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Abstract

Purpose of Review: This review examines Electronic Nicotine Delivery Systems (ENDS) use 

behavior during pregnancy, including the prevalence of and transitions in use during pregnancy.

Recent Findings: Twenty-two papers addressed the prevalence of and/or transitions in ENDS 

use during pregnancy. Findings show a complex landscape of ENDS use. A minority (0.4%−7.0%) 

of pregnant persons use ENDS; most commonly this occurs in the form of dual use (ENDS 

and combustible cigarettes (CC); 75%). Many pregnant persons report using ENDS because they 

perceive them to be a lower-risk alternative and/or potential cessation aide for CC smoking. 

However, while a subset of those who use ENDS do quit all tobacco product use during pregnancy, 

only a small proportion switch from exclusive CC smoking to exclusive ENDS use.

Summary: ENDS are a somewhat new addition to the tobacco product landscape. The perception 

of ENDS as a lower-risk alternative may contribute to ENDS use in pregnancy. There is 

insufficient evidence to support the notion that ENDS facilities the cessation of tobacco product 

use during pregnancy.
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1. INTRODUCTION

1.1 Overview of ENDS

The commercial landscape of tobacco products (TPs) has changed remarkably in recent 

years with one of the biggest changes being the introduction of Electronic Nicotine Delivery 

Systems (ENDS). ENDS have only been present in the United States (US) marketplace since 

2007, with a substantial expansion of ENDS products available in the US since then [1]. The 

prevalence of ENDS use has substantially increased over the past several years, including 

among adults of reproductive age [2], despite decreases in the use of combustible cigarettes 

(CC) over the same time period [3–5].

The term ENDS refers to a category of TPs which use electronic devices to heat a liquid in 

order to create an aerosol, which is inhaled. This category most notably includes e-cigarettes 

which are known by a wide range of names including vapes, vape pens, mods, pod mods 

and Juul. These products vary on two important characteristics. First, the liquid which is 

aerosolized can differ in terms of its nicotine content, flavor, and/or the other components 

that form the base of the liquid (e.g., propylene glycol, vegetable glycerin). Second, the 

electronic device which aerosolizes the liquid can differ on a range of variables, including 

whether it comes pre-filled with a certain liquid or can be filled with your liquid of choice, 

whether it has adjustable settings (e.g., higher or lower power settings), and its shape and 

size.

It is important to note that although the term ‘electronic nicotine delivery system’ (ENDS) 

implies the presence of nicotine, a product does not need to contain nicotine in order to be 

considered an ENDS product. The ENDS marketplace includes products that range from 

containing no nicotine to very high levels of nicotine (e.g., 5% e-liquids), while the average 

percent nicotine content by weight of tobacco in CC is below 2% [6]. Additionally, there 

are thousands of different flavor options and devices ranging from small closed-system 

disposable e-cigarettes that resemble traditional CCs all the way to large rechargeable 

and adjustable devices [7–9]. So while in this review we consider this broad category of 

products, it is important to remember that product characteristics such as nicotine level, 

flavor, or device characteristics may have a substantial impact on the product’s appeal, 

addictive potential, or potential for conferring risk or efficacy as a harm reduction aid for 

those who use the products, including pregnant persons.

1.2 Focus of the Review

Use of TPs, such as combustible cigarette (CC) smoking, during pregnancy has been 

shown to increase the risks for adverse perinatal outcomes [10]. Whether ENDS use during 

pregnancy is associated with increased risk of adverse perinatal outcomes is an important 

topic which we have reviewed elsewhere [11]. However, it is important to characterize 

ENDS use during pregnancy in order to fully understand the contribution that ENDS may 
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have to the TP landscape during pregnancy. The purpose of this review is to synthesize 

information on the prevalence of ENDS use during pregnancy, transitions in ENDS use 

during pregnancy, and, where available, to include information on which types of products 

are used, how they are used (e.g. exclusively or as dual use with CC smoking; frequency 

of use), and consider what factors may contribute to pregnant persons’ motivation for using 

ENDS.

1.3 Pregnancy as a Time of Change in TP Use Behavior

For many, pregnancy is a key time to make favorable and lasting behavioral changes to CC 

smoking and other TP use. Pregnant persons who use TPs may try to abstain, cut down, or 

switch to products that they perceive will reduce the risk of adverse perinatal outcomes [12]. 

However, approximately half of people who use CC continue to smoke during pregnancy 

and breastfeeding; women who do quit smoking CC during pregnancy have high relapse 

rates following birth [13–16]. Despite a similar level of interest in quitting [10], women, in 

general, have greater difficulty achieving CC smoking cessation than men [17–24], and these 

challenges with quitting are still present during pregnancy. Cessation and relapse prevention 

interventions are still insufficient for some individuals, despite decades of research.

Perceptions of ENDS as a low-risk behavior or as a harm-reduction aid may contribute to 

ENDS use during pregnancy. Pregnant persons tend to believe that ENDS are less harmful 

than CCs during pregnancy [25–27]. Additionally, both pregnant persons and non-pregnant 

women commonly endorse the belief that ENDS would aid in quitting CCs [28, 29]. 

Whether ENDS are an effective harm reduction strategy depends not only on whether they 

are safe during pregnancy, but also whether they effectively reduce CC smoking.

In non-pregnant samples, ENDS are often considered in the context of their impact on CC 

smoking. For example, ENDS has been proposed to present a promising harm reduction 

alternative to CC smoking for the general population of those using CCs [30], although 

evidence for the efficacy of ENDS as smoking cessation aids remains somewhat limited [31–

36] and a recent Cochrane review found no RCT studies of ENDS for CC cessation during 

pregnancy [37]. Further, in individuals who had not previously smoked CCs, ENDS may 

facilitate initiation of CC smoking [38, 39]. Similarly, in individuals who previously smoked 

CCs and quit, ENDS may facilitate relapse to CC smoking [40, 41]. While consideration 

of how ENDS influences CC smoking is an important topic, primarily focusing on that 

relationship may create the impression that ENDS are harmless unto themselves. For the 

purpose of this review, we will focus specifically on ENDS use and transitions in ENDS use 

during pregnancy and perinatal time periods. This review will report on other TP use and 

motivations that relate to cessation of other TP use, but only in as much as it is relevant to 

understand the findings on ENDS use behavior, which is the focus of this review. Therefore, 

this review does not attempt to summarize the broader literature on whether ENDS is 

effective as a CC cessation aid as that topic is beyond the scope of this review.
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1.4 Scope and Methods of Review

The goal of this review is to synthesize findings in pregnant persons from population-based 

or cohort-based samples related to ENDS use behavior and transitions in ENDS use behavior 

during pregnancy.

This narrative literature review utilized the following methods to identify manuscripts: As 

was done in [11], searches were limited to ‘Human’ (i.e., preclinical research not included), 

and written in the English language. Searches in PubMed database initially focused on two 

population-based datasets with information on ENDS and pregnancy: namely the Population 

Assessment of Tobacco and Health (PATH, [42]) and the Pregnancy Risk Assessment 

Monitoring System (PRAMS, [43]). Searches used search terms related to ENDS (e.g., 

“electronic nicotine delivery systems” or “ENDS” or “electronic cigarettes” or “e-cigarette” 

or “vaping”) and pregnancy (e.g., “pregnant” or “pregnancy” or “prenatal” or “antenatal” or 

“perinatal”) plus the study names (i.e., “Pregnancy Risk Assessment Monitoring System” or 

“PRAMS” or “Population Assessment of Tobacco and Health” or “PATH”). More general 

searches in PubMed, PsychInfo, and Google Scholar to capture other datasets were then 

performed using the terms related to ENDS and pregnancy detailed above. The references of 

the identified papers were then reviewed to determine whether any of the cited papers met 

inclusion criteria for this review.

Papers met criteria for inclusion if they were population-based or cohort studies (cross­

sectional or longitudinal) which characterized ENDS use during pregnancy, for example 

by providing prevalence of use within the sample or transitions in use during pregnancy. 

Information extracted from each paper (see Table 1) included 1) characteristics of the sample 

(N, inclusion criteria, years of data collection), 2) time points during pregnancy or the 

perinatal period captured in the TP use data; 3) the definition/s of ENDS and other TP use 

groups: which groups were compared, and how group membership was defined; and 4) a 

summary of findings related to ENDS use prevalence, transitions, or other characteristics of 

use (e.g., product characteristics, frequency). Where potentially relevant to ENDS use, other 

topics such as motivations for use or risk perceptions were also included.

2. RESULTS

Twenty-two papers characterized ENDS use during pregnancy (Table 1).

The prevalence of ENDS use amongst non-pregnant females is 6.2% [13] and among 

females of reproductive age who use combustible TP is approximately 22% [44]. However, 

pregnancy often prompts abstinence from TPs [44], including from ENDS [13]. A recent 

analysis of 4 waves of PATH data (Wave 1, 2013–2014; Wave 2, 2014–2015; Wave 3, 

2015–2016; Wave 4, 2016–2018), found that the ENDS cessation rate among pregnant 

women was approximately 76% [45]. A cross-sectional study found that ENDS use declined 

significantly from early (0.4%) to late (0.0%) pregnancy [46]. Despite these encouraging 

findings, estimates of the prevalence of ENDS use during pregnancy vary across studies 

reviewed here (e.g., 0.4% [47]; 0.6% [48]; 5.0% [49]; 7.0% [50]). Additionally, an earlier 

review reported a wider range of prevalence during pregnancy (0.6 – 15%) [25].
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A substantial portion of pregnant ENDS users concomitantly use CCs [51–54]. A large 

telephone survey of racially/ethnically diverse, low-income pregnant women in the U.S. 

found that although 4% of participants endorsed current ENDS use, 75% of these ENDS 

users also currently smoked CCs [54]. Moreover, data from the National Health Interview 

Survey revealed low rates of ENDS use among pregnant women overall (3.6%), but rates of 

ENDS use among pregnant people who smoke CC were significantly higher (39%) [52].

A commonly endorsed reason for using ENDS during pregnancy is to aid with CC smoking 

cessation [28, 50, 51, 55–59]. Among surveyed pregnant individuals who reported current 

ENDS use, 71% (n=31) endorsed ever using ENDS to try to quit smoking CCs [28]. 

Similarly, two additional cross-sectional analyses found that, among those who dual use, the 

primary reason for using ENDS during pregnancy was to help with CC smoking cessation 

[56, 58]. Finally, a 2014 survey of pregnant women revealed that a majority of participants 

who ever used ENDS perceived ENDS as safer than CCs (74%) and predominately endorsed 

using ENDS to help them quit smoking (72%) [59]. Those with current ENDS use are more 

likely to perceive a greater benefit for using ENDS to help with smoking cessation versus 

those who do not currently use ENDS [28].

Despite the belief that ENDS may be an effective smoking cessation tool, there is little 

evidence to substantiate this notion among pregnant persons. In a CC cessation study 

of pregnant women, a majority of those who endorsed dual use reported using ENDS 

in an attempt to quit smoking; however, the association between ENDS use and short­

term smoking cessation outcomes were non-significant [57]. Further, several studies have 

examined associations between current ENDS use and CC quit attempts [56, 58, 59], and 

findings have been mixed. Specifically, although data from a clinical trial of Nicotine 

Replacement Therapy (NRT) for smoking cessation during pregnancy revealed that using 

ENDS may be positively associated with an increased number of CC quit attempts [58], 

other studies did not observe this relationship [56, 59]. A prospective CC cessation trial 

among pregnant persons in the US (n=428 pregnant) found that although the top reason cited 

for ENDS use was to help quit smoking CC, the odds of quitting CC were non-significantly 

lower among ENDS use vs. non-ENDS use groups (OR= 0.70 (0.30, 1.64)) and ENDS use 

did not reduce the number of CCs smoked per day [57]. However, it must be noted that 

ENDS use was not randomly assigned and only 36 (8.4%) participants reported baseline 

ENDS use [57]; plus this study relied on self-reported smoking status, which is sensitive to 

social desirability bias [60].

There is some evidence that pregnancy status may facilitate a switch from dual use to 

ENDS only use (i.e., quitting CC smoking but maintaining ENDS use [44]). However, 

this transitional pattern of ENDS use appears to be limited to a small portion of pregnant 

persons. An examination of the 2016–2017 PRAMS Arkansan respondents who reported 

dual use (n=100) found that, although nearly half (44%) of individuals who reported 

pre-pregnancy dual use reported a decrease in the number of CCs they smoked during 

pregnancy, very few (5%) switched to exclusive ENDS use [61]. Similarly, Wang et al. 

(2020) examined the full PRAMS sample (n=31,973) and found that as little as 6.8% of 

women who reported dual use in the three-months before pregnancy reported switching to 

ENDS only during late pregnancy, while a further 48.9% switched to no TP use by late 
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pregnancy [47]. These findings are consistent with the patterns of ENDS use observed 

among those who reported dual use prior to pregnancy (i.e., pre-pregnancy dual use) 

and who participated in Waves 1–3 of the PATH study (n=3,767). Specifically, Kurti and 

colleagues (2020) noted that 4.1% of respondents who reported pre-pregnancy dual use (and 

1.2% of CC only use) transitioned to exclusive ENDS use during pregnancy [44]. Further, 

pre-pregnancy dual use was associated with decreased odds of complete TP cessation during 

pregnancy. Finally, a cross-sectional analysis of pregnant persons in Wave 1 of PATH 

revealed that 2.3% of individuals who formerly smoked CC switched to using ENDS [49].

Some pregnant persons report switching from using only CC to dual use during pregnancy 

[47]. However, the 2016 PRAMS data indicate that this transitional pattern may be similarly 

limited to a modest subsample of pregnant persons who use TPs. Specifically, Wang et 

al. (2020) [47] observed that only 1% of individuals who reported CC only pre-pregnancy 

switched to dual use, while nearly half (44%) continued to exclusively smoke CCs. Despite 

the limited number of pregnant persons who report switching from exclusive CC smoking to 

dual use, there is some evidence that this transition may reduce the heaviness of CC smoking 

in some [61]. For instance, an analysis of the Phase 8 (2016–2017) Arkansas PRAMS data 

revealed that a majority (85%) of those who report previous CC only use at pre-pregnancy 

and initiated ENDS use during pregnancy (i.e., switched to dual use) reported a decrease in 

the number of CCs they smoked; however, none completely stopped smoking CCs by late 

pregnancy (Cardenas et al., 2020). In contrast, a cross-sectional study of pregnant persons 

who report current TP use found that, although there was no significant difference in average 

CC/day among CC only versus dual use groups, the dual use group were more likely to 

smoke a pack/day or more (11% versus 5%) and had higher dependence scores than the CC 

only group [56].

Although many of the reviewed studies that characterize ENDS use during pregnancy do 

not include fine-grained detail on ENDS use, a handful of studies do address the frequency 

and/or heaviness of use [49, 53, 56, 58, 59, 62–65]. Two survey studies of pregnant persons 

found that less than 1% of overall participants in each sample (including those who use 

ENDS and those who do not use ENDS) reported using ENDS daily [53, 59]. Moreover, 

analyses of PATH data found that among pregnant persons who currently use ENDS, 

the average number of days of ENDS use in the past 30 days was 13.1 [49]. Notably, 

evidence indicates that the frequency of ENDS use differs widely. A cross-sectional survey 

of pregnant individuals who use TP found while a majority of dual use was evenly divided 

between using ENDS less than 10 days/month (29%) or 10–15 days/month (29%), a large 

proportion (41%) reported daily ENDS use during pregnancy [56]; similar to other PRAMS 

analyses [62, 63]. First, a 2015–2016 PRAMS dataset found that 43% of pregnant persons 

who use ENDS reported using ENDS less than once a week and 30.5% reported more than 

once/day use during the last three months of pregnancy [62]. Additionally, a more recent 

analysis of PRAMS found that among those who report only ENDS use, about half used 

ENDS frequently and the other half only used ENDS occasionally during late pregnancy. 

Further, a diverse pattern of use emerged with dual use [63]: some smoked CCs heavily 

(with occasional (36%) or frequent (15.2%) ENDS use, others smoked CCs lightly with 

occasional (29.3%) or frequent (19.4%) ENDS use. Finally, an online survey of pregnant 

persons found no differences in the frequency of ENDS use between ENDS-only and dual 
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use [64]. Overall, these findings confirm that those who use ENDS during pregnancy are not 

a homogenous group in terms of the frequency or heaviness of ENDS use.

To date, few studies have examined what types of ENDS product characteristics (e.g., 

nicotine, flavor, device characteristics) are used during pregnancy or how those product 

characteristics may impact ENDS use during pregnancy [50, 55, 56, 66]. The vast array of 

available ENDS flavors appears to be a strong motivator for pregnant persons to use ENDS 

[50, 55, 56, 66]. Analysis of the Texas and Oklahoma PRAMS found that while nearly a 

quarter (24.5%) of those who used ENDS endorsed using the products due to the availability 

of flavors in the >3 months before pregnancy; this proportion nearly doubled (42.3%) for the 

same reason around the time of pregnancy [50]. Similarly, two cross-sectional surveys found 

that a significant portion of current ENDS users reported using ENDS during pregnancy 

because they enjoyed the flavor [56], and felt that ENDS tasted better than traditional CC 

[59]. Additionally, results from a CC smoking cessation trial of pregnant individuals found 

that approximately 36% of participants endorsed using ENDS because they “taste good 

and do not smell” [57]. Finally, findings from a small (n=12) focus group of pregnant or 

“recently postpartum” women observed that participants frequently highlighted the variety 

of available ENDS flavors [55]. Pregnant persons who reported dual use, reported using 

fruit (64%), mint/menthol (35%), and candy (27%) flavored ENDS [56]. The majority (69%) 

of those who use ENDS reported using fruit-flavored ENDS during the perinatal period, 

with sweet-flavored ENDS being the most preferred flavor category [66]. Amongst pregnant 

persons, perceptions of ENDS-related health risks do not appear to differ by flavor [66]. Few 

studies have explored the nicotine level of ENDS used during pregnancy [50, 56]. This is 

concerning, given that data from PRAMS reveal that a large portion of respondents (41.4%) 

report using ENDS around the time of pregnancy due to the ability to obtain products 

without nicotine [50]. Despite the intention to use products with no nicotine, McCubbin and 

colleagues (2020) found that 8.2% of pregnant persons who use ENDS reported using ENDS 

products that do not contain nicotine, which is equivalent to the rate of use of higher nicotine 

level ENDS (8.2% used 19–25mg; an additional 4.9% used >25mg nicotine products). 

However the most common nicotine level used by pregnant persons was in the lower range 

(54% used 1–6 mg)[56]. Lastly, there is a significant absence of data examining ENDS 

device characteristics among pregnant persons. One small study which asked respondents 

about which ENDS devices were used during pregnancy, 50% (n=7) reported using devices 

with prefilled cartridges, but only 36% (n=5) could recall the brand they used (4 Blu, 1 

Greensmoke) [58]. Overall, there are a dearth of data on ENDS product characteristics used 

during pregnancy.

Taken together, these data suggest that while a substantial proportion of individuals stop 

all TP use during pregnancy, like with CC smoking, not all individuals who use ENDS 

are able to abstain from use during pregnancy. A notable subset of individuals do not 

transition, and rather continue using whatever TP products they used prior to pregnancy. A 

minority of pregnant persons use ENDS and even fewer transition from dual or CC use at 

pre-pregnancy to ENDS-only use within pregnancy. There are very little data on the ENDS 

product characteristics used during pregnancy, and even less information on how product 

characteristics may relate to maintenance, or transitions in ENDS use.
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3. CONCLUSIONS

3.1 Overview and Discussion of Key Findings on ENDS Use and Transitions in ENDS Use

Most pregnant persons do not use any TP during pregnancy, and many who use TP at the 

start of pregnancy successfully quit all TP during pregnancy; however, a substantial portion 

continue using TPs. A minority of pregnant persons use ENDS; yet the rates of CC use 

are higher amongst those who use ENDS. Despite several surveys finding that CC cessation 

is a motivator for using ENDS during pregnancy, most pregnant people do not transition 

away from dual or CC use to ENDS only use. There are some indications that dual use may 

increase, rather than decrease, exposure.

Accurate identification of the prevalence rates of ENDS only or dual use in pregnancy 

are of high value to the field. Unfortunately, there remains a dearth of more fine-grained 

information regarding ENDS use. Given the breadth and continuously emerging landscape 

of products, it is a challenge to measure patterns of ENDS use and characteristics of ENDS 

products used. Although standardized measures of ENDS frequency/heaviness of use and 

dependence have been proposed (e.g., [67, 68]) (e.g., equivalent to cigarettes per day, time 

to first morning cigarette for CC), many of the large survey studies reviewed herein did 

not include such measures. Part of the challenge to developing standardized measures that 

meaningfully capture exposure is the sheer range of ENDS products – including devices, 

nicotine levels in e-liquids, and flavors- which impact the nicotine and toxicants delivered 

by a given product [7]. Another challenge is the variability in ways individuals use their 

products: while most of those who smoke CC are able to quantify their smoking via the 

number of full or partial cigarettes, ENDS use may occur more slowly throughout the day 

or in short bouts, complicating the reportability of the quantity of product use. As such, the 

quality and precision of the data on ENDS use are continuing to improve but lag behind the 

information available on CC smoking.

Findings from several studies indicate that a substantial proportion of pregnant people who 

use TPs may perceive ENDS as a safer alternative to CC [28, 51, 64, 69], with an estimated 

64% of pregnant people indicating ENDS as safer than CC [64]. Critically, any ENDS use 

(ENDS-only or dual use) was a significant predictor (versus no use) of viewing e-cigarettes 

as safer than cigarettes in general, and also during pregnancy [64]. Overall, the perception 

of ENDS as a safer alternative to CC smoking may motivate some women to initiate or 

maintain ENDS-use during pregnancy.

3.2 Implications for Clinical Recommendations and Tobacco Regulatory Science

3.2.1 Clinical Implications—Findings indicated that ENDS use among pregnant 

persons was heavily linked with CC smoking in several ways: the prevalence of CC smoking 

was higher amongst those who used ENDS, and ENDS were commonly reported to be 

used as a means of quitting or cutting down on CC smoking, or to provide a lower-risk 

TP alternative to CC smoking. The potential risks or harm reduction effects of ENDS in 

pregnancy were beyond the scope of this review; though we have reviewed them elsewhere 

[11]. These rationales and motivations for ENDS use are important for clinicians to consider. 

Pregnant persons reported that they were less frequently asked about ENDS use by their 
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clinician, than about CC smoking. If clinicians were to ask about this more frequently, that 

would provide an opening for a discussion about the relative safety (or risk) of ENDS use 

in pregnancy compared to no TP use or CC smoking, and the relative efficacy of ENDS as 

a cessation device, relative to FDA-approved smoking cessation methods. Clinicians may 

be hesitant to discuss these topics as the literature is still limited and clear guidelines are 

lacking. However, keeping pregnant persons informed of the state of the evidence could 

improve their decision-making surrounding ENDS use in pregnancy. This discussion could 

provide an opportunity for a clinician to recommend evidence-based methods like a quit line 

or counseling.

3.2.2 Tobacco Regulatory Implications—Tobacco regulation has the potential to 

make major impacts on the TP landscape, including the ENDS marketplace. The US 

Congress passed the ‘Tobacco Control Act’ in 2009 (Family Smoking Prevention and 

Tobacco Control Act §§ 901–910, Pub. L. No.111–31, 123 Stat. 1776 (June 22, 2009)) 

[70], which gave the US Food and Drug Administration (FDA) the ability to regulate TPs. In 

2016 this authority was deemed to also apply to ENDS products ([Pub. L. No., 81 FR 28973 

(August 8, 2016)). Taken together, the timing of this ongoing emergence of a new class of 

popular TPs (i.e., ENDS) and the ability for the FDA to make evidence-based regulatory 

decisions about these products provides a historical opportunity to shape public health.

Understanding how and why ENDS products are used during pregnancy could inform 

regulatory decision-making. For example, a commonly reported reasons for using ENDS 

was that they perceived as being less harmful than CC smoking during pregnancy. Public 

education campaigns and warning labels on the products could impact these perceptions and, 

by extension, change behavior. Another commonly reported reason was that they were used 

as a means of cutting down or quitting CC smoking. Tobacco regulators could ensure that 

ENDS companies are not advertising their products as a cessation tool or a harm reduction 

aid unless they have an evidence base to support these claims. One challenge for regulators 

is the dearth of information on the specific types of ENDS products used during pregnancy. 

While this problem largely arises due to the design of the studies and type of information 

that is collected, another contribution to this problem is the lack of knowledge amongst the 

people using ENDS, where they may be unable to reliably report details including the type 

of devices and level of nicotine they have used. Clearer, more standardized labeling of the 

products could be required and could improve consumer knowledge- which would make 

it easier for surveys to collect detailed information. If the FDA were to maintain publicly 

available and easily searchable databases of approved ENDS products and their product 

characteristics, researchers could use this resource to inform their study designs and survey 

questions.

3.3 Next Steps and Future Directions

It would be valuable for future studies to collect more refined information on ENDS use 

behavior in terms of frequency/heaviness of ENDS use, and ENDS product characteristics 

(e.g., flavors, nicotine levels, and devices) used during pregnancy. Relatedly, there is a need 

to continue conducting research, with comprehensive assessments, as new ENDS products 

emerge.
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In addition to focusing on CC smoking cessation endpoints, clinical trials and other 

longitudinal studies assessing TP cessation attempts during pregnancy should collect and 

report detailed information on ENDS use, transitions in ENDS use (e.g., initiation or 

cessation of ENDS during pregnancy), if ENDS was used as a means for cutting down 

or quitting CC smoking and if they were perceived as being helpful in achieving those goals.

Given the potential public health impact to pregnant persons and their baby, it is of high 

importance that the field continues to collect timely and detailed information on ENDS use 

during pregnancy. This information can inform public knowledge, clinical guidelines, and 

tobacco regulatory decision-making.

Funding:

EED’s and TF’s effort were supported by R01DA046360. AMA’s effort was supported by R01HD100418. RDP’s 
effort was supported by K01DA040043. NP’s effort was supported by R00DA045749. These grants are from the 
National Institute on Drug Abuse (NIDA), FDA Center for Tobacco Products (CTP), and Eunice Kennedy Shriver 
National Institute on Child Health and Development (NICHD). The content is solely the responsibility of the 
authors and does not necessarily represent the official views of the NIH or the Food and Drug Administration.

ANNOTATED REFERENCES

1. Ali FRM, et al., E-cigarette Unit Sales, by Product and Flavor Type - United States, 2014–2020. 
MMWR. Morbidity and mortality weekly report, 2020. 69(37): p. 1313–1318. [PubMed: 32941416] 

2. Dai H and Leventhal AM, Prevalence of e-Cigarette Use Among Adults in the United States, 2014–
2018. JAMA, 2019. 322(18): p. 1824–1827. [PubMed: 31524940] 

3. Cornelius ME, et al., Tobacco Product Use Among Adults - United States, 2019. MMWR Morb 
Mortal Wkly Rep, 2020. 69(46): p. 1736–1742. [PubMed: 33211681] 

4. Phillips E, et al., Tobacco Product Use Among Adults - United States, 2015. MMWR Morb Mortal 
Wkly Rep, 2017. 66(44): p. 1209–1215. [PubMed: 29121001] 

5. Hu SS, et al., Tobacco Product Use Among Adults - United States, 2013–2014. MMWR Morb 
Mortal Wkly Rep, 2016. 65(27): p. 685–91. [PubMed: 27416365] 

6. Taghavi S, et al., Nicotine content of domestic cigarettes, imported cigarettes and pipe tobacco in 
iran. Addict Health, 2012. 4(1–2): p. 28–35. [PubMed: 24494133] 

7. DeVito EE and Krishnan-Sarin S, E-cigarettes: Impact of E-Liquid Components and Device 
Characteristics on Nicotine Exposure. Current Neuropharmacology, 2017. 15(4): p. 438–438.

8. Zhu SH, et al., Four hundred and sixty brands of e-cigarettes and counting: implications for product 
regulation. Tob Control, 2014. 23Suppl 3: p. iii3–9. [PubMed: 24935895] 

9. USDHHS, E-Cigarette Use Among Youth and Young Adults: A Report of the Surgeon General—
Executive Summary. A Report of the Surgeon General, 2016.

10. USDHHS, The Health Consequences of Smoking—50 Years of Progress A Report of the Surgeon 
General. A Report of the Surgeon General, 2014: p. 1081–1081.

11. DeVito EE, et al., Electronic Nicotine Delivery Systems (ENDS) Use and Pregnancy II: Perinatal 
Outcomes Following ENDS Use During Pregnancy. Current Addiction Reports, in submission 
(2021).*Review of impact of ENDS use during pregnancy on adverse perinatal outcomes.

12. Calder R, et al., Vaping in Pregnancy: A Systematic Review. Nicotine & Tobacco Research, 2021.

13. Kurti AN, et al., Examining the relationship between pregnancy and quitting use of tobacco 
products in a U.S. national sample of women of reproductive age. Preventive Medicine, 2018. 117: 
p. 52–60. [PubMed: 30145348] **Using PATH, assessed TP use transitions among women who 
were not pregnant at one wave and were pregnant at the next wave, compared to women who were 
not pregnant at either wave.

14. Fingerhut LA, Kleinman JC, and Kendrick JS, Smoking before, during, and after pregnancy. Am J 
Public Health, 1990. 80(5): p. 541–4. [PubMed: 2327529] 

DeVito et al. Page 10

Curr Addict Rep. Author manuscript; available in PMC 2022 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



15. Murin S, Rafii R, and Bilello K, Smoking and smoking cessation in pregnancy. Clin Chest Med, 
2011. 32(1): p. 75–91. [PubMed: 21277451] 

16. Dias-Dame JL, Lindsay AC, and Cesar JA, Smoking cessation during pregnancy: a population­
based study. Rev Saude Publica, 2018. 53: p. 03. [PubMed: 30652776] 

17. Smith PH, et al., Gender differences in medication use and cigarette smoking cessation: results 
from the International Tobacco Control Four Country Survey. Nicotine & tobacco research : 
official journal of the Society for Research on Nicotine and Tobacco, 2015. 17(4): p. 463–72. 
[PubMed: 25762757] 

18. Wetter DW, et al., Gender differences in smoking cessation. Journal of consulting and clinical 
psychology, 1999. 67(4): p. 555–62. [PubMed: 10450626] 

19. Smith PH, et al., Sex/gender differences in smoking cessation: A review. Preventive Medicine, 
2016.

20. Bohadana A, et al., Gender differences in quit rates following smoking cessation with combination 
nicotine therapy: Influence of baseline smoking behavior. 2003, Carfax Publishing Company. p. 
111–116.

21. Mikkelsen SS, et al., What characterises smokers who quit without using help? A study of users 
and non-users of cessation support among successful ex-smokers. Tobacco Control, 2015. 24(6): p. 
556–561. [PubMed: 24935443] 

22. Weinberger AH, et al., Consideration of sex in clinical trials of transdermal nicotine patch: A 
systematic review. Experimental and Clinical Psychopharmacology, 2014. 22(5): p. 373–383. 
[PubMed: 25133506] 

23. Weinberger AH, et al., Systematic and Meta-Analytic Review of Research Examining the Impact 
of Menstrual Cycle Phase and Ovarian Hormones on Smoking and Cessation. Nicotine & Tobacco 
Research, 2015. 17(4): p. 407–421. [PubMed: 25762750] 

24. Smith PH, et al., Sex differences in smoking cessation pharmacotherapy comparative efficacy: A 
network meta-analysis. 2017, Oxford University Press. p. 273–281.

25. Whittington JR, et al., The Use of Electronic Cigarettes in Pregnancy: A Review of the Literature. 
Obstetrical & gynecological survey, 2018. 73(9): p. 544–549. [PubMed: 30265741] 

26. Bowker K, et al., Addressing and overcoming barriers to e-cigarette use for smoking cessation 
in pregnancy: A qualitative study. International Journal of Environmental Research and Public 
Health, 2020. 17(13): p. 1–13.

27. Laverty AA, Vardavas CI, and Filippidis FT, Design and marketing features influencing choice of 
e-cigarettes and tobacco in the EU. European Journal of Public Health, 2016. 26(5): p. 838–841. 
[PubMed: 27471217] 

28. Bhandari NR, et al., Use and Risk Perception of Electronic Nicotine Delivery Systems and 
Tobacco in Pregnancy. Women’s Health Issues, 2018. 28(3): p. 251–257. [PubMed: 29588116] 

29. Bowker K, et al., Changes in the rate of nicotine metabolism across pregnancy: a longitudinal 
study. Addiction (Abingdon, England), 2015. 110(11): p. 1827–32.

30. Rom O, et al., Are E-cigarettes a safe and good alternative to cigarette smoking?Annals of the New 
York Academy of Sciences, 2015. 1340(1): p. 65–74. [PubMed: 25557889] 

31. DeVito EE, Buta E, and Sofuoglu M, E-cigarette nicotine dose and flavor: Relationship with 
appeal, choice, and tobacco use amongst veterans with comorbid psychiatric disorders. Addictive 
Behaviors, 2019. 92: p. 53–57. [PubMed: 30583091] 

32. Rahman MA, et al., E-Cigarettes and smoking cessation: Evidence from a systematic review and 
meta-analysis. PLoS ONE, 2015. 10(3).

33. El Dib R, et al., Electronic nicotine delivery systems and/or electronic non-nicotine delivery 
systems for tobacco smoking cessation or reduction: A systematic review and meta-analysis. 2017, 
BMJ Publishing Group.

34. Eisenberg MJ, et al., Effect of e-Cigarettes Plus Counseling vs Counseling Alone on Smoking 
Cessation: A Randomized Clinical Trial. JAMA, 2020. 324(18): p. 1844–1854. [PubMed: 
33170240] 

35. USDHHS, Smoking Cessation. A Report of the Surgeon General, 2020.

36. Grabovac I, et al., Effectiveness of Electronic Cigarettes in Smoking Cessation: A Systematic 
Review and Meta-analysis. Nicotine Tob Res, 2021. 23(4): p. 625–634. [PubMed: 32939543] 

DeVito et al. Page 11

Curr Addict Rep. Author manuscript; available in PMC 2022 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



37. Claire R, et al., Pharmacological interventions for promoting smoking cessation during pregnancy. 
Cochrane Database Syst Rev, 2020. 3: p. CD010078. [PubMed: 32129504] 

38. Soneji S, et al., Association between initial use of e-cigarettes and subsequent cigarette smoking 
among adolescents and young adults a systematic review and meta-analysis. 2017, American 
Medical Association. p. 788–797.

39. Bold KW, et al., Trajectories of E-cigarette and conventional cigarette use among youth. Pediatrics, 
2018. 141(1).

40. McMillen R, et al., E-cigarette use and future cigarette initiation among never smokers and relapse 
among former smokers in the PATH Study. Public Health Reports, 2019. 134(5): p. 528–536. 
[PubMed: 31419184] 

41. Dai H and Leventhal AM, Association of electronic cigarette vaping and subsequent smoking 
relapse among former smokers. Drug and Alcohol Dependence, 2019. 199: p. 10–17. [PubMed: 
30978519] 

42. Hyland A, et al., Design and methods of the Population Assessment of Tobacco and Health (PATH) 
Study. Tobacco control, 2017. 26(4): p. 371–378. [PubMed: 27507901] 

43. Shulman HB, et al., The Pregnancy Risk Assessment Monitoring System (PRAMS): Overview 
of design and methodology. American Journal of Public Health, 2018. 108(10): p. 1305–1313. 
[PubMed: 30138070] 

44. Kurti AN, et al., Impact of electronic nicotine delivery systems and other respondent characteristics 
on tobacco use transitions among a U.S. national sample of women of reproductive age. Drug 
and Alcohol Dependence, 2020. 207: p. 107801. [PubMed: 31855658] *Using PATH, examined 
transitions in ENDS and CC use; considered pregnancy as a variable of interest but sample was not 
restricted to pregnant women.

45. Kim S, Changes in Multiple and Different Tobacco Product Use Behaviors in Women Before and 
During Pregnancy: An Analysis of Longitudinal Population Assessment of Tobacco and Health 
Data. Am J Prev Med, 2020. 59(4): p. 588–592. [PubMed: 32828586] ** Using PATH, assessed 
TP use transitions among women who were not pregnant at one wave and were pregnant at the 
next wave.

46. Schilling L, et al., Active and passive exposure to tobacco and e-cigarettes during pregnancy. 
Maternal and Child Health Journal, 2020.**Cohort study from Germany, examined transitions in 
ENDS + CC during pre-pregnancy, early pregnancy and late pregnancy.

47. Wang X, Lee NL, and Burstyn I, Smoking and use of electronic cigarettes (vaping) in relation 
to preterm birth and small-for-gestational-age in a 2016 U.S. national sample. Prev Med, 2020. 
134: p. 106041. [PubMed: 32105682] **Using PRAMS, assessed ENDS + CC transitions from 
pre-pregnancy to late pregnancy and examined characteristics of these transition groups.

48. Kim S and Oancea SC, Electronic cigarettes may not be a “safer alternative” of conventional 
cigarettes during pregnancy: evidence from the nationally representative PRAMS data. BMC 
Pregnancy Childbirth, 2020. 20(1): p. 557. [PubMed: 32967660] 

49. Kurti AN, et al., Tobacco and nicotine delivery product use in a national sample of pregnant 
women. Preventive Medicine, 2017. 104: p. 50–56. [PubMed: 28789981] 

50. Kapaya M, et al., Use of electronic vapor products before, during, and after pregnancy among 
women with a recent live birth - Oklahoma and Texas, 2015. Morbidity and Mortality Weekly 
Report, 2019. 68(8): p. 189–194. [PubMed: 30817748] 

51. Ashford K, et al., E-cigarette use and perceived harm among women of childbearing age who 
reported tobacco use during the past year. Nursing Research, 2016. 65(5): p. 408–414. [PubMed: 
27579508] 

52. Liu B, et al., National estimates of e-cigarette use among pregnant and nonpregnant women of 
reproductive age in the United States, 2014–2017. JAMA Pediatrics, 2019. 173(6): p. 600–602. 
[PubMed: 31034001] 

53. Obisesan OH, et al., E-Cigarette Use Patterns and High-Risk Behaviors in Pregnancy: Behavioral 
Risk Factor Surveillance System, 2016–2018. Am J Prev Med, 2020. 59(2): p. 187–195. [PubMed: 
32362509] 

54. Rollins LG, et al., Electronic cigarette use during preconception and/or pregnancy: Prevalence, 
characteristics, and concurrent mental health conditions. Journal of Women’s Health, 2020. 

DeVito et al. Page 12

Curr Addict Rep. Author manuscript; available in PMC 2022 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



29(6): p. 780–788.*Telephone survey, assessed TP use (including ENDS use) before and during 
pregnancy.

55. Fallin A, et al., Perceptions of electronic cigarettes among medicaid-eligible pregnant and 
postpartum women. Journal of Obstetric, Gynecologic & Neonatal Nursing, 2016. 45(3): p. 320–
325.

56. McCubbin A, et al., Perceptions, Characteristics, and Behaviors of Cigarette and Electronic 
Cigarette Use among Pregnant Smokers. Womens Health Issues, 2020. 30(3): p. 221–229. 
[PubMed: 32376187] 

57. Chiang SC, et al., E-cigarettes and smoking cessation: a prospective study of a national sample 
of pregnant smokers. BMC Public Health, 2019. 19(1): p. 964. [PubMed: 31319846] *Using data 
from a CC smoking cessation trial, assessed ENDS transitions among those who smoke CC during 
pregnancy.

58. Oncken C, et al., Correlates of electronic cigarettes use before and during pregnancy. Nicotine & 
Tobacco Research, 2017. 19(5): p. 585–590. [PubMed: 28403454] 

59. Mark KS, et al., Knowledge, attitudes, and practice of electronic cigarette use among pregnant 
women. Journal of Addiction Medicine, 2015. 9(4): p. 266–272. [PubMed: 25974378] 

60. Allen AM, et al., Prenatal smoking prevalence ascertained from two population-based data sources: 
birth certificates and PRAMS questionnaires, 2004. Public Health Rep, 2008. 123(5): p. 586–92. 
[PubMed: 18828413] 

61. Cardenas VM, et al., Dual use of cigarettes and electronic nicotine delivery systems during 
pregnancy and the risk of small for gestational age neonates. Ann Epidemiol, 2020. 52: p. 86–92 
e2. [PubMed: 32805398] **Using PRAMS, assessed TP use transitions from pre-pregnancy to late 
pregnancy and considered how ENDS use transitions influenced frequency of CC smoking.

62. Hawkins SS, Wylie BJ, and Hacker MR, Use of ENDS and cigarettes during pregnancy. American 
Journal of Preventive Medicine, 2020. 58(1): p. 122–128. [PubMed: 31862099] 

63. Wang X, Lee NL, and Burstyn I, Exposure-response analysis of the association of maternal 
smoking and use of electronic cigarettes (vaping) in relation to preterm birth and small-for 
gestational-age in a national US sample, 2016–2018. medRxiv, 2021: p. 2021.03.01.21252530.

64. Wagner NJ, Camerota M, and Propper C, Prevalence and perceptions of electronic cigarette use 
during pregnancy. Maternal and Child Health Journal, 2017. 21(8): p. 1655–1661. [PubMed: 
28084577] 

65. Cardenas VM, et al., Use of Electronic Nicotine Delivery Systems (ENDS) by pregnant women I: 
Risk of small-for-gestational-age birth. Tob Induc Dis, 2019. 17: p. 44. [PubMed: 31516487] 

66. Stroud LR, et al., Flavored electronic cigarette use, preferences, and perceptions in pregnant 
mothers: A correspondence analysis approach. Addictive Behaviors, 2019. 91: p. 21–29. [PubMed: 
30446262] 

67. Foulds J, et al., Development of a questionnaire for assessing dependence on electronic cigarettes 
among a large sample of ex-smoking E-cigarette users. Nicotine Tob Res, 2015. 17(2): p. 186–92. 
[PubMed: 25332459] 

68. Piper ME, et al., E-cigarette Dependence Measures in Dual Users: Reliability and Relations 
With Dependence Criteria and E-cigarette Cessation. Nicotine Tob Res, 2020. 22(5): p. 756–763. 
[PubMed: 30874804] 

69. Dobbs PD, et al., Gestational women’s perceptions about the harms of cigarette and e-cigarette use 
during pregnancy. Maternal and Child Health Journal, 2020.

70. Gostin LO, FDA regulation of tobacco: politics, law, and the public’s health. JAMA, 2009. 
302(13): p. 1459–60. [PubMed: 19809027] 

DeVito et al. Page 13

Curr Addict Rep. Author manuscript; available in PMC 2022 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

DeVito et al. Page 14

TA
B

L
E

 1
.

E
N

D
S 

U
SE

 &
 T

R
A

N
SI

T
IO

N
S 

IN
 E

N
D

S 
U

SE
 D

U
R

IN
G

 P
R

E
G

N
A

N
C

Y

C
it

at
io

n,
 D

at
as

et
, a

nd
 

Sa
m

pl
e

P
re

gn
an

cy
 G

ro
up

s 
an

d/
or

 
T

im
ep

oi
nt

s
E

N
D

S 
an

d 
ot

he
r 

T
P

 U
se

 G
ro

up
s 

an
d/

or
 T

im
ep

oi
nt

s
Su

m
m

ar
y 

of
 F

in
di

ng
s 

R
el

ev
an

t 
to

 E
N

D
S 

an
d/

or
 P

re
gn

an
cy

: 
pr

ev
al

en
ce

 r
ep

or
te

d 
as

 %
; 

od
ds

 r
at

io
s 

(O
R

) 
or

 a
dj

us
te

d 
O

R
 (

aO
R

) 
or

 r
el

at
iv

e 
ri

sk
 (

R
R

) 
al

w
ay

s 
fo

llo
w

ed
 b

y 
[9

5%
 

C
on

fi
de

nc
e 

In
te

rv
al

s 
(C

I)
]

SE
C

T
IO

N
 A

. T
R

A
N

SI
T

IO
N

S 
IN

 E
N

D
S 

U
SE

 A
C

R
O

SS
 P

R
E

G
N

A
N

C
Y

C
ar

de
na

s 
et

 a
l 2

02
0 

[6
1]

D
at

as
et

: P
R

A
M

S;
 P

ha
se

 8
 o

f 
th

e 
A

rk
an

sa
s 

PR
A

M
S 

(2
01

6–
20

17
)

Sa
m

pl
e:

 A
rk

an
sa

n 
w

om
en

 
w

ho
 h

ad
 a

 li
ve

 s
in

gl
et

on
 b

ir
th

 
du

ri
ng

 th
e 

Ph
as

e 
8 

cy
cl

e 
tim

e 
fr

am
e 

an
d 

ha
d 

co
m

pl
et

e 
in

fo
rm

at
io

n 
on

 T
P 

us
e 

an
d 

SG
A

 (
N

=
1,

59
4)

L
oc

at
io

n:
 U

ni
te

d 
St

at
es

 
(A

rk
an

sa
s)

E
xa

m
in

ed
 u

se
/c

ha
ng

e 
in

 u
se

 f
or

 
to

ba
cc

o 
pr

od
uc

ts
 d

ur
in

g:

1
Pr

e-
pr

eg
na

nc
y:

 3
m

o 
be

fo
re

 p
re

gn
an

cy

2
L

at
e 

pr
eg

na
nc

y:
 L

as
t 

3m
o 

of
 p

re
gn

an
cy

T
P 

U
se

 G
ro

up
s 

ba
se

d 
on

 P
re

-p
re

gn
an

cy
 a

nd
/o

r 
L

at
e 

pr
eg

na
nc

y 
tim

ep
oi

nt
s:

1
C

C
 O

nl
y 

(n
=

37
2)

:

2
E

N
D

S 
O

nl
y 

(n
=

18
)

3
D

ua
l U

se
s 

(n
=

10
0)

4
O

th
er

 T
P 

O
nl

y 
(n

=
42

):
 o

th
er

=
ho

ok
ah

, 
to

ba
cc

o 
ch

ew
, s

nu
ff

, s
nu

s,
 d

ip
, c

ig
ar

s,
 

ci
ga

ri
llo

s,
 o

r 
lit

tle
 f

ilt
er

ed
 c

ig
ar

s

5
N

o 
T

P 
U

se
 (

n=
1,

06
2)

C
on

si
de

re
d 

to
 b

e 
E

N
D

S 
us

er
 if

 r
ep

or
te

d 
E

N
D

S 
us

e 
“o

ne
 

da
y 

a 
w

ee
k 

or
 le

ss
” 

or
 “

m
or

e 
th

an
 o

nc
e 

a 
da

y”
.

A
m

on
g 

T
ho

se
 W

ith
 D

ua
l U

se
 A

t P
re

 a
nd

/o
r 

L
at

e 
Pr

eg
na

nc
y:

1
13

%
 d

id
 n

ot
 u

se
 E

N
D

S 
at

 p
re

-p
re

gn
an

cy

2
54

%
 s

to
pp

ed
 u

si
ng

 E
N

D
S 

at
 p

re
-p

re
gn

an
cy

 o
r 

la
te

 
pr

eg
na

nc
y.

A
m

on
g 

T
ho

se
 W

ith
 D

ua
l U

se
 a

t P
re

-p
re

gn
an

cy
:

1
44

.8
%

 r
ed

uc
ed

 th
e 

nu
m

be
r 

of
 C

C
s 

th
ey

 s
m

ok
ed

;

2
5%

 s
to

pp
ed

 s
m

ok
in

g 
C

C
S 

(b
ut

 c
on

tin
ue

d 
us

in
g 

E
N

D
S)

;

3
24

.1
%

 s
to

pp
ed

 a
ll 

T
P 

us
e.

A
m

on
g 

su
bj

ec
ts

 w
ho

 s
ta

rt
ed

 u
si

ng
 E

N
D

S 
du

ri
ng

 p
re

gn
an

cy
: 

85
.4

%
 d

ec
re

as
ed

 th
e 

nu
m

be
r 

of
 C

C
s 

th
ey

 s
m

ok
ed

; b
ut

 
no

ne
 c

om
pl

et
el

y 
st

op
pe

d 
C

C
 s

m
ok

in
g 

by
 la

te
 p

re
gn

an
cy

. N
o 

pa
rt

ic
ip

an
ts

 s
w

itc
he

d 
fr

om
 C

C
 o

nl
y 

at
 p

re
-p

re
gn

an
cy

 to
 E

N
D

S 
on

ly
 u

se
 a

t l
at

e 
pr

eg
na

nc
y.

C
hi

an
g 

et
 a

l 2
01

9 
[5

7]
D

at
as

et
: Q

ui
t4

ba
by

 T
ri

al
, 

w
ith

in
 in

di
vi

du
al

s 
en

ro
lle

d 
in

 
Te

xt
4b

ab
y 

te
xt

 s
er

vi
ce

 (
20

15
–

20
16

)
Sa

m
pl

e:
 P

re
gn

an
t w

om
en

; a
ge

 
14

 o
r 

ol
de

r;
 s

m
ok

ed
 a

t l
ea

st
 

1 
pu

ff
 o

f 
a 

ci
ga

re
tte

 in
 th

e 
2-

w
ee

ks
 p

ri
or

 to
 e

nr
ol

lm
en

t, 
co

m
pl

et
ed

 a
 f

ol
lo

w
-u

p 
an

d 
w

er
e 

st
ill

 p
re

gn
an

t a
t f

ol
lo

w
­

up
 (

N
=

42
8)

; e
nr

ol
le

d 
in

 te
xt

 
se

rv
ic

e 
fo

r 
pr

eg
na

nt
 w

om
en

 
“T

ex
t4

B
ab

y”
.

L
oc

at
io

n:
 U

ni
te

d 
St

at
es

 
(n

at
io

na
l s

am
pl

e)

A
ll 

pa
rt

ic
ip

an
ts

 w
er

e 
cu

rr
en

tly
 

pr
eg

na
nt

 a
t t

he
 ti

m
e 

of
 e

nr
ol

lm
en

t.
Sa

m
pl

e 
lim

ite
d 

to
 w

om
en

 w
ho

 
co

m
pl

et
ed

 a
 1

-m
on

th
 f

ol
lo

w
 u

p 
as

se
ss

m
en

t, 
an

d 
w

er
e 

st
ill

 c
ur

re
nt

ly
 

pr
eg

na
nt

 a
t f

ol
lo

w
-u

p.

Pr
im

ar
y 

fo
cu

s 
of

 th
e 

tr
ia

l w
as

 to
 m

ea
su

re
 C

C
 c

es
sa

tio
n 

in
 th

os
e 

ra
nd

om
iz

ed
 to

 c
on

tin
ue

 T
ex

t4
ba

by
 s

ta
nd

ar
d 

te
xt

 m
es

sa
ge

s 
vs

. a
 T

ex
t4

ba
by

 p
lu

s 
Q

ui
t4

ba
by

 te
xt

 
m

es
sa

ge
 s

ys
te

m
. S

ep
ar

at
e 

pr
io

r 
pa

pe
r 

re
po

rt
in

g 
on

 m
ai

n 
R

C
T

 r
es

ul
ts

 r
ep

or
te

d 
lim

ite
d 

ef
fi

ca
cy

 o
f 

th
e 

in
te

rv
en

tio
n 

fo
r 

C
C

 s
m

ok
in

g 
(A

br
om

s 
et

 a
l. 

20
17

))
. F

oc
us

 o
f 

th
is

 
se

co
nd

ar
y 

an
al

ys
is

 p
ap

er
 is

 to
 c

on
si

de
r 

E
N

D
S 

us
e 

as
 th

e 
m

ai
n 

ex
po

su
re

 v
ar

ia
bl

e 
of

 in
te

re
st

. A
na

ly
se

s 
ru

n 
w

ith
 

an
d 

w
ith

ou
t Q

ui
t4

ba
by

 tr
ea

tm
en

t g
ro

up
 a

llo
ca

tio
n 

in
 th

e 
m

od
el

: d
id

 n
ot

 a
ff

ec
t E

N
D

S 
us

e 
tr

an
si

tio
ns

.
E

N
D

S 
U

se
 tr

an
si

tio
n 

gr
ou

ps
 b

as
ed

 o
n 

re
po

rt
s 

of
 a

ny
 

E
N

D
S 

us
e 

in
 p

as
t 7

 d
ay

s,
 m

ea
su

re
d 

at
 b

as
el

in
e 

(T
1)

 a
nd

 
at

 1
-m

on
th

 f
ol

lo
w

-u
p 

as
se

ss
m

en
t (

T
2)

. C
C

 q
ui

t s
ta

tu
s 

at
 

T
2 

de
fi

ne
d 

as
 n

o 
us

e 
in

 p
as

t 7
 d

ay
s 

at
 T

2 
(i

.e
., 

7 
da

y 
po

in
t p

re
va

le
nc

e 
ab

st
in

en
ce

).

Pr
ev

al
en

ce
 E

N
D

S 
U

se
: 8

.4
%

 T
1,

 7
.0

%
 T

2.
St

op
pe

d 
E

N
D

S:
 A

m
on

g 
th

os
e 

us
in

g 
E

N
D

S 
at

 T
1,

 5
5.

56
%

 d
id

 
no

t u
se

 E
N

D
S 

at
 T

2.
St

ar
te

d 
E

N
D

S:
 A

m
on

g 
th

os
e 

no
t u

si
ng

 E
N

D
S 

at
 T

1,
 3

.5
7%

 a
t 

T
2.

C
C

 Q
ui

t R
at

e 
pe

r 
E

N
D

S 
T

ra
je

ct
or

y 
G

ro
up

: C
on

tin
ue

d 
us

in
g 

E
N

D
S:

 1
2.

50
%

 (
2/

16
) 

St
op

pe
d 

us
in

g 
E

N
D

S:
 2

5.
0%

 (
5/

20
) 

St
ar

te
d 

us
in

g 
E

N
D

S:
 7

.1
4%

 (
1/

14
).

 C
on

tin
ue

d 
N

ot
 U

si
ng

 E
N

D
S:

 
26

.4
%

 (
99

/3
75

)
To

p 
re

as
on

 c
ite

d 
fo

r 
E

N
D

S 
us

e 
w

as
 to

 h
el

p 
qu

it 
sm

ok
in

g 
C

C
. 

B
ut

 o
dd

s 
qu

itt
in

g 
C

C
 w

er
e 

no
n-

si
gn

if
ic

an
tly

 lo
w

er
 a

m
on

g 
E

N
D

S 
us

e 
vs

. n
on

-E
N

D
S 

us
e 

gr
ou

ps
 (

O
R

=
 0

.7
0 

(0
.3

0,
 1

.6
4)

).

K
ap

ay
a 

et
 a

l 2
01

9 
[5

0]
D

at
as

et
: P

R
A

M
S;

 O
kl

ah
om

a 
an

d 
Te

xa
s 

PR
A

M
S 

da
ta

se
ts

 
(2

01
5)

Sa
m

pl
e:

 P
op

ul
at

io
n-

ba
se

d 
(s

tr
at

if
ie

d,
 r

an
do

m
) 

sa
m

pl
e 

of
 

w
om

en
 w

ith
 a

 r
ec

en
t l

iv
e 

bi
rt

h 
(s

ur
ve

ye
d 

2–
6 

m
on

th
s 

po
st

­

R
et

ro
sp

ec
tiv

e 
se

lf
-r

ep
or

t o
f 

E
N

D
S 

us
e 

du
ri

ng
 f

ol
lo

w
in

g 
tim

e 
fr

am
es

:

1
B

ef
or

e 
pr

eg
na

nc
y:

 
>

3 
m

on
th

s 
be

fo
re

 
pr

eg
na

nc
y

A
ny

 E
N

D
S 

U
se

 d
ur

in
g 

sp
ec

if
ic

 ti
m

e 
pe

ri
od

s:

1
>

3 
m

on
th

s 
be

fo
re

 p
re

gn
an

cy
 (

n=
45

9;
 

10
.4

%
)

2
A

ro
un

d 
th

e 
tim

e 
of

 p
re

gn
an

cy
 (

n=
28

5;
 

7.
0%

)

A
m

on
g 

th
os

e 
w

ho
 u

se
d 

E
N

D
S 

du
ri

ng
 la

st
 3

 m
on

th
s 

of
 

pr
eg

na
nc

y,
 3

8.
4%

 u
se

d 
E

N
D

S 
co

nt
ai

ni
ng

 n
ic

ot
in

e,
 3

5.
2%

 u
se

d 
E

N
D

S 
th

at
 d

id
 n

ot
 c

on
ta

in
 n

ic
ot

in
e,

 a
nd

 2
6.

4%
 r

ep
or

te
d 

no
t 

kn
ow

in
g 

if
 th

e 
E

N
D

S 
th

ey
 u

se
d 

co
nt

ai
ne

d 
ni

co
tin

e.
E

N
D

S 
U

se
 w

ith
in

 P
as

t C
C

 v
s.

 N
o 

Pa
st

 C
C

: H
ig

he
r 

ra
te

s 
E

N
D

S 
in

 P
as

t C
C

 v
s.

 N
o 

Pa
st

 C
C

 a
t >

3 
m

o 
be

fo
re

 p
re

gn
an

cy
 (

29
.8

%
 v

s 
6.

0%
) 

an
d 

ar
ou

nd
 th

e 
tim

e 
of

 p
re

gn
an

cy
 (

25
.1

%
 v

s 
2.

9%
).

A
m

on
g 

Pa
st

 C
C

 w
ho

 e
ve

r 
us

ed
 E

N
D

S,
 p

re
va

le
nc

e 
of

 D
ua

l 

Curr Addict Rep. Author manuscript; available in PMC 2022 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

DeVito et al. Page 15

C
it

at
io

n,
 D

at
as

et
, a

nd
 

Sa
m

pl
e

P
re

gn
an

cy
 G

ro
up

s 
an

d/
or

 
T

im
ep

oi
nt

s
E

N
D

S 
an

d 
ot

he
r 

T
P

 U
se

 G
ro

up
s 

an
d/

or
 T

im
ep

oi
nt

s
Su

m
m

ar
y 

of
 F

in
di

ng
s 

R
el

ev
an

t 
to

 E
N

D
S 

an
d/

or
 P

re
gn

an
cy

: 
pr

ev
al

en
ce

 r
ep

or
te

d 
as

 %
; 

od
ds

 r
at

io
s 

(O
R

) 
or

 a
dj

us
te

d 
O

R
 (

aO
R

) 
or

 r
el

at
iv

e 
ri

sk
 (

R
R

) 
al

w
ay

s 
fo

llo
w

ed
 b

y 
[9

5%
 

C
on

fi
de

nc
e 

In
te

rv
al

s 
(C

I)
]

de
liv

er
y)

; i
de

nt
if

ie
d 

by
 b

ir
th

 
ce

rt
if

ic
at

e 
re

co
rd

s 
(N

=
3,

27
7)

L
oc

at
io

n:
 U

ni
te

d 
St

at
es

 
(O

kl
ah

om
a 

an
d 

Te
xa

s)

2
A

ro
un

d 
th

e 
ti

m
e 

of
 

pr
eg

na
nc

y:
 a

ny
 ti

m
e 

du
ri

ng
 th

e 
3 

m
on

th
s 

be
fo

re
 p

re
gn

an
cy

, t
he

 
la

st
 3

 m
on

th
s 

of
 

pr
eg

na
nc

y,
 o

r 
2–

6 
m

on
th

s 
af

te
r 

de
liv

er
y

3
D

ur
in

g 
3 

m
on

th
s 

be
fo

re
 p

re
gn

an
cy

 
(n

=
22

3;
 5

.8
%

)

4
D

ur
in

g 
la

st
 3

 m
on

th
s 

of
 p

re
gn

an
cy

 (
n=

70
; 

1.
4%

)

5
2–

6 
m

on
th

s 
af

te
r 

de
liv

er
y 

(n
=

96
; 2

.1
%

)

6
N

on
e 

(n
=

2,
53

3;
 8

2.
6%

)

A
ls

o 
as

se
ss

ed
 E

N
D

S 
us

e 
w

ith
in

 th
os

e 
w

ho
 s

m
ok

ed
 C

C
 

w
ith

in
 p

as
t 2

 y
ea

rs
 (

Pa
st

 C
C

) 
vs

. t
ho

se
 w

ho
 d

id
 n

ot
 

sm
ok

e 
C

C
 w

ith
in

 p
as

t 2
 y

ea
rs

 (
N

o 
Pa

st
 C

C
).

us
e 

w
as

 3
8.

0%
 a

t >
3m

o 
be

fo
re

 p
re

gn
an

cy
, 7

.7
%

 d
ur

in
g 

la
st

 3
 

m
o 

pr
eg

na
nc

y,
 1

1.
8%

 a
t 2

–6
m

o 
af

te
r 

de
liv

er
y;

 E
N

D
S 

on
ly

 u
se

 
hi

gh
es

t i
n 

2–
6 

m
on

th
s 

af
te

r 
de

liv
er

y 
(3

.8
%

);
 n

o 
T

P 
us

e 
hi

gh
es

t 
du

ri
ng

 th
e 

la
st

 3
 m

on
th

s 
of

 p
re

gn
an

cy
(6

1.
9%

).
To

p 
re

po
rt

ed
 r

ea
so

ns
 f

or
 E

N
D

S 
us

e 
am

on
g 

w
om

en
 u

si
ng

 E
N

D
S 

>
3m

o 
&

 th
os

e 
w

ho
 u

se
d 

E
N

D
S 

ar
ou

nd
 th

e 
tim

e 
of

 p
re

gn
an

cy
: 

1)
 c

ur
io

si
ty

 (
78

.6
%

, 5
4.

0%
),

 2
) 

pe
rc

ep
tio

n 
E

N
D

S 
he

lp
 w

ith
 

qu
itt

in
g 

or
 r

ed
uc

in
g 

C
C

 (
27

.4
%

, 4
5.

2%
);

 3
) 

pe
rc

ep
tio

n 
E

N
D

S 
le

ss
 h

ar
m

fu
l t

ha
n 

C
C

 (
24

.6
%

, 4
5.

2%
);

 4
) 

av
ai

la
bi

lit
y 

of
 f

la
vo

rs
 

(2
4.

5%
, 4

2.
3%

);
 5

) 
ab

ili
ty

 to
 g

et
 E

N
D

S 
w

ith
ou

t n
ic

ot
in

e 
(1

6.
9%

, 
41

.4
%

).

K
im

 2
02

0 
[4

5]
D

at
as

et
: P

A
T

H
; W

av
es

 1
–4

 
(2

01
3–

20
17

)
Sa

m
pl

e:
 A

du
lt 

w
om

en
 (

ag
e 

18
+

) 
w

ith
 c

om
pl

et
e 

da
ta

 f
ro

m
 

an
y 

2 
co

ns
ec

ut
iv

e 
W

av
es

 (
T

1 
an

d 
T

2)
; w

ho
 w

er
e 

pr
eg

na
nt

 a
t 

T
2,

 b
ut

 N
O

T
 p

re
gn

an
t a

t T
1 

(N
=

86
4)

L
oc

at
io

n:
 U

ni
te

d 
St

at
es

 
(n

at
io

na
lly

 r
ep

re
se

nt
at

iv
e 

sa
m

pl
e)

E
xa

m
in

ed
 T

P 
us

e 
in

 p
ar

tic
ip

an
ts

 a
t 2

 
tim

ep
oi

nt
s 

du
ri

ng
 p

re
gn

an
cy

 (
T

1 
an

d 
T

2)
:

1
Pr

e-
Pr

eg
na

nc
y:

 W
av

e 
pr

io
r 

to
 c

ur
re

nt
 

pr
eg

na
nc

y 
(T

1)

2
Pr

eg
na

nc
y:

 W
av

e 
of

 
cu

rr
en

t p
re

gn
an

cy
 

(T
2)

.

D
at

a 
w

as
 n

ot
 ti

m
e-

lo
ck

ed
 w

ith
 

sp
ec

if
ic

 g
es

ta
tio

na
l p

er
io

d,
 b

ut
 

in
fo

rm
at

io
n 

on
 g

es
ta

tio
na

l t
ri

m
es

te
r 

w
as

 c
ol

le
ct

ed
.

T
P 

us
e 

de
fi

ni
tio

n:
 E

ve
r 

us
ed

 (
pr

od
uc

t c
at

eg
or

y)
 

re
gu

la
rl

y,
 a

nd
 c

ur
re

nt
ly

 u
si

ng
 it

 e
ve

ry
 d

ay
 o

r 
so

m
e 

da
ys

.
C

om
pa

re
d 

fa
ct

or
s 

di
ff

er
in

g 
be

tw
ee

n 
th

os
e 

w
ho

 q
ui

t 
al

l T
P 

(n
=

16
2)

 v
s.

 p
er

si
st

en
t E

N
D

S 
us

er
s 

(n
=

29
) 

or
 

pe
rs

is
te

nt
 C

C
 u

se
rs

 (
n=

15
9)

 a
t T

2.

R
at

es
 o

f 
E

N
D

S 
us

e 
de

cr
ea

se
d 

fr
om

 p
re

-p
re

gn
an

cy
 (

6.
1%

) 
to

 
pr

eg
na

nc
y 

(2
.8

%
).

E
N

D
S 

ce
ss

at
io

n 
ra

te
 (

T
1 

vs
. T

2)
 =

 7
6.

2%
C

om
pl

et
e 

T
P 

ab
st

ai
ne

rs
 v

s.
 p

er
si

st
en

t E
N

D
S 

us
er

s 
di

d 
no

t d
if

fe
r 

in
 p

re
gn

an
cy

 tr
im

es
te

r 
at

 ti
m

e 
of

 T
2 

su
rv

ey
 [

pe
rs

is
te

nt
 E

N
D

S 
us

er
s 

25
.9

%
 f

ir
st

, 4
2.

0%
 s

ec
on

d,
 3

2.
1%

 th
ir

d 
tr

im
es

te
r]

.
Pe

rs
is

te
nt

 E
N

D
S 

us
er

s 
(v

s.
 c

om
pl

et
e 

T
P 

qu
itt

er
s)

: m
or

e 
lik

el
y 

to
 

be
 W

hi
te

, h
av

e 
no

n-
pr

iv
at

e 
or

 n
o 

m
ed

ic
al

 in
su

ra
nc

e.

K
ur

ti
 e

t 
al

 2
01

7 
[4

9]
D

at
as

et
: P

A
T

H
 W

av
e 

1 
(2

01
3–

20
14

)
Sa

m
pl

e:
 W

om
en

 (
ag

ed
 ≥

18
) 

w
ho

 r
ep

or
te

d 
be

in
g 

pr
eg

na
nt

 
at

 th
e 

tim
e 

of
 s

ur
ve

y 
co

m
pl

et
io

n 
(N

=
38

8)
L

oc
at

io
n:

 U
ni

te
d 

St
at

es
 

(n
at

io
na

lly
 r

ep
re

se
nt

at
iv

e 
sa

m
pl

e)

A
na

ly
se

s 
in

cl
ud

ed
 c

ur
re

nt
ly

 p
re

gn
an

t 
pe

rs
on

s.
Su

rv
ey

 w
as

 n
ot

 ti
m

e-
lo

ck
ed

 w
ith

 
sp

ec
if

ic
 g

es
ta

tio
na

l a
ge

. A
ve

ra
ge

 
ge

st
at

io
na

l a
ge

 a
t t

im
e 

of
 d

at
a 

co
lle

ct
io

n 
w

as
 2

1 
w

ee
ks

.

E
N

D
S 

an
d 

C
C

 u
se

 c
la

ss
if

ie
d 

as
 C

ur
re

nt
, F

or
m

er
, o

r 
N

ev
er

 U
se

rs
.

C
ur

re
nt

 E
N

D
S 

us
e=

us
in

g 
so

m
e 

da
ys

 o
r 

ev
er

y 
da

y 
(e

ith
er

 
es

ta
bl

is
he

d 
(E

ST
) 

or
 e

xp
er

im
en

ta
l (

E
X

P)
 u

se
);

 F
or

m
er

 
E

N
D

S 
us

e=
 p

re
vi

ou
sl

y 
us

in
g 

so
m

e 
da

ys
 o

r 
ev

er
y 

da
y 

(E
ST

 o
r 

E
X

P)
 a

nd
 n

o 
cu

rr
en

t u
se

; N
ev

er
 u

se
 =

 n
o 

lif
et

im
e 

us
e.

C
C

 u
se

 c
at

eg
or

ie
s:

 s
am

e 
de

fi
ni

tio
ns

 a
s 

E
N

D
S 

bu
t 

re
qu

ir
ed

 1
00

+
 C

C
 in

 li
fe

tim
e 

to
 c

ou
nt

 a
s 

a 
cu

rr
en

t o
r 

fo
rm

er
 C

C
 s

m
ok

er
.

Pr
ev

al
en

ce
 o

f 
C

ur
re

nt
 E

N
D

S 
us

e:
A

m
on

g 
cu

rr
en

t C
C

 s
m

ok
er

s:
 2

8.
5%

.
A

m
on

g 
fo

rm
er

 C
C

 s
m

ok
er

s:
 2

.3
%

.
A

m
on

g 
ne

ve
r 

C
C

 s
m

ok
er

s:
0%

A
m

on
g 

C
ur

re
nt

 E
N

D
S 

us
er

s,
 m

ea
n 

# 
of

 d
ay

s 
of

 E
N

D
S 

us
e 

in
 th

e 
pa

st
 3

0 
da

ys
=

13
.1

.
O

dd
s 

of
 C

ur
re

nt
 E

N
D

S 
us

e 
si

gn
if

ic
an

tly
 h

ig
he

r 
am

on
g 

cu
rr

en
t 

vs
 f

or
m

er
 C

C
 s

m
ok

er
s 

(a
O

R
=

28
.0

2 
(9

.9
5–

78
.9

2)
);

 a
nd

 a
m

on
g 

th
os

e 
w

ho
 d

id
 v

s.
 d

id
 n

ot
 u

se
 il

lic
it 

dr
ug

s 
in

 th
e 

pa
st

 y
ea

r 
(a

O
R

=
3.

84
 (

1.
49

–9
.9

0)
.

K
ur

ti
 e

t 
al

 2
01

8 
[1

3]
D

at
as

et
: P

A
T

H
; W

av
es

 1
–2

 
(2

01
3–

20
15

)
Sa

m
pl

e:
 A

du
lt 

w
om

en
 (

18
–

44
) 

w
ho

 h
ad

 c
om

pl
et

e 
da

ta
 

fo
r 

W
av

es
 1

–2
 a

nd
 w

er
e 

N
O

T
 

pr
eg

na
nt

 a
t W

av
e 

1 
(N

=
7,

81
4)

L
oc

at
io

n:
 U

ni
te

d 
St

at
es

 
(n

at
io

na
lly

 r
ep

re
se

nt
at

iv
e 

sa
m

pl
e)

Pr
eg

na
nc

y 
gr

ou
ps

 d
ef

in
ed

 b
y 

se
lf

­
re

po
rt

ed
 ‘

cu
rr

en
tly

 p
re

gn
an

t’
 (

y/
n)

 a
t 

T
2 

(n
on

e 
pr

eg
na

nt
 a

t T
1)

:

1
Pr

eg
na

nt
 (

n=
33

2)

2
N

ot
 P

re
gn

an
t 

(n
=

7,
48

2)

To
ba

cc
o 

pr
od

uc
t u

se
: C

ur
re

nt
 e

st
ab

lis
he

d 
(E

ST
) 

or
 

ex
pe

ri
m

en
ta

l (
E

X
P)

 u
se

 o
f 

C
C

s,
 E

N
D

S,
 h

oo
ka

h,
 a

nd
 a

ny
 

ci
ga

r 
(t

ra
di

tio
na

l c
ig

ar
s,

 f
ilt

er
ed

 c
ig

ar
s,

 a
nd

 c
ig

ar
ill

os
).

T
1 

E
N

D
S 

U
se

Pr
eg

na
nt

: 5
.2

%
 (

2.
8%

 E
ST

, 2
.4

%
 E

X
P)

 N
ot

 P
re

gn
an

t: 
6.

2%
 (

2.
7%

 E
ST

, 3
.5

%
 E

X
P)

N
o 

in
fo

rm
at

io
n 

on
 E

N
D

S 
ch

ar
ac

te
ri

st
ic

s.
D

ef
in

iti
on

 o
f 

Q
ui

t t
ob

ac
co

 p
ro

du
ct

 a
t T

2:
 C

ur
re

nt
 u

se
r 

at
 

T
1,

 f
or

m
er

 u
se

r 
of

 s
am

e 
pr

od
uc

t c
at

eg
or

y 
at

 T
2.

Q
ui

t R
at

es
 f

or
 E

N
D

S 
at

 T
2:

Pr
eg

na
nt

: 8
1.

3%
 (

71
.2

%
 o

f 
E

ST
, 1

00
.0

%
 o

f 
E

X
P)

.
N

ot
 P

re
gn

an
t: 

45
.0

%
 (

32
.8

%
 o

f 
E

ST
, 5

5.
1%

 o
f 

E
X

P)
.

Pr
eg

na
nc

y 
w

as
 th

e 
st

ro
ng

es
t p

re
di

ct
or

 o
f 

qu
itt

in
g 

E
N

D
S 

(a
O

R
=

20
.9

9(
2.

6,
 1

70
.3

))
. R

es
ul

ts
 s

ug
ge

st
 th

is
 r

el
at

io
ns

hi
p 

m
ay

 
va

ry
 b

y 
E

N
D

S 
us

e 
st

at
us

 (
E

ST
 v

s.
 E

X
P)

. A
bs

en
ce

 o
f 

pr
eg

na
nt

 
E

X
P 

us
er

s 
at

 T
2 

(n
=

0)
 p

re
ve

nt
ed

 th
e 

au
th

or
s 

fr
om

 c
al

cu
la

tin
g

O
R

s.

Curr Addict Rep. Author manuscript; available in PMC 2022 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

DeVito et al. Page 16

C
it

at
io

n,
 D

at
as

et
, a

nd
 

Sa
m

pl
e

P
re

gn
an

cy
 G

ro
up

s 
an

d/
or

 
T

im
ep

oi
nt

s
E

N
D

S 
an

d 
ot

he
r 

T
P

 U
se

 G
ro

up
s 

an
d/

or
 T

im
ep

oi
nt

s
Su

m
m

ar
y 

of
 F

in
di

ng
s 

R
el

ev
an

t 
to

 E
N

D
S 

an
d/

or
 P

re
gn

an
cy

: 
pr

ev
al

en
ce

 r
ep

or
te

d 
as

 %
; 

od
ds

 r
at

io
s 

(O
R

) 
or

 a
dj

us
te

d 
O

R
 (

aO
R

) 
or

 r
el

at
iv

e 
ri

sk
 (

R
R

) 
al

w
ay

s 
fo

llo
w

ed
 b

y 
[9

5%
 

C
on

fi
de

nc
e 

In
te

rv
al

s 
(C

I)
]

A
ve

ra
ge

 g
es

ta
tio

na
l a

ge
 o

f 
th

e 
sa

m
pl

e 
at

 T
2 

w
as

 2
0.

7 
w

ee
ks

.

K
ur

ti
 e

t 
al

 2
02

0 
[4

4]
D

at
as

et
: P

op
ul

at
io

n 
A

ss
es

sm
en

t o
f 

To
ba

cc
o 

an
d 

H
ea

lth
 (

PA
T

H
);

W
av

es
 1

–3
 (

20
13

–2
01

6)
Sa

m
pl

e:
 A

du
lt 

w
om

en
 (

18
–

49
) 

w
ho

 c
om

pl
et

ed
 2

 
co

ns
ec

ut
iv

e 
w

av
es

 o
f 

da
ta

 
(T

1,
 T

2)
; w

er
e 

no
t p

re
gn

an
t a

t 
T

1;
 a

nd
 u

se
d 

co
m

bu
st

ib
le

 T
P 

at
 T

1 
(N

=
3,

76
7)

L
oc

at
io

n:
 U

ni
te

d 
St

at
es

 
(n

at
io

na
lly

 r
ep

re
se

nt
at

iv
e 

sa
m

pl
e)

Pr
eg

na
nc

y 
gr

ou
ps

 d
ef

in
ed

 b
y 

se
lf

­
re

po
rt

ed
 ‘

cu
rr

en
tly

 p
re

gn
an

t’
 (

y/
n)

 a
t 

T
2 

(n
on

e 
w

er
e 

pr
eg

na
nt

 a
t T

1)
:

1
Pr

eg
na

nt
 (

n=
19

7;
 

4.
5%

)

2
N

ot
 P

re
gn

an
t 

(n
=

3,
57

0;
 9

5.
5%

)

Pr
eg

na
nt

 a
t T

2 
w

as
 c

on
si

de
re

d 
as

 
pr

ed
ic

to
r 

va
ri

ab
le

 in
 a

na
ly

si
s 

of
 

to
ba

cc
o 

tr
an

si
tio

ns
.

A
ve

ra
ge

 g
es

ta
tio

na
l a

ge
 o

f 
th

e 
pr

eg
na

nt
 s

am
pl

e 
at

 T
2 

w
as

 2
1.

7 
w

ee
ks

.

T
P 

U
se

 T
ra

ns
iti

on
 G

ro
up

s,
 D

ef
in

ed
 b

y 
T

2 
(a

ll 
ha

d 
C

om
bu

st
ib

le
 T

P 
U

se
 a

t T
1,

 n
on

e 
w

er
e 

pr
eg

na
nt

 a
t T

1)
:

1
T

1 
C

om
bu

st
ib

le
 T

P 
(c

T
P)

 U
se

 →
 T

2 
cT

P 
U

se
 (

“H
ar

m
 M

ai
nt

ai
ni

ng
”*

).
 C

on
tin

ue
d 

us
e 

of
 c

T
P 

(C
C

, h
oo

ka
h,

 p
ip

es
, c

ig
ar

s)
; 

w
ith

 o
r 

w
ith

ou
t E

N
D

S.
 n

=
3,

15
6;

 2
.8

%
 

pr
eg

na
nt

 a
t T

2)

2
T

1 
cT

P 
U

se
→

 T
2 

E
N

D
S 

O
nl

y 
(“

H
ar

m
­

R
ed

uc
in

g”
*)

 n
=

87
; 1

.2
%

 o
f 

w
ho

m
 w

er
e 

pr
eg

na
nt

 a
t T

2)

3
T

1 
cT

P 
U

se
→

 T
2 

N
o 

T
P 

U
se

 (
“H

ar
m

­
E

lim
in

at
in

g”
*)

 n
=

52
4;

 1
4.

5%
 o

f 
w

ho
m

 
w

er
e 

pr
eg

na
nt

 a
t T

2)

*H
ar

m
 la

be
ls

 f
ro

m
 T

P 
U

se
 g

ro
up

s 
as

si
gn

ed
 in

 p
ap

er
 

ba
se

d 
on

 p
re

su
m

ed
 r

is
k;

 n
o 

ad
ve

rs
e 

he
al

th
 o

ut
co

m
es

 
m

ea
su

re
d 

in
 th

es
e 

gr
ou

ps
.

E
N

D
S 

us
e 

at
 T

1 
co

ns
id

er
ed

 a
s 

pr
ed

ic
tio

n 
va

ri
ab

le
, b

ut
 

no
t c

on
si

de
re

d 
in

 d
ef

in
iti

on
 o

f 
tr

an
si

tio
n 

gr
ou

ps
.

E
N

D
S 

U
se

 d
ef

in
ed

 a
s 

us
in

g 
re

gu
la

rl
y 

(“
cu

rr
en

t 
es

ta
bl

is
he

d”
) 

or
 a

t l
ea

st
 s

om
e 

da
ys

 (
“e

xp
er

im
en

ta
l”

).

E
N

D
S 

us
e 

Pr
ev

al
en

ce
 a

t T
1

O
ve

ra
ll 

(t
ot

al
 s

am
pl

e)
 =

 2
2.

4%
T

1 
cT

P 
U

se
 →

 T
2 

cT
P 

U
se

 =
 2

3.
4%

T
1 

cT
P 

U
se
→

 T
2 

E
N

D
S 

O
nl

y 
=

 3
7.

9%
T

1 
cT

P 
U

se
→

 T
2 

N
o 

T
P 

U
se

 =
 1

4.
6%

Pr
ed

ic
to

rs
 o

f 
T

P 
U

se
 T

ra
ns

iti
on

 G
ro

up
s

→
T

2 
N

o 
C

om
bu

st
ib

le
 T

P 
U

se
 (

“H
ar

m
-E

lim
in

at
in

g”
)

Pr
eg

na
nc

y 
at

 T
2 

in
cr

ea
se

d 
od

ds
 (

aO
R

=
5.

97
 (

3.
92

–9
.1

0)
)

**
E

N
D

S 
us

e 
at

 T
1 

de
cr

ea
se

d 
od

ds
 (

aO
R

=
0.

56
 (

0.
42

–0
.7

6)
)

→
 T

2 
E

N
D

S 
O

nl
y 

(“
H

ar
m

-R
ed

uc
in

g”
) 

Pr
eg

na
nc

y 
at

 T
2:

 n
ot

 a
 

si
gn

if
ic

an
t p

re
di

ct
or

.
**

E
N

D
S 

us
e 

at
 T

1 
in

cr
ea

se
d 

od
ds

 (
aO

R
=

1.
92

 (
1.

04
–3

.5
5)

)
**

E
N

D
S 

us
e 

at
 T

1 
pr

ed
ic

to
r 

re
su

lts
 in

cl
ud

es
 p

re
gn

an
t a

nd
 n

on
­

pr
eg

na
nt

 w
om

en
 in

 s
am

pl
e.

Sc
hi

lli
ng

 e
t 

al
 2

02
0 

[4
6]

D
at

as
et

: S
T

ud
y 

on
 E

­
ci

ga
re

tte
s 

an
d 

Pr
eg

na
nc

y 
(S

T
E

P)
Sa

m
pl

e:
 P

re
gn

an
t w

om
en

, 
ag

ed
 1

7+
, w

ho
 r

eg
is

te
re

d 
fo

r 
bi

rt
h 

at
 a

 c
lin

ic
 (

A
sk

le
pi

os
 

K
lin

ik
 B

ar
m

be
k)

 b
et

w
ee

n 
A

pr
il 

4t
h,

 2
01

8,
 a

nd
 J

an
ua

ry
 

11
th

, 2
01

9,
 p

ro
vi

de
d 

in
fo

rm
ed

 
co

ns
en

t a
nd

 c
om

pl
et

e 
C

C
 &

 
E

N
D

S 
da

ta
 (

N
=

54
0)

L
oc

at
io

n:
 G

er
m

an
y 

(H
am

bu
rg

)

A
ll 

pa
rt

ic
ip

an
ts

 c
om

pl
et

ed
 th

e 
su

rv
ey

 
on

ly
 o

nc
e 

af
te

r 
gi

vi
ng

 b
ir

th
; s

ur
ve

y 
in

cl
ud

ed
 q

ue
st

io
ns

 a
bo

ut
 C

C
 o

r 
E

N
D

S 
us

e 
du

ri
ng

 th
re

e 
pr

io
r 

tim
e 

pe
ri

od
s:

 1
) 

Pr
e-

Pr
eg

na
nc

y:
 

ye
ar

 b
ef

or
e 

pr
eg

na
nc

y;
 2

) 
E

ar
ly

 
Pr

eg
na

nc
y:

 F
ir

st
 3

m
o 

of
 p

re
gn

an
cy

; 
3)

 L
at

e 
Pr

eg
na

nc
y:

 R
em

ai
nd

er
 o

f 
pr

eg
na

nc
y 

(m
on

th
 4

 to
 b

ir
th

)

B
ef

or
e 

pr
eg

na
nc

y:
 C

C
 o

nl
y 

(n
=

10
8;

 2
0%

),
 E

N
D

S 
on

ly
 

(n
=

7;
 1

.3
%

),
 D

ua
l u

se
rs

 (
n=

35
; 6

.5
%

)
E

ar
ly

 p
re

gn
an

cy
: C

C
 o

nl
y 

(n
=

47
; 8

.7
%

),
 E

N
D

S 
on

ly
 

(n
=

2;
 0

.4
%

),
 D

ua
l u

se
rs

 (
n=

0)
L

at
e 

pr
eg

na
nc

y:
 C

C
 o

nl
y 

(n
=

15
; 2

.8
%

),
 E

N
D

S 
on

ly
 

(n
=

0)
, D

ua
l u

se
rs

 (
n=

0)
 U

se
 d

ef
in

iti
on

: A
ny

 u
se

 o
f 

C
C

 
an

d/
or

 E
N

D
S 

du
ri

ng
 th

e 
tim

e 
pe

ri
od

.

T
ra

ns
iti

on
s 

fr
om

 P
re

 to
 E

ar
ly

 P
re

gn
an

cy
:

97
.1

%
 o

f 
D

ua
l U

se
rs

 s
to

pp
ed

 u
si

ng
 E

N
D

S
57

.1
%

 o
f 

D
ua

l U
se

rs
 s

to
pp

ed
 s

m
ok

in
g 

C
C

s
0%

 o
f 

C
C

 s
m

ok
er

s 
sw

itc
he

d 
to

 E
N

D
S

In
di

vi
du

al
s 

w
ith

 lo
w

 o
r 

m
ed

iu
m

 (
vs

 h
ig

h)
 e

du
ca

tio
n 

at
ta

in
m

en
t 

m
or

e 
lik

el
y 

to
 b

e 
du

al
 u

se
rs

.

St
ro

ud
 e

t 
al

 2
01

9 
[6

6]
D

at
as

et
: D

at
a 

dr
aw

n 
fr

om
 

la
rg

er
 s

tu
dy

 o
f 

sm
ok

in
g 

du
ri

ng
 p

re
gn

an
cy

 a
nd

 f
et

al
 

de
ve

lo
pm

en
t (

st
ud

y 
no

t 
na

m
ed

)
Sa

m
pl

e:
 A

du
lt 

pr
eg

na
nt

 
w

om
en

 (
ag

es
 1

8–
40

) 
no

 
cu

rr
en

t/p
ri

or
 in

vo
lv

em
en

t w
ith

 

T
im

ef
ra

m
e 

ca
pt

ur
ed

 b
y 

th
e 

E
N

D
S 

us
e 

su
rv

ey
s 

co
ve

re
d 

3m
o 

pr
e­

co
nc

ep
tio

n,
 th

ro
ug

h 
pr

eg
na

nc
y,

 a
nd

 
1m

o 
po

st
-p

ar
tu

m
.

4 
in

te
rv

ie
w

 s
es

si
on

s 
he

ld
 a

t 2
nd

 &
 3

rd
 

tr
im

es
te

rs
 a

nd
 1

m
o 

po
st

-p
ar

tu
m

.
T

P 
us

e 
da

ta
 c

ol
le

ct
ed

 a
t e

ac
h 

in
te

rv
ie

w
. E

N
D

S 
fl

av
or

 p
re

fe
re

nc
e 

&
 

pe
rc

ep
tio

n 
su

rv
ey

s 
co

m
pl

et
ed

 a
t o

ne
 

Pr
ev

al
en

ce
 E

N
D

S 
us

e 
(f

ul
l s

am
pl

e 
N

=
10

0)
:

A
ny

 u
se

 in
 li

fe
tim

e:
 4

5%
A

ny
 u

se
 in

 p
er

ip
ar

tu
m

 p
er

io
d:

 1
6%

•
3m

o 
be

fo
re

 p
re

gn
an

cy
: 9

%

•
D

ur
in

g 
pr

eg
na

nc
y:

 9
%

•
1 

m
o 

po
st

-p
ar

tu
m

: 3
%

T
ho

se
 r

ep
or

tin
g 

an
y 

lif
et

im
e 

us
e 

E
N

D
S 

m
or

e 
lik

el
y 

(t
ha

n 
ne

ve
r 

us
er

s)
 to

 s
m

ok
e 

C
C

 d
ur

in
g 

pr
eg

na
nc

y.
A

m
on

g 
th

e 
16

%
 e

nd
or

si
ng

 a
ny

 E
N

D
S 

us
e 

in
 p

er
ip

ar
tu

m
 p

er
io

d:
63

%
 u

se
d 

E
N

D
S 

m
or

e 
th

an
 o

ne
-t

im
e 

Fl
av

or
s:

 6
9%

 f
ru

it,
 1

9%
 

ca
nd

y,
 1

9%
 m

in
d,

 1
3%

 to
ba

cc
o,

 6
%

 s
pi

ce
, 6

%
 c

of
fe

e;
 2

5%
 

m
ul

tip
le

 f
la

vo
rs

.
Pr

eg
na

nt
 p

er
so

ns
 e

nd
or

se
d 

gr
ea

te
r 

pr
ef

er
en

ce
 a

nd
 in

te
nt

io
n 

to
 

us
e 

sw
ee

t f
la

vo
rs

 (
fr

ui
t, 

ca
nd

y)
 v

s.
 to

ba
cc

o 
fl

av
or

s.
 -

Pe
rc

ei
ve

d 
ri

sk
 o

f 
E

N
D

S 
us

e 
on

 g
en

er
al

, p
re

gn
an

cy
, a

nd
 f

et
al

 h
ea

lth
 w

as
 

Curr Addict Rep. Author manuscript; available in PMC 2022 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

DeVito et al. Page 17

C
it

at
io

n,
 D

at
as

et
, a

nd
 

Sa
m

pl
e

P
re

gn
an

cy
 G

ro
up

s 
an

d/
or

 
T

im
ep

oi
nt

s
E

N
D

S 
an

d 
ot

he
r 

T
P

 U
se

 G
ro

up
s 

an
d/

or
 T

im
ep

oi
nt

s
Su

m
m

ar
y 

of
 F

in
di

ng
s 

R
el

ev
an

t 
to

 E
N

D
S 

an
d/

or
 P

re
gn

an
cy

: 
pr

ev
al

en
ce

 r
ep

or
te

d 
as

 %
; 

od
ds

 r
at

io
s 

(O
R

) 
or

 a
dj

us
te

d 
O

R
 (

aO
R

) 
or

 r
el

at
iv

e 
ri

sk
 (

R
R

) 
al

w
ay

s 
fo

llo
w

ed
 b

y 
[9

5%
 

C
on

fi
de

nc
e 

In
te

rv
al

s 
(C

I)
]

ch
ild

 p
ro

te
ct

iv
e 

se
rv

ic
es

, 
an

d 
no

 h
is

to
ry

 o
f 

se
ri

ou
s 

ge
st

at
io

na
l m

ed
ic

al
 

co
nd

iti
on

s;
 r

ec
ru

ite
d 

fr
om

 
ob

st
et

ri
c 

cl
in

ic
s,

 h
ea

lth
 

ce
nt

er
s 

an
d 

th
e 

su
rr

ou
nd

in
g 

co
m

m
un

ity
. (

N
=

10
0;

 5
0%

 
re

po
rt

ed
 C

C
 s

m
ok

in
g 

at
 

le
as

t o
nc

e 
du

ri
ng

 p
re

gn
an

cy
 

(o
ve

rs
am

pl
ed

 f
or

 C
C

 s
m

ok
in

g 
du

ri
ng

 p
re

gn
an

cy
))

L
oc

at
io

n:
 U

ni
te

d 
St

at
es

 
(S

ou
th

er
n 

N
ew

 E
ng

la
nd

)

in
te

rv
ie

w
 s

es
si

on
 in

 3
rd

 tr
im

es
te

r.
G

es
ta

tio
na

l a
ge

 a
t e

nr
ol

lm
en

t: 
m

ea
n=

 
21

 w
ee

ks
 (

SD
=

1)
.

In
te

rv
ie

w
 s

es
si

on
s 

to
ok

 p
la

ce
 a

t 
21

±
1,

 2
7±

1,
 a

nd
 3

3±
1 

w
ee

ks
 

ge
st

at
io

n 
an

d 
at

 3
1±

1 
da

ys
 

po
st

pa
rt

um
.

hi
gh

 (
bu

t l
ow

er
 th

an
 p

er
ce

iv
ed

 r
is

k 
fr

om
 C

C
 s

m
ok

in
g)

, a
nd

 d
id

 
no

t s
ig

ni
fi

ca
nt

ly
 d

if
fe

r 
by

 f
la

vo
r.

W
an

g 
et

 a
l 2

02
0 

[4
7]

D
at

as
et

: P
R

A
M

S;
 2

01
6

Sa
m

pl
e:

 A
du

lt 
w

om
en

 w
ho

 
ga

ve
 b

ir
th

 to
 s

in
gl

et
on

s 
an

d 
pr

ov
id

ed
 c

om
pl

et
e 

in
fo

rm
at

io
n 

on
 C

C
 a

nd
 E

N
D

S 
us

e 
(N

=
31

,9
73

)
L

oc
at

io
n:

 U
ni

te
d 

St
at

es
 

(n
at

io
na

lly
 r

ep
re

se
nt

at
iv

e 
sa

m
pl

e)

E
xa

m
in

ed
 n

ic
ot

in
e 

ex
po

su
re

 in
 a

t 2
 

tim
ep

oi
nt

s 
du

ri
ng

 p
re

gn
an

cy
:

1
Pr

e-
pr

eg
na

nc
y:

 3
m

o 
be

fo
re

 p
re

gn
an

cy

L
at

e-
pr

eg
na

nc
y:

 la
st

 3
m

o 
of

 
pr

eg
na

nc
y

Pr
e-

pr
eg

na
nc

y 
T

P 
U

se
 (

N
=

31
,7

93
):

1
E

N
D

S 
on

ly
 (

n=
26

7;
 1

%
)

2
C

C
 o

nl
y 

(n
=

5,
02

9;
 1

4%
)

3
D

ua
l u

se
rs

 (
n=

97
6;

 3
%

)

4
N

o 
T

P 
(n

=
25

,5
21

; 8
2%

)

L
at

e-
pr

eg
na

nc
y 

T
P 

U
se

 (
N

=
31

,7
93

):

1
E

N
D

S 
on

ly
 (

n=
12

6;
 0

.4
%

)

2
C

C
 o

nl
y 

(n
=

2,
63

2;
 7

%
)

3
D

ua
l u

se
rs

 (
n=

26
5;

 0
.6

%
)

4
N

o 
T

P 
(n

=
28

,7
70

; 9
2%

)

T
ra

ns
iti

on
 G

ro
up

s:
 P

re
 →

 L
at

e 
Pr

eg
na

nc
y:

Pr
e-

pr
eg

na
nc

y 
N

o 
T

P 
(n

=2
5,

52
1)

N
o 

T
P 
→

 N
o 

T
P 

us
e 

(n
=

25
,5

01
; 9

9.
9%

)
N

o 
T

P 
→

 C
C

 o
nl

y 
(n

=
17

; 0
.1

%
)

N
o 

T
P 
→

 E
N

D
S 

on
ly

 (
n=

3;
 0

%
)

N
o 

T
P 
→

 D
ua

l (
n=

0;
 0

%
)

Pr
e-

pr
eg

na
nc

y 
E

N
D

S 
on

ly
 (n

=2
67

)
E

N
D

S 
on

ly
 →

 N
o 

T
P 

(n
=

21
5;

 8
1.

7%
)

E
N

D
S 

on
ly

 →
 C

C
 o

nl
y 

(n
=

3;
 0

.7
%

)
E

N
D

S 
on

ly
 →

 E
N

D
S 

on
ly

 (
n=

49
; 1

7.
6%

)
E

N
D

S 
on

ly
 →

 D
ua

l (
n=

0;
 0

%
)

Pr
e-

pr
eg

na
nc

y 
C

C
 o

nl
y 

(n
=5

,0
29

)
C

C
 o

nl
y 
→

 N
o 

T
P 

(n
=

2,
62

2;
 5

5.
1%

)
C

C
 o

nl
y 
→

 C
C

 o
nl

y 
(n

=
2,

34
2;

 4
3.

6%
)

C
C

 o
nl

y 
→

 E
N

D
S 

on
ly

 (
n=

18
; 0

.3
%

)
C

C
 o

nl
y 
→

 D
ua

l (
n=

47
; 1

.0
%

)
Pr

e-
pr

eg
na

nc
y 

D
ua

l U
se

rs
 (n

=9
76

) D
ua

l →
 N

o 
T

P 
(n

=
43

2;
 

48
.9

%
)

D
ua

l →
 C

C
 o

nl
y 

(n
=

27
0;

 2
5.

9%
)

D
ua

l →
 E

N
D

S 
on

ly
 (

n=
56

; 6
.8

%
)

D
ua

l →
 D

ua
l (

n=
21

8;
 1

8.
4%

)
C

ha
ra

ct
er

is
tic

s 
of

 T
ra

ns
iti

on
 G

ro
up

s:
C

C
 o

nl
y 
→

 E
N

D
S 

on
ly

 o
r D

ua
l (

vs
. C

C
 o

nl
y 
→

 N
o 

T
P 

us
e)

: 
yo

un
ge

r, 
le

ss
 e

du
ca

te
d,

 n
on

-H
is

pa
ni

c 
w

hi
te

, u
nm

ar
ri

ed
C

C
 o

nl
y 
→

 E
N

D
S 

on
ly

 o
r D

ua
l (

vs
. C

C
 o

nl
y 
→

 C
C

 o
nl

y)
: 

yo
un

ge
r, 

le
ss

 e
du

ca
te

d,
 u

nm
ar

ri
ed

D
ua

l →
 N

o 
T

P 
us

e 
(v

s.
 D

ua
l →

 D
ua

l)
: m

or
e 

ed
uc

at
ed

, 
nu

lli
pa

ro
us

, r
ec

ei
ve

d 
ad

eq
ua

te
 p

re
na

ta
l c

ar
e

D
ua

l →
 E

N
D

S 
on

ly
 (

vs
. D

ua
l →

 D
ua

l o
r 

C
C

 o
nl

y)
: r

ec
ei

ve
d 

ad
eq

ua
te

 p
re

na
ta

l c
ar

e

SE
C

T
IO

N
 B

. D
E

SC
R

IP
T

IO
N

 O
F

 E
N

D
S 

U
SE

A
sh

fo
rd

 e
t 

al
 2

01
6 

[5
1]

D
at

as
et

: C
ro

ss
-s

ec
tio

na
l 

da
ta

se
t r

ec
ru

ite
d 

fr
om

 c
lin

ic
s 

in
 K

en
tu

ck
y.

Sa
m

pl
e:

 A
du

lt 
w

om
en

 (
18

–
45

) 
w

ho
 c

ur
re

nt
ly

 u
se

 T
P 

C
at

eg
or

iz
ed

 s
am

pl
e 

by
 p

re
gn

an
cy

 
st

at
us

: 1
Pr

eg
na

nt
 (

n=
10

1)

2
N

on
-p

re
gn

an
t (

n=
99

)

C
at

eg
or

iz
ed

 p
ar

tic
ip

an
ts

 b
y 

E
N

D
S 

us
e 

st
at

us
:

1
C

ur
re

nt
 E

N
D

S 
U

se
 (

n=
49

; 2
5%

)

2
Fo

rm
er

 E
N

D
S 

U
se

 (
n=

77
; 4

0%
)

88
%

 o
f 

cu
rr

en
t E

N
D

S 
us

e 
gr

ou
p 

al
so

 r
ep

or
te

d 
cu

rr
en

t C
C

 u
se

; 
46

.9
%

 o
f 

cu
rr

en
t E

N
D

S 
us

e 
gr

ou
p 

w
er

e 
cu

rr
en

tly
 p

re
gn

an
t.

Pr
eg

na
nt

 (
vs

. n
on

-p
re

gn
an

t)
 p

er
so

ns
 5

1%
 le

ss
 li

ke
ly

 to
 b

e 
m

or
e 

fr
eq

ue
nt

 E
N

D
S 

us
er

s 
(p

=
0.

03
).

M
os

t c
om

m
on

 r
ea

so
ns

 f
or

 E
N

D
S 

us
e:

 1
) 

To
 h

el
p 

qu
it 

C
C

 
sm

ok
in

g,
 2

) 
E

N
D

S 
ar

e 
ch

ea
pe

r 
th

an
 C

C
, 3

) 
C

an
 u

se
 E

N
D

S 

Curr Addict Rep. Author manuscript; available in PMC 2022 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

DeVito et al. Page 18

C
it

at
io

n,
 D

at
as

et
, a

nd
 

Sa
m

pl
e

P
re

gn
an

cy
 G

ro
up

s 
an

d/
or

 
T

im
ep

oi
nt

s
E

N
D

S 
an

d 
ot

he
r 

T
P

 U
se

 G
ro

up
s 

an
d/

or
 T

im
ep

oi
nt

s
Su

m
m

ar
y 

of
 F

in
di

ng
s 

R
el

ev
an

t 
to

 E
N

D
S 

an
d/

or
 P

re
gn

an
cy

: 
pr

ev
al

en
ce

 r
ep

or
te

d 
as

 %
; 

od
ds

 r
at

io
s 

(O
R

) 
or

 a
dj

us
te

d 
O

R
 (

aO
R

) 
or

 r
el

at
iv

e 
ri

sk
 (

R
R

) 
al

w
ay

s 
fo

llo
w

ed
 b

y 
[9

5%
 

C
on

fi
de

nc
e 

In
te

rv
al

s 
(C

I)
]

or
 u

se
d 

T
P 

w
ith

in
 th

e 
pa

st
 1

2 
m

on
th

s;
 E

ng
lis

h­
sp

ea
ki

ng
; p

re
gn

an
t (

re
cr

ui
te

d 
fr

om
 p

re
na

ta
l c

lin
ic

) 
or

 
no

n-
pr

eg
na

nt
 (

re
cr

ui
te

d 
fr

om
 

w
om

en
’s

 c
lin

ic
) 

(N
=

19
4)

L
oc

at
io

n:
 U

ni
te

d 
St

at
es

 
(K

en
tu

ck
y)

N
o 

re
st

ri
ct

io
ns

 o
n 

tim
in

g 
w

ith
in

 
pr

eg
na

nc
y 

or
 in

fo
rm

at
io

n 
on

 
ge

st
at

io
na

l a
ge

.

3
N

ev
er

 E
N

D
S 

U
se

 (
n=

68
; 3

5%
)

To
 b

e 
el

ig
ib

le
 f

or
 s

tu
dy

, p
ar

tic
ip

an
ts

 n
ee

de
d 

to
 h

av
e 

us
ed

 
so

m
e 

fo
rm

 o
f 

T
P 

w
ith

in
 p

as
t 1

2 
m

on
th

s.
Q

ue
st

io
ns

 o
n 

re
as

on
s 

fo
r 

us
in

g 
E

N
D

S 
on

ly
 g

iv
en

 to
 

th
os

e 
w

ho
 e

ve
r 

us
ed

 E
N

D
S.

 P
er

ce
iv

ed
 r

is
k 

E
N

D
S 

qu
es

tio
ns

 a
sk

ed
 o

f 
fu

ll 
sa

m
pl

e.

w
he

re
 C

C
 a

re
 p

ro
hi

bi
te

d,
 4

) 
E

N
D

S 
ar

e 
le

ss
 h

ar
m

fu
l t

ha
n 

C
C

.
Pe

rc
ep

tio
n 

of
 E

N
D

S 
as

 ‘
se

ri
ou

s’
 (

10
.9

%
),

 ‘
m

od
er

at
e’

 (
30

.6
%

);
 

‘m
in

or
’ 

(3
8.

3%
);

 ‘
no

’ 
(2

0.
2%

) 
he

al
th

 r
is

k.
In

 m
ul

tiv
ar

ia
te

 m
od

el
, n

ot
-p

re
gn

an
t, 

yo
un

ge
r 

ag
e,

 W
hi

te
/N

on
­

H
is

pa
ni

c 
ra

ce
/e

th
ni

ci
ty

 w
er

e 
as

so
ci

at
ed

 w
ith

 E
N

D
S 

us
e;

 
ed

uc
at

io
n,

 C
C

 u
se

 s
ta

tu
s 

an
d 

pe
rc

ei
ve

d 
ha

rm
 w

er
e 

no
t 

si
gn

if
ic

an
tly

 r
el

at
ed

 to
 E

N
D

S 
us

e 
in

 th
e 

m
od

el
.

B
ha

nd
ar

i e
t 

al
 2

01
8 

[2
8]

D
at

as
et

: C
ro

ss
-s

ec
tio

na
l 

su
rv

ey
 (

20
15

)
Sa

m
pl

e:
 A

du
lt 

(>
18

 y
ea

rs
 o

ld
) 

pr
eg

na
nt

 w
om

en
 r

ec
ru

ite
d 

fr
om

 a
 w

om
en

’s
 c

lin
ic

; 
ex

cl
ud

ed
 w

om
en

 w
ho

 h
ad

 
no

t h
ea

rd
 o

f 
E

N
D

S 
fr

om
 th

e 
an

al
ys

is
 (

N
=

18
) 

or
 in

co
m

pl
et

e 
da

ta
. (

N
=

40
9,

 f
in

al
 a

na
ly

se
s 

N
=

38
2)

L
oc

at
io

n:
 U

ni
te

d 
St

at
es

 
(A

rk
an

sa
s)

A
ll 

su
bj

ec
ts

 w
er

e 
pr

eg
na

nt
 o

r 
po

st
-p

ar
tu

m
 a

t t
he

 ti
m

e 
of

 
su

rv
ey

 c
om

pl
et

io
n:

 th
ir

d 
tr

im
es

te
r 

(5
5%

);
 s

ec
on

d 
tr

im
es

te
r 

(2
6.

3%
);

 
fi

rs
t t

ri
m

es
te

r 
(1

1.
0%

);
 p

os
tp

ar
tu

m
 

(7
.2

%
).

E
N

D
S 

us
e 

st
at

us
 g

ro
up

s 
di

d 
no

t 
di

ff
er

 in
 a

ve
ra

ge
 g

es
ta

tio
na

l a
ge

 (
i.e

., 
tr

im
es

te
r)

.

Pa
rt

ic
ip

an
ts

 w
er

e 
ca

te
go

ri
ze

d 
in

to
 g

ro
up

s 
ba

se
d 

on
 

E
N

D
S 

us
e 

st
at

us
, t

he
n 

se
pa

ra
te

ly
 c

at
eg

or
iz

ed
 b

as
ed

 o
n 

E
N

D
S 

an
d/

or
 C

C
 u

se
 s

ta
tu

s:
E

N
D

S 
us

e 
st

at
us

 d
ur

in
g 

pr
eg

na
nc

y:

1
C

ur
re

nt
 E

N
D

S 
U

se
 (

n=
44

; 1
1.

9%
)

2
Fo

rm
er

 E
N

D
S 

U
se

 (
n=

71
; 1

9.
1%

)

3
N

ev
er

 E
N

D
S 

U
se

 (
n=

25
6;

 6
9.

0%
)

E
N

D
S 

an
d/

or
 C

C
 u

se
 s

ta
tu

s 
du

ri
ng

 p
re

gn
an

cy
:

1
E

N
D

S 
an

d/
or

 C
C

 U
se

 (
n=

23
0;

 6
2.

7%
)

2
N

ei
th

er
 E

N
D

S 
no

r 
C

C
 (

n=
13

7;
 3

7.
3%

)

G
ro

up
 D

if
fe

re
nc

es
 in

 E
N

D
S 

Pe
rc

ep
tio

ns
 B

en
ef

ic
ia

l i
n 

qu
itt

in
g 

sm
ok

in
g:

C
ur

re
nt

 E
N

D
S 

U
se

 >
 N

ev
er

 E
N

D
S 

Pe
rc

ei
ve

d 
ri

sk
 o

f E
N

D
S:

N
ev

er
 E

N
D

S 
>

 C
ur

re
nt

 E
N

D
S 

U
se

N
ev

er
 E

N
D

S 
>

 F
or

m
er

 E
N

D
S 

U
se

71
%

 o
f 

cu
rr

en
t E

N
D

S 
us

e 
gr

ou
p 

en
do

rs
ed

 e
ve

r 
us

in
g 

E
N

D
S 

to
 

tr
y 

to
 q

ui
t s

m
ok

in
g 

C
C

.
74

.6
%

 o
f 

sa
m

pl
e 

ha
d 

ad
eq

ua
te

 (
i.e

., 
sc

or
e 

of
 ≥

4)
 k

no
w

le
dg

e 
re

la
te

d 
to

 th
e 

fa
ct

s 
an

d 
sa

fe
ty

 o
f 

E
N

D
S,

 a
nd

 th
is

 d
id

 n
ot

 d
if

fe
r 

ac
ro

ss
 E

N
D

S 
us

e 
st

at
us

.
Fe

w
er

 p
ar

tic
ip

an
ts

 r
ep

or
te

d 
be

in
g 

as
ke

d 
by

 th
ei

r 
he

al
th

ca
re

 
pr

ov
id

er
 a

bo
ut

 th
ei

r 
us

e 
of

 E
N

D
S 

th
an

 th
ei

r 
us

e 
of

 C
C

 d
ur

in
g 

pr
eg

na
nc

y.
 T

hi
s 

pa
tte

rn
 w

as
 tr

ue
 r

eg
ar

dl
es

s 
of

 E
N

D
S 

an
d/

or
 C

C
 

st
at

us
 o

f 
th

e 
pa

rt
ic

ip
an

t.

D
ob

bs
 e

t 
al

 2
02

0 
[6

9]
D

at
as

et
: O

nl
in

e 
su

rv
ey

; M
ay

­
D

ec
 2

01
7

Sa
m

pl
e:

 C
on

ve
ni

en
ce

 s
am

pl
e 

of
 g

es
ta

tio
na

l w
om

en
 

(c
ur

re
nt

ly
 p

re
gn

an
t, 

ha
d 

be
en

 
pr

eg
na

nt
 in

 p
as

t o
r 

pl
an

ne
d 

to
 

be
 p

re
gn

an
t i

n 
fu

tu
re

);
 A

ge
s 

18
–4

5;
 R

ec
ru

ite
d 

th
ro

ug
h 

so
ci

al
 m

ed
ia

 (
e.

g.
, F

ac
eb

oo
k,

 
R

ed
di

t)
. (

N
=

21
8)

L
oc

at
io

n:
 U

ni
te

d 
St

at
es

Pa
rt

ic
ip

an
ts

 w
er

e 
ca

te
go

ri
ze

d 
ba

se
d 

on
 p

re
gn

an
cy

 s
ta

tu
s:

1
C

ur
re

nt
ly

 P
re

gn
an

t 
(n

=
51

)

2
Pr

ev
io

us
ly

 (
bu

t n
ot

 
cu

rr
en

tly
) 

Pr
eg

na
nt

 
(n

=
10

3)

3
Fu

tu
re

 P
re

gn
an

t 
(n

=
64

):
 W

om
en

 w
ho

 
ha

d 
ne

ve
r 

be
en

 
pr

eg
na

nt
, b

ut
 p

la
nn

ed
 

to
 b

e 
pr

eg
na

nt
 in

 th
e 

fu
tu

re

N
o 

re
st

ri
ct

io
ns

 o
n 

tim
in

g 
w

ith
in

 
pr

eg
na

nc
y 

or
 ti

m
ef

ra
m

e 
of

 p
la

n 
fo

r 
fu

tu
re

 p
re

gn
an

cy
.

E
ve

r 
us

e 
of

 C
C

s 
an

d 
E

N
D

S:
 a

ny
 s

el
f-

re
po

rt
ed

 u
se

 in
 a

 
su

bj
ec

t’
s 

lif
et

im
e 

(y
/n

).
C

ur
re

nt
 u

se
 o

f 
C

C
s 

an
d 

E
N

D
S:

 s
m

ok
in

g 
or

 v
ap

in
g 

“e
ve

ry
 d

ay
 o

r 
so

m
e 

da
ys

” 
(y

/n
).

37
.7

%
 o

f 
pa

rt
ic

ip
an

ts
 h

ad
 e

ve
r 

tr
ie

d 
E

N
D

S;
 1

9%
 o

f 
th

e 
E

ve
r 

E
N

D
S 

us
e 

gr
ou

p 
ha

d 
us

ed
 E

N
D

S 
in

 th
e 

pa
st

 3
0 

da
ys

.
Pr

ev
al

en
ce

 r
ep

or
tin

g 
C

ur
re

nt
 E

N
D

S 
U

se
 s

ig
ni

fi
ca

nt
ly

 h
ig

he
r 

in
 

th
e 

gr
ou

p 
w

ho
 p

la
nn

ed
 to

 b
e 

pr
eg

na
nt

 in
 th

e 
fu

tu
re

 (
17

.2
%

) 
co

m
pa

re
d 

to
 c

ur
re

nt
ly

 p
re

gn
an

t (
5.

9%
),

 p
re

gn
an

t i
n 

th
e 

pa
st

 
(4

.9
%

) 
gr

ou
ps

.
Pr

ev
al

en
ce

 o
f 

lif
et

im
e 

E
N

D
S 

us
e 

di
d 

no
t s

ig
ni

fi
ca

nt
ly

 d
if

fe
r 

by
 

pr
eg

na
nc

y 
st

at
us

.
T

he
 f

ul
l s

am
pl

e 
pe

rc
ei

ve
d 

ri
sk

 o
f 

E
N

D
S 

lo
w

er
 th

an
 r

is
k 

of
 C

C
 

du
ri

ng
 p

re
gn

an
cy

 f
or

 a
 b

ro
ad

 r
an

ge
 o

f 
po

st
na

ta
l h

ea
lth

 o
ut

co
m

es
. 

R
at

in
gs

 o
f 

pe
rc

ei
ve

d 
ri

sk
 o

f 
E

N
D

S 
or

 C
C

 u
se

 d
ur

in
g 

pr
eg

na
nc

y 
w

er
e 

hi
gh

er
 a

m
on

g 
th

e 
pl

an
ne

d 
to

 b
e 

pr
eg

na
nt

 v
s.

 c
ur

re
nt

ly
 

pr
eg

na
nt

 g
ro

up
.

R
ep

or
te

d 
he

al
th

ca
re

 p
ro

vi
de

rs
 le

ss
 li

ke
ly

 to
 a

sk
 a

bo
ut

 u
se

 o
r 

ta
lk

 
ab

ou
t r

is
ks

 (
ge

ne
ra

l o
r 

du
ri

ng
 p

re
gn

an
cy

) 
of

 E
N

D
S 

th
an

 to
 a

sk
/

ta
lk

 a
bo

ut
 C

C
 u

se
 a

nd
 r

is
ks

.

F
al

lin
 e

t 
al

 2
01

6 
[5

5]
D

at
as

et
: F

oc
us

 g
ro

up
 

in
te

rv
ie

w
s

Sa
m

pl
e:

 P
re

gn
an

t o
r 

re
ce

nt
ly

 
po

st
pa

rt
um

 w
om

en
 w

ho
 

re
po

rt
ed

 u
si

ng
 C

C
s 

an
d/

or
 

C
ur

re
nt

ly
 p

re
gn

an
t (

n=
8)

R
ec

en
tly

 P
os

tp
ar

tu
m

 (
n=

4)
Sa

m
pl

e 
in

cl
ud

ed
 p

er
so

ns
 w

ho
 s

m
ok

ed
 C

C
s 

an
d/

or
 u

se
d 

E
N

D
S 

in
 th

e 
3 

m
on

th
s 

pr
io

r 
to

 p
re

gn
an

cy
 o

r 
du

ri
ng

 
pr

eg
na

nc
y.

4 
fo

cu
s 

gr
ou

p 
th

em
es

 e
m

er
ge

d:

1
A

ttr
ac

tio
n 

to
 E

N
D

S 
as

 a
 h

ar
m

 r
ed

uc
tio

n 
st

ra
te

gy
 (

i.e
., 

fo
r 

sm
ok

in
g 

ce
ss

at
io

n 
an

d/
or

 C
C

 
re

pl
ac

em
en

t)

Curr Addict Rep. Author manuscript; available in PMC 2022 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

DeVito et al. Page 19

C
it

at
io

n,
 D

at
as

et
, a

nd
 

Sa
m

pl
e

P
re

gn
an

cy
 G

ro
up

s 
an

d/
or

 
T

im
ep

oi
nt

s
E

N
D

S 
an

d 
ot

he
r 

T
P

 U
se

 G
ro

up
s 

an
d/

or
 T

im
ep

oi
nt

s
Su

m
m

ar
y 

of
 F

in
di

ng
s 

R
el

ev
an

t 
to

 E
N

D
S 

an
d/

or
 P

re
gn

an
cy

: 
pr

ev
al

en
ce

 r
ep

or
te

d 
as

 %
; 

od
ds

 r
at

io
s 

(O
R

) 
or

 a
dj

us
te

d 
O

R
 (

aO
R

) 
or

 r
el

at
iv

e 
ri

sk
 (

R
R

) 
al

w
ay

s 
fo

llo
w

ed
 b

y 
[9

5%
 

C
on

fi
de

nc
e 

In
te

rv
al

s 
(C

I)
]

E
N

D
S 

in
 th

e 
3 

m
on

th
s 

be
fo

re
 

th
ei

r 
pr

eg
na

nc
y 

or
 d

ur
in

g 
th

ei
r 

pr
eg

na
nc

y 
(N

=
12

).
L

oc
at

io
n:

 U
ni

te
d 

St
at

es
 

(K
en

tu
ck

y)

2
U

nc
er

ta
in

ty
 r

eg
ar

di
ng

 th
e 

he
al

th
 e

ff
ec

ts
 o

f 
E

N
D

S

3
A

m
bi

va
le

nc
e 

re
ga

rd
in

g 
no

ve
l p

ro
du

ct
 

ch
ar

ac
te

ri
st

ic
s 

of
 E

N
D

S

4
B

eh
av

io
rs

 r
ef

le
ct

ed
 d

ua
l u

se
 a

nd
 o

ft
en

 c
om

pl
et

e 
re

la
ps

e 
to

 C
C

s

H
aw

ki
ns

 e
t 

al
 2

02
0 

[6
2]

D
at

as
et

: P
R

A
M

S 
re

st
ri

ct
ed

 to
 

st
at

e 
w

ith
 ≥

60
%

 r
es

po
ns

e 
ra

te
.

(2
01

5–
20

16
)

Sa
m

pl
e:

 W
om

en
 w

ho
 g

av
e 

bi
rt

h 
to

 s
in

gl
et

on
s;

 w
ith

 
co

m
pl

et
e 

in
fo

rm
at

io
n 

re
le

va
nt

 
to

 a
na

ly
si

s 
(N

=
33

, 9
64

)
L

oc
at

io
n:

 U
ni

te
d 

St
at

es
 (

29
 

st
at

es
 a

nd
 N

ew
 Y

or
k 

C
ity

)

A
ll 

w
om

en
 in

 th
e 

sa
m

pl
e 

w
er

e 
pr

eg
na

nt
 a

t t
he

 ti
m

e 
of

 s
ur

ve
y 

co
m

pl
et

io
n.

D
at

a 
on

 E
N

D
S 

us
e 

an
d 

C
C

 s
m

ok
in

g 
re

la
te

s 
to

 u
se

 d
ur

in
g 

th
e 

la
st

 3
 m

on
th

s 
of

 p
re

gn
an

cy
.

C
at

eg
or

iz
ed

 in
to

 (
N

on
-E

xc
lu

si
ve

) 
C

at
eg

or
ie

s 
B

as
ed

 o
n 

U
se

 in
 L

as
t 3

 M
o 

Pr
eg

na
nc

y:
A

ny
 E

N
D

S 
U

se
 (

n=
40

8;
 1

.2
%

)
E

N
D

S 
O

nl
y 

U
se

 (
n=

17
0;

 0
.5

%
)

A
ny

 C
C

 U
se

 (
n=

2,
61

5;
 7

.7
%

)
C

C
 O

nl
y 

U
se

 (
n=

2,
37

8;
 7

.0
%

)
D

ua
l U

se
 (

n=
27

2;
 0

.8
%

)

A
m

on
g 

E
N

D
S 

us
e 

gr
ou

p:
43

.2
%

 u
se

d 
E

N
D

S 
≤1

 d
ay

/w
ee

k
10

.4
%

 u
se

d 
E

N
D

S 
2–

6 
da

ys
/w

ee
k

16
.0

%
 u

se
d 

E
N

D
S 

on
ce

/d
ay

,
30

.5
%

 u
se

d 
E

N
D

S 
m

or
e 

th
an

 o
nc

e/
da

y 
E

N
D

S 
us

e 
gr

ou
p 

m
or

e 
lik

el
y 

to
 b

e 
W

hi
te

 o
r 

O
th

er
/M

ix
ed

 R
ac

e/
E

th
ni

ci
ty

, h
av

e 
le

ss
 

ye
ar

s 
of

 e
du

ca
tio

n,
 a

nd
 u

se
 C

C
s 

du
ri

ng
 p

re
gn

an
cy

.
9.

7%
 o

f 
th

os
e 

w
ho

 s
m

ok
e 

C
C

s 
an

d 
0.

5%
 o

f 
th

os
e 

w
ho

 d
o 

no
t 

sm
ok

e 
C

C
s 

us
ed

 E
N

D
S 

pr
en

at
al

ly
.

L
iu

 e
t 

al
 2

01
9 

[5
2]

D
at

as
et

: N
at

io
na

l H
ea

lth
 

In
te

rv
ie

w
 S

ur
ve

y 
(N

H
IS

);
 

20
14

–2
01

7
Sa

m
pl

e:
 P

re
gn

an
t a

nd
 n

on
­

pr
eg

na
nt

 a
du

lt 
w

om
en

 o
f 

re
pr

od
uc

tiv
e 

ag
e 

(1
8–

44
) 

en
ro

lle
d 

in
 th

e 
N

H
IS

 
(N

=
27

,9
20

)
L

oc
at

io
n:

 U
ni

te
d 

St
at

es
 

(n
at

io
na

lly
 r

ep
re

se
nt

at
iv

e 
sa

m
pl

e)

C
ur

re
nt

ly
 p

re
gn

an
t (

n=
1,

07
1)

N
on

-p
re

gn
an

t (
n=

26
,8

49
)

N
o 

re
st

ri
ct

io
ns

 o
n 

tim
in

g 
w

ith
in

 
pr

eg
na

nc
y 

or
 in

fo
rm

at
io

n 
on

 
ge

st
at

io
na

l a
ge

.

E
ve

r 
us

e 
of

 C
C

s 
an

d 
E

N
D

S:
 a

ny
 s

el
f-

re
po

rt
ed

 u
se

 in
 a

 
su

bj
ec

t’
s 

lif
et

im
e 

(y
/n

).
C

ur
re

nt
 u

se
 o

f 
C

C
s 

an
d 

E
N

D
S:

 s
m

ok
in

g 
or

 v
ap

in
g 

“e
ve

ry
 d

ay
 o

r 
so

m
e 

da
ys

” 
(y

/n
).

O
ve

ra
ll 

E
N

D
S 

us
e:

Pr
ev

al
en

ce
 o

f 
cu

rr
en

t E
N

D
S 

us
e 

di
d 

no
t s

ig
ni

fi
ca

nt
ly

 d
if

fe
r 

be
tw

ee
n 

pr
eg

na
nt

 (
3.

6%
) 

an
d 

no
n-

pr
eg

na
nt

 w
om

en
 (

3.
3%

).
E

N
D

S 
us

e 
by

 C
C

 s
m

ok
in

g 
st

at
us

: A
m

on
g 

pr
eg

na
nt

 p
er

so
ns

: 
Pr

ev
al

en
ce

 o
f 

cu
rr

en
t E

N
D

S 
us

e 
w

as
 h

ig
he

r 
am

on
g 

th
os

e 
w

ho
 

cu
rr

en
tly

 (
38

.9
%

) 
vs

. f
or

m
er

ly
 (

1.
3%

) 
an

d 
ne

ve
r 

(0
.3

%
) 

sm
ok

ed
 

C
C

s.
A

m
on

g 
no

n-
pr

eg
na

nt
 w

om
en

: P
re

va
le

nc
e 

of
 c

ur
re

nt
 E

N
D

S 
us

e 
w

as
 h

ig
he

r 
am

on
g 

th
os

e 
w

ho
 c

ur
re

nt
ly

 (
13

.5
%

) 
vs

. f
or

m
er

ly
 

(8
.8

%
) 

an
d 

ne
ve

r 
(0

.7
%

) 
sm

ok
ed

 C
C

s.

M
ar

k 
et

 a
l 2

01
5 

[5
9]

D
at

as
et

: C
ro

ss
-s

ec
tio

na
l 

su
rv

ey
; J

un
e-

Ju
ly

 2
01

4
Sa

m
pl

e:
 A

ll 
E

ng
lis

h-
sp

ea
ki

ng
 

w
om

en
 p

re
se

nt
in

g 
to

 a
 

un
iv

er
si

ty
-b

as
ed

 o
ut

pa
tie

nt
 

cl
in

ic
 f

or
 p

re
na

ta
l c

ar
e 

Ju
ne

 2
01

4-
Ju

ly
 2

01
4 

(N
=

32
6 

ap
pr

oa
ch

ed
 f

or
 in

cl
us

io
n;

 
N

=
31

6 
co

m
pl

et
ed

 th
e 

su
rv

ey
)

L
oc

at
io

n:
 U

ni
te

d 
St

at
es

 
(M

ar
yl

an
d)

A
ll 

pa
rt

ic
ip

an
ts

 w
er

e 
pr

eg
na

nt
 a

t 
th

e 
tim

e 
of

 s
ur

ve
y 

co
m

pl
et

io
n.

 N
o 

re
st

ri
ct

io
ns

 o
n 

tim
in

g 
in

 p
re

gn
an

cy
.

A
ve

ra
ge

 g
es

ta
tio

na
l a

ge
 a

t s
ur

ve
y 

co
m

pl
et

io
n 

w
as

 2
8 

w
ee

ks
.

Pa
rt

ic
ip

an
ts

 w
er

e 
ca

te
go

ri
ze

d 
in

to
 2

 g
ro

up
s 

ba
se

d 
on

 
‘e

ve
r 

us
e’

 o
f 

E
N

D
S:

1
E

N
D

S 
E

ve
r 

U
se

 (
n=

42
; 1

3%
):

 a
ny

 p
ri

or
 o

r 
cu

rr
en

t (
pa

st
 3

0 
da

y)
 u

se
 o

f 
E

N
D

S

2
E

N
D

S 
N

ev
er

 U
se

 (
n=

27
4;

 8
7%

)

A
ls

o 
as

ke
d 

ab
ou

t o
th

er
 T

P 
us

e:
 c

ur
re

nt
 C

C
 s

m
ok

er
 

de
fi

ne
d 

as
 a

ny
 C

C
 s

m
ok

in
g 

in
 p

as
t 3

0 
da

ys
.

A
sk

ed
 to

 c
om

pl
et

e 
fu

ll 
su

rv
ey

 o
n 

E
N

D
S 

pe
rc

ep
tio

ns
 

an
d 

m
ot

iv
at

io
ns

 o
f 

us
e,

 e
ve

n 
if

 in
 th

e 
N

ev
er

 E
N

D
S 

U
se

 
gr

ou
p.

0.
6%

 (
n=

2)
 o

f 
E

N
D

S 
E

ve
r 

U
se

rs
 r

ep
or

te
d 

cu
rr

en
t d

ai
ly

 E
N

D
S 

da
ily

. E
N

D
S 

E
ve

r 
(v

s.
 N

ev
er

 E
N

D
S)

 U
se

 G
ro

up
s:

•
M

or
e 

lik
el

y 
to

 b
e 

a 
cu

rr
en

t C
C

 s
m

ok
er

 (
43

%
 v

s.
 

14
%

)

•
M

or
e 

lik
el

y 
to

 h
av

e 
tr

ie
d 

ph
ar

m
ac

ol
og

ic
al

 a
ge

nt
 

to
 q

ui
t C

C
, r

at
ed

 s
er

io
us

ne
ss

 a
bo

ut
 q

ui
tti

ng
 C

C
 

hi
gh

er
, b

ut
 d

id
 n

ot
 d

if
fe

r 
in

 li
ke

lih
oo

d 
or

 n
um

be
r 

of
 p

ri
or

 C
C

 q
ui

t a
tte

m
pt

s

•
M

or
e 

lik
el

y 
to

 b
el

ie
ve

 E
N

D
S 

le
ss

 h
ar

m
fu

l t
o 

se
lf

 
an

d 
ba

by
, a

nd
 c

he
ap

er
, t

ha
n 

C
C

•
G

ro
up

s 
di

d 
no

t d
if

fe
r 

in
 k

no
w

le
dg

e 
of

 h
ar

m
 o

f 
C

C
 

us
e 

du
ri

ng
 p

re
gn

an
cy

•
Sl

ig
ht

ly
 o

ld
er

, m
or

e 
lik

el
y 

to
 b

e 
W

hi
te

A
m

on
g 

E
ve

r 
U

se
 G

ro
up

, p
er

ce
iv

ed
 b

en
ef

its
 o

f 
E

N
D

S:
 N

ot
 a

s 
ba

d 
fo

r 
m

y 
he

al
th

 (
74

%
),

 m
ay

 h
el

p 
qu

it 
sm

ok
in

g 
(7

3%
),

 m
ak

e 

Curr Addict Rep. Author manuscript; available in PMC 2022 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

DeVito et al. Page 20

C
it

at
io

n,
 D

at
as

et
, a

nd
 

Sa
m

pl
e

P
re

gn
an

cy
 G

ro
up

s 
an

d/
or

 
T

im
ep

oi
nt

s
E

N
D

S 
an

d 
ot

he
r 

T
P

 U
se

 G
ro

up
s 

an
d/

or
 T

im
ep

oi
nt

s
Su

m
m

ar
y 

of
 F

in
di

ng
s 

R
el

ev
an

t 
to

 E
N

D
S 

an
d/

or
 P

re
gn

an
cy

: 
pr

ev
al

en
ce

 r
ep

or
te

d 
as

 %
; 

od
ds

 r
at

io
s 

(O
R

) 
or

 a
dj

us
te

d 
O

R
 (

aO
R

) 
or

 r
el

at
iv

e 
ri

sk
 (

R
R

) 
al

w
ay

s 
fo

llo
w

ed
 b

y 
[9

5%
 

C
on

fi
de

nc
e 

In
te

rv
al

s 
(C

I)
]

ea
si

er
 to

 c
ut

 d
ow

n 
on

 n
um

be
r 

C
C

 (
72

%
),

 u
se

 in
 p

la
ce

s 
C

C
 

ba
nn

ed
 (

55
%

),
 ta

st
e 

be
tte

r 
(5

4%
)

M
cC

ub
bi

n 
et

 a
l 2

02
0 

[5
6]

D
at

as
et

: C
ro

ss
-s

ec
tio

na
l d

at
a 

fr
om

 a
 la

rg
er

 m
ul

ti-
ce

nt
er

 
st

ud
y 

of
 p

re
gn

an
t w

om
en

 
(2

01
6–

20
19

)
Sa

m
pl

e:
 A

du
lt 

pr
eg

na
nt

 
w

om
en

 (
ag

es
 1

8–
44

) 
in

 th
ei

r 
fi

rs
t o

r 
se

co
nd

 tr
im

es
te

r, 
ha

d 
us

ed
 E

N
D

S 
an

d/
or

 C
C

 
in

 p
as

t 3
0 

da
ys

, r
ec

ei
vi

ng
 

pr
en

at
al

 c
ar

e 
in

 o
ne

 o
f 

th
re

e 
ob

st
et

ri
c 

cl
in

ic
s 

in
 

ce
nt

ra
l K

en
tu

ck
y.

 (
N

=
18

8;
 

fi
na

l a
na

ly
se

s 
N

=
17

6)
L

oc
at

io
n:

 U
ni

te
d 

St
at

es
 

(K
en

tu
ck

y)

A
ll 

pe
rs

on
s 

in
 th

e 
sa

m
pl

e 
w

er
e 

cu
rr

en
tly

 p
re

gn
an

t a
nd

 in
 e

ith
er

 th
ei

r 
fi

rs
t o

r 
se

co
nd

 tr
im

es
te

r.

Su
bj

ec
ts

 w
er

e 
ca

te
go

ri
ze

d 
ba

se
d 

on
 a

ny
 p

as
t 3

0-
da

y 
us

e 
of

 C
C

 a
nd

/o
r 

E
N

D
S 

:

1
C

C
 O

nl
y 

(n
=

11
0)

2
D

ua
l U

se
 (

n=
66

)

E
N

D
S 

O
nl

y 
us

e 
gr

ou
p 

w
as

 e
xc

lu
de

d 
fr

om
 a

na
ly

se
s 

an
d 

de
sc

ri
pt

io
ns

 o
f 

E
N

D
S 

us
e 

pa
tte

rn
s 

du
e 

to
 in

su
ff

ic
ie

nt
 

sa
m

pl
e 

si
ze

 (
n=

12
)

D
ua

l U
se

 (
vs

. C
C

 o
nl

y)
 G

ro
up

s:
 L

es
s 

lik
el

y 
sm

ok
e 

C
C

 
da

ily
 (

70
%

 v
s 

90
%

) 
H

ig
he

r 
C

C
 d

ep
en

de
nc

y 
(P

SC
D

I)
 

(1
1.

8 
vs

 1
0.

6)
 N

o 
si

gn
if

ic
an

t d
if

fe
re

nc
e 

in
 a

ve
ra

ge
 

C
C

/d
ay

 o
r 

ba
se

lin
e 

de
m

og
ra

ph
ic

s

A
m

on
g 

D
ua

l U
se

rs
 (

n=
66

)d
ur

in
g 

pr
eg

na
nc

y:
D

ai
ly

 E
N

D
S 

us
e:

 4
1%

<
10

 d
ay

s/
m

on
th

 E
N

D
S 

us
e:

 2
9%

10
–1

5 
da

ys
/m

on
th

 E
N

D
S 

us
e:

 2
9%

16
–2

0 
da

ys
/m

on
th

 E
N

D
S 

us
e:

 3
%

# 
tim

es
/d

ay
 E

N
D

S 
us

ed
: m

ed
ia

n 
8 

(i
nt

er
qu

ar
til

e 
ra

ng
e=

3–
15

)
D

ua
l U

se
rs

 (
vs

. C
C

-O
nl

y)
 w

er
e 

le
ss

 li
ke

ly
 to

 p
er

ce
iv

e 
E

N
D

S 
as

 
ha

rm
fu

l t
o 

ge
ne

ra
l h

ea
lth

 (
45

%
 v

s.
 6

3%
) 

an
d 

fe
ta

l h
ea

lth
 (

41
%

 
vs

. 6
0%

) 
an

d 
m

or
e 

lik
el

y 
to

 r
at

ed
 E

N
D

S 
us

e 
du

ri
ng

 p
re

gn
an

cy
 

as
 a

cc
ep

ta
bl

e;
 h

ow
ev

er
, d

id
 n

ot
 d

if
fe

r 
in

 th
e 

nu
m

be
r 

of
 p

re
vi

ou
s 

qu
it 

at
te

m
pt

s.
M

os
t c

om
m

on
ly

 r
ep

or
te

d:
R

ea
so

ns
 f

or
 u

si
ng

 E
N

D
S 

w
er

e 
he

lp
 q

ui
t s

m
ok

in
g 

C
C

s 
(8

3%
),

 
le

ss
 e

xp
en

si
ve

 (
49

%
),

 le
ss

 h
ar

m
fu

l t
o 

se
lf

 (
46

%
),

 li
ke

 ta
st

e/
fl

av
or

s 
(4

2%
).

E
N

D
S 

fl
av

or
s 

us
ed

 w
er

e 
fr

ui
t

(6
4%

),
m

in
t/m

en
th

ol
 (

35
%

),
 c

an
dy

 o
r 

ot
he

r 
sw

ee
ts

 (
27

%
).

N
ic

ot
in

e 
le

ve
ls

 (
in

 m
g)

 o
f 

th
e 

e-
liq

ui
d 

us
ed

 in
 m

os
t r

ec
en

t E
N

D
S 

w
er

e 
1–

6m
g 

(5
4%

),
 7

–1
2m

g 
(1

6.
4%

),
 1

9–
25

m
g 

(8
.2

%
),

 >
25

m
g 

(4
.9

%
).

 O
nl

y 
8.

2%
 r

ep
or

te
d 

us
in

g 
ni

co
tin

e-
fr

ee
 (

0m
g)

 e
-l

iq
ui

ds
.

O
bi

se
sa

n 
et

 a
l 2

02
0 

[5
3]

D
at

as
et

: B
eh

av
io

ra
l R

is
k 

Fa
ct

or
 S

ur
ve

ill
an

ce
 S

ys
te

m
 

Su
rv

ey
 (

B
R

FS
S;

 2
01

6–
20

18
)

Sa
m

pl
e:

 A
du

lt 
w

om
en

 (
18

–
49

);
 w

ho
 w

er
e 

cu
rr

en
tly

 
pr

eg
na

nt
 a

nd
al

re
ad

y 
en

ro
lle

d 
in

 B
R

FS
S 

(N
=

7,
43

4)
L

oc
at

io
n:

 U
ni

te
d 

St
at

es
 

(n
at

io
na

lly
 r

ep
re

se
nt

at
iv

e 
sa

m
pl

e)

A
ll 

su
bj

ec
ts

 w
er

e 
pr

eg
na

nt
 a

t t
he

 
tim

e 
of

 s
ur

ve
y 

co
m

pl
et

io
n.

N
o 

re
st

ri
ct

io
ns

 o
n 

tim
in

g 
w

ith
in

 
pr

eg
na

nc
y 

or
 in

fo
rm

at
io

n 
on

 
ge

st
at

io
na

l a
ge

.

C
at

eg
or

iz
ed

 b
as

ed
 o

n 
E

N
D

S 
U

se

1
E

ve
r 

E
N

D
S 

U
se

 (
ev

en
 o

nc
e 

in
 li

fe
tim

e)
?

a.
C

ur
re

nt
 E

N
D

S 
U

se
 (

n=
16

4;
 

2.
2%

)

D
ai

ly
 (

n=
45

; 0
.6

%
)

O
cc

as
io

na
l (

n=
11

5;
 1

.5
%

);
 

so
m

e 
da

ys

b.
Fo

rm
er

 E
N

D
S 

U
se

 (
n=

1,
56

1;
 

21
%

)

2
N

ev
er

 E
N

D
S 

U
se

 (
n=

5,
70

9;
 7

6.
8%

)

A
dd

iti
on

al
ly

, c
at

eg
or

iz
ed

 b
as

ed
 o

n 
C

C
 u

se
:

E
ve

r 
C

C
 s

m
ok

e 
>

10
0 

C
C

 in
 li

fe
tim

e?
C

ur
re

nt
 C

C
 S

m
ok

e 
(n

=
52

0;
 7

%
)

Fo
rm

er
 C

C
 S

m
ok

e 
(n

=
1,

38
3;

 1
8.

6%
)

N
ev

er
 C

C
 S

m
ok

e 
(n

=
5,

53
1;

 7
4.

4%
)

A
 m

aj
or

ity
 o

f 
C

ur
re

nt
 E

N
D

S 
us

e 
gr

ou
p 

w
as

 y
ou

ng
 (

69
.2

%
 <

30
 

ye
ar

s)
, W

hi
te

 (
63

.3
%

),
 s

in
gl

e 
(5

7.
6%

),
 a

nd
 e

m
pl

oy
ed

 (
61

.7
%

).
46

.3
%

 o
f 

C
ur

re
nt

 E
N

D
S 

us
e 

gr
ou

p 
al

so
 r

ep
or

te
d 

C
ur

re
nt

 C
C

 u
se

 
(i

.e
., 

1.
1%

 o
f 

th
e 

to
ta

l s
tu

dy
 s

am
pl

e 
w

er
e 

du
al

 u
se

rs
).

 3
0.

1%
 o

f 
C

ur
re

nt
 E

N
D

S 
us

e 
gr

ou
p 

ha
d 

ne
ve

r 
sm

ok
ed

 C
C

s.
Pr

eg
na

nt
 C

ur
re

nt
 E

N
D

S 
us

e 
gr

ou
p 

(v
s.

 n
ev

er
 E

N
D

S 
us

e 
gr

ou
p)

 
ha

d 
a 

hi
gh

er
 p

re
va

le
nc

e 
of

: O
th

er
 to

ba
cc

o 
us

e 
(3

.6
%

 v
s.

 0
.5

%
) 

M
ar

iju
an

a 
us

e 
(4

6.
8%

 v
s.

 3
.1

%
)

H
ea

vy
 a

lc
oh

ol
 u

se
 (

12
.0

%
 v

s.
 1

.3
%

)
B

in
ge

-d
ri

nk
in

g 
(2

4.
1%

 v
s.

 2
.6

%
)

O
th

er
 h

ig
h-

ri
sk

 b
eh

av
io

rs
, s

uc
h 

as
 il

lic
it 

dr
ug

 u
se

 (
22

.6
%

 v
s.

 
6.

0%
)

O
nc

ke
n 

et
 a

l 2
01

7 
[5

8]
D

at
as

et
: P

ar
t o

f 
a 

do
ub

le
­

bl
in

d,
 p

la
ce

bo
-c

on
tr

ol
le

d 
ra

nd
om

iz
ed

 c
lin

ic
al

 tr
ia

l 
of

 N
R

T
 (

ni
co

tin
e 

in
ha

le
r)

 
pl

us
 b

eh
av

io
ra

l c
ou

ns
el

in
g 

A
ll 

pa
rt

ic
ip

an
ts

 in
 th

e 
sa

m
pl

e 
w

er
e 

pr
eg

na
nt

; p
re

gn
an

t p
er

so
ns

 w
ho

 w
er

e 
at

 g
re

at
er

 th
an

 2
6 

w
ee

ks
 o

f 
ge

st
at

io
n 

w
er

e 
ex

cl
ud

ed
.

A
ll 

pa
rt

ic
ip

an
ts

 r
ep

or
te

d 
cu

rr
en

t C
C

 u
se

. O
ve

ra
ll 

sa
m

pl
e 

w
as

 d
iv

id
ed

 in
to

 2
 g

ro
up

s 
ba

se
d 

on
 a

ny
 li

fe
tim

e 
E

N
D

S 
us

e:

1
E

N
D

S 
E

ve
r 

us
e 

(n
=

55
; 5

3%
)

E
N

D
S 

U
se

 D
ur

in
g 

Pr
eg

na
nc

y 
14

%
 o

f 
pa

rt
ic

ip
an

ts
 u

se
d 

E
N

D
S 

du
ri

ng
 p

re
gn

an
cy

 (
10

%
 u

se
d 

E
N

D
S 

in
 th

e 
fi

rs
t t

ri
m

es
te

r)
.

M
ea

n 
(S

D
) 

da
ys

 o
f 

E
N

D
S 

us
e 

=
7.

5 
(1

0.
3)

 a
nd

 f
re

qu
en

cy
 E

N
D

S 
us

e/
da

y=
 6

.4
 (

7.
5)

N
 (

%
) 

w
ho

 r
ec

al
l E

N
D

S 
br

an
d 

us
ed

=
 5

 (
36

%
),

 u
se

d 
pr

ef
ill

ed
 

ca
rt

ri
dg

es
=

7 
(5

0%
),

 r
ep

or
tin

g 
us

in
g 

to
 q

ui
t C

C
 =

 8
(5

7%
) 

or
 

Curr Addict Rep. Author manuscript; available in PMC 2022 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

DeVito et al. Page 21

C
it

at
io

n,
 D

at
as

et
, a

nd
 

Sa
m

pl
e

P
re

gn
an

cy
 G

ro
up

s 
an

d/
or

 
T

im
ep

oi
nt

s
E

N
D

S 
an

d 
ot

he
r 

T
P

 U
se

 G
ro

up
s 

an
d/

or
 T

im
ep

oi
nt

s
Su

m
m

ar
y 

of
 F

in
di

ng
s 

R
el

ev
an

t 
to

 E
N

D
S 

an
d/

or
 P

re
gn

an
cy

: 
pr

ev
al

en
ce

 r
ep

or
te

d 
as

 %
; 

od
ds

 r
at

io
s 

(O
R

) 
or

 a
dj

us
te

d 
O

R
 (

aO
R

) 
or

 r
el

at
iv

e 
ri

sk
 (

R
R

) 
al

w
ay

s 
fo

llo
w

ed
 b

y 
[9

5%
 

C
on

fi
de

nc
e 

In
te

rv
al

s 
(C

I)
]

fo
r 

sm
ok

in
g 

ce
ss

at
io

n 
in

 
pr

eg
na

nc
y;

 e
nr

ol
lm

en
t 2

01
2–

20
16

.
Sa

m
pl

e:
 P

re
gn

an
t w

om
en

 <
26

 
w

ks
 g

es
ta

tio
n,

 w
ho

 s
m

ok
ed

 
≥ 

5 
C

C
s 

a 
da

y,
 a

nd
 w

er
e 

un
ab

le
 to

 q
ui

t C
C

 s
m

ok
in

g;
 

pr
im

ar
ily

 r
ec

ru
ite

d 
fr

om
 tw

o 
ho

sp
ita

ls
 in

 H
ar

tf
or

d 
C

T
 

an
d 

Sp
ri

ng
fi

el
d 

M
A

, p
lu

s 
pr

iv
at

e 
pr

ac
tic

e;
 w

ho
 r

ec
ei

ve
d 

th
e 

E
N

D
S 

us
e 

qu
es

tio
nn

ai
re

s 
(N

=
10

3)
.

L
oc

at
io

n:
 U

ni
te

d 
St

at
es

(C
on

ne
ct

ic
ut

 a
nd

 
M

as
sa

ch
us

et
ts

)

2
E

N
D

S 
N

ev
er

 u
se

 (
n=

48
; 4

7%
)

re
du

ce
 C

C
 u

se
 =

 5
 (

36
%

).
Pe

rs
on

s 
w

ho
 u

se
d 

E
N

D
S 

du
ri

ng
 p

re
gn

an
cy

 m
or

e 
lik

el
y 

to
 h

av
e 

a 
hi

st
or

y 
of

 s
ub

st
an

ce
 a

bu
se

 a
nd

 a
 g

re
at

er
 n

um
be

r 
of

 p
re

vi
ou

s 
sm

ok
in

g 
qu

it 
at

te
m

pt
s.

E
ve

r 
(v

s.
 N

ev
er

) 
E

N
D

S 
us

e 
gr

ou
ps

:

1
Sm

ok
ed

 m
or

e 
C

C
/d

ay
 p

ri
or

 to
 p

re
gn

an
cy

2
H

ad
 a

 g
re

at
er

 n
um

be
r 

of
 p

re
vi

ou
s 

C
C

 s
m

ok
in

g 
qu

it 
at

te
m

pt
s

3
W

er
e 

m
or

e 
lik

el
y 

to
 b

e 
H

is
pa

ni
c 

or
 n

on
-H

is
pa

ni
c 

W
hi

te

15
%

 o
f 

E
ve

r 
E

N
D

S 
U

se
 g

ro
up

 u
se

d 
E

N
D

S 
as

 p
ar

t o
f 

a 
pa

st
 C

C
 

qu
it 

at
te

m
pt

.

R
ol

lin
s 

et
 a

l 2
02

0 
[5

4]
D

at
as

et
: T

el
ep

ho
ne

 s
ur

ve
y 

(2
01

5–
20

18
)

Sa
m

pl
e:

 P
re

gn
an

t w
om

en
; 

A
ge

s 
16

–4
5;

 r
ec

ru
ite

d 
fr

om
 

an
 u

rb
an

, l
ow

-i
nc

om
e 

cl
in

ic
, 

an
d 

fl
ye

rs
 a

t l
oc

al
 o

bs
te

tr
ic

 
of

fi
ce

s 
an

d 
co

m
m

un
ity

 c
en

te
rs

 
(N

=
1,

47
6;

 f
in

al
 a

na
ly

si
s 

N
=

1,
36

5)
L

oc
at

io
n:

 U
ni

te
d 

St
at

es
 

(R
ho

de
 I

sl
an

d)

A
ll 

pa
rt

ic
ip

an
ts

 w
er

e 
pr

eg
na

nt
 a

t t
he

 
tim

e 
of

 th
e 

su
rv

ey
 c

om
pl

et
io

n.
N

o 
re

st
ri

ct
io

ns
 o

n 
tim

in
g 

w
ith

in
 

pr
eg

na
nc

y.
 G

es
ta

tio
na

l a
ge

 a
t t

he
 

tim
e 

of
 s

ur
ve

y 
co

m
pl

et
io

n 
w

as
m

ea
n=

 1
3.

7 
(S

D
=

9.
2)

 w
ee

ks
T

P 
us

e 
ca

te
go

ri
es

 b
as

ed
 o

n 
cu

rr
en

t 
us

e 
(d

ur
in

g 
pr

eg
na

nc
y)

.
T

P 
us

e 
qu

es
tio

ns
 a

sk
ed

 a
bo

ut
 u

se
 a

t 
pr

e-
co

nc
ep

tio
n 

(3
m

o 
pr

e-
pr

eg
na

nc
y)

 
an

d 
du

ri
ng

 p
re

gn
an

cy
.

C
at

eg
or

iz
ed

 p
ar

tic
ip

an
ts

 in
to

 th
re

e 
gr

ou
ps

 b
y 

cu
rr

en
t T

P 
us

e 
st

at
us

:

1
E

N
D

S 
U

se
 (

n=
54

; 4
%

);
 in

cl
ud

ed
 in

 th
is

 
gr

ou
p 

if
 u

se
d 

E
N

D
S 

re
ga

rd
le

ss
 o

f 
w

he
th

er
 

th
ey

 a
ls

o 
us

ed
 C

C
 o

r 
ot

he
r 

T
P.

2
C

C
 (

bu
t N

o 
E

N
D

S)
 U

se
 (

n=
37

2;
 2

7%
);

 
us

e 
C

C
 b

ut
 n

ot
 E

N
D

S;
 n

ot
 e

xc
lu

de
d 

fo
r 

ot
he

r 
T

P 
us

e

3
N

o 
T

P 
or

 N
R

T
 u

se
 (

n=
93

9;
 6

9%
)

Pa
rt

ic
ip

an
ts

 w
ho

 d
id

 n
ot

 u
se

 E
N

D
S 

or
 C

C
, b

ut
 w

ho
 u

se
d 

ot
he

r 
T

P 
or

 N
R

T
 w

er
e 

ex
cl

ud
ed

 f
ro

m
 a

na
ly

si
s 

(n
=

 1
11

)

74
.1

%
 o

f 
su

bj
ec

ts
 w

ho
 u

se
d 

E
N

D
S 

al
so

 s
m

ok
ed

 C
C

s 
(i

.e
., 

D
ua

l 
us

e)
, w

hi
le

 2
5.

9%
 r

ep
or

te
d 

on
ly

 E
N

D
S 

us
e.

A
m

on
g 

pe
rs

on
s 

w
ho

 s
m

ok
ed

 C
C

, t
ho

se
 w

ho
 a

ls
o 

us
ed

 E
N

D
S 

sm
ok

ed
 m

or
e 

C
C

 p
er

 d
ay

 (
8.

86
 C

C
/d

ay
) 

th
an

 th
os

e 
w

ho
 o

nl
y 

us
ed

 C
C

 (
6.

18
 C

C
/d

ay
).

E
N

D
S 

us
e 

vs
. C

C
 o

nl
y 

gr
ou

p:
 m

or
e 

lik
el

y 
to

 b
e 

W
hi

te
/

N
on

-H
is

pa
ni

c 
(O

R
=

2.
48

 (
1.

34
–4

.6
0)

);
 h

av
e 

a 
hi

gh
er

 le
ve

l 
of

 e
du

ca
tio

n 
(O

R
=

1.
95

 (
1.

02
–3

.7
2)

) 
an

d 
ho

us
eh

ol
d 

in
co

m
e 

(O
R

=
2.

84
 (

1.
49

–5
.3

9)
);

 a
nd

 r
ep

or
t d

ep
re

ss
iv

e 
sy

m
pt

om
s 

(O
R

=
2.

06
 (

1.
00

–4
.2

2)
).

E
N

D
S 

us
e 

vs
. N

o 
T

P/
N

R
T

 g
ro

up
: m

or
e 

lik
el

y 
to

 b
e 

W
hi

te
/N

on
­

H
is

pa
ni

c 
(O

R
=

4.
25

 (
4.

20
–7

.8
9)

);
 r

ep
or

t d
ep

re
ss

iv
e 

sy
m

pt
om

s 
(O

R
=

4.
28

 (
2.

13
–8

.6
2)

);
 a

nd
 h

av
e 

a 
hi

st
or

y 
of

 s
ev

er
e 

m
en

ta
l 

ill
ne

ss
 (

O
R

=
5.

34
 (

2.
30

12
.4

0)
).

W
ag

ne
r 

et
 a

l 2
01

7 
[6

4]
D

at
as

et
: O

nl
in

e 
su

rv
ey

 u
si

ng
 

A
m

az
on

 M
ec

ha
ni

ca
l T

ur
k 

(M
T

ur
k)

; J
ul

y–
A

ug
 2

01
5

Sa
m

pl
e:

 P
re

gn
an

t w
om

en
; 

A
ge

s 
18

–4
5;

 o
n 

M
T

U
R

K
 

(N
=

44
5)

L
oc

at
io

n:
 U

ni
te

d 
St

at
es

A
ll 

pa
rt

ic
ip

an
ts

 w
er

e 
cu

rr
en

tly
 

pr
eg

na
nt

 a
t t

he
 ti

m
e 

of
 s

ur
ve

y 
co

m
pl

et
io

n.
 N

o 
re

st
ri

ct
io

ns
 o

n 
ge

st
at

io
na

l a
ge

 a
t p

ar
tic

ip
at

io
n.

G
es

ta
tio

na
l a

ge
 a

t t
im

e 
of

 s
ur

ve
y 

co
m

pl
et

io
n 

w
as

 m
ea

n=
17

.3
 (

SD
=

9.
8)

 
w

ee
ks

 in
 th

e 
sa

m
pl

e 
ov

er
al

l. 
G

es
ta

tio
na

l a
ge

 s
ig

ni
fi

ca
nt

ly
 d

if
fe

re
d 

be
tw

ee
n 

th
e 

T
P 

us
e 

gr
ou

p 
ca

te
go

ri
es

: 
C

C
 o

nl
y 

(2
1 

(1
0.

1)
),

 E
N

D
S 

on
ly

 
(1

3.
8 

(8
.4

))
, D

ua
l (

13
.8

 (
8.

9)
),

 N
o 

T
P 

us
e 

(1
7.

6 
(9

.9
))

.

C
at

eg
or

iz
ed

 p
ar

tic
ip

an
ts

 in
to

 4
 g

ro
up

s 
ba

se
d 

on
 s

el
f­

re
po

rt
ed

 E
N

D
S 

+
 C

C
 u

se
 b

ef
or

e 
an

d 
du

ri
ng

 p
re

gn
an

cy
:

1
N

o 
T

P 
U

se
 (

n=
35

3;
 7

9.
3%

)

2
C

C
 o

nl
y 

(n
=

25
; 5

.6
%

)

3
E

N
D

S 
on

ly
 (

n=
29

; 6
.5

%
)

4
D

ua
l u

se
 (

n=
38

; 8
.8

4%
)

74
.6

%
 o

f 
E

N
D

S 
on

ly
 u

se
 g

ro
up

 r
ep

or
te

d 
ha

vi
ng

 s
w

itc
he

d 
to

 
E

N
D

S 
on

ce
 le

ar
ni

ng
 th

ey
 w

er
e 

pr
eg

na
nt

.
E

N
D

S 
on

ly
 a

nd
 D

ua
l u

se
 g

ro
up

s 
w

er
e 

yo
un

ge
r 

th
an

 C
C

 o
nl

y 
gr

ou
p,

 b
ut

 d
id

 n
ot

 d
if

fe
r 

by
 r

ac
e,

 in
co

m
e,

 r
ur

al
ity

.
Fr

eq
ue

nc
y 

of
 E

N
D

S 
us

e 
du

ri
ng

 p
re

gn
an

cy
 d

id
 n

ot
 s

ig
ni

fi
ca

nt
ly

 
di

ff
er

 b
et

w
ee

n 
ex

cl
us

iv
e 

E
N

D
S 

us
e 

an
d 

du
al

 u
se

 g
ro

up
s.

64
.2

7%
 o

f 
al

l p
ar

tic
ip

an
ts

 v
ie

w
ed

 E
N

D
S 

as
 s

af
er

 th
an

 C
C

 
in

 g
en

er
al

, o
nl

y 
35

.2
8%

 v
ie

w
ed

 E
N

D
S 

as
 s

af
er

 th
an

 C
C

 f
or

 
pr

eg
na

nt
 w

om
en

. E
N

D
S 

us
e 

(E
N

D
S 

on
ly

 o
r 

D
ua

l)
 m

or
e 

lik
el

y 
th

an
 N

o 
T

P 
U

se
 g

ro
up

 to
 r

ep
or

t E
N

D
S 

sa
fe

r 
th

an
 C

C
 in

 g
en

er
al

 
an

d 
du

ri
ng

 p
re

gn
an

cy
.

A
bb

re
vi

at
io

ns
 a

nd
 T

er
m

s:
 T

O
B

A
C

C
O

-R
E

L
A

T
E

D
: T

P=
to

ba
cc

o 
pr

od
uc

t (
in

cl
ud

es
 C

C
 a

nd
 E

N
D

S 
an

d 
ot

he
r 

to
ba

cc
o 

pr
od

uc
ts

);
 E

N
D

S=
E

le
ct

ro
ni

c 
N

ic
ot

in
e 

D
el

iv
er

y 
Sy

st
em

s 
(n

ot
e:

 E
N

D
S 

re
fe

rs
 to

 a
 c

at
eg

or
y 

w
hi

ch
 in

cl
ud

es
 e

-c
ig

ar
et

te
s;

 a
lth

ou
gh

 n
ic

ot
in

e 
is

 in
 th

e 
na

m
e,

 w
e 

ar
e 

us
in

g 
th

is
 te

rm
 g

en
er

al
ly

 a
nd

 p
ro

du
ct

s 
as

se
ss

ed
 in

 e
ac

h 
st

ud
y 

C
A

N
N

O
T

 b
e 

pr
es

um
ed

 to
 in

cl
ud

e 
ni

co
tin

e 
ju

st
 b

ec
au

se
 th

ey
 a

re
 r

ef
er

re
d 

to
 a

s 
E

N
D

S)
; C

C
=

C
om

bu
st

ib
le

 c
ig

ar
et

te
; D

ua
l U

se
=

 E
N

D
S 

an
d 

C
C

 u
se

; E
ST

, e
st

ab
lis

he
d 

us
er

; E
X

P,
 e

xp
er

im
en

ta
l u

se
r;

 N
R

T
=

 n
ic

ot
in

e 
re

pl
ac

em
en

t t
he

ra
py

 (
e.

g.
, n

ic
ot

in
e 

pa
tc

h 
or

 in
ha

le
r)

. S
TA

T
IS

T
IC

S:
 

O
R

=
 O

dd
s 

R
at

io
; a

O
R

=
 A

dj
us

te
d 

O
dd

s 
R

at
io

; R
R

 =
 R

is
k 

R
at

io
; M

=
m

ea
n,

 S
D

=
St

an
da

rd
 D

ev
ia

tio
n;

 C
I=

C
on

fi
de

nc
e 

In
te

rv
al

. O
T

H
E

R
: B

M
I=

-B
od

y 
M

as
s 

In
de

x;
 P

R
A

M
S=

 P
re

gn
an

cy
 R

is
k 

A
ss

es
sm

en
t 

M
on

ito
ri

ng
 S

ys
te

m
; W

=
W

av
e,

 T
=

T
im

ep
oi

nt
.

Curr Addict Rep. Author manuscript; available in PMC 2022 September 01.


	Abstract
	INTRODUCTION
	Overview of ENDS
	Focus of the Review
	Pregnancy as a Time of Change in TP Use Behavior
	Scope and Methods of Review

	RESULTS
	CONCLUSIONS
	Overview and Discussion of Key Findings on ENDS Use and Transitions in ENDS Use
	Implications for Clinical Recommendations and Tobacco Regulatory Science
	Clinical Implications
	Tobacco Regulatory Implications

	Next Steps and Future Directions

	References
	TABLE 1.

