

51.9 (19,310)
0.1 (9)

0.2 (22)

0.04, 0.1

0.1, 0.2

0.1 (27)

0.1, 0.2

0.7 (86)

0.5, 0.8

0.7 (131)

0.6, 0.8

0.9 (111)

0.7, 1.0

0.7 (154)

0.6, 0.8

0.6 (72)

0.4, 0.6

0.6 (108)

0.5, 0.7

167.9 (1)

183.2 (1)

802.9 (1)

< 0.01

< 0.01

< 0.01

310.6 (1)

< 0.01

457.0 (1)

< 0.01

1,589.6 (1)

< 0.01

10.0 (6)

0.10

11.4 (2)

< 0.01

Maternal age
Available n

≤ 17 years
18-19 years
20-24 years
25-29 years
30-34 years
35-39 years
≥ 40 years
Maternal education
Available n

< High school education
High school graduate
Post-high school education

2.7 (6)

0.04

0.4 (27)

0.3, 0.5

0.3 (55)

0.2, 0.3

0.1 (12)

0.03, 0.1

0.02 (11)

0.01, 0.03

48.0 (11,118)
0.6 (64)

0.4, 0.7

51.3 (19,100)
0.5 (108)

0.5, 0.6

1.1 (139)

1.0, 1.3

0.9 (191)

0.8, 1.0

1.0 (131)

0.9, 1.2

1.0 (195)

0.9, 1.1

7.68 (2)

0.02
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Table 2.2 (Continued): Weighted prevalence of electronic cigarette use during pregnancy¶ by select maternal characteristics –
Pregnancy Risk Assessment Monitoring System, United States, 2016 and 2017*

Maternal characteristic

% (na)

95% CI

Χ2b (df)

p-valuec

% (na)

95% CI

Χ2b (df)

p-valuec

47.0 (10,875)
0.1 (36)

0.1, 02

40.0 (5)

< 0.01

50.4 (18,737)
0.2 (60)

0.02 (10)

0.1, 0.2

58.7 (5)

< 0.01

0.01, 0.02

0.1 (38)

0.04, 0.1

0.04 (12)

0.02, 0.1

0.02 (8)

0.01, 0.03

0.1 (4)

0.1, 0.2

0.1 (21)

0.1, 0.1

0.1 (23)

0.03, 0.1

0.1 (11)

0.04, 0.1

2.3 (234)

2.1, 2.6

2.1 (341)

1.9, 2.2

47.2 (10,951)
0.2 (31)

0.2, 0.3

50.7 (18,859)
0.3 (60)

0.2, 0.3

21.9 (1)

< 0.01

2.5 (290)

2.3, 2.8

2.2 (422)

2.1, 2.4

43.1 (9,990)
1.3 (162)

1.1, 1.5

44.8 (16,677)
1.4 (268)

1.3, 1.6

34.4 (2)

< 0.01

0.8 (87)

0.7, 1.0

0.7 (111)

0.6, 0.8

0.8 (66)

0.6, 0.9

0.5 (75)

0.4, 0.6

29.3 (6,787)
0.7 (64)

0.5, 0.8

30.0 (11,159)
0.9 (119)

0.8, 1.1

17.2 (1)

< 0.01

1.9 (124)

1.6, 2.1

1.6 (166)

1.4, 1.8

47.7 (11,048)
0.9 (101)

0.7, 1.0

51.0 (18,979)
0.8 (146)

0.7, 0.9

15.2 (2)

< 0.01

1.0 (119)

0.8, 1.1

0.8 (149)

0.7, 0.9

0.9 (110)

0.7, 10

1.0 (194)

0.8, 1.1

Maternal race
Available n

African American/Black
Native American/Alaskan
Native
Asian/Pacific Islander
Selected other racial
category
Selected multiple racial
categories
White
Maternal ethnicity
Available n

Hispanic
Not Hispanic
Federal Poverty Level
Available n

≤ 100%
101-200%
≥ 201%
Residential context
Available n

Rural
Urban

34.5 (1)

5.0 (2)

1.7 (1)

< 0.01

0.08

0.20

Pregnancy intention
Available n

Intended
Mistimed
Unintended

5.0 (2)

0.08
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Table 2.2 (Continued): Weighted prevalence of electronic cigarette use during pregnancy¶ by select maternal characteristics –
Pregnancy Risk Assessment Monitoring System, United States, 2016 and 2017*

Maternal characteristic

% (na)

95% CI

Χ2b (df)

p-valuec

% (na)

95% CI

Χ2b (df)

p-valuec

47.9 (11,110)
0.9 (110)

0.7, 1.0

28.0 (1)

< 0.01

51.4 (19,118)
1.0 (191)

0.9, 1.2

120.4 (1)

< 0.01

1.8 (222)

1.6, 2.0

1.5 (299)

1.3, 1.6

48.4 (11,228)
1.0 (116)

0.8, 1.1

51.8 (19,268)
1.0 (168)

0.9, 1.1

7.3 (4)

0.12

0.8 (106)

0.7, 0.9

0.6 (141)

0.5, 0.7

0.5 (64)

0.4, 0.6

0.5 (93)

0.4, 0.5

Depression during
pregnancy
Available n

Yes
No
Previous live births
Available n

0 births
1 birth
2 births
3-5 births
≥ 6 births

1.8 (4)

0.80

0.4 (43)

0.3, 0.5

0.4 (84)

0.3, 0.5

0.05 (7)

0.03, 0.08

0.04 (10)

0.02, 0.07

*2016 - data aggregated for 31 sites with data available; 2017 – data aggregated for 40 sites with data available
aUnweighted counts.
bRao-Scott chi-square statistic.
cStatistically significant p-values are in bold.
†Combustible cigarette use before pregnancy was defined as any reported combustible cigarette use during the 3 months before pregnancy
‡Combustible cigarette use during pregnancy was defined as any reported combustible cigarette use during the last 3 months of pregnancy
§Electronic cigarette use before pregnancy was defined as any reported electronic cigarette use during the 3 months before pregnancy
¶Electronic cigarette use during pregnancy was defined as any reported electronic cigarette use during the last 3 months of pregnancy
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CHAPTER 3. SECOND MANUSCRIPT
INTRODUCTION
Combustible cigarette use during pregnancy is the leading preventable cause of adverse
pregnancy outcomes, including prenatal complications, stillbirth, and Sudden Infant Death
Syndrome (U.S. DHHS, 2014). Pregnancy is one of the single greatest predictors of tobacco
quitting behavior among women, with pregnancy-related quit rates ranging from 53.4% for
combustible cigarettes to 98.3% for hookah products (Kurti, Redner, Bunn et al., 2018). While
over half of pregnant combustible cigarette users quit upon discovering their pregnancy, nearly
half of those who quit relapse by six months postpartum (CDC, 2018; Rockhill, Tong, Farr et al.,
2016) despite intentions to remain abstinent (Von Kohorn, Nguyen, Schulman-Green, & Colson,
2012). Those women not able to successfully quit may opt for a harms reduction approach by
reducing their daily combustible cigarette use (Heil, Herrman, Badger et al., 2014; Solomon &
Quinn, 2004).
While most women quit their combustible cigarette use during pregnancy, we cannot
expect that women quitting or reducing their combustible cigarette use at the same moment in
their pregnancy will necessarily run along the same behavioral trajectory. Recent work has
demonstrated not only that women’s combustible cigarette use behavior is highly variable
across the perinatal period, but that salient patterns of behavior exist, including: successful
quitting and maintained cessation, persistent combustible cigarette use, temporary harm
reduction (i.e., provisional cessation or reduction), and even initiation of combustible cigarettes
postpartum by naïve users (Eiden, Homish, Colder et al., 2013; El-Khoury, Sutter-Dallay, & Van
Der Waerden, 2017; Fitzpatrick, Gray, & Quigley, 2016; Heil, Herrman, Badger et al., 2014;
Kurti, Bunn, Villanti et al., 2018; Mumford, Hari, Yu, & Liu, 2014; Mumford & Liu, 2015; Mumford
& Liu, 2016; Munafò, Heron, & Araya, 2008; Solomon & Quinn, 2004). These behavioral
patterns have emerged across women of different cultures (U.S., U.K., & France) and cohorts
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(1992-2015). Combustible cigarette use patterns, once adopted, have implications for later
pregnancies and lifetime quitting behavior, including increased likelihood of combustible
cigarette use in subsequent pregnancies extending exposure beyond a single pregnancy (Hall,
Venkatesh, & Greenberg, 2016; Rattan, Mamun, Najman et al., 2013).
To mitigate harm to their fetus, either as a form of harm reduction or as a smoking
cessation aid, some women who use combustible cigarettes may be transitioning to electronic
cigarettes during their pregnancy (Ashford, Wiggins, Butler et al., 2016; Bhandari, Day,
Payakachat et al., 2018; Mark, Farquhar, Chisolm, Coleman-Cowger, & Terplan, 2015; Wagner,
Camerota, & Propper, 2017). Electronic cigarettes are battery-operated devices intended to
aerosolize substances, such as nicotine (Breland, Soule, Lopez et al., 2017). The use of
electronic cigarettes in the U.S. has grown substantially in the past decade, especially among
youth (Gentzke, Creamer, Cullen, et al., 2019) and young adults (Dai & Leventhal, 2019). The
novelty and constant evolution of electronic cigarettes makes identifying their short- and longterm health effects during pregnancy difficult. While these devices may deliver lower levels and
overall numbers of toxins than combustible cigarettes, they are very efficient nicotine delivery
systems (Talih, Salman, El-Hage et al., 2019; Wagener, Floyd, Stepanov et al., 2017; Voos,
Goniewicz, & Eissenberg, 2019). Nicotine is an organic compound produced by tobacco plants.
It highly addictive and is a known developmental toxicant (U.S. DHHS, 2014). During
pregnancy, nicotine easily crosses the placenta, entering the fetal bloodstream and
accumulating in fetal tissue (Wong, Barra, Alfaidy et al., 2015). Fetal exposure to nicotine is
associated with increased infant morbidity and mortality, including impaired cardiorespiratory
development and functioning, fetal growth restriction, preterm delivery, and Sudden Infant Death
Syndrome (U.S. DHHS, 2014). Exposure to nicotine during this sensitive period of human
development may also contribute to cognitive and behavioral deficits and increased risk of
addiction in later life (Benowitz, 2008; England, Bunnell, Pechacek, et al., 2015).

37
While illuminating, previous work examining patterns of combustible cigarette use behavior
during the perinatal period are largely not generalizable to U.S. populations (El-Khoury, SutterDallay, & Van Der Waerden, 2017; Fitzpatrick, Gray, & Quigley, 2016; Munafò, Heron, & Aray,
2008) nor do they capture combustible cigarette use within the context of the new, ever-evolving
electronic cigarette landscape (Eiden, Homish, Colder et al., 2013; Heil, Herrman, Badger et al.,
2014; Mumford, Hari, Yu, & Liu, 2014; Mumford & Liu, 2015; Mumford & Liu, 2016).
Furthermore, few studies of maternal combustible cigarette use behavior have examined
quantity or frequency of combustible cigarette use during pregnancy (Kandel, Griesler, &
Schaffran, 2009; Pickett, Wakschlag, Dai, & Leventhal, 2003; Rockhill, Tong, England, &
D’Angelo, 2017), even fewer have examined changes in quantity/frequency across the perinatal
period (Eiden, Homish, Colder et al., 2013; Kondracki, 2019; Mumford & Liu, 2015), and none
have examined perinatal changes in combustible cigarette use quantity/frequency within the
context of electronic cigarette use. We, also, do not know how electronic cigarette use manifests
among women across the perinatal period. To date, few studies of maternal tobacco use
behavior have examined how women’s electronic cigarette use behavior might change across
the perinatal period (Kurti, Bunn, Villanti et al., 2018) and none have examined the frequency or
changes in frequency of electronic cigarette use across the perinatal period. Kurti and
colleagues (2018) examined patterns of tobacco use, including electronic cigarettes, among
pregnant women using data from the Population Assessment of Tobacco and Health Study (a
U.S. population-based study), but their work did not capture when during the perinatal period
changes in electronic cigarette use might occur. The rapid popularity of electronic cigarettes in
the general U.S. population, lack of scientific evidence and consensus regarding the risk and
safety of electronic cigarette use, and the perception of electronic cigarettes as safe (McCubbin,
Fallin-Bennett, Barnett et al., 2017) may all contribute to electronic cigarette use during
pregnancy.
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The purpose of our study is to better understand how women might be using electronic
cigarettes across the perinatal period, as well as how combustible cigarette use manifests in the
context of the new electronic cigarette climate. This study aimed to identify distinct patterns of
combustible and electronic cigarette use behavior during the perinatal period using data from
the 2016 and 2017 Pregnancy Risk Assessment Monitoring System.
METHODS
Data Source
This study analyzed 2016 and 2017 Pregnancy Risk Assessment Monitoring System
(PRAMS) data. PRAMS is an ongoing, population-based, annual surveillance system
implemented by the Centers for Disease Control and Prevention (CDC) in collaboration with
state, tribal, territorial, and local health departments to assess women’s experiences before,
during, and after birth (Shulman, D’Angelo, Smith, & Warner, 2018). PRAMS surveillance
captures approximately 83% of all live births in the U.S. (Shulman et al., 2018). The PRAMS
survey is mailed two to four months postpartum to a stratified sample of resident women
reporting live births in participating jurisdictions (Shulman et al., 2018). Non-respondents are
provided additional opportunities to participate (Shulman et al., 2018). PRAMS data are
weighted for sample stratification, nonresponse, and noncoverage to generate jurisdiction-level,
population-based estimates (Shulman et al., 2018). Each participating jurisdiction is expected to
reach a minimum weighted response rate threshold. The sampling frame for this study includes
all participating PRAMS sites that achieved the requisite 55% minimum weighted response rate
for 2016 (78%, n = 30 states and New York City) and 2017 (72%, n = 38 states, New York City,
and Puerto Rico). PRAMS first captured electronic cigarette use prior to and during pregnancy
across all participating sites in 2016 and continued hence forth.
Study sample
For the current analysis, PRAMS participants were included if they responded “Yes” to
either “Have you smoked any cigarettes in the past 2 years?” or “Have you used any of the
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following products in the past 2 years? a. E-cigarettes or other electronic nicotine products”.
Women were excluded if they responded “Yes” to these items but then selected “I did/do not
smoke then/now” for each combustible cigarette use indicator and “I did not use e-cigarettes or
other electronic nicotine products them” for each electronic cigarette use indicator. Based on
those criteria, the unweighted sample was 5,174 women for 2016 and 8,350 in 2017 were
selected. The sample distributions for each year were similar. Most women had 12 years of
education or more (84.4% in 2016; 83.5% in 2017), reported an income over 100% of the
federal poverty level (60.2% in 2016; 58.9% in 2017), identified as White (76.5% in 2016; 75.8%
in 2017), identified as non-Hispanic (85.9% in 2016; 88.2% in 2017), reported living in an urban
area (70.8% in 2016; 69.1% in 2017), were between the ages of 20 and 34 years (80.7% in
2016; 81.7% in 2017), and had one or fewer previous live births (71.3% in 2016; 70.0% in
2017).
Indicators
Fifteen indicators were used to identify and describe women’s combustible and
electronic cigarette use before, during, and after pregnancy. The selected indicators were coded
as binary variables (yes/no) and were based on five PRAMS questions on combustible and
electronic cigarette use.
Combustible cigarette use
PRAMS participants were asked about their average daily combustible cigarette
consumption three months before pregnancy, the last three months of pregnancy, and two to
four months postpartum. The categorical response options for each question were the number
of combustible cigarette used daily: < 1, 1 to 5, 6 to 10, 11 to 20, 21 to 40, ≥41, and “I
didn’t/don’t smoke then/now.” Three variables (high, light, and no combustible cigarette use)
were created for each time period (before, during, and after pregnancy) based on the
categorical response options. High combustible cigarette use was defined as smoking more
than half a pack of cigarettes a day (11 cigarettes to more than 41 cigarettes). Light combustible
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cigarette use was defined as smoking less than half a pack of cigarettes a day (< 1 cigarette to
6 to 10 cigarettes) and no use was defined as no daily cigarette use. Thus, a dummy-coded
variable with two levels (yes/no) was created individually for each use frequency (high, light, and
no) within each time period (before, during, and after) resulting in nine combustible cigarette use
indicators (e.g., high combustible cigarette use before pregnancy, low combustible cigarette use
before pregnancy, and no combustible cigarette use before pregnancy).
Electronic cigarette use
PRAMS participants were asked about the frequency of their electronic cigarette
consumption three months before pregnancy and the last three months of pregnancy. The
categorical response options for each electronic cigarette use question were: “more than once a
day”, “once a day”, “2 to 6 days a week”, “1 day a week or less”, and “I didn’t use e-cigarettes
then”. Three variables (daily electronic cigarette use, non-daily electronic cigarette use, and no
electronic cigarette use) were created for each time period (before and during pregnancy) based
on the categorical response options. Daily electronic cigarette use was defined as using an
electronic cigarette “more than once a day” or “once a day”. Non-daily electronic cigarette use
was defined as using an electronic cigarette “2 to 6 days a week” or “1 day a week or less”, and
no electronic cigarette use was defined as “I didn’t use e-cigarettes then”. Thus, a dummycoded variable with two levels (yes/no) was created individually for each use frequency (daily,
non-daily, and no use) within each time period (before and during) resulting in six electronic
cigarette use indicators (e.g., daily electronic cigarette use before pregnancy, non-daily
electronic cigarette use before pregnancy, and no electronic cigarette use before pregnancy).
Statistical analyses
In this present study, we conducted latent class analysis (LCA) on PRAMS 2016 and
2017 data using Mplus 8.1 (Muthén & Muthén, 1998-2017) to identify patterns of combustible
and electronic cigarette use before, during, and after pregnancy (combustible only) in a
population of recently pregnant women. Latent class analysis is a type of exploratory mixture
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modeling used to determine meaningful, finite, and salient subgroups within a heterogeneous
population. This method encompasses a “person-centered”, or more appropriately a “groupcentered” approach. Person- or group-centered analytic approaches, unlike variable-centered
approaches, assume that the relationships between variables are heterogeneous within the
population under investigation (Laursen & Hoff, 2006, pp.379). Given what we know about the
variability of tobacco use behavior among women during pregnancy, it is fair to assume that
women who use combustible and electronic cigarettes will have different trajectories of use
across the perinatal period. In lieu of manually subgrouping women based on all possible
combustible and electronic cigarette use responses, LCA allows us to empirically identify a
parsimonious set of groups using all available data while also accounting for measurement
error. For this study, LCA was used to classify PRAMS participants into similar, mutually
exclusive combustible and electronic cigarette use subgroups based on their response patterns
of product use indicators. In building a latent class model, we implemented an iterative process
whereby a succession of latent class models (e.g., two-class, three-class, four-class…etc) were
estimated, beginning with a one-class model, until the most meaningful and parsimonious model
was achieved.
Model fit and selection
Overall model fit was evaluated using a design-corrected likelihood ratio chi-square test
statistic and requisite p-value whereby adequate fit is indicated by a smaller test statistic and
non-significant p-value (Masyn, 2013). Relative model fit between latent class models was
evaluated using a series of information criteria (Bayesian Information Criterion [BIC], Schwarz,
1978; Sample-size adjusted Bayesian Information Criterion [ABIC], Sclove, 1987; Consistent
Akaike’s Information Criterion [CAIC], Bozdogon, 1987), with the lowest criterion score
indicating better model fit relative to other models. These criteria have been shown to perform
best in determining the most correct number of latent classes (Nylund, Asparouhov, & Muthén,
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2007). To supplement these criteria, we also used the adjusted Lo-Mendell-Rubin likelihood
ratio test p-value (LMR-LRT; Lo, Mendell, & Rubin, 2001) to examine relative fit.
The LMR-LRT quantifies the likelihood that the data can be better described by a model with
one-less class. A LMR-LRT with a p-value smaller than 0.05 indicates that the additional class
significantly improves model fit (Lo, Mendell, & Rubin, 2001).
Model selection was also based on model interpretability (class homogeneity and
separation) and classification quality (i.e., relative entropy and average latent class probabilities
for most likely latent class membership; Masyn, 2013). To evaluate class homogeneity, we
reviewed the class-specific indicator-response probabilities within each class and designated
those probabilities greater than 0.7 or less than 0.3 as indicative of high homogeneity (Masyn,
2013). To evaluate class separation between classes with respect to a specific indicator, we
calculated indicator endorsement odds ratios (Masyn, 2013). Endorsement odds ratios greater
than five or less than 0.2 were deemed indicative of a high degree of class separation
respective to that indicator (Maysn, 2013). Relative entropy (Ramasway, DeSarbo, Reibstein, &
Robinson, 1993) summarizes the degree of classification uncertainty, with entropy values close
to zero indicating poor separation between classes and values closer to one indicating adequate
separation. Models were estimated using maximum likelihood with robust standard errors to
account for the complex survey design of PRAMS data. Maximum likelihood estimate
identification was confirmed for all models using 2000 sets of random starting values.
RESULTS
Fit statistics
For each PRAMS survey year, model fit was evaluated for one- to five-class models.
Individual LCAs for 2016 and 2017 suggested that a four-latent class solution optimally
explained the heterogeneity in women’s combustible and electronic cigarette use before, during,
and after pregnancy. For both survey years, the four-class model had the lowest associated
BIC, ABIC, and CAIC and was the largest class solution with replicated best log likelihood value
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to have a significant LMR-LRT (see Tables 3.1 and 3.2). Second, the four-class model for each
year demonstrated adequate class interpretability and differentiation, as demonstrated by high
class homogeneity and separation (see Table 3.3 and 3.4). Thirdly, the four-class models for
each year demonstrated high classification quality as demonstrated by relative entropy (0.948
for 2016; 0.944 for 2017) and adequate average latent class probabilities for most likely class
membership by latent class (see Table 3.5).
Class descriptions
Four distinct latent classes were extracted from 2016 and 2017 PRAMS data. Electronic
cigarette use was relatively low across all classes, so classes were characterized by combustible
cigarette use. For both years, the largest class, labeled Light Combustible Cigarette Quitters
(prevalence = 43.7% in 2016; 40.9% in 2017), was characterized by having a high probability of
reporting: low combustible cigarette use prior to pregnancy, no combustible cigarette use during
pregnancy, no combustible cigarette use postpartum, and no electronic cigarette use before or
during pregnancy. The next class, labeled Persistent Heavy Combustible Cigarette Users (19.4%
in 2016; 20.8% in 2017), was characterized by having a high probability of reporting: high
combustible cigarette use prior to pregnancy, low combustible cigarette use during pregnancy,
high combustible cigarette use postpartum, and no electronic cigarette use prior to or during
pregnancy. The third class, labeled Persistent Light Combustible Cigarette users (19.4% in 2016;
18.9% in 2017), were characterized by having a high probability of reporting: low combustible
cigarette use prior to, during, and following pregnancy, and no electronic cigarette use prior to or
during pregnancy. Lastly, the fourth class, labelled Light Combustible Cigarette Temporary
Quitters (17.6% in 2016; 19.5% in 2017), was characterized by members’ high probability of
reporting: low combustible cigarette use before pregnancy, no combustible cigarette use during
pregnancy, low combustible cigarette use postpartum, and no electronic cigarette use prior to or
during pregnancy. Parameter estimates for the four-class latent analysis are presented in Table
3.6 for the 2016 model and Table 3.7 for the 2017 model.
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DISCUSSION
This study provides the first empirical grouping of combustible and electronic cigarette
use patterns before, during, and after pregnancy among a population-based sample of recently
pregnant women. Our independent analysis of 2016 and 2017 Pregnancy Risk Assessment
Monitoring System (PRAMS) data yielded two very similar four-class models. Combustible
cigarette use, not electronic cigarette use, drove class assignment. The perinatal period
continues to be a time of considerable behavior change.
In comparison with previous work, combustible cigarette use behavior from
preconception through the postpartum continues to be heterogeneous. Our work expands
and, in some ways, runs contrary to previous work examining patterns of combustible cigarette
use.
First, while we established a four-class model, Munafò and colleagues (2008) identified
seven distinct classes when they modelled combustible cigarette use from six months prior to
pregnancy to 33 months postpartum using 1991-1992 UK Avon Longitudinal Study of Parents
and Children data. The patterns identified in our study may have some correspondence to those
found in Munafò et al. We both identified at least one persistent combustible cigarette use
pattern, one successful quit pattern, and one temporary quit pattern. They identified three
temporary quitter classes, one characterized by cessation in early pregnancy and relapse by
third trimester, another characterized by cessation in early pregnancy and resumption of use by
two months postpartum, and one characterized by cessation late in pregnancy and resumption
of use by two months postpartum. These classes may align with either of our persistent use
classes and/or our light combustible cigarette temporary quitter class. One pattern identified by
Munafò et al. (2008) characterized by persistent combustible cigarette use during pregnancy
followed by successful cessation within two years of birth. This class may correspond to one of
our persistent use classes. Disparities between the studies may reflect differences in the timing
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(our study ends two to four months postpartum versus 33 months postpartum) and nature (i.e.,
frequency of use versus any use) of observed combustible cigarette use across the study
period.
Second, Eiden and colleagues (2013) identified four distinct combustible cigarette use
patterns when they modeled prenatal use trajectories of women enrolled in prenatal care in a
U.S. city. The patterns identified in our study may have some correspondence to those found in
Eiden et al. We both identified a single persistent heavy combustible cigarette use pattern and
three light combustible cigarette use patterns. It is possible that the light and moderate nonpersistent use patterns they identified may also parallel our light combustible cigarette quitter
classes. However, because their study observed combustible use only into the third trimester,
we are not able to determine correspondence between their light combustible cigarette use
patterns and ours. Furthermore, differences between the studies may reflect the different timing
(our study ends in the postpartum period versus third trimester of pregnancy) and nature (i.e.,
cigarettes per day versus cigarettes per month) of observed combustible cigarette use.
Third, Mumford and colleagues (2014, 2015, 2016) identified five distinct classes using 2001
U.S. Early Childhood Longitudinal Study-birth cohort data from preconception, perinatal, and to
early parenting. Our study identified similar salient patterns observed in these works, including,
successful quitting and maintained cessation, persistent combustible cigarette use, and
temporary harm reduction. However, we did not identify a “delayed initiators” class
characterized by no combustible cigarette use before or during pregnancy, but initiation of use
some time in the 2-year postpartum period (Mumford et al., 2014, 2015, 2016). Discrepancies
between the studies may reflect study differences in terms of the timing (our study ends two to
four months postpartum versus early parenting years) of combustible cigarette use
observations, as well as changes in trends of combustible cigarette use with more women
quitting combustible cigarette use during pregnancy.
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Fourth, Fitzpatrick and colleagues (2016) identified five distinct patterns using 2010 UK
Infant Feeding Survey data from one year prior to pregnancy to eight to ten months postpartum.
The combustible cigarette use classes identified in this study have some correspondence to
classes identified in our study. Like our study, Fitzpatrick et al. (2016) identified successful and
maintained quitting, temporary quitting, and persistent combustible cigarette use patterns. We
did not identify one pattern identified by Fitzpatrick et al. characterized by persistent combustible
cigarette use during pregnancy and successful cessation postpartum. This difference is likely
due to differences in the timing (our study ends two to four months postpartum versus eight to
ten months) and nature (frequency of combustible cigarette use versus any use) of observed
combustible cigarette use.
Fifth, El-Khoury and colleagues (2017) identified four distinct patterns using 2011 French
ELFE Birth Cohort study data from prior to pregnancy to two months postpartum. The
combustible cigarette use classes identified in this study have some correspondence to classes
identified in our study. Like our study, El-Khoury et al. (2017) identified two persistent
combustible use (each paralleling our persistent light and persistent heavy use classes) and one
successful quitter combustible cigarette use (paralleling our light combustible cigarette use
class) patterns. Unlike in our study, they did not identify a temporary quit class. This difference
may reflect higher prevalence of combustible cigarette use among French women in this cohort.
These studies cover decades of changes in combustible cigarette policy and use, with the
dominant prenatal combustible cigarette use pattern shifting from persistent use in 1991-92
(Munafò et al., 2008) to temporary quitters in 2001 (Mumford et al., 2014; 2016) to successful
quitters in 2010 (Fitzpatrick et al., 2016) and 2011 (El-Khoury et al., 2017). Our study,
representing use in 2016 and 2017, aligns with and extends this shift as our dominant class was
light combustible cigarette quitters. This change is likely due to implementation of more stringent
tobacco control policies (e.g., indoor clean air policies)) over the decades and resultant change
in combustible cigarette use norms. The longitudinal nature of some of these studies allows for
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more measures of change across time resulting in pattern overlap, with our study representing a
smaller discrete interval around the perinatal period. This smaller interval combined with the
examination of changes in product use frequency in a recent representative sample of women
allows for a more nuanced and recent snapshot of combustible cigarette use behavior across
the perinatal period.
Sixth, our work runs contrary to previous work by Kondracki (2019). Kondracki (2019)
identified patterns of combustible cigarette use during pregnancy (by trimester) using 2016 birth
certificate data. They identified six combustible cigarette use groups based on use intensity (low
= 1-9 cigarettes per day; high ≥10 cigarettes per day) at each trimester. In their study,
maintained high intensity combustible cigarette use had the highest prevalence (Kondraki,
2019). However, in our study, the class with the highest prevalence was light combustible
cigarette quitters. Furthermore, the class in our model demonstrating any heavy, or high
intensity use, was the persistent heavy combustible cigarette use class which more closely
resembles their “reducer” group characterized by heavy combustible cigarette use in early
pregnancy and light combustible cigarette use by third trimester. Although both studies used
population-based samples, differences in findings may be attributed methodologies
implemented. Kondracki excluded women who had missing data on any combustible cigarette
use item, resulting in the exclusion of 79,089 women, and manually assigned women into
combustible cigarette use categories. We conducted latent class analysis using full-information
maximum likelihood allowing the inclusion of all observations regardless of missingness.
Furthermore, latent class analysis allows us to empirically identify the optimal number of
subgroups of women based on similar patterns of combustible cigarette use while accounting
for measurement error. Our methodology allows us to provide a more accurate summary of
women’s combustible and electronic cigarette use behavior patterns, as well as specific
parameters that narrowly detail those subgroups.
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Most women quit combustible cigarette use during pregnancy. We found that over
half of combustible cigarette users quit during pregnancy (61.3% in 2016; 60.4% in 2017). The
prevalence of quitting during pregnancy estimated in this study is higher than previous reports
by 55% (CDC, 2016). The CDC’s estimate is reported from 2011 data. Our findings align with
decreases in combustible cigarette use during pregnancy observed since 2011 (CDC, 2015;
Drake, Driscoll, & Mathews, 2018). However, not all quitting behavior is equal. Women in the
light combustible cigarette quitter class maintained combustible cigarette use cessation into the
postpartum period, where women in the light combustible cigarette temporary quitters class
returned to light combustible cigarette use at this time. The quitting behavior observed in the
light combustible cigarette temporary quit class may be more in line harm reduction behavior,
similar to the reductions in use seen in the persistent heavy combustible cigarette class.
Women in these classes managed to reduce their use despite increased nicotine metabolism
experienced during pregnancy (Bowker, Lewis, Coleman, & Cooper, 2015), whereby typical
doses of nicotine are not enough to alleviate nicotine withdrawal symptoms. Women who use
combustible cigarettes have reported that combustible cigarette use is deeply embedded within
their lives and their social networks (Flemming, Graham, Heirs et al., 2013). In quitting during
pregnancy, women have reported disruptions in their social relationships, including lost time and
intimacy with their partners, as well as feelings of socially isolation (Cottrell et al., 2007) and a
loss of self/identify (Bottorf et al., 2006; Cottrell et al., 2007; Flemming et al., 2013). To mitigate
the social impact of quitting and in lieu of quitting completely, women may prefer to reduce the
number of combustible cigarettes they use during pregnancy as a form of harm reduction and
because this behavior is much easier to initiate and maintain within the context of their lives
(Bottorff et al., 2006; Flemming et al., 2013). Future work will need to investigate the impact of
social relationships and combustible cigarette use in social networks on changes in the
frequency and intensity of women’s combustible cigarette use across the perinatal period.
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We observed light combustible cigarette use (10 or fewer cigarettes per day) in three
of the four latent classes. This preponderance of light combustible cigarette use may be the
result of changing dynamics in combustible cigarette use in the general population. Light (≤ 10
cigarettes per day; Levy, Biener, & Rigotti, 2009) and intermittent (i.e., nondaily) combustible
cigarette use has become increasingly prevalent as users, particularly young adults (Pierce,
White, & Messer, 2009) and women (Li, Holahan, & Holahan, 2015), shift to lower consumption
in response to increasing restraints on combustible cigarette use (Schane, Glantz, & Ling, 2009;
Schauer, Malarcher, & Mowery, 2016). Our study highlights the importance of discriminating
light from heavy combustible cigarette users, especially during the perinatal period, as light
combustible cigarette users demonstrated unique combustible cigarette use behaviors. No
amount of combustible cigarette use during pregnancy is safe (U.S. DHHS, 2014). Findings
from this work suggest that more granular classifications may be required to continue monitoring
and addressing light and intermittent combustible cigarette use behavior across the perinatal
period. Light and intermittent users likely have different motivations (e.g., non-dependence,
price sensitivity) and thus require unique interventions and supports, especially during
pregnancy.
Based on the findings from this study, pregnancy does not appear to be a
transitional moment for electronic cigarette use among combustible cigarette users.
Electronic cigarette use in this sample appears to be highly associated with combustible
cigarette use. All electronic cigarette use indicators prior to pregnancy failed to distinguish one
class from another (i.e., low class separation). This may indicate that prior to pregnancy
combustible cigarette users, regardless of combustible cigarette use frequency/intensity, are
using electronic cigarettes in a similar way. Indications of electronic cigarette use followed
similar expected patterns of tobacco use during pregnancy. Item response probabilities for
electronic cigarette use indicators were highest for no use across all classes. The probability of
responding to this indicator increases during pregnancy suggesting that women who may be
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using these products prior to pregnancy are ceasing use during pregnancy. Electronic cigarette
use behavior is still murky. More granular classifications are required to better understand
electronic cigarette behavior.
Findings from this study are unclear regarding the degree of dual product use
across the perinatal period. Dual combustible and electronic cigarette use prior to pregnancy
may be likely. Indicator probabilities for daily and non-daily electronic cigarette use were nonzero and varied for all classes. This may be indicative of dual use of combustible and electronic
cigarette use in the 3 months prior to pregnancy. Unfortunately, the intention behind dual use
during this period is unknown. Women may be using electronic cigarettes to aid in their
cessation, especially those women intending to become pregnant. Dual combustible and
electronic cigarette use during pregnancy may also be likely, but only for a minority of persistent
combustible cigarette users. While all indicator probabilities for daily and non-daily electronic
cigarette use were non-zero and varied for all classes, certain distinctions arose. Light
combustible cigarette quitters and temporary quitters demonstrated near 100% probability of not
using electronic cigarettes during pregnancy. Persistent heavy users demonstrated less than
80% probability of not using electronic cigarettes during pregnancy, with some users potentially
supplementing their reduction in combustible cigarette use from heavy to light with non-daily
electronic cigarette use. Persistent light combustible cigarette users follow a similar pattern, to a
lesser degree. This may suggest that electronic cigarettes depress cessation and thus result in
continued/compounded exposure for women and infants, but more work is needed. Combustible
cigarette users may be experimenting with electronic cigarettes prior to pregnancy, with only a
few continuing electronic cigarette use during pregnancy. This finding aligns with previous work
demonstrating that multiple product use patterns involving combustible cigarettes tend to be
unstable with users often dropping the alternative or supplemental product, in this case
electronic cigarettes, and continuing their combustible cigarette use (Kasza et al., 2017; Kurti,
Bunn, Villanti et al., 2018).
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It’s still unclear whether exclusive electronic cigarette users demonstrate similar
harm reduction or cessation behavior as combustible cigarette users. An exclusive
electronic cigarette use class did not emerge from the analysis suggesting that electronic
cigarette use is largely concentrated among existing combustible cigarette users.
It’s still unclear whether electronic cigarette use during pregnancy is associated
with combustible cigarette use postpartum. Except for the light combustible cigarette quitter
class, most women seem to resume their pre-pregnancy combustible cigarette use postpartum.
As mentioned previously, the probability of using electronic cigarettes during pregnancy was
consistently low across classes, so more work is needed. Newer generations, called pods,
aerosolize a nicotine salt solution allowing for greater nicotine bioavailability without the
harshness and irritation produced by free-base nicotine used in previous generations (Duell,
Pankow, & Peyton, 2018; Goniewicz, Boykan, Messina, Eliscu, & Tolentino, 2019; Reilly, Bitzer,
Goel et al., 2019; Talih, Salman, El-Hage et al., 2019; U.S. Patent 9,215,895 B2). Recent years
have seen these devices, particularly the JUUL brand, skyrocket in popularity, especially among
youth and young adults in the U.S. (Vallone, Cuccia, Briggs et al., 2020). JUUL Laboratories
released the JUUL pod device in 2015 and by December 2017 their sales grew over 600%,
capturing nearly 30% of the electronic cigarette market share (King, Gammon, Marynak, &
Rogers, 2018). Our study provides a baseline of electronic cigarette use during the perinatal
period prior to rapid growth in popularity of these products. Continued monitoring of combustible
and electronic cigarette use during the perinatal period will likely show increased use of
electronic cigarettes and subsequent changes in combustible cigarette use, as upcoming
cohorts of pregnant women will include users of these newer popular products.
Limitations
The findings from this study are subject to several limitations. First, this study relies on
maternal self-report. The data are subject to recall and social desirability biases that may result
in underestimation of electronic and combustible cigarette use. While nondisclosure of
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combustible cigarette use during pregnancy is high (Dietz, Homa, England et al., 2011; Russell,
Crawford, & Woodby, 2004), retrospective reports have demonstrated high correlation between
self-report combustible cigarette use measures and urinary cotinine levels measured during
pregnancy thus mitigating recall bias (Ashford, Hahn, Hall et al., 2010; Pickett, Kasza, Biesecker
et al., 2009). Furthermore, the prevalence of combustible cigarette use during pregnancy from
this study was comparable to estimates from other nationally representative datasets (Drake,
Driscoll, & Mathews, 2018; Kapaya, D’Angelo, Tong et al., 2019). Additionally, to date, no
biochemical validation measure exists that distinguishes combustible from electronic cigarette
use. Secondly, these results are not generalizable to women who did not experience a live birth,
mother-child dyads resulting from adoption or surrogacy, or women who were institutionalized or
incarcerated at the time of sampling. Future studies will benefit from exploring prenatal
combustible and electronic cigarette use behavior in these populations. Thirdly, because
electronic cigarettes are emerging products, the point-in-time estimates from 2016 and 2017
may not reflect trends in more recent years. This study used the most recent Pregnancy Risk
Assessment Monitoring System data available at the time. Continued investigation is needed to
assess ongoing trends in electronic cigarette use during pregnancy. Fourth, it is likely that
women’s combustible and electronic cigarette use continues to exhibit changes beyond the two
to four-month postpartum period. Additional research with longer follow-up periods will help
build a better understanding of behavior and factors that influence long-term product use
behavior.
Implications and conclusions
The results from this study have important implications for tobacco control efforts and
regulation. Pregnancy continues to be an important point of behavior change. Given the time
frame covered in this study (2016 & 2017), electronic cigarette use may be largely experimental
or supplemental to combustible cigarette use among users in this sample. This study is one of
the first to examine changes in the frequency of combustible cigarette use across the perinatal
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period and within the context of electronic cigarette use. It adds to evidence that high intensity
combustible cigarette use has declined over the last decades. This shift requires cessation
efforts to adapt their focus to low intensity use. Because the dynamics of these products
continue to change and the harms associated with electronic cigarette use still not well
understood, continued surveillance of both combustible and electronic cigarette use during the
perinatal period is needed.
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Table 3.1: Model fit and selection criteria for latent class analysis, 2016 Pregnancy Risk
Assessment Monitoring System

No. of classes
1
2
3
4
5*

BIC
60,157.93
50,423.77
45,681.87
42,721.42
40,842.91

ABIC
60,110.26
50,325.26
45,532.52
42,521.23
40,639.01

CAIC
60,100.43
50,304.95
45,501.73
42,479.95
40,587.25

G2
11,652.03
11,971.76
11,903.43
11,625.17
11,533.59

LMR-LRT
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

BIC = Bayesian information criterion; ABIC = Sample-size adjusted Bayesian information criterion; CAIC = Consistent
Akaike’s information criterion; G2 = Likelihood ratio chi-square goodness-of-fit test statistic.
Bold font indicates selected latent class model.
*The best log-likelihood value was not replicated with 2,000 random starts and 500 replications.

Table 3.2: Model fit and selection criteria for latent class analysis, 2017 Pregnancy Risk
Assessment Monitoring System

No. of classes
1
2
3
4
5*

BIC
98,112.94
82,754.56
74,737.17
69,736.94
67,075.59

ABIC
98,065.27
82,656.05
74,587.81
69,536.73
66,824.54

CAIC
98,048.25
82,620.87
74,534.47
69,465.23
66,734.88

G2
11,765.91
12,059.64
12,150.93
11,981.73
11,906.45

LMR-LRT
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

BIC = Bayesian information criterion; ABIC = Sample-size adjusted Bayesian information criterion; CAIC = Consistent
Akaike’s information criterion; G2 = Likelihood ratio chi-square goodness-of-fit test statistic.
Bold font indicates selected latent class model
*The best log-likelihood value for the class was not replicated with 2,000 random starts and 500 replications.
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Table 3.3: Model-estimate, class-specific item response probabilities and odds ratios based on four-class unconditional latent class
analysis, PRAMS 2016

Item-response probabilities
Class A
Class B
Class C
Class D
Persistent Persistent
Light CC
Light CC
Heavy CC
Light CC Temporary
quitters
Users
Users
Quitters

Item-response odds ratios
A vs B

A vs C

A vs D

B vs C

B vs D

C vs D

Use prior to pregnancy
11.74
0.01
1.27
0.01
14.92
0.01
0.11
0.00
0.95
0.13
High CC
0.02
57.61
2.32
3436.71
0.04
133.80
0.62
1.00
0.03
0.79
Low CC
36.62
11.96
0.24
0.33
8.61
2.81
0.27
0.00
0.03
0.08
No CC
1.43
1.59
0.63
1.11
0.90
1.00
0.15
0.11
0.10
0.10
Daily EC
0.94
0.57
0.88
0.60
0.83
0.50
0.21
0.22
0.32
0.19
Non-daily EC
0.92
1.34
1.38
1.47
1.27
1.86
0.65
0.67
0.58
0.72
No EC
Use during pregnancy
1.00
0.03
1.00
0.03
1.00
0.03
0.00
0.00
0.25
0.00
High CC
0.00
0.01
1.00
48.76
0.00
0.01
0.00
1.00
0.67
0.00
Low CC
9801.00
1138.50
1.00
0.12
9801.00
1138.50
1.00
0.00
0.08
1.00
No CC
0.56
0.42
0.24
0.76
0.13
0.10
0.04
0.07
0.09
0.01
Daily EC
0.17
0.14
0.50
0.83
0.08
0.07
0.02
0.11
0.13
0.01
Non-Daily EC
3.68
4.42
3.13
1.20
11.50
13.82
0.94
0.81
0.78
0.98
No EC
Use postpartum
0.09
0.01
1.00
0.07
0.09
0.01
0.00
0.10
0.63
0.00
High CC
0.00
0.02
9801.00
8.50
24.75
210.38
0.00
0.80
0.32
1.00
Low CC
72.82
1881.00
0.00
2.35
0.08
0.19
1.00
0.11
0.05
0.00
No CC
Bolded item-response probabilities indicate a high degree of class homogeneity (≥ 0.7 or ≤ 0.3).
Bolded item-response odds ratios indicate a high degree of class separation (≥ 5.0 or ≤ 0.2). Odds ratios were rounded to the nearest 100 th place.
CC: Combustible cigarette
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Table 3.4: Model-estimate, class-specific item response probabilities and odds ratios based on four-class unconditional latent class
analysis, PRAMS 2017

Item-response probabilities
Class A
Class B
Class C
Class D
Persistent
Persistent
Light CC
Light CC
Heavy CC
Light CC
Temporary
quitters
Users
Users
Quitters

Item-response odds ratios
A vs B

A vs C

A vs D

B vs C

B vs D

C vs D

Use prior to pregnancy
0.00
14.80
1.72
9801.00
1138.50
0.12
0.13
1.00
0.00
0.08
High CC
148.50
0.02
0.35
0.00
0.00
23.22
0.60
0.00
0.99
0.81
Low CC
38.50
38.50
3.15
1.00
0.08
0.08
0.28
0.00
0.01
0.11
No CC
1.17
0.93
1.08
0.80
0.92
1.16
0.16
0.14
0.17
0.15
Daily EC
0.52
0.72
0.68
1.39
1.31
0.94
0.16
0.27
0.21
0.22
Non-daily EC
1.48
1.25
1.25
0.85
0.85
1.00
0.68
0.59
0.63
0.63
No EC
Use during pregnancy
0.03
0.33
1.00
11.36
34.78
3.06
0.00
0.26
0.03
0.00
High CC
0.01
0.00
1.00
0.06
192.18
3201.00
0.00
0.66
0.97
0.00
Low CC
1138.50
9801.00
1.00
8.61
0.00
0.00
1.00
0.08
0.00
1.00
No CC
0.41
0.31
1.52
0.76
3.69
4.85
0.03
0.07
0.09
0.02
Daily EC
0.10
0.24
2.02
2.36
20.28
8.61
0.02
0.17
0.08
0.01
Non-Daily EC
7.58
4.57
0.74
0.60
0.10
0.16
0.96
0.76
0.84
0.97
No EC
Use postpartum
0.01
0.10
0.50
17.98
87.11
4.85
0.00
0.64
0.09
0.02
High CC
0.02
0.00
0.00
0.13
0.01
0.07
0.00
0.32
0.78
0.98
Low CC
2376.00
662.54
9801.00
0.28
4.13
14.80
1.00
0.04
0.13
0.00
No CC
Bolded item-response probabilities indicate a high degree of class homogeneity (≥ 0.7 or ≤ 0.3).
Bolded item-response odds ratios indicate a high degree of class separation (≥ 5.0 or ≤ 0.2). Odds ratios were rounded to the nearest 100 th place.
CC: Combustible cigarette
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Table 3.5: Average latent class probabilities for most likely class membership (row) by latent class
(column) for 2016 and 2017 four-class models

Class 1
Class 2
Class 3
Class 4

Class 1
0.99
0.02
0.00
0.00

2016
Class 2 Class 3
0.00
0.00
0.95
0.02
0.00
0.99
0.00
0.01

Class 4
0.01
0.02
0.00
0.99

Class 1
0.93
0.00
0.00
0.00

2017
Class 2 Class 3
0.02
0.02
0.99
0.01
0.00
0.99
0.01
0.00

Class 4
0.03
0.00
0.00
0.99

Note: All probabilities rounded to nearest 100th. Diagonal values are important, best if closer to 1.
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Table 3.6: Parameter estimates for the four-class latent analysis for combustible and electronic
cigarette use across the prenatal period, 2016 Pregnancy Risk Assessment Monitoring System
Data

Persistent
Persistent Light
Heavy CC
CC Users
Users
Class membership probabilities†
43.7
19.4
19.4
Item-response probabilities
3 months prior to pregnancy

Light CC
Quitters

High combustible
cigarette use
Low combustible
cigarette use
No combustible
cigarette use
Daily electronic
cigarette use
Non-daily electronic
cigarette use
No electronic
cigarette use

Light CC
Temporary
Quitters
17.6

0.11

0.95

0.00

0.13

0.62

0.03

1.00

0.79

0.27

0.03

0.00

0.08

0.15

0.10

0.11

0.10

0.21

0.32

0.22

0.19

0.65

0.58

0.67

0.72

Last 3 months of pregnancy
High combustible
cigarette use
Low combustible
cigarette use
No combustible
cigarette use
Daily electronic
cigarette use
Non-daily electronic
cigarette use
No electronic
cigarette use

0.00

0.25

0.00

0.00

0.00

0.67

1.00

0.00

1.00

0.08

0.00

1.00

0.04

0.09

0.07

0.01

0.02

0.13

0.11

0.01

0.94

0.78

0.81

0.98

2 to 4 months postpartum
High combustible
cigarette use
Low combustible
cigarette use
No combustible
cigarette use

0.00

0.63

0.10

0.00

0.00

0.32

0.80

1.00

1.00

0.05

0.11

0.00

Bold font indicates item-response probabilities above 0.50. †Probabilities do not sum to 100 due to
rounding. CC = Combustible cigarette
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Table 3.7: Parameter estimates for the four-class latent analysis for combustible and electronic
cigarette use across the prenatal period, 2017 Pregnancy Risk Assessment Monitoring System
Data

Persistent
Persistent
Heavy
Light
CC Users
CC Users
Class membership probabilities†
40.9
20.8
18.9
Item-response probabilities
3 months prior to pregnancy

Light CC
Quitters

High combustible
cigarette use
Low combustible
cigarette use
No combustible
cigarette use
Daily electronic
cigarette use
Non-daily electronic
cigarette use
No electronic
cigarette use

Light CC
Temporary
Quitters
19.5

0.13

1.00

0.00

0.08

0.60

0.00

0.99

0.81

0.28

0.00

0.01

0.11

0.16

0.14

0.17

0.15

0.16

0.27

0.21

0.22

0.68

0.59

0.63

0.63

Last 3 months of pregnancy
High combustible
cigarette use
Low combustible
cigarette use
No combustible
cigarette use
Daily electronic
cigarette use
Non-daily electronic
cigarette use
No electronic
cigarette use

0.00

0.26

0.03

0.00

0.00

0.66

0.97

0.00

1.00

0.08

0.00

1.00

0.03

0.07

0.09

0.02

0.02

0.17

0.08

0.01

0.96

0.76

0.84

0.97

2 to 4 months postpartum
High combustible
cigarette use
Low combustible
cigarette use
No combustible
cigarette use

0.00

0.64

0.09

0.02

0.00

0.32

0.78

0.98

1.00

0.04

0.13

0.00

Bold font indicates item-response probabilities above 0.50. †Probabilities do not sum to 100 due to
rounding. CC = Combustible cigarette
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CHAPTER 4. THIRD MANUSCRIPT
INTRODUCTION
Combustible cigarette use during pregnancy is a major preventable risk factor for many
adverse infant and maternal health outcomes (U.S. DHHS, 2014). Women’s combustible
cigarette use behavior across the perinatal period is complex and heterogenous (Eiden,
Homish, Colder et al., 2013; El-Khoury, Sutter-Dallay, & Van Der Waerden, 2017; Fitzpatrick,
Gray, & Quigley, 2016; Heil, Herrman, Badger et al., 2014; Kurti, Bunn, Villanti et al., 2018;
Mumford, Hari, Yu, & Liu, 2014; Mumford & Liu, 2015; Mumford & Liu, 2016; Munafò, Heron, &
Araya, 2008) and has a lasting impact on lifetime combustible cigarette use behavior (Hall,
Venkatesh, & Greenberg, 2016; Rattan, Mamun, Najman, & Williams, 2013). Pregnancy is one
of the single greatest predictors of combustible cigarette use cessation among women (Kurti,
Redner, Bunn et al., 2018), with over half of women quitting upon the discovery of their
pregnancy (Heil, Herrman, Badger et al., 2014). Those women not able to successfully quit may
opt for a harms reduction approach by drastically reducing their daily combustible cigarette use
(Heil, Herrman, Badger et al., 2014; Solomon & Quinn, 2004). Some women who use
combustible cigarettes may transition to electronic cigarettes during their pregnancy as a means
of harm reduction and/or cessation aid (Ashford, Wiggins, Butler et al., 2016; Bhandari, Day,
Payakachat et al., 2018; Mark, Farquhar, Chisolm, Coleman-Cowger, & Terplan, 2015; Wagner,
Camerota, & Propper, 2017).
First introduced to the U.S. market in 2007 (FDA, 2016), electronic cigarettes are a
battery-operated device used to aerosolize substances such as nicotine for inhalation (Breland,
Soule, Lopez et al., 2017). These products are often marketed as healthier and safer
alternatives to combustible cigarettes (Klein, Berman, Hemmerich et al., 2016) and since their
release have rapidly evolved and proliferated (Breland, Soule, Lopez et al., 2017). Existing
evidence indicates that electronic cigarettes may not deliver the same level of potential lung
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carcinogens and cardiovascular toxicants exhibited by combustible cigarettes (FDA, 2016;
Goniewicz, Gawron, Smith et al., 2017; Talih, Salman, El-Hage et al., 2019; Wagener, Floyd,
Stepanov et al., 2017; Voos, Goniewicz, & Eissenberg, 2019), but little is known regarding the
short- and long-term effects of electronic cigarettes on pregnant women and the fetus. Previous
work indicates that these devices can deliver aerosol and user dosages of nicotine comparable
to and sometimes greater than combustible cigarettes (Voos, Goniewicz, & Eissenberg, 2019).
Nicotine is a known developmental toxicant and exposure to it in utero is associated with
numerous adverse health outcomes including stillbirth and preterm delivery (U.S. DHHS, 2014).
Factors influencing prenatal combustible cigarette use risk are well established.
Combustible cigarette use during the perinatal period tends to be concentrated among women
living in rural areas, non-Hispanic White women, Native American women, women with a history
of depression, and women with a low income and education (Doogan, Roberts, Wewers et al.,
2017; Mitchell, Kneipp, & Giscombe, 2015; Drake, Driscoll, & Mathews, 2018; Nighbor, Doogan,
Roberts et al., 2018; Wang, Asman, Getzke et al., 2018). Parity, number of previous live births
has also been identified as a major risk factor for combustible cigarette use during pregnancy
and postpartum (Carmichael, & Ahluwalia, 2000; Page, Padilla, & Hamilton, 2012; Graham,
Hawkins, & Law, 2010). Less well established, especially in studies examining patterns of
combustible cigarette use during pregnancy, is how women’s initial intention to become
pregnant impacts prenatal combustible cigarette use risk (Chisolm, Cheng, & Terplan, 2014).
It is not well understood how these factors influence distinct patterns of perinatal
electronic cigarette use or distinct patterns of combustible cigarette use in the new context of
electronic cigarette use. Considering the changing cigarette landscape and the unknown harms
associated with electronic cigarette use, it is critically important to determine a comprehensive
understanding of who is at most risk for combustible and electronic cigarette use across the
perinatal period. The purpose of this study was to identify sociodemographic, pregnancyspecific, and mental-health-related factors associated with patterns of combustible and
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electronic cigarette use before, during, and after pregnancy using a nationally representative
sample of pregnant women in the U.S.
METHODS
Data Source
This study analyzed 2016 and 2017 Pregnancy Risk Assessment Monitoring System
(PRAMS) data. PRAMS is an ongoing, population-based, annual surveillance system
implemented by the Centers for Disease Control and Prevention (CDC) in collaboration with
state, tribal, territorial, and local health departments to assess women’s experiences before,
during, and after birth (Shulman, D’Angelo, Smith, & Warner, 2018). PRAMS surveillance
captures approximately 83% of all live births in the U.S. (Shulman et al., 2018). The PRAMS
survey is mailed two to four months postpartum to a stratified sample of resident women
reporting live births in participating jurisdictions (Shulman et al., 2018). Non-respondents are
provided additional opportunities to participate (Shulman et al., 2018). PRAMS data are
weighted for sample stratification, nonresponse, and noncoverage to generate jurisdiction-level,
population-based estimates (Shulman et al., 2018). Each participating jurisdiction is expected to
reach a minimum weighted response rate threshold. The sampling frame for this study includes
all participating PRAMS sites that achieved the requisite 55% minimum weighted response rate
for 2016 (78%, n = 30 states and New York City) and 2017 (72%, n = 34 states, New York City,
and Puerto Rico). The 2016 PRAMS is the first to capture electronic cigarette use prior to and
during pregnancy across all participating sites.
Inclusion and Exclusion Criteria
Women were included in this study if they reported any combustible or electronic
cigarette use before, during, or after pregnancy. Women were excluded if they responded “No”
to both PRAMS product screeners (product use in the last 2 years) or if they responded “Yes” to
the screener but did not report using either product at any point before, during, or after their
pregnancy. Based on those criteria an unweighted sample of 5,174 women for 2016 and 8,350
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in 2017 were selected. The sample distributions for each year were similar. Most women had 12
years of education or more (84.4% in 2016; 83.5% in 2017), reported an income over 100% of
the federal poverty level (60.2% in 2016; 58.9% in 2017), identified as White (76.5% in 2016;
75.8% in 2017), identified as non-Hispanic (85.9% in 2016; 88.2% in 2017), reported living in an
urban area (70.8% in 2016; 69.1% in 2017), were between the ages of 20 and 34 years (80.7%
in 2016; 81.7% in 2017), and had one or fewer previous live births (71.3% in 2016; 70.0% in
2017).
Latent Class Indicators
Fifteen indicators were used to identify and describe women’s combustible and
electronic cigarette use before, during, and after pregnancy. The selected indicators were coded
as binary variables (yes/no) and were based on five PRAMS questions on combustible and
electronic cigarette use.
Combustible cigarette use
PRAMS participants were asked about their average daily combustible cigarette
consumption three months before pregnancy, the last three months of pregnancy, and two to
four months postpartum. The categorical response options for each question were the number
of combustible cigarettes used daily: < 1, 1 to 5, 6 to 10, 11 to 20, 21 to 40, ≥41, and “I
didn’t/don’t smoke then/now.” Three dichotomous variables (high, light, and no use) were
created for each time period (before, during, and after pregnancy) based on the categorical
response options. High combustible cigarette use was defined as smoking more than half a
pack of cigarettes a day (11 cigarettes to more than 41 cigarettes). Light combustible cigarette
use was defined as smoking less than half a pack of cigarettes a day (< 1 cigarette to 6 to 10
cigarettes) and no use was defined as no daily cigarette use. Thus, a variable with two levels
(yes/no) was created individually for each use frequency (high, light, and no) within each time
period (before, during, and after) resulting in nine combustible cigarette use indicators (e.g.,
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high combustible cigarette use before pregnancy, low combustible cigarette use before
pregnancy, and no combustible cigarette use before pregnancy).
Electronic cigarette use
PRAMS participants were asked about the frequency of their electronic cigarette
consumption three months before pregnancy and the last three months of pregnancy. The
categorical response options for each electronic cigarette use question were: “more than once a
day”, “once a day”, “2 to 6 days a week”, “1 day a week or less”, and “I didn’t use e-cigarettes
then”. Three dichotomous variables (daily use, non-daily use, and no use) were created for each
time period (before and during pregnancy) based on the categorical response options. Daily
electronic cigarette use was defined as using an electronic cigarette “more than once a day” or
“once a day”. Non-daily electronic cigarette use was defined as using an electronic cigarette “2
to 6 days a week” or “1 day a week or less”, and no electronic cigarette use was defined as “I
didn’t use e-cigarettes then”. Thus, a variable with two levels (yes/no) was created individually
for each use frequency (daily, non-daily, and no use) within each time period (before and
during) resulting in six electronic cigarette use indicators (e.g., daily electronic cigarette use
before pregnancy, non-daily electronic cigarette use before pregnancy, and no electronic
cigarette use before pregnancy).
Predictors of Latent Class Membership
Sociodemographic, pregnancy-specific, and mental health-related characteristics were
considered as predictors of combustible and electronic cigarette use class membership.
Sociodemographic characteristics included maternal age (≤ 19 years, 20 to 34 years, and ≥ 35
years), educational attainment (≤ 11years, 12 years, and ≥ 13 years), race (African
American/Black, Native American/Alaskan Native, Asian/Pacific Islander, Multiple racial
categories/Other, and White), ethnicity (Hispanic, not Hispanic), Federal Poverty Level (≤ 100%,
100%-200%, ≥ 201%), and residential context (urban or rural). Pregnancy-related
characteristics included women’s pregnancy intention (intended, mistimed, and unintended) and
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parity (no previous live births/one or more previous live births). Mental health-related
characteristics included endorsing symptoms of depression during pregnancy (yes/no) and two
to four months postpartum (yes/no). All predictors were dummy coded as recommended by
Collins & Lanza (2010).
Statistical Analyses
Statistical analyses proceeded in three steps: 1) frequency tables and bivariate analyses
were used to examine the distribution of missingness across the latent class
predictors/covariates, and cases with missing observations on the predictors/covariates were
removed; 2) we used latent class analysis to establish a baseline model using the reduced
dataset to ensure that the same data were used across analyses; and 3) we added covariates
to the established model to determine predictors of class membership.
Missingness
In most statistical programming software latent class indicators (endogenous variables)
are treated differently than predictors or covariates (exogenous). Missingness in endogenous
variables is programmatically allowed and can be handled using full-information maximum
likelihood (see previous chapter’s analyses). However, missingness is not tolerated in
exogenous variables, resulting in listwise deletion. Listwise deletion can greatly reduce a study’s
statistical power and, depending on the missing data mechanism, introduce bias. Prior to
conducting the intended analysis, we examined the data to determine the missing data
mechanism in both survey datasets. First, we determined the frequency of missingness for each
predictor. Secondly, we created dummy-coded variables for all covariates based on
missingness (1 = missing observation and 2 = observed), and then conducted bivariate
analyses (chi-square or Fisher’s exact test, depending on cell size) to determine whether
missingness in one predictor was associated with missingness in another. We used Bonferroni
correction to account for multiple comparisons, with 0.001785 (0.05/28 comparisons) set as the
level of significance.
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Establishing the unconditional latent class model
In this present study, we conducted latent class analysis (LCA) on PRAMS 2016 and
2017 data using Mplus 8.1 (Muthén & Muthén, 1998-2017) to identify patterns of combustible
and electronic cigarette use during pregnancy. Latent class analysis is a type of exploratory
mixture modeling used to determine meaningful and finite homogeneous subgroups within a
heterogeneous population. In lieu of manually subgrouping all possible combustible and
electronic cigarette use, LCA allows us to empirically identify a parsimonious set of groups using
all available data while also accounting for measurement error. For this study, LCA was used to
classify combustible and/or electronic cigarette users into similar, mutually exclusive
combustible and electronic cigarette use subgroups based on their responses to product use
indicators. In building a latent class model, we implemented an iterative process whereby a
succession of latent class models (e.g., two-class, three-class, four-class…etc) were estimated,
beginning with a one-class model, until the most meaningful and parsimonious model was
achieved.
Model fit and selection
Overall model fit was evaluated using a design-corrected likelihood ratio chi-square test
statistic and requisite p-value whereby adequate fit is indicated by a smaller test statistic and
non-significant p-value (Masyn, 2013). Relative model fit between latent class models was
evaluated using a series of information criteria (Bayesian Information Criterion [BIC], Schwarz,
1978; Sample-size adjusted Bayesian Information Criterion [ABIC], Sclove, 1987; Consistent
Akaike’s Information Criterion [CAIC], Bozdogon, 1987), with the lowest criterion score
indicating better model fit relative to other models. These criteria have been shown to perform
best in determining the most correct number of latent classes (Nylund, Asparouhov, & Muthén,
2007). To supplement these criteria, we also used the adjusted Lo-Mendell-Rubin likelihood
ratio test p-value (LMR-LRT; Lo, Mendell, & Rubin, 2001) to examine relative fit.
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The LMR-LRT quantifies the likelihood that the data can be better described by a model with
one-less class. A LMR-LRT with a p-value smaller than 0.05 indicates that the additional class
significantly improves model fit (Lo, Mendell, & Rubin, 2001). Models were estimated using
maximum likelihood with robust standard errors to handle missing data on the indicators and
account for the complex survey design of PRAMS data. The best maximum likelihood estimate
was confirmed for all models using 2000 sets of random starting values. Latent class models
were fit first using the complete sample (n2016 = 5,714; n2017 = 8,350; see previous chapter) and
then using the subset of women that had complete data on all covariates (n2016 = 4,425; n2017 =
7,063).
Multinomial logistic regression
We conducted multinomial logistic regression using the recommended three-step
method (Vermunt, 2010; Asparouhov & Muthén, 2014) available in Mplus 8.1 (Muthén &
Muthén, 1998-2017). In the first step, the unconditional model is identified using the combustible
and electronic cigarette use indicators. Secondly, a nominal variable is created by assigning
each observation to its “most likely class” based on the largest posterior probability estimated in
the unconditional combustible and electronic cigarette use latent class model. This nominal
variable, and its requisite misclassification error, will represent the latent class model in the
multinomial logistic regression. In the third and final step, the most-likely-class nominal variable
created in step two is regressed on sociodemographic, pregnancy-specific, and mental healthrelated predictors. The odds ratios from this multinomial logistic regression analysis indicate the
relative likelihood of belonging to a particular combustible and electronic cigarette use latent
class given each predictor. We present adjusted odds ratios (with light combustible cigarette
quitter class as the reference group). Missing data on the latent class indicators were analyzed
via full-information maximum likelihood estimation.
RESULTS
Missingness
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Observations were missing across the following predictors: maternal education, maternal
race, maternal ethnicity, Federal Poverty Level, residential context, pregnancy intention,
prenatal depression, parity, and postpartum depression (see Table 4.1). While missingness
between most predictors was observed to be independent, dependence was identified between
several predictors (see Table 4.2). Prior to removing cases with missing observations on the
latent class predictor variables, residential context was dropped from analysis due to substantial
missingness as a result of differential inclusion based on PRAMS site.
The reduced listwise deleted samples included 4,425 women (85.5% of original sample)
for 2016 and 7,063 (84.6% of original sample) for 2017. Comparable to the original sample,
most women had 12 years of education or more (86.0% in 2016; 85.2% in 2017), reported an
income over 100% of the federal poverty level (60.3% in 2016; 59.1% in 2017), identified as
White (77.2% in 2016; 77.5% in 2017), identified as non-Hispanic (87.6% in 2016; 89.3% in
2017), were between the ages of 20 and 34 years (81.6% in 2016; 82.4% in 2017), and had one
or fewer previous live births (60.6% in 2016; 61.3% in 2017).
Latent Class Analysis
For each PRAMS survey years, we fit as series of latent class models starting with the
most parsimonious one-class model until the most meaningful and parsimonious model was
achieved. Individual analyses for 2016 and 2017 data suggested that a four-latent class solution
optimally explained the heterogeneity in women’s combustible and electronic cigarette use
before, during, and after pregnancy.
Four distinct latent classes were extracted from 2016 (see Table 4.3) and 2017 PRAMS
data (see Table 4.4). Electronic cigarette use was relatively low across all classes, so classes
were characterized by combustible cigarette use. For both years, the largest class, labeled Light
Combustible Cigarette Quitters (prevalence = 44.4% in 2016; 41.5% in 2017), was
characterized by having a high probability of reporting: low combustible cigarette use prior to
pregnancy, no combustible cigarette use during pregnancy, no combustible cigarette use
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postpartum, and no electronic cigarette use before or during pregnancy. The next class, labeled
Persistent Heavy Combustible Cigarette Users (19.5% in 2016; 21.0% in 2017), was
characterized by having a high probability of reporting: high combustible cigarette use prior to
pregnancy, low combustible cigarette use during pregnancy, high combustible cigarette use
postpartum, and no electronic cigarette use prior to or during pregnancy. The third class,
labeled Persistent Light Combustible Cigarette users (18.9% in 2016; 18.0% in 2017), were
characterized by having a high probability of reporting: low combustible cigarette use prior to,
during, and following pregnancy, and no electronic cigarette use prior to or during pregnancy.
Lastly, the fourth class, labelled Light Combustible Cigarette Temporary Quitters (17.3% in
2016; 19.6% in 2017), was characterized by member’s high probability of reporting: low
combustible cigarette use before pregnancy, no combustible cigarette use during pregnancy,
low combustible cigarette use postpartum, and no electronic cigarette use prior to or during
pregnancy.
Multinomial Logistic Regression
We conducted multinomial logistic regression to identify sociodemographic, pregnancyspecific, and mental health-related characteristics that predict membership in the four perinatal
combustible and electronic cigarette use classes (see Tables 4.5 and 4.6 for 2016 and 2017
multinomial logistic regression results).
2016
Persistent heavy combustible cigarette users
Compared to light combustible cigarette quitters, persistent heavy combustible cigarette
users were more likely to have fewer years of education, have an unintended pregnancy, have
more than one previous live birth, and endorse postpartum depression symptoms. Members of
this class were less likely than light quitters to have more than 13 years of education; identify as
African American/Black, Native American/Alaskan Native, Asian/Pacific Islander, or Hispanic; or
have an income more than 100% of the FPL. No significant differences in maternal age or
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prenatal depression endorsement emerged between this class and light combustible cigarette
quitters.
Persistent Light Combustible Cigarette Users
Compared to light combustible cigarette quitters, persistent light combustible cigarette users
were more likely to have less than eleven years of education and have one or more previous
live births. Women in this class were less likely to report 13 or more years of education, identify
as Hispanic, or report an income greater than 100% of the FPL. No significant differences in
maternal age, maternal race, pregnancy intention, or either prenatal or postpartum depression
endorsement emerged between this class and light combustible cigarette quitters.
Light Combustible Cigarette Temporary Quitters
Compared to light combustible cigarette quitters, light combustible cigarette temporary
quitters were more likely to identify as African American/Black and report more than one
previous live birth. Light temporary quitters were also less likely than light quitters to identify as
Asian/Pacific Islander or report an income more than 200% of the FPL. No differences in
maternal age, maternal education, maternal ethnicity, pregnancy intention, or either prenatal or
postpartum depression endorsement emerged between this class and light quitters.
2017
Persistent Heavy Combustible Cigarette Users
Compared to light combustible cigarette quitters, persistent heavy combustible cigarette
users were more likely to be 35 years or older, have eleven or fewer years of education, have
an unintended birth, report one or more previous live births, and endorse depression during
pregnancy. Persistent heavy users were less likely to have thirteen or more years of education;
identify as African American/Black, Native American/Alaskan Native, Asian/Pacific Islander, or
Hispanic; or an income over 100% of the FPL. No differences emerged in postpartum
depression endorsement between this class and light quitters.
Persistent Light Combustible Cigarette Users
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Compared to light combustible cigarette quitters, persistent light combustible cigarette
users were more likely to have an unintended pregnancy, report one or more previous live
births, or endorse prenatal depression symptoms. Women in this class were less likely than light
quitters to be nineteen years or younger, thirteen or more years of education, identify as
Hispanic, or report an income greater than 100% of the FPL. No differences in maternal race or
postpartum depression endorsement were observed between persistent light users and light
quitters.
Light Combustible Cigarette Temporary Quitters
Compared to light quitters, light combustible cigarette temporary quitters were more
likely to identify as African American/Black and report one or more previous live births. Women
in this class were less likely than light quitters to have thirteen or more years of education or
report an income greater than 200% of the FPL. No differences in maternal age, maternal
ethnicity, pregnancy intention, or either prenatal or postpartum depression endorsement
emerged between this class and light quitters.
DISCUSSION
The purpose of this study was to identify sociodemographic, pregnancy-specific, and
mental-health-related factors associated with patterns of combustible and electronic cigarette
use during the perinatal. We found that light combustible cigarette use was common in this
sample of recently pregnant women. Roughly 80% of our sample reported light combustible
cigarette use (10 or fewer combustible cigarettes a day) across the perinatal period. This finding
reflects the declines in the amount of combustible cigarette use observed across the last few
decades in the general population (Pierce, White, & Messer, 2009; Schauer, Malarcher, &
Mowery, 2016) and among women, specifically (Li, Holahan, & Holahan, 2015). Our sample
also demonstrated considerable variability in their light combustible cigarette use behavior
across the perinatal period, including initiating cessation during pregnancy and maintaining
cessation into postpartum (“light combustible cigarette quitters”), quitting use during pregnancy
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and returning to use postpartum (“light combustible cigarette temporary quitters”), and
continuing use throughout the perinatal period (“persistent light combustible cigarette users”).
This is consistent with previous investigations examining light combustible cigarette use in nonpregnant populations (Levy, Biener, & Rigotti, 2009; Schauer, Malarcher, & Mowery, et al.,
2016) and highlights the heterogeneity in combustible cigarette use behavior and the
importance of evaluating changes in the quantity and frequency of combustible cigarette use, as
women have different behavioral trajectories despite demonstrating similar behavior at a single
point in time.
In this study we found that sociodemographic, pregnancy-specific, and mental healthrelated factors varied significantly across combustible and electronic cigarette use patterns. The
differences between light combustible cigarette quitter class (our referent class) and other
classes appeared to be on a risk gradient, with riskier behavior classes demonstrating
differences across more factors. Of the factors observed, maternal education, federal poverty
level, and parity appear to consistently separate successful quitting behavior from persistent use
and/or temporary cessation. This finding is consistent with the substantial body of literature
demonstrating that combustible cigarette use is dominated by lower socioeconomic groups
(U.S. USDHHS, 2014) and demonstrates that socioeconomic status factors, such as income
and education, continue to drive combustible cigarette use.
Socioeconomic disadvantage is one of the most robust predictors of combustible cigarette
use during pregnancy (Greaves & Hemsing, 2009; Higgins, & Chilcoat, 2009; Hiscock, Bauld,
Amos, Fidler, & Munafò, 2012; Munafò, Heron, & Araya, 2008; Page, Padilla, & Hamilton,
2012). Several factors contribute to this disparity. First, the neighborhoods and communities in
which women with lower socioeconomic status live are often disproportionately targeted by
industry advertising campaigns (U.S. DHHS, 2014) and experience a higher density of retailers
(Yu, Peterson, Sheffer, Reid, & Schneider, 2010) resulting in easier access to combustible
products (Hiscock, Bauld, Amos, Fidler, & Munafò, 2012). Furthermore, the industry has
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employed specific strategies to target women with lower socioeconomic status, such as directmail coupons and developing brands that appeal to these women (Brown-Johnson, England,
Glantz, & Ling, 2014).
Second, lower income women often experience serious hardship (e.g., homelessness,
financial difficulties, no social support, food insecurity), especially during pregnancy (Braveman,
Marchi, Egerter et al., 2010). Women who use combustible cigarettes report using them to cope
with negative feelings and stress and when unable to take the time to smoke felt they had no
other coping strategies (Flemming, Graham, Heirs, Fox, & Snowden, 2013). For many women,
combustible cigarette use is a habituated response to their life circumstances (e.g.,
experiencing financial hardship), central to their lives, and provides opportunities to relax and
escape (Flemming et al., 2013; Flemming et al., 2015)
Third, combustible cigarette use is highly concentrated in social networks of low
socioeconomic status users (Hitchman, Fong, Zanna et al., 2014). Across the decades of
successful tobacco control efforts, combustible cigarette users have been increasingly
marginalized (Christakis & Fowler, 2008). Because of this, membership in networks with high
combustible cigarette use tend to be largely static (Bray, Smith, Piper, Roberts, & Baker, 2016)
with new additions being other combustible cigarette users (Hitchman, Fong, Zanna et al.,
2014). Members of these networks tend to share positive norms toward combustible cigarette
use, often have no intention to quit, and during a quit attempt, are less likely to be successful
(Hiscock, Bauld, Amos, Fidler, & Munafò, 2012). Combustible cigarette use in these networks
may be a way of building one’s network and social bonds. Women who use combustible
cigarettes have reported that combustible cigarette use is deeply embedded within their lives
and their social networks and if not for pregnancy their combustible cigarette use would not
have been questioned (Flemming, Graham, Heirs et al., 2013). In quitting during pregnancy,
women have reported disruptions in their social relationships, including lost time and intimacy
with their partners, as well as feelings of socially isolation (Cottrell et al., 2007) and a loss of self
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or identity (Bottorf et al., 2006; Cottrell et al., 2007; Flemming et al., 2013). Furthermore, while
friends and family might encourage these women in their quit attempts during pregnancy,
encouragement often does not extend through the postpartum period (Flemming, McCaughan,
Angus, & Graham, 2014; Wigginton & Lee, 2012). To mitigate the social impact of quitting and
in lieu of quitting completely, women may prefer to reduce the number of combustible cigarettes
they use during pregnancy as a form of harm reduction because this behavior is much easier to
initiate and maintain within the context of their lives (Bottorff et al., 2006; Flemming et al., 2013).
In addition to income and education, women reporting one or more previous live births were
more likely to belong to either persistent use classes or temporary quit class. This finding
suggests that women’s first pregnancy may be a unique opportunity for initiating and
maintaining cessation. Our findings also highlight that women with multiple previous births
continue to be a priority population for prenatal cessation interventions. This work is consistent
with previous research demonstrating that women in their first pregnancy are more likely to
successfully quit use in pregnancy and remain abstinent postpartum (Graham, Hawkins, & Law,
2010; Page, Padilla, & Hamilton, 2012). Parity may be especially important for women with low
socioeconomic status, as pregnancy may be the only time they attempt combustible cigarette
use cessation and the only time cessation behavior is supported in their social networks.
Incomplete cessation during pregnancy (i.e., reduction in use or temporary quitting) is
associated with increased likelihood of combustible cigarette use in subsequent pregnancies
(Hall, Venkatesh, & Greenberg, 2016), so interrupting the combustible cigarette use pattern as
early as possible is critically important to prevent exposure in subsequent pregnancies.
Multiparous women, having had a healthy baby in a previous pregnancy despite continued
combustible cigarette use, may not perceive use as risky, valuing anecdotal evidence over
advice given by their health care providers (Flemming et al., 2013).
Limitations
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The findings from this study subject to several limitations. First, this study relies on
maternal self-report. The data are subject to recall and social desirability biases that may result
in underestimation of electronic and combustible cigarette use. While nondisclosure of
combustible cigarette use during pregnancy is high (Dietz, Homa, England et al., 2011; Russell,
Crawford, & Woodby, 2004), retrospective reports have demonstrated high correlation between
self-report combustible cigarette use measures and urinary cotinine levels measured during
pregnancy thus mitigating recall bias (Ashford, Hahn, Hall et al., 2010; Pickett, Kasza, Biesecker
et al., 2009). Furthermore, the prevalence of combustible cigarette use during pregnancy from
this study was comparable to estimates from other nationally representative datasets (Drake,
Driscoll, & Mathews, 2018; Kapaya, D’Angelo, Tong et al., 2019). Additionally, to date, no
biochemical validation measure exists that distinguishes combustible from electronic cigarette
use. Secondly, these results are not generalizable to women who did not experience a live birth,
mother-child dyads resulting from adoption or surrogacy, or women who were institutionalized or
incarcerated at the time of sampling. Future studies will benefit from exploring prenatal
combustible and electronic cigarette use behavior in these populations. Thirdly, because
electronic cigarettes are emerging products, the point-in-time estimates from 2016 and 2017
may not reflect trends in more recent years. This study used the most recent Pregnancy Risk
Assessment Monitoring System data available at the time. Continued investigation is needed to
assess ongoing trends in electronic cigarette use during pregnancy. Fourth, it is likely that
women’s combustible and electronic cigarette use continues to exhibit changes beyond the two
to four months postpartum period in this study. Additional research with longer follow-up period
would help build a better understanding of behavior and factors that influence long-term product
behavior.
Conclusions
Pregnancy continues to be a critical period for tobacco cessation efforts. While electronic
cigarette use was negligible, our study identified women at risk for persistent or temporary harm
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reduction combustible cigarette use across the perinatal period. Despite decades of tobacco
control efforts and perhaps because of them, women with low socioeconomic are still a high-risk
population. Future work must consider the high prevalence of and variability in light combustible
cigarette use, a newly emerging pattern, as well as the persistent impact of socioeconomic
factors on women’s combustible and electronic cigarette use behavior in the context of
pregnancy.
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Table 4.1: Percent of missing observations by latent class predictor, PRAMS 2016 and 2017

2016
n = 5,174
% missing
0.9%

2017
n = 8,350
% missing
0.9%

Maternal race

4.0%

3.4%

Maternal ethnicity

3.5%

3.0%

Federal Poverty Level

6.7%

8.3%

Residential context

41.3%

42.3%

Pregnancy intention

1.8%

1.7%

Prenatal depression

0.9%

0.9%

Parity

0.1%

0.2%

Postpartum depression

1.8%

2.1%

Maternal education
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Table 4.2: Multiple bivariate associations between missingness in predictor variables, PRAMS
2016 and 2017

2016
n = 5,174
X2

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

Maternal education x Maternal ethnicity
Maternal education x Maternal race
Maternal education x Federal Poverty Level
Maternal education x Prenatal depression
Maternal education x Parity
Maternal education x Pregnancy intention
Maternal education x Postpartum depression
Prenatal depression x Maternal ethnicity
Prenatal depression x Maternal race
Prenatal depression x Federal Poverty Level
Prenatal depression x Parity
Prenatal depression x Pregnancy intention
Prenatal depression x Postpartum
depression
Parity x Maternal ethnicity
Parity x Maternal race
Parity x Federal Poverty Level
Parity x Pregnancy intention
Parity x Postpartum depression
Pregnancy intention x Maternal ethnicity
Pregnancy intention x Maternal race
Pregnancy intention x Federal Poverty Level
Pregnancy intention x Postpartum
depression
Maternal ethnicity x Maternal race
Maternal ethnicity x Federal Poverty Level
Maternal ethnicity x Postpartum depression
Maternal race x Federal Poverty Level
Maternal race x Postpartum depression
Federal Poverty Level x Postpartum
Depression

df

2017
n = 8,350
p*

X2

df

p*

Fisher’s
Fisher’s
Fisher’s
Fisher’s
Fisher’s
Fisher’s
Fisher’s
Fisher’s
Fisher’s
146.1 2
Fisher’s
Fisher’s
Fisher’s

< 0.001
< 0.001
0.5535
0.3500
0.0789
0.0423
0.5673
0.0819
0.1171
< 0.001
1.0000
1.0000
0.1999

Fisher’s
Fisher’s
Fisher’s
Fisher’s
Fisher’s
Fisher’s
Fisher’s
Fisher’s
Fisher’s
Fisher’s
Fisher’s
Fisher’s
Fisher’s

< 0.001
< 0.001
1.0000
1.0000
0.0129
1.0000
0.6706
0.0610
0.0094
0.1252
1.0000
0.6338
1.0000

Fisher’s
Fisher’s
Fisher’s
Fisher’s
Fisher’s
Fisher’s
Fisher’s
Fisher’s
29.8 2

0.2757
0.3077
0.1175
1.0000
0.1477
0.2208
0.0223
0.0107
< 0.001

Fisher’s
Fisher’s
Fisher’s
Fisher’s
Fisher’s
Fisher’s
Fisher’s
Fisher’s
Fisher’s

0.1193
0.1435
0.6789
1.0000
1.0000
0.3130
0.1446
0.0072
0.0286

3,711.8 1
Fisher’s
Fisher’s
Fisher’s
Fisher’s
200.2 1

< 0.001
0.6496
0.7718
0.1166
0.5865
< 0.001

Fisher’s
Fisher’s
Fisher’s
Fisher’s
Fisher’s
387.3
1

0.0099
< 0.001
0.3791
0.4388
0.8348
< 0.001

*Level of statistical significance set at p = 0.001785 to account for multiple comparisons. Bold indicates statistically
significant associations.
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Table 4.3: Parameter estimates for the four-class latent analysis for combustible and electronic
cigarette use across the prenatal period, 2016 Pregnancy Risk Assessment Monitoring System
Data

Persistent
Persistent Light
Heavy CC
CC Users
Users
Class membership probabilities†
44.4
19.5
18.9
Item-response probabilities
3 months prior to pregnancy

Light CC
Quitters

High combustible
cigarette use
Low combustible
cigarette use
No combustible
cigarette use
Daily electronic
cigarette use
Non-daily electronic
cigarette use
No electronic
cigarette use

Light CC
Temporary
Quitters
17.3

0.11

0.95

0.00

0.13

0.62

0.02

1.00

0.80

0.27

0.03

0.00

0.07

0.14

0.10

0.12

0.09

0.21

0.30

0.19

0.17

0.65

0.59

0.69

0.74

Last 3 months of pregnancy
High combustible
cigarette use
Low combustible
cigarette use
No combustible
cigarette use
Daily electronic
cigarette use
Non-daily electronic
cigarette use
No electronic
cigarette use

0.00

0.26

0.00

0.00

0.00

0.67

1.00

0.00

1.00

0.07

0.00

1.00

0.04

0.09

0.07

0.01

0.02

0.13

0.09

0.01

0.95

0.78

0.83

0.98

0.09

0.00

0.81

1.00

0.10

0.00

2 to 4 months postpartum
High combustible
0.00
0.62
cigarette use
Low combustible
0.00
0.33
cigarette use
No combustible
1.00
0.05
cigarette use
Bold font indicates item-response probabilities above 0.50.
†
Probabilities do not sum to 100 due to rounding.
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Table 4.4: Parameter estimates for the four-class latent analysis for combustible and electronic
cigarette use across the prenatal period, 2017 Pregnancy Risk Assessment Monitoring System
Data

Persistent
Persistent
Heavy
Light
CC Users
CC Users
Class membership probabilities†
41.5
21.0
18.0
Item-response probabilities
3 months prior to pregnancy

Light CC
Quitters

High combustible
cigarette use
Low combustible
cigarette use
No combustible
cigarette use
Daily electronic
cigarette use
Non-daily electronic
cigarette use
No electronic
cigarette use

Light CC
Temporary
Quitters
19.6

0.13

1.00

0.00

0.09

0.61

0.00

0.99

0.80

0.27

0.00

0.01

0.12

0.16

0.14

0.17

0.14

0.15

0.28

0.21

0.23

0.68

0.58

0.62

0.63

Last 3 months of pregnancy
High combustible
cigarette use
Low combustible
cigarette use
No combustible
cigarette use
Daily electronic
cigarette use
Non-daily electronic
cigarette use
No electronic
cigarette use

0.00

0.26

0.03

0.00

0.00

0.65

0.97

0.00

1.00

0.09

0.00

1.00

0.03

0.08

0.08

0.01

0.01

0.17

0.09

0.01

0.96

0.76

0.83

0.98

0.09

0.02

0.79

0.98

0.12

0.00

2 to 4 months postpartum
High combustible
0.00
0.64
cigarette use
Low combustible
0.00
0.32
cigarette use
No combustible
1.00
0.04
cigarette use
Bold font indicates item-response probabilities above 0.50.
†
Probabilities do not sum to 100 due to rounding.
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Table 4.5: Multinomial logistic regression of perinatal combustible and electronic cigarette use (n = 4,385), 2016 PRAMS
Light CC Quitters
OR
95% CI

Maternal Age
≤19 years of age
(ref = 20-34 years)
≥35 years of age
Maternal Education
≤11 years
(ref = 12 years)
≥13 years
Maternal Race
African American/Black
Native American/Alaskan
Native
Asian/Pacific Islander
Multiple/other racial
category
(ref = White)
Maternal Ethnicity
Hispanic
(ref = not Hispanic)
Federal Poverty Level
(ref = ≤ 100%)
101% - 200%
≥ 201%
Pregnancy Intention
(ref = Intended)
Mistimed
Unintended
Parity
(ref = Primiparous)
Multiparous

Persistent Heavy CC Users
OR
(95% CI)

-

-

0.55
1.00
1.16

(0.26, 1.17)

-

-

2.02
1.00
0.58

(1.17, 3.47)

-

-

-

Persistent Light CC Users
OR
(95% CI)

Light CC Temporary Quitters
OR
(95% CI)

0.80
1.00
1.16

(0.32, 2.01)

(1.24, 3.96)

(0.41, 0.83)

2.21
1.00
0.57

0.31
0.39

(0.18, 0.54)
(0.22, 0.67)

-

0.03
1.09

(0.01, 0.11)
(0.55, 2.16)

-

-

1.00

-

-

0.08
1.00

-

-

1.00
0.55
0.16

(0.37, 0.82)
(0.10, 0.24)

1.00
0.65
0.21

(0.43, 0.98)
(0.13, 0.34)

1.00
0.78
0.42

(0.52, 1.17)
(0.28, 0.63)

-

-

1.00
1.25
2.03

(0.86, 1.81)
(1.37, 3.00)

1.00
1.10
1.12

(0.75, 1.60)
(0.74, 1.70)

1.00
1.31
1.34

(0.91, 1.90)
(0.89, 2.00)

-

-

1.00
2.26

(1.60, 3.17)

1.00
2.96

(2.11, 4.16)

1.00
1.80

(1.29, 2.51)

(0.74, 1.83)

0.98
1.00
1.03

(0.50, 1.91)

(0.91, 2.85)

(0.39, 0.82)

1.61
1.00
0.73

1.08
1.36

(0.66, 1.77)
(0.66, 2.80)

1.71
0.96

(1.07, 2.71)
(0.50, 1.84)

0.47
0.80

(0.21, 1.07)
(0.44, 1.45)

0.24
1.54

(0.11, 0.53)
(0.88, 2.69)

(0.74, 1.81)

1.00
(0.04, 0.15)

0.32
1.00

(0.66, 1.63)

(0.51, 1.03)

1.00
(0.18, 0.58)

0.74
1.00

(0.46, 1.18)
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Table 4.5 (Continued): Multinomial logistic regression of perinatal combustible and electronic cigarette use (n = 4,385), 2016 PRAMS
Light CC Quitters
OR
95% CI

Persistent Heavy CC Users
OR
(95% CI)

Prenatal Depression
(ref = No)
1.00
Yes
1.16
Postpartum Depression
(ref = No)
1.00
Yes
1.67
Bolded estimates indicate statistical significance < 0.05.

Persistent Light CC Users
OR
(95% CI)

Light CC Temporary Quitters
OR
(95% CI)

(0.78, 1.74)

1.00
1.27

(0.82, 1.98)

1.00
1.11

(0.73, 1.69)

(1.04, 2.67)

1.00
1.60

(0.99, 2.60)

1.00
1.04

(0.66, 1.63)
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Table 4.6: Multinomial logistic regression of perinatal combustible and electronic cigarette use (n = 7,009), 2017 PRAMS
Light CC Quitters
OR
95% CI

Maternal Age
≤19 years of age
(ref = 20-34 years)
≥35 years of age
Maternal Education
≤11 years
(ref = 12 years)
≥13 years
Maternal Race
African American/Black
Native American/Alaskan
Native
Asian/Pacific Islander
Multiple/other racial
category
(ref = White)
Maternal Ethnicity
Hispanic
(ref = not Hispanic)
Federal Poverty Level
(ref = ≤ 100%)
101% - 200%
≥ 201%
Pregnancy Intention
(ref = Intended)
Mistimed
Unintended
Parity
(ref = Primiparous)
Multiparous

Persistent Heavy CC Users
OR
(95% CI)

-

-

0.28
1.00
1.68

(0.16, 0.49)

-

-

1.75
1.00
0.52

(1.14, 2.69)

-

-

-

Persistent Light CC Users
OR
(95% CI)

Light CC Temporary Quitters
OR
(95% CI)

0.53
1.00
0.80

(0.30, 0.92)

(0.98, 2.23)

(0.39, 0.68)

1.48
1.00
0.59

0.41
0.37

(0.26, 0.64)
(0.24, 0.58)

-

0.14
0.71

(0.06, 0.37)
(0.39, 1.29)

-

-

1.00

-

-

0.16
1.00

-

-

1.00
0.46
0.21

(0.34, 0.63)
(0.15, 0.29)

1.00
0.41
0.19

(0.31, 0.57)
(0.13, 0.27)

1.00
0.76
0.49

(0.56, 1.02)
(0.36, 0.67)

-

-

1.00
1.19
1.81

(0.89, 1.60)
(1.33, 2.44)

1.00
0.92
1.40

(0.69, 1.24)
(1.03, 1.91)

1.00
1.02
1.17

(0.78, 1.33)
(0.86, 1.58)

-

-

1.00
1.56

(1.21, 2.01)

1.00
2.01

(1.54, 2.61)

1.00
1.31

(1.03, 1.67)

(1.17, 2.42)

0.63
1.00
0.70

(0.39, 1.02)

(0.84, 1.90)

(0.45, 0.79)

1.27
1.00
0.60

1.38
1.17

(0.95, 2.00)
(0.75, 1.80)

1.91
0.86

(1.33, 2.73)
(0.59, 1.26)

0.63
1.22

(0.29, 1.34)
(0.76, 1.94)

0.71
1.36

(0.33, 1.54)
(0.87, 2.13)

(0.56, 1.16)

1.00
(0.10, 0.27)

0.35
1.00

(0.47, 1.05)

(0.46, 0.78)

1.00
(0.22, 0.54)

0.71
1.00

(0.49, 1.02)
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Table 4.6 (Continued): Multinomial logistic regression of perinatal combustible and electronic cigarette use (n = 7,009), 2017 PRAMS
Light CC Quitters
OR
95% CI

Persistent Heavy CC Users
OR
(95% CI)

Prenatal Depression
(ref = No)
1.00
Yes
2.24
Postpartum Depression
(ref = No)
1.00
Yes
1.35
Bolded estimates indicate statistical significance < 0.05.

Persistent Light CC Users
OR
(95% CI)

Light CC Temporary Quitters
OR
(95% CI)

(1.69, 2.98)

1.00
1.80

(1.34, 2.41)

1.00
1.31

(0.97, 1.77)

(0.98, 1.86)

1.00
1.01

(0.73, 1.41)

1.00
0.95

(0.69, 1.31)
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CHAPTER 5. CONCLUSION
The purpose of this dissertation was to explore and better understand combustible and
electronic cigarette use behavior during the perinatal period (a critical and sensitive period in a
woman and her infant’s life course) and examine how factors might influence these behaviors.
We leveraged data from an existing surveillance system, so our study might capitalize on the
variation and generalizability of a population-based sample to characterize the most salient
behaviors demonstrated by women across the U.S., as well as the temporal precision in the
examination of product use behavior afforded by the system (i.e., product use behavior three
months prior to pregnancy, last three months of pregnancy, and two to four months postpartum).
We also took advantage of a person-centered approach to examine tobacco use behavior
during a period of substantial behavior change. The benefit of this approach is it allows us to
empirically identify meaningful product use patterns among women, and, unlike variablecentered approaches, it does not assume that the relationship between combustible and
electronic cigarette use behaviors across the perinatal period is the same for all women (i.e.,
does not assume that all women follow the same behavior trajectory).
This dissertation is comprised of three manuscripts, each satisfying one of two aims. The
first manuscript explored the prevalence of electronic cigarette use during pregnancy and
factors that may be associated with such use. While prenatal combustible cigarette use is a
well-monitored behavior, the burden of electronic cigarette use during pregnancy was largely
uncertain. This study demonstrated that, like combustible cigarette use, the distribution of
electronic cigarette use among women is variable across the U.S. and across specific factors.
However, unlike combustible cigarette use, electronic cigarette use is situated among women
with higher incomes and education. The second manuscript characterized distinct patterns of
combustible and electronic cigarette use across the perinatal period. The findings that emerged
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from this study were quite surprising, including the preponderance of light combustible cigarette
use and the absence of exclusive electronic cigarette use or dual product use. The final
manuscript identified factors associated with patterns of perinatal combustible and electronic
cigarette use. This study found that despite shifts to low intensity combustible cigarette use in
the sample overall, riskier combustible cigarette use behavior continues to be concentrated
among women with low socioeconomic status (low income and low education). Taken as a
whole, these studies reveal a number of novel findings with implications for future tobacco
control efforts.
Ties to theory
This dissertation was guided by two theoretical frameworks for investigating health
disparities. The primary framework, tobacco-related health disparities framework (TRHDF), was
created to guide and inform tobacco-related health disparities research, programming, and
policies. This framework indicates that: 1) a woman’s tobacco use behaviors, exposures, and
outcomes (i.e., tobacco use continuum) are dynamic across her life course; 2) there are multiple
levels of influence on women’s tobacco use continuum and 3) the differential impact of these
factors on women results in health disparities in the tobacco use continuum.
Our work demonstrated distinct differences in the tobacco use continuum across the
perinatal period in terms of current use, frequency of use, quitting behavior, and relapse
behavior. First, despite the rapid escalation of electronic cigarettes in the general population,
especially among youth (Gentzke, Creamer, Cullen, et al., 2019) and women (Dai & Leventhal,
2019) around the study period, prevalence of electronic cigarette use during pregnancy,
including dual product use, was low and considerably stable. This finding was unexpected and
may provide a false sense of security. The low prevalence of electronic cigarette use among
women in 2016 and 2017 may be attributed to the use of these products by primarily
established combustible cigarette users. The use of electronic cigarettes as a combustible
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cigarette cessation aid, a form of harm reduction, or even to circumvent bans on combustible
cigarette use, relegates electronic cigarettes to auxiliary status. It is a product to be picked up
and discarded ad hoc, with combustible cigarettes driving use. In our second and third studies,
the low electronic cigarette use observed did change across the perinatal period from higher
probability of use prior to pregnancy to nearly zero probability during pregnancy across all
combustible cigarette use classes. This behavior mirrors what is historically seen with
combustible cigarette use during pregnancy and may indicate that while women, specifically
those who use combustible cigarettes, may perceive electronic cigarettes as safer to use during
pregnancy than combustible cigarettes (McCubbin, Fallin-Bennett, Barnett, & Ashford, 2017) the
risk of harm inherent in the sole or dual use of these products is too great. Perinatal electronic
cigarette use behavior will likely shift in the coming years, as youth, the primary adopters of the
popular pod devices (Vallone, Cuccia, Briggs et al., 2020), enter adulthood and begin having
children. Their electronic cigarette use behavior is likely to differ substantially from the women in
this study period in terms of the function (i.e., primary versus supplemental product) and
frequency of use.
Second, we observed considerable variation in women’s patterns of light combustible
cigarette use. Despite previous research indicating persistent heavy combustible cigarette use
as the dominant perinatal combustible cigarette use behavior, based on our finding, light
combustible cigarette use appears to be the “new norm”. Work in non-pregnant adults suggests
that, unlike heavier combustible cigarette use which tends to be stable over time, light
combustible cigarette users are more likely to change their consumption patterns, including
reductions or escalations in use (Levy, Biener, & Rigotti, 2009). This instability may provide a
boon or barrier for cessation programming. The potential volatility of light combustible cigarette
use behavior may make current prenatal cessation interventions either difficult to implement or
ineffective. Light combustible cigarette users, especially those that do not use every day, may
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not identify as “smokers” (Schane, Ling, & Glantz, 2010). These women may not be identified in
prenatal screens, and subsequently may be overlooked for prenatal cessation education or
materials (Rockhill, Tong, England, & D’Angelo, 2016). It is possible that the preponderance of
light combustible cigarette use is indicative of a wider belief than light use is safer than heavier
use, and perhaps, at this point in time, safer than transitioning to electronic cigarettes.
Furthermore, while light combustible cigarette users may be susceptible to nicotine
dependence, it may not play as important role in behavior compared to heavier combustible
cigarette use (Schane, Ling, & Glantz, 2010). The motivations for light combustible cigarette
use, particularly use during the perinatal period, are not well understood. Previous work in nonpregnant adults suggest that environmental cues/triggers may play a larger role in light or
intermittent combustible cigarette use behavior than heavy-daily use (Reyes-Guzman, Pfeiffer,
Lubin et al., 2017; Shiffman, Dunbar, & Ferguson, 2015; Shiffman, Dunbar, Li et al., 2014; Thrul,
Bühler, & Ferguson, 2014), but more research is needed. Light combustible cigarette use still
incurs considerable risks to both mother and fetus (U.S. DHHS, 2014). This emerging
combustible cigarette use behavior presents unique challenges for cessation efforts.
This dissertation also brings into sharp relief the need to improve how we measure use of
these products. It’s not enough to say that women used or didn’t use a product at a point in
time, especially during a period of substantial behavior change such as pregnancy. Women
reporting similar behavior at one point-in-time (e.g., light combustible cigarette use prior to
pregnancy) do not necessarily follow the same product use trajectory throughout the perinatal
period. In order to know and better understand what distinguishes women who successfully quit
during pregnancy and those who follow other product use trajectories, we must stop only
looking at behavior in isolation of relevant previous and future time points and we must also
consider and capture the changes in the intensity/frequency of those behaviors across time.
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Our work also revealed deep disparities in the combustible and electronic cigarette use
continuum. Riskier combustible cigarette use (i.e., not maintained cessation) patterns were
concentrated among women with low income, low education, and high parity. This finding is
very disconcerting, as decades of tobacco control efforts may be missing these women or worse
contributing to their marginalization. Our work suggests that, on the other hand, electronic
cigarette use is concentrated among women with higher education and income. The impact of
electronic cigarettes on socioeconomic-driven tobacco-related health disparities is largely
unknown. If electronic cigarettes prove to be less harmful than combustible cigarette use (i.e.,
fewer and lower levels of toxins and carcinogens) and effective cessation aids, but the adoption
of these products continues to be concentrated among combustible cigarette users with high
socioeconomic status this might potentially lead to considerable increases in tobacco-related
health disparities. However, if electronic cigarettes prove to be less harmful than combustible
cigarette use and effective cessation aids, and the adoption of these products extends to
combustible cigarette users with low socioeconomic status we might see a narrowing in
tobacco-related health disparities. Of course, because tobacco use behavior is complex and
there continue to be considerable unknowns regarding the harms and public health utility of
electronic cigarettes, these two options are not the only potential realities. Regardless of the
safety and cessation/harm reduction potential of electronic cigarettes, their use across the
perinatal period still imbues risks and warrants continued investigation.
Conclusion
The use of combustible and electronic cigarettes during the perinatal period will continue to
impact maternal and child health with life-long and generational consequences. These
behaviors are dynamic and should not be investigated in isolation of one another. While deeply
entrenched disparities continue with combustible cigarette use, electronic cigarette use during
the perinatal period is likely to increase over time without any clear understanding of its impact
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on existing tobacco-related health disparities. It is critical to reiterate that this work identified
differences in prenatal tobacco product use behavior. Tobacco-related health disparities occur
across the tobacco use continuum and manifest differently across groups of women. While this
research demonstrates that riskier prenatal tobacco use behavior may be concentrated primarily
among White women, Black women, despite less riskier behavior, and Native American women,
despite lower incidence of morbidities, experience substantial disparities in the onset and/or
severity of tobacco-related morbidities and tobacco-related mortality (Fagan, Moolchan,
Lawrence, Fernander, & Ponder, 2007; U.S. DHHS, 2014). Regardless of prenatal tobacco
product use, Black and Native American women are more likely to die during pregnancy than
White women (40.8 deaths per 100,000 live births, 29.7 deaths per live births, and 12.7 deaths
per live births, respectively; Petersen, Davis, Goodman, Cox, Syverson et al., 2019), despite the
preventability of most pregnancy-related deaths (Petersen, Davis, Goodman, Cox, Mayes et al.,
2019). These disparities reflect avoidable systematic and systemic differences across a
multitude of factors including access to care, quality of care, and prevalence of chronic diseases
(Howell, 2018) precipitated by and maintained through explicit/implicit bias and deeply
embedded structural racism. This dissertation provides a “bird’s eye view” of combustible and
electronic cigarette use during the perinatal period across the U.S. The results provided here
should not be used to generalize women. For example, we cannot assume that all women living
in rural areas of the United States have the same behaviors or experiences. This work should
be used to highlight the importance of continued tobacco-related health disparity research and
investigating women’s product use behavior in greater granularity and within the context of their
lives. It is also meant to help guide future work exploring the nuances of perinatal product use
behavior within women’s lived context and communities. Lastly, this dissertation is intended to
call out existing and past tobacco prevention and control work as, despite good intentions and
dramatically reduced prevalence of tobacco use in the general population, these endeavors
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have had a hand in marginalization and exacerbating existing disparities. To be effective and to
move forward, we must be in the business of dismantling systems of oppression.
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Combustible Cigarette Use Behavior During the Perinatal Period
Pregnancy is a critical moment in a woman’s tobacco use behavior trajectory. It has
been shown to have a strong independent association with quitting of a variety of available
tobacco products (Kurti, Redner, Bunn et al., 2018). From the 2013-2014 Population
Assessment Tobacco and Health Study, women who used tobacco products demonstrated high
pregnancy-related quit rates for hookah (98.3%), cigars (88.0%), electronic cigarettes (81.3%),
and, although comparatively lower, combustible cigarettes (53.4%; Kurti, Redner, Bunn et al.,
2018). The independent association between pregnancy and quitting has also been shown to be
persistent across decades. In a prospective cohort with a follow-up period of 21 years,
pregnancy was independently associated with higher risk ratio of smoking cessation at six
months (RR = 30.60, 95% CI [20.5, 45.69]), five years (RR = 4.36, 95% CI [3.61, 5.27]), 14
years (RR = 2.42, 95% CI [2.12, 2.75]), and 21 years (RR = 1.86, 95% CI [1.60, 2.15]; Rattan,
Mamun, Najman, Williams, & Doi, 2013). Combustible cigarette use behavior has also been
shown to be persistent across multiple pregnancies, with combustible cigarette use behavior in
the first pregnancy mirrored in subsequent pregnancies (Hall, Venkatesh, & Greenberg, 2016).
When do women change their combustible cigarette use behavior?
Women often make health behavior changes in the intervening period between the
discovery of their pregnancy (at approximately 5 weeks gestation) and their first prenatal care
visit (at approximately 10 weeks gestation; Crozier et al., 2009; Heil, Herrman, Badger et al.,
2014; Pirie et al., 2000). During that intervening period, 20-22% of women spontaneously quit
(i.e., quit will little to no intervention; Heil, Herrman, Badger et al., 2014; Solomon & Quinn,
2004), 62% may reduce their combustible cigarette use, and 16% may either maintain or
increase their use (Heil, Herrman, Badger et al., 2014). Spontaneous cessation and large
reductions (approximately 50% reduction in daily consumption) in use have been shown to
occur in the first two days following pregnancy discovery (Heil, Herrman, Badger et al., 2014).
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How does combustible cigarette use behavior manifest during the perinatal period?
Examining patterns of combustible cigarette use across the perinatal period allows us to
better understand when women change their behavior and who might change their behavior
when. Not all women who quit their combustible cigarette use at a particular time follow the
same combustible cigarette use trajectory. Seven studies have examined patterns/trajectories of
combustible cigarette use across the perinatal period. I will present these in the order in which
the samples were collected to demonstrate perinatal combustible cigarette use across time.
These studies provide the foundation for what combustible cigarette use behavior patterns we
might expect to see across the perinatal period.
1991-1992 Avon Longitudinal Study of Parents and Children. The first study examined
combustible cigarette use behavior among women participating in the 1991-1992 Avon
Longitudinal Study of Parents and Children in the United Kingdom (Munafò, Heron, & Araya,
2008). The authors assessed women’s combustible cigarette use behavior across seven time
periods: three months prior to pregnancy, 18 weeks gestation, 32 weeks gestation, eight weeks
postpartum, eight months postpartum, 21 months postpartum, and 33 months postpartum. The
authors identified six unique combustible-cigarette-use patterns: nonsmokers; successful
quitters; “temporary quitters” groups one, two, and three; and persistent smokers. Nonsmokers
reported no combustible cigarette use at any point. Successful quitters quit their combustible
cigarette use by 18 weeks gestation and remained abstinent at 33 months postpartum. The first
“Temporary quitters” group quit their combustible cigarette use by 18 weeks gestations but
resumed use by 32 weeks gestation. The second “Temporary quitters” group quit their
combustible cigarette use by 32 weeks gestation but resumed by eight months postpartum. The
third “Temporary quitters” group quit their combustible cigarette use by 18 weeks gestation but
resumed by eight months postpartum. Persistent smokers were women who reported
combustible cigarette use prior to pregnancy and exhibited little to no change in their
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combustible cigarette use at any point in the study. This study was, to the author’s knowledge,
the first study to demonstrate the heterogeneity and complexity inherent in combustible cigarette
use during the perinatal period.
2001 Early Childhood Longitudinal Study. The next three studies examined combustible
cigarette use behavior among women participating in the 2001 Early Childhood Longitudinal
Study Birth Cohort in the United States (Mumford, Hair, Yu, & Liu, 2014; Mumford & Liu, 2015;
Mumford & Liu, 2016). The authors assessed women’s combustible cigarette use behavior
across eight time points: three months prior to conception; in the first, second, and third
trimester; nine months postpartum; two years postpartum; when the child entered preschool;
and when the child entered kindergarten (Mumford, Hair, Yu, & Liu, 2014; Mumford & Liu, 2015;
Mumford & Liu, 2016). When examining patterns of combustible cigarette use across the
sample, the authors identified five groups of behavior patterns: nonsmokers, pregnancy-inspired
quitters, temporary quitters, persistent smokers, and delayed initiators (Mumford, Hair, Yu, &
Liu, 2014; Mumford & Liu, 2016). Nonsmokers reported no combustible cigarette use at any
point. Pregnancy-inspired quitters quit their combustible cigarette use within the first trimester
and maintained their abstinence throughout the study period. Temporary quitters, like the
pregnancy-inspired quitters, quit their combustible cigarette use within the first trimester, but
these women resumed their combustible cigarette use by nine months postpartum. Persistent
smokers were women who reported combustible cigarette use prior to pregnancy and exhibited
little to no change in their combustible cigarette use at any point in the study. Delayed initiators
were naïve combustible cigarette users (no reported previous use) who initiated combustible
cigarette use after two years postpartum. When stratifying perinatal combustible cigarette use
behavior across maternal age groups, Mumford and colleagues (2015) identified 12 unique
behavior patterns. Among those women ages 15 to 25 years, they identified five behavior
patterns: nonsmokers, pregnancy-inspired quitters, moderate smokers, persistent heavy
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smokers, and delayed initiators (Mumford & Liu, 2015). Among those women ages 26-35 years,
they identified four behavior patterns: nonsmokers, temporary quitters, moderate smokers, and
persistent heavy smokers (Mumford & Liu, 2015). Among those women ages 36 years and
older, they identified three behavior patterns: nonsmokers, moderate reducers, and persistent
heavy smokers (Mumford & Liu, 2015). Many of the behavior patterns identified from this study
paralleled those in the previous two studies not stratifying the sample by age. We do see
greater variability in combustible cigarette use behavior among younger women. Persistent
heavy smoking and nonsmoking behavior patterns existed across women’s age groups.
Moderate smoking (reducing consumption during pregnancy but resuming use by nine months
postpartum) existed in groups of women younger than 35 years.
2010 UK Infant Feeding Survey. The fourth study examined combustible cigarette use
behavior among women participating in the 2010 UK Infant Feeding Survey (Fitzpatrick, Gray, &
Quigley, 2016). The authors assessed women’s combustible cigarette use behavior across five
time periods: one year prior to pregnancy, after confirmation of pregnancy, mid-pregnancy, four
to ten weeks postpartum, and eight to ten months postpartum. The authors identified five unique
combustible-cigarette-use patterns: nonsmokers, pregnancy-inspired quitters, temporary
quitters, persistent smokers, and postnatal quitters. Nonsmokers reported no combustible
cigarette use at any point. Pregnancy-inspired quitters quit their combustible cigarette use after
confirmation of pregnancy and maintained abstinence eight to ten months postpartum.
Temporary quitters, like the pregnancy-inspired quitters, quit their combustible cigarette use
after confirmation of their pregnancy but resumed their use by four to ten weeks postpartum.
Persistent smokers were women who reported combustible cigarette use prior to pregnancy and
exhibited little to no change in their combustible cigarette use at any point in the study.
Postnatal quitters did not change their combustible cigarette use during their pregnancy but quit
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use by four to ten weeks postpartum and maintained abstinence eight to ten months
postpartum.
2011 Etude Longitudinale Française Depuis l’Enfance. The fifth study examined
combustible cigarette use behavior among women participating in the 2011 Etude Longitudinale
Française Depuis l’Enfance French birth cohort (El-Khoury, Sutter-Dallay, Van Der Waerden et
al., 2017). The authors assessed women’s combustible cigarette use behavior across three time
periods: preconception, during pregnancy, and two months postpartum. The authors identified
four combustible-cigarette-use patterns: nonsmokers, quitters, persistent heavy smokers, and
persistent moderate smokers. Nonsmokers reported no combustible cigarette use at any point.
Quitters ceased their combustible cigarette use by the pregnancy follow up and stayed abstinent
two months postpartum. Persistent heavy smokers consumed 17.5 combustible cigarettes daily
at preconception, 9.5 at pregnancy, and 12.5 at two months postpartum. Persistent moderate
smokers consumed eight combustible cigarettes daily at preconception, two daily at pregnancy
follow up, and four daily at two months postpartum. This is one of only two studies that
examined frequency of combustible cigarettes when identifying patterns of combustible cigarette
use across the perinatal period.
Urban convenience sample, data collection year unknown. The final study examined
combustible cigarette use behavior among women in a sample of pregnant combustible
cigarette users living in an urban area in the United States (Eiden, Homish, Colder et al., 2013).
The authors assessed combustible cigarette use across four time periods: six months prior to
conception, first trimester, second trimester, and third trimester. They identified four
combustible-cigarette-use patterns: non-persistent light smokers, non-persistent moderate
smokers, persistent moderate smokers, and persistent heavy smokers. Unlike previous studies,
this study did not include women who reported not using combustible cigarettes, so no
nonsmoking groups was identified. Non-persistent light smokers consumed fewer than 20
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combustible cigarettes a month and quit their use by the first trimester. Non-persistent moderate
smokers consumed more than 200 but less than 300 combustible cigarettes a month and quit
their use by the first trimester. Persistent moderate smokers consumed more than 200 but less
than 300 combustible cigarettes a month, reduced their use to less than 200 but more than 100
combustible cigarettes a month by the second trimester, and reduced close to zero combustible
cigarettes a month by the third trimester. Persistent heavy smokers consumed more than 600
cigarettes a month at the beginning of the study period and exhibited increases and decreases
across their pregnancy.
These studies demonstrate that combustible cigarette use from preconception through
pregnancy and into the postpartum period is heterogenous across women who use combustible
cigarettes. We cannot expect that women quitting at the same moment in their pregnancy will
run along the same behavioral trajectory. Furthermore, we see similar patterns emerge across
the studies despite spanning several decades and countries (i.e., nonsmokers, persistent
smokers, pregnancy-inspired/successful quitters, temporary quitters). There were several
patterns that exhibited consistent behavior across the study periods (nonsmokers, persistent
smokers, and successful quitters), but also a few that exhibited inconsistent behavior (e.g.,
temporary quitters in any study). There is a need to examine current patterns of perinatal
combustible cigarette use, as patterns of use likely have changed since the advent of electronic
cigarettes and existing studies have little generalizability to contemporary women in the U.S.
Four of these studies examined perinatal combustible cigarette in the United States (Eiden,
Homish, Colder et al., 2013; Mumford, Hair, Yu, & Liu, 2014; Mumford & Liu, 2015; Mumford &
Liu, 2016). Three of those four used a representative sample that allow for broader
generalization of combustible cigarette use patterns (Mumford, Hair, Yu, & Liu, 2014; Mumford
& Liu, 2015; Mumford & Liu, 2016); however, the sample was from a 2001 birth cohort and so
occurred prior to the advent and accelerated growth and population of electronic cigarettes.
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None of the studies examined patterns of perinatal combustible cigarette use within the context
of electronic cigarette use, inspiring the questions: How might perinatal combustible cigarette
use patterns manifest in the context of electronic cigarette use? Do electronic cigarette use
patterns manifest similarly across the perinatal period?
Factors contributing to combustible cigarette use behavior during the perinatal period
Combustible cigarette behavior during the perinatal period is complex and multifactorial.
It is disproportionate across sociodemographic groups, with some women particularly vulnerable
to continued use during pregnancy and/or resuming after a pregnancy-inspired quit attempt. The
following will detail what sociodemographic factors, pregnancy-related factors, and
psychological factors may influence women’s perinatal combustible cigarette use behavior, as
well as describe the social dynamics experienced by these women that present barriers for
these women to successfully quit their combustible cigarette use and may encourage their
transition to using electronic cigarettes.
Sociodemographic factors
Socioeconomic status. Educational attainment and level of income are robust predictors
of combustible cigarette use across the perinatal period. Women reporting low educational
attainment, typically achieving a high school education or less, are more likely to continue
combustible cigarette use during pregnancy, continue through to postpartum, and, if able to quit
combustible cigarette use during pregnancy, resume use postpartum (Higgins, Heil, Badger et
al., 2009; Martin, McNamara, Milot et al., 2008; Munafò, Heron, & Araya, 2008; Page, Padilla, &
Hamilton, 2012; Tong, Dietz, Morrow et al., 2013; Webb et al., 2011). Those with less than a
high school education are also less likely to spontaneously quit upon learning of their pregnancy
(Coleman-Cowger, Zoszowski, Rosenberry, & Terplan, 2016). It is not only that those with low
educational attainment more likely to consume combustible cigarettes during pregnancy, but
there exists an education gradient where the likelihood of combustible cigarette use during
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pregnancy decreases as educational attainment increases (Kahn, Certain, & Whitaker, 2002;
Maxson, Edwards, Ingram, & Miranda, 2012). Similarly, women experiencing poverty are more
likely to continue to use combustible cigarettes throughout pregnancy and into postpartum
period (Martin, McNamara, Milot et al., 2008; Munafò, Heron, & Araya, 2008; Page, Padilla, &
Hamilton, 2012; Tong, Dietz, Morrow et al., 2013; Solomon & Quinn, 2004).
Race/ethnicity. In the United States, race/ethnicity are determinants of combustible
cigarette use in the perinatal period. Native American women, Alaskan Native women, and
White women consistently exhibit the highest prevalence of combustible cigarette use during
pregnancy and into the postpartum period (Drake, Driscoll, & Mathews, 2018; Eiden, Homish,
Colder, et al., 2013; Tong, Dietz, Morrow et al., 2013). When examining combustible cigarette
use by nativity among low income women, U.S.-born women have exhibited three times the
odds of continuing combustible cigarette use during pregnancy compared to Foreign-born
women (Webb, Culhane, Mathew, Bloch, & Goldenberg, 2011). Compared to non-Hispanic
White women, non-Hispanic African American women and Hispanic women are less likely to
continue using combustible cigarettes during pregnancy and resume postpartum (Drake,
Driscoll, & Mathews, 2018; Page, Padilla, & Hamilton, 2012). Furthermore, compared to White
women, African American women are more likely to successfully quit early in pregnancy
(Maxson, Edwards, Ingram, & Miranda, 2012). While White women are more likely to use
combustible cigarettes with higher intensity than African American women, African American
women experiencing high levels of stress have been shown to exhibit nearly three times the
odds of resuming combustible cigarette use postpartum (Carmichael & Alhuwalia, 2000).
Pregnancy-related factors
Parity. Parity, number of previous live births, is a major predictor of smoking behavior
during pregnancy. Multiparous women, women with multiple previous live births, are more likely
to continue consuming combustible cigarettes during pregnancy compared to primiparous
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women, first-time mothers (Page, Padilla, & Hamilton, 2012). If multiparous women do quit their
combustible cigarette use during pregnancy, they are more likely to relapse postpartum
compared to primiparous women (Carmichael & Alhuwalia, 2000). Primiparous women who use
combustible cigarettes are more likely to initiate and maintain cessation compared to
multiparous women (Graham, Hawkins, & Law, 2010). Timing of first pregnancy can reverse this
association, with earlier entry into motherhood resulting in an increased likelihood of continuing
combustible cigarette use among primiparous women (Graham, Hawkins, & Law, 2010).
Pregnancy intention. Pregnancy often acts as a catalyst for tobacco cessation or
reduction and, for women with an unintended pregnancy who were not likely previously
considering cessation, a behavior disrupter/moment of unexpected motivation to quit. Women
with unintended pregnancies face greater difficulty in changing their behavior and are less likely
to quit or reduce their combustible cigarette use compared to women with intended pregnancies
(Chisolm, Cheng, & Terplan, 2014). Women intending to get pregnant may be better able to
modify harmful health behaviors prior to conception (Altfeld, Handler, Burton, & Berman, 1998;
Dott, Rasmussen, Hogue, et al., 2010). Because nearly half (45%) of pregnancies in the United
States are unplanned (Finer & Zolna, 2016), combustible cigarette use during pregnancy is
dependent on the prevalence of use among reproductive-aged women. In the last two decades,
the prevalence of combustible cigarette use among reproductive-aged women has slowly
declined (see Figure 1, Appendix 2), however, nearly 20% of reproductive-aged women (ages
18-44) continue to use combustible cigarettes (March of Dimes, 2018). Unfortunately, these
decreases in use still fall exceedingly short of the Healthy People 2020 goal of 12% (Office of
Disease Prevention and Health Promotion, 2018), leaving a substantial group of women at risk
of continued combustible cigarette use during pregnancy. While pregnancy intention is an
important factor for combustible cigarette use across the perinatal period, it has not previously
been considered in studies examining patterns of perinatal combustible cigarette use.
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Psychological factors
Depression, anxiety, and stress. Combustible cigarette use is intimately tied to
depression, anxiety, and stress. There is a growing consensus that the relationship between
depression and combustible cigarette use is bidirectional (Paperwalla, Levin, Weiner, &
Saravay, 2004). Cessation of combustible cigarettes has been shown to result in reduced levels
of anxiety and depression over time among adults, including pregnant women (Cavazos-Rehg,
Breslau, Hatsukami et al., 2014; Munafò, Heron, & Araya, 2008; West & Hajek, 1997). During
pregnancy, experiencing depression, anxiety, and/or stress is associated with increased
likelihood of combustible cigarette use before and during pregnancy (Goodwin, CheslackPostava, Nelson et al., 2017; Tong, Farr, Bombard et al., 2016), as well as in the postpartum
period, even among women who were able to successfully quit during pregnancy (Goodwin,
Cheslack-Postava, Nelson et al., 2017; Park, Chang, Quinn et al., 2009; Salimi, Terplan, Cheng,
& Chisolm, 2015). Long-term abstinence during pregnancy and into the postpartum period is
associated with reporting low depression symptomology (Munafò, Heron, & Araya, 2008).
Postpartum depression, developing depression symptomology during pregnancy or within the
year following infant birth (Gavin, Gaynes, Lohr et al., 2005), has been shown to predict
persistent combustible cigarette use behavior beyond pregnancy into first year postpartum
(Mumford, Hair, Yu, & Liu, 2014). Examining the intersection between depression, anxiety,
stress, and race, we see that while African American women are generally less likely to use
combustible cigarettes compared to White women (Drake, Driscoll, & Mathews, 2018), African
American women reporting higher levels of stress, depression, and perceived racism are more
likely to use combustible cigarettes than their White counterparts (Maxson, Edwards, Ingram, &
Miranda, 2012). Examining the intersection between depression, stress and income, low income
pregnant women reporting depression symptomology or higher perceived stress are more likely
to continue combustible cigarette use during pregnancy compared to their high income and non-
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depressed counterparts (Coleman-Cowger, Koszowski, Rosenberry, & Terplan, 2016; Webb,
Culhane, Mathew, Bloch, & Goldenberg, 2011). Women who use combustible cigarettes report
using them to cope with negative feelings and stress and when unable to take the time to smoke
felt they had no other coping strategies (Flemming, Graham, Heirs, Fox, & Snowden, 2013;
Park, Chang, Quinn et al., 2009). For many women, combustible cigarette use is a habituated
response to their life circumstances (e.g., experiencing financial hardship, having an abusive
partner), central to their lives, and provides opportunities to relax and escape (Flemming et al.,
2013; Flemming et al., 2014). Paradoxically, the anxiety and guilt precipitated by continued
combustible cigarette use during pregnancy has also been cited as a major trigger for
combustible cigarette use during pregnancy (Bauld, Graham, Sinclair et al., 2017; Flemming et
al., 2013; Barnett, Fealy, & Wilson, 2018).
Social dynamics. Women are embedded in combustible cigarette-related social norms
and behaviors that significantly impact their combustible cigarette use behavior across their life
course. Adolescent and young adult women may initiate combustible cigarette use as an act of
rebellion and are more sensitive to the combustible cigarette attitudes of their family and peers
compared to adolescent and young adult men (Clayton, 1991; Griffin, Botvin, Doyle et al., 1999;
Stanton, Papandonatos, Lloyd-Richardson et al., 2009). Women’s combustible cigarette use is
more strongly influenced by conditioned cues, as well as negative affect compared to men
(Perkins & Scott, 2008). Women who use combustible cigarettes report that combustible
cigarette use is deeply embedded within their lives and that their social networks are central to
their combustible cigarette use behavior and vice versa (Arborelius & Nyberg, 1997; Flemming
et al., 2013; Graham, 1976; Hotham et al., 2002; Lendahls et al., 2002; Thompson et al., 2004;
Tod, 2003). During pregnancy, combustible cigarette use has been cited as providing women
valuable protected time for themselves and their partners (Bottorff et al., 2006; Cottrell et al.,
2007; Flemming, Graham, Heirs et al., 2013). Furthermore, women describe disruptions in their
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social relationships, including lost time and intimacy with their partners, due to quitting during
pregnancy (Bottorff et al., 2006; Cottrell et al., 2007; Flemming, Graham, Heirs et al., 2013).
Women who quit during pregnancy have also reported feeling socially isolated (Cottrell et al.,
2007; Dunn et al., 1998; Kennison, 2009; Graham, 1976; Haslam & Draper, 2001; Hotham et
al., 2002; Wood et al., 2008) as a consequence of their quitting and have reported feeling a loss
of self/identity (Bottorff et al., 2006; Cottrell et al., 2007; Flemming, Graham, Heirs et al., 2013).
Women have noted that while friends and family often encouraged them in their attempt to quit,
that encouragement was confined to pregnancy and not extended into the postpartum period
(Flemming, McCaughan, Angus, & Graham, 2014; Hotham et al., 2002; Thompson et al., 2004;
Nichter et al., 2007; Wigginton & Lee, 2012). The desire to quit combustible cigarette use during
pregnancy is overwhelmingly tied to protecting the health of the fetus (Herberts & Sykes, 2012;
Kennison, 2009; Lendahls et al., 2002; Wood et al., 2008). In addition, women have also cited
the desire to avoid social disapproval and stigma as a major motivation to quit their combustible
cigarette use during pregnancy (Abrahamsson et al., 2005; Bottorf et al., 2006; Bull, Burke,
Walsh, & Whitehead, 2007; Edwards & Sims-Jones, 1998; Hotham et al., 2002; Kennison,
2009; Maclaine and Clark, 1991). Women are generally expected to place the health and wellbeing of their infant first (Oaks, 2000). Subsequently, women who continue to use combustible
cigarettes are often seen as failing in that expectation, viewed as negligent (Farrimond & Joffe,
2006; Greaves, Kalawa, & Bottorf, 2007; Greaves & Tungohan, 2007; Oaks, 2000), and
internalize the social disapproval, stigma, they receive (Bottorff, Johnson, Irwin, & Ratner, 2000;
Coxhead & Rhodes, 2006; Irwin, Johnson, & Bottorff, 2005). Women have reported receiving
derision and castigation for their combustible cigarette use during pregnancy from health care
professionals, friends, family, and even strangers (Abrahamsson et al., 2005; Bull et al., 2007;
Edwards & Sims-Jones, 1998; Grant, Morgan, Gallagher, & Mannay, 2018; Hotham et al., 2002;
Kennison, 2009; Maclaine & Clark, 1991; Wigginton & Lee, 2013; Ziebland & Fuller, 2001). This
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combustible cigarette-related stigma has been noted particularly among low socioeconomic
users (Farrimond & Joffe, 2006; Grant, Morgan, Gallagher, & Mannay, 2018), who are
especially vulnerable when they do not adopt and maintain health behaviors practiced by those
in the “middle class”/with a higher socioeconomic status (Graham, 2012). To avoid social
disapproval, some women have described hiding their pregnancy to continue their combustible
cigarette use without admonishment, and then when the pregnancy could no longer be hidden,
they described hiding their combustible cigarette use behavior (Abrahamsson et al., 2005;
Edwards & Sims-Jones, 1998; Flemming, Graham, Heirs et al., 2013; Kennison, 2009; Nichter
et al., 2007). Others have described increasing their combustible cigarette use as a way to cope
with stigma-related stress or as an act of rebellion (Cottrell et al., 2007; Hotham et al., 2002;
Kennison, 2009). Women have also described preferring to reduce the number of combustible
cigarettes they used during pregnancy as a form of harm reduction, because this behavior was
much easier to initiate and maintain within the context of their lives (Bottorff, et al., 2006; Dunn
et al., 1998; Edwards & Sims-Jones, 1998; Flemming, Graham, Heirs, Fox, & Snowden, 2013;
Graham, 1976; Maclaine & Clark, 1991; Nichter et al., 2007; Oakley, 1989; Wood et al., 2008).
Many women who continue to use combustible cigarettes during their pregnancy have
expressed valuing experiential and anecdotal evidence (e.g., having a healthy baby despite
continuing to use combustible cigarettes during pregnancy) over advice given by their health
care providers, and so did not believe that combustible cigarette use during pregnancy was
harmful enough to require them to quit (Arborelius & Nyberg, 1997; Bull et al., 2007; Dunn et al.,
1998; Haslam & Draper, 2001; Lawson, 1994; Naughton, Eborall, & Sutton, 2013; Nichter et al.,
2007; Wigginton & Lee, 2012; Wood et al., 2008).
Partner. Partner attitudes and combustible cigarette use behavior is a significant
influencer of women’s combustible cigarette use during the perinatal period. Women living with
a partner who continued using combustible cigarettes during their pregnancy are significantly
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more likely to continue using combustible cigarettes during pregnancy and, if women managed
to quit in their pregnancy, more likely to resume postpartum compared to women with partners
who either quit in solidarity or were not combustible cigarette users (Bauld, Graham, Sinclair et
al., 2017; Edwards & Sim-Jones, 1998; Flemming et al., 2013; Greaves, Kalawa, & Bottorf,
2007; Hotham et al., 2002; Nichter et al., 2007; Page, Padilla, & Hamilton, 2012; Thompson et
al., 2004; Tod, 2003; Ziebland & Fuller, 2001). Power dynamics between women and their
partners have been shown to either support or hinder combustible cigarette cessation during the
perinatal period. Women with more egalitarian relationships with their partner have reported
receiving greater support and success in their quit attempts during pregnancy (Bottoroff et al.,
2006; Cottrell et al., 2007; Greaves, Kalawa, & Bottorf, 2007; Tod, 2003). Women experiencing
greater power differentials in their relationship with their partner have reported greater difficulty
in sustaining their quit attempts during their pregnancy (Bottorff et al., 2006; Greaves, Kalawa, &
Bottorf, 2007; Thompson et al., 2004; Tod, 2003; Ziebland & Fuller, 2001). Their partners often
placed the onus to change solely on the women and neglected to recognize that their own
combustible cigarette use behavior influenced women’s ability to maintain abstinent and
exposed women and their fetus to second-hand smoke (Bottorff et al., 2006; Greaves, Kalawa,
& Bottorf, 2007; Thompson et al., 2004; Tod, 2003; Ziebland & Fuller, 2001). Women in these
relationships have also reported receiving negative and antagonist behavior from their partners
such as policing (e.g., withholding money from women to prevent purchasing of combustible
cigarettes) and offering a combustible cigarette during a time of stress and then chastising
women for accepting (Bottorff et al., 2006; Greaves, Kalawa, & Bottorf, 2007; Kennison, 2009;
Thompson et al., 2004).
Electronic Cigarette Use Behavior During the Perinatal Period
Electronic cigarettes are noncombustible devices consisting of three basis components:
a battery, a liquid-containing cartridge, and a chamber with a heating element used to vaporize
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the e-liquid (also known as an atomizer; Breland, Soule, Lopez et al., 2017). The liquidcontaining cartridge, either refillable or single use, typically contains a solvent (propylene glycol
and/or vegetable glycerin), nicotine (not always), and flavor additives (Breland, Soule, Lopez et
al., 2017). While the solvent and many of the flavor additives used in electronic cigarette liquids
have been approved for ingestion, the effects of inhaling them are largely unknown (Breland,
Soule, Lopez et al., 2017). Since their release into the market, the types, designs, and
engineering characteristics of electronic cigarettes have proliferated and evolved (Breland,
Soule, Lopez et al., 2017). Regardless of specific changes, newer generations of electronic
cigarettes provide more efficient nicotine delivery, so much so that many of these devices have
been able to match combustible cigarettes in nicotine amount delivered and delivery speed
(Wagener, Floyd, Stepanov et al., 2017). Prior to 2016 electronic cigarettes were not tested by,
approved for use, or regulated by the FDA. In August 2016, they became subject to the same
regulatory requirements as cigarettes, cigars, and other tobacco products (e.g., all tobacco
product packages and advertisements required to bear a nicotine addictiveness warning; FDA,
2016).
The short- and long-term effects of electronic cigarette use during pregnancy are largely
unknown. While electronic cigarettes do not expose individuals to carbon monoxide (note:
carbon monoxide is implicated in the cause of many adverse combustible cigarette-related
perinatal outcomes; USDHHS, 2001), they are efficient nicotine delivery systems (Breland,
Soule, Lopez et al., 2017). Nicotine can pass through the placenta and accumulate in the
placental tissue, amniotic fluid, and fetal serum (Wong, Barra, Alfaidy et al., 2015). Short- and
long-term effects of in utero nicotine exposure has been examined in animal models. In rodent
models, in utero nicotine exposure has been shown to: slow mucociliary clearance, increasing
infant respiratory infection risk (Laube, Afshar-Mohajer, Koehler et al., 2017); increase
intrauterine infection in mothers (von Chamier, Reyes, Hayward, & Brown, 2017) which may
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increase the risk for premature membrane rupture leading to premature birth and/or fetal death
(USDHHS, 2001); impair placental protein disulfide isomerase which is associated with
premature decline in fetal cardiac function (Barra, Lisyansky, Vanduzer et al., 2017); change
signaling and histological changes in the brain resulting memory and learning deficits (Ernst,
Moolchan, & Robinson, 2001; Suter, Mastrobattista, Sachs, & Aagaard, 2015).; and induce
epigenetic changes resulting in asthma across multiple generations (Rehan et al., 2012; Suter,
Mastrobattista, Sachs, & Aagaard, 2015). Chen and colleagues (2018) found that in utero
exposure to nicotine and nicotine-free electronic cigarette liquid resulted in epigenetic changes
inducing immune dysregulation in the lungs of murine model offspring. In utero exposure to
combustible and electronic cigarettes have also shown to cause cardiac defects, cardiac
edema, and cardiac function decline in zebrafish (Palpant, Hofsteen, Pabon, Reinecke, & Murry,
2015). Combustible cigarette exposure has been shown to be more toxic than electronic
cigarette exposure, at comparable nicotine levels, and demonstrate a wider range of cardiac
developmental defects. (Palpant, Hofsteen, Pabon, Reinecke, & Murry, 2015). While these
studies provide some insight into the potential effects of fetal exposure to nicotine and electronic
cigarettes, they were conducted with animal models, so we should apply caution in generalizing
their outcomes to humans. That being said, nicotine and electronic cigarette exposure during
pregnancy is likely not without some measure of harm. More research is needed to better
understand the short- and long-term effects of in utero exposure to nicotine and electronic
cigarettes.
While electronic cigarettes may have lower levels and overall number of toxins
compared to combustible cigarettes, their marketing as safer alternatives disregards the intrinsic
adverse effects of nicotine (Grana, Benowitz, & Glantz, 2014), particularly nicotine exposure
during pregnancy (Suter, Mastrobattista, Sachs, & Aagard, 2015). Currently there are limited
clinical trial and cohort data evaluating the utility of electronic cigarettes as a safe and effective
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cessation aid. Existing work is inconclusive; however, reductions of combustible cigarette use
has been seen with regular electronic cigarette use and when compared to combustible
cigarettes, electronic cigarettes have fewer acute toxic effects (Ghosh & Drummond, 2017).
There is some recent evidence from a randomized controlled trial in the United Kingdom that
electronic cigarettes may be a more effective aid for combustible cigarette cessation than
nicotine replacement therapy (Hajek, Phillips-Waller, Przulj et al., 2019), but caution is required.
These findings cannot be directly translated to pregnant women, as pregnant women have to
contend with unique health risks (e.g., fetal nicotine toxicity) and are not typically responsive to
nicotine replacement therapy due to increased nicotine metabolism (Benowitz, 2010). It will be
important to better understand the prevalence of electronic cigarette use, patterns of use, and
characteristics of women who use electronic cigarettes during pregnancy, as more women of
reproductive age are using these products (Chivers, Hand, Priest, & Higgins, 2016) it is likely
that electronic cigarette use during this period will also increase.
Factors contributing to electronic cigarette use behavior during the perinatal period
Electronic cigarette use prevalence, behavior patterns, and characteristics of women
using these products during the perinatal period are not well known. There is evidence that
electronic cigarettes are being used during pregnancy by both combustible cigarette users and
non-users (Ashford, Wiggins, Butler et al., 2016; Bhandari, Day, Payakachat et al. 2018;
Kapaya, D’Angelo, Tong et al. 2019; Kurti, Bunn, Villanti et al., 2018; Mark, Farquhar, Chisolm,
Coleman-Cowger, & Terplan, 2015; Oncken, Ricci, Kuo et al., 2017; Wagner, Camerota, &
Propper, 2017). Women who use electronic cigarettes during pregnancy tend to be nonHispanic White women (Ashford, Wiggins, Butler et al., 2016; Bhandari, Day, Payakachat et al.
2018; Mark, Farquhar, Chisolm, Coleman-Cowger, & Terplan, 2015; Oncken, Ricci, Kuo et al.,
2017), current combustible cigarette users (Ashford, Wiggins, Butler et al., 2016; Bhandari, Day,
Payakachat et al. 2018), and women with some college experience (Ashford, Wiggins, Butler et
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al., 2016; Bhandari, Day, Payakachat et al. 2018; Kurti, Bunn, Villanti et al., 2018; Oncken,
Ricci, Kuo et al., 2017). Electronic cigarettes are frequently perceived by U.S. adults as safer
and less expensive than combustible cigarettes and are marketed as safer alternatives to
combustible cigarettes (Grana, Benowitz, & Glantz, 2014; King, Patel, Nguyen, & Dube, 2015;
Pearson, Richardson, Niaura, Vallone, & Abrams, 2012). Women during pregnancy, generally,
seem to retain the perception that electronic cigarettes are a safer and healthier alternative to
combustible cigarettes and believe them to be an effective combustible cigarette cessation aid
(Ashford, Wiggins, Butler et al., 2016; Baeza-Loya, Viswanath, Carter et al., 2014; England,
Tong, Koblitz et al., 2016; Fallin, Miller, Assef, & Ashford, 2016; Farquhar, Mark, Terplan, &
Chisolm, 2015; Kahr, Padgett, Shope et al., 2015; Mark, Farquhar, Chisolm, Coleman-Cowger,
& Terplan, 2015). These perceptions may prompt women to switch to electronic cigarettes or
use combustible and electronic cigarettes concomitantly (i.e., dual use; Baeza-Loya, Viswanath,
Carter et al., 2014; Farquhar, Mark, Terplan, & Chisolm, 2015; Kahr, Padgett, Shope et al,
2015; Mark, Farquhar, Chisolm, Coleman-Cowger, & Terplan, 2015).
There are likely a multitude of reasons a woman might use electronic cigarettes during
the perinatal period, but only a few are known. The primary reason given for electronic cigarette
use during pregnancy is to assist in combustible cigarette use cessation (Ashford, Wiggins,
Butler et al., 2016; Oncken et al., 2017; England et al., 2016). As mentioned previously, many
pregnant combustible cigarette users desire to quit use during their pregnancy and, for some,
harm reduction is preferable to cessation (Farquhar, Mark, Terplan, & Chisolm, 2015; Graham,
Flemming, Fox, Heirs, & Sowden, 2014). Women who are preferential to harm reduction during
their pregnancy may be especially open to transitioning to electronic cigarettes during their
pregnancy. Fallin and colleagues (2016) found that some women used electronic cigarettes to
reduce harm during their pregnancy but then resumed their combustible cigarette use
postpartum. Because electronic cigarettes are relatively less expensive than combustible
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cigarettes (Smith, Brar, Enja, & Lippmann, 2016), women who use combustible cigarettes and
experience economic hardship/poverty may be inclined to switch to electronic cigarettes as a
sensible and economical solution. Furthermore, women may switch to electronic cigarettes
during their pregnancy to mitigate potential social disapproval. Recent evidence among young
adult dual users suggest that despite continuing to use combustible cigarettes, dual users may
refer to themselves as “vapers” as it incurs less stigma compared to identifying as a “smoker”
(Cheney, Dobbs, Smith et al., 2019).
Electronic Cigarettes: Harm Reduction Innovation? Public Health Scourge?
The public health community is largely divided over the potential public health effects of
electronic cigarette use. On one side are those that believe electronic cigarettes could lead to
net public health benefits by aiding in combustible cigarette use cessation and largely reducing
the burden of combustible cigarette-related cardiovascular and respiratory disease and cancers
(Etter, 2013; McNeill, Etter, Farsalinos et al., 2014; Middlekauff, 2015). On the other side are
those that believe electronic cigarettes pose a public health threat by re-normalizing
combustible cigarette use behavior and nicotine consumption ultimately reversing decades of
tobacco-control success (Avdalovic & Murin, 2015; Chapman, 2013; Schraufnagel, Blasi et al.,
2014). The explosive rate in which youth have adopted electronic cigarettes in recent years
(Gentzke, Creamer, Cullen et al., 2019) is a growing public health concern (Office of the U.S.
Surgeon General, 2018), further adds tension to the debate, and shifts the research focus to
naïve adolescent users and away from adult combustible cigarette users. The contentious
debate centers on differing interpretations of data by researchers (e.g., Abrams, Glasser,
Pearson et al., 2018; Glantz & Bareham, 2018) and regulatory bodies (e.g., McNeil, Brose,
Calder et al., 2018; The National Academies of Sciences, Engineering, and Medicine, 2018).
Electronic cigarettes add a new dimension to the ongoing discussion over the safety and
effectiveness of using nicotine replacement therapy during pregnancy. In the United States,
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recommendations for the use of nicotine replacement therapy vary across authoritative
organizations. The American College of Obstetricians and Gynecologists (2017) state that
nicotine replacement therapy, in any form, may be recommended as a combustible cigarette
cessation aid during pregnancy provided practitioners give diligent counseling and patients
express commitment to complete cessation. The United States Preventive Services Task Force
does not recommend use of nicotine replacement therapy due to insufficient evidence (Siu &
U.S. Preventive Services Task Force, 2015). However, both organizations align in their
recommendations regarding electronic cigarettes. Neither recommend electronic cigarettes as a
combustible cigarette cessation aid during pregnancy as currently available evidence is
insufficient to recommend against or in favor (American College of Obstetricians and
Gynecologists, 2017; Siu & U.S. Preventive Services Task Force, 2015). Similar national
guidelines have been made in Canada (CAN-ADAPTT, 2011) and Australia (Australian Medical
Association, 2015). The public health community in the United Kingdom have integrated
electronic cigarettes into their tobacco cessation campaigns and programs for adults, including
pregnant women; encouraging complete cessation among pregnant combustible cigarette users
but not discouraging switching to electronic cigarettes as a harm reduction approach (Public
Health England, 2016; Smokefreeaction, 2019). This unconventional move by the United
Kingdom has come under criticism, with opponents suggesting that not discouraging electronic
cigarettes during pregnancy limits woman’s abilities to make informed decisions regarding her
cessation (van der Eijk, Petersen, & Bialous, 2017).
When considering all of this information together, we can see that combustible use
during the perinatal period is a complex heterogenous behavior influenced by intersecting
multilevel factors resulting in disproportionate use among certain groups of women. It is likely,
given what we know, that electronic cigarette use during the perinatal period is equally
heterogenous and influenced by the same intersecting multilevel factors. However, it is unclear
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how these factors influence electronic cigarette use behavior during this period, how these
factors influence the intersection of combustible and electronic cigarette use during this period,
or whether electronic cigarette use may exacerbate existing and/or generate new areas of
disparate use among women during this period. With the public health field split on the safety
and effectiveness of electronic cigarettes, marketing suggesting electronic cigarettes as a safer
alternative to combustible cigarettes, and the stigma faced by combustible cigarette users
during pregnancy, it is possible to see how women might switch to electronic cigarette use as a
harm reduction aid that better fits the context of their lives. Furthermore, the potential of
electronic cigarettes as a harm reduction aid may provide women, especially women
experiencing social disadvantage, an opportunity to mitigate significant, combustible cigaretterelated short- and long-term harm to themselves and their offspring. Alternatively, if electronic
cigarettes prove to re-normalize combustible cigarette use and nicotine consumption,
demonstrate acute adverse short- and long-term effects, and encourage dual product use,
women, especially women experiencing social disadvantage, may unknowingly expose
themselves and their offspring to untoward health effects; potentially exacerbating existing
tobacco-related health disparities.

