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Abstract

OBJECTIVE: To evaluate the risk of adverse birth outcomes among adults who use electronic
cigarettes (e-cigarettes) before and during pregnancy.

METHODS: Data from the 2016-2018 PRAMS (Pregnancy Risk Assessment Monitoring
System) were used to assess the association between e-cigarette use during the 3 months before
and last 3 months of pregnancy among 79,176 individuals with a recent live birth and the
following birth outcomes: preterm birth, small for gestational age, and low birth weight (LBW).
Adjusted prevalence ratios were generated using average marginal predictions from multivariable
logistic regression models. Models were stratified by prenatal combustible cigarette smoking and
frequency of e-cigarette use (daily or less than daily use).

RESULTS: In the 3 months before pregnancy, 2.7% (95% CI 2.6-2.9%) of respondents used
e-cigarettes; 1.1% (95% CI 1.0-1.2%) used e-cigarettes during the last 3 months of pregnancy.
Electronic cigarette use before pregnancy was not associated with adverse birth outcomes.
Electronic cigarette use during pregnancy was associated with increased prevalence of LBW
compared with nonuse (8.1% vs 6.1%; adjusted prevalence ratio 1.33; 95% CI 1.06-1.66). Among
respondents who did not also smoke combustible cigarettes during pregnancy (n = 72,256),
e-cigarette use was associated with higher prevalence of LBW (10.6%; adjusted prevalence ratio
1.88; 95% CI 1.38-2.57) and preterm birth (12.4%; adjusted prevalence ratio 1.69; 95% CI 1.20-
2.39). When further stratified by frequency of e-cigarette use, associations were seen only for daily
users.
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CONCLUSION: E-cigarette use during pregnancy, particularly when used daily by individuals
who do not also smoke combustible cigarettes, is associated with adverse birth outcomes.

Cigarette smoking remains an important preventable cause of adverse pregnancy and
neonatal outcomes including fetal growth restriction, preterm delivery, low birth weight
(LBW), orofacial clefts, and sudden infant death syndrome. In addition to the harmful
effects of tobacco, nicotine is considered a developmental toxicant and can have adverse
health consequences for the fetus, including adverse consequences on brain development
and increased risk of preterm delivery, stillbirth, and sudden infant death syndrome.24

Electronic cigarette (e-cigarette) use, sometimes referred to as “electronic nicotine delivery
systems,” has been increasing in the United States,® and these products are marketed as a
less harmful alternative to cigarettes and a smoking cessation aid for nonpregnant smokers.®
The perception that e-cigarettes are less harmful than combustible cigarette smoking may
contribute to their appeal among pregnant persons who have difficulty quitting smoking.”-8
However, e-cigarette products often contain nicotine, flavorings and additives and consumers
may be exposed to other potential reproductive toxicants included in e-cigarette products (ie,
formaldehyde).9-11 Recent animal studies have found that offspring from mothers exposed
to e-cigarettes have short-term memory deficits, reduced anxiety, hyperactivity, increases in
global DNA methylation in the brain,12 impaired lung development,3 reduced crown-rump
length and fetal weight,14 and increased oxidative stress and inflammation.13:15 Adverse
health effects in humans have also been documented, linking e-cigarette use with increased
risk of lung injury.16-19 Despite this, very few studies have assessed the potential association
between e-cigarette use and adverse birth outcomes among pregnant individuals.

The primary aims of the present study were to assess 1) the proportion of adults who used
e-cigarettes before and during pregnancy; and 2) whether e-cigarette use during pregnancy,
either exclusively or in combination with combustible cigarette smoking, was associated
with increased prevalence of adverse birth outcomes including preterm birth, small for
gestational age (SGA), and LBW. A secondary aim of the study was to evaluate whether this
association varied by frequency of e-cigarette use during pregnancy.

METHODS

We analyzed 2016-2018 (phase 8) data from PRAMS (the Pregnancy Risk Assessment
Monitoring System). PRAMS is an ongoing surveillance system established in 1987
focused on maternal and child health that is implemented by states and coordinated by
the Centers for Disease Control and Prevention (CDC).20 As part of this surveillance
system, a representative sample of 1,000-3,000 adults with a recent live birth is drawn
from the state’s birth certificate data file each year. Individuals are sampled 2—6 months
after delivery. Selected individuals are first contacted by mail. After attempts to contact
individuals by mail, those who do not respond are next contacted to complete the survey
by telephone.20 PRAMS questionnaire data are linked with the birth certificate, providing
additional demographic and health information, including birth weight, gestational age, fetal
growth, parity, and prenatal care.
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We included data from 38 PRAMS sites (37 states and New York City) that achieved

a weighted response rate of 55% or higher for at least 1 year from 2016 to 2018. The
study sample was restricted to women with singleton pregnancies with birth weights of
400 g or higher and with information on e-cigarette use and all covariates. The PRAMS
study protocol has been approved by the institutional review boards of the CDC and each
participating site. Our study proposal was reviewed and approved by the PRAMS Working
Group.

The PRAMS phase 8 core questionnaire includes three survey items on e-cigarette and
combustible cigarette use, including use in the past 2 years (yes or no) and frequency of
use in the 3 months before and the last 3 months of pregnancy (Appendix 2, available
online at http://links.lww.com/AOG/C338). Timing of e-cigarette use relative to pregnancy
was classified into the following categories: e-cigarette use in the 3 months before pregnancy
but not during the last 3 months of pregnancy, e-cigarette use during the last 3 months

of pregnancy (these respondents could have also used e-cigarettes before pregnancy), and
nonuse defined as no e-cigarette use in the 3 months before pregnancy or during the

last 3 months of pregnancy. We further classified e-cigarette users by their combustible
cigarette use status based on questionnaire data (Appendix 3, available online at http://
links.lww.com/AOG/C338). The two categories included: 1) Those who used e-cigarettes
and smoked combustible cigarettes during the last 3 months of pregnancy (dual users), and
2) those who used e-cigarettes but not combustible cigarettes during the last 3 months of
pregnancy (e-cigarette—only users). Frequency of e-cigarette use was categorized as daily
(those who used e-cigarettes once/day or more than once/day), less than daily (those who
used e-cigarettes 2—6 days/week or 1 day/week or less), and no use.

Variables for preterm birth, LBW, and SGA were derived from the linked birth certificate
data. Preterm birth was defined as a neonate born with clinical estimate of gestational age of
less than 37 weeks. Small-for-gestational age was defined as a neonate with birth weight in
the lowest 10th percentile for gestational age.2 Low birth weight was defined as a neonate
with birth weight less than 2,500 g.

We used data from the linked birth certificates and questionnaires to define covariates
previously associated with adverse birth outcomes,?2 including maternal age, education,
marital status, race—ethnicity, maternal residence, use of a WIC (Special Supplemental
Nutrition Program for Women, Infants and Children) service during pregnancy, parity,
obstetric risk factors, prepregnancy body mass index (BMI, calculated as weight in
kilograms divided by height in meters squared), and combustible cigarette smoking status
during pregnancy (Appendix 3, http://links.lww.com/AOG/C338). Urban or rural maternal
residence was derived from residential information on the birth certificate, using the 2013
National Center for Health Statistics Urban—Rural Classification Scheme for Counties.23
Maternal height and weight were used to estimate BMI. A BMI of 30 or higher was

used to categorize a respondent as obese. Adequacy of prenatal care was assessed using
the Adequacy of Prenatal Care Utilization Index, which is derived from birth certificate
information on when prenatal care began and the number of prenatal care visits.2425 The
presence of any obstetric risk factors related to pregnancy included prepregnancy diabetes,
gestational diabetes, prepregnancy hypertension, gestational hypertension, preeclampsia,
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previous preterm birth, infertility treatment, use of assisted reproductive technology, and
previous cesarean delivery (Appendix 3, http:/links.lww.com/AOG/C338). Information on
insurance type at the time of prenatal care, multivitamin use in the month before pregnancy
(once or more/week compared with never), pregnancy intention (intended pregnancy at

time of conception or sooner compared with later, never, or uncertain about intention), and
whether prenatal care was received in the first trimester was obtained from the questionnaire.

PRAMS data are weighted to account for sampling, nonresponse, and noncoverage, 29 and
analyses were performed using survey procedures in SAS-callable SUDAAN 11.0.3. We
estimated weighted percentages and corresponding 95% Cls for responses. Chi-squared tests
were used to assess differences in the distribution of participant characteristics by category
of e-cigarette use (nonuse; use before pregnancy only; and use during pregnancy).

We used average marginal predictions derived from multivariate logistic regression models
to generate weighted adjusted prevalence estimates and prevalence ratios and corresponding
95% Cls of birth outcomes by category of e-cigarette use and by frequency of e-cigarette
use during pregnancy as compared with nonuse.28 Adjustment variables were selected for
inclusion in the adjusted model based on the minimum adjustment set identified from a
directed acyclic graph (Appendix 4, available online at http://links.lww.com/AOG/C338).
The final adjusted model compared e-cigarette use before and during pregnancy to nonuse,
and controlled for maternal age, race—ethnicity, maternal education, use of WIC services
during pregnancy, adequacy of prenatal care, multivitamin use, and combustible cigarette
use during pregnancy. We assessed for possible interaction between combustible cigarette
smoking during pregnancy and e-cigarette use during pregnancy by including combustible
cigarette smoking as an interaction term in the models and performed additional analyses
stratified by combustible cigarette smoking during pregnancy. Because previous studies have
not addressed frequency of e-cigarette use,27:28 we ran additional models with frequency of
e-cigarette use during the last 3 months of pregnancy as the exposure variable, categorized
as daily use, less than daily use, and nonuse (referent), stratified by combustible cigarette
smoking during pregnancy.

RESULTS

Of 97,980 respondents, 94,096 had singleton live births with birth weights or 400 g or higher
(Appendix 5, available online at http://links.lww.com/AOG/C338); 14,920 had any missing
information for key analytic variables: 1,893 were missing e-cigarette information, 103

were missing birth outcome information, 414 were missing combustible cigarette smoking
status, and 12,442 were missing relevant covariate information (range of missing values: 88
missing marital status—6,782 missing maternal race—ethnicity). The final sample for analysis
included 79,176 respondents.

Among 79,176 respondents in 38 PRAMS sites, 6.2% (95% CI 5.9-6.5%) reported using
e-cigarettes in the past 2 years (data not shown), 2.7% (95% CI 2.6-2.9%) reported

using e-cigarettes in the 3 months before pregnancy (but not during the last 3 months of
pregnancy), and 1.1% (95% CI 1.0-1.2%) reported using e-cigarettes in the last 3 months
of pregnancy (Table 1). Among those classified as using e-cigarettes during the last 3
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months of pregnancy, 82.2% (95% CI 78.0-85.7%) reported also using e-cigarettes in

the 3 months before becoming pregnant (data not shown); 63.7% (95% CI 58.7-68.4%)

of respondents who used e-cigarettes in the last 3 months of pregnancy also smoked
combustible cigarettes during their pregnancy (ie, were “dual users”) (Table 1). Site-specific
prevalence of prepregnancy use ranged from 0.9% (95% CI 0.6-1.3%) in New York City

t0 6.2% (95% CI 3.9-9.5%) in Arkansas, and prenatal e-cigarette use ranged from 0%

in North Dakota to 3.6% (95% CI 2.4-5.3%) in Kentucky (Appendix 6, available online

at http://links.lww.com/AOG/C338). Compared with those who did not use e-cigarettes, a
higher percentage of respondents who used e-cigarettes during pregnancy were 18-24 years
of age, non-Hispanic White, had 15 years of education or less, resided in rural areas, had
public health insurance for prenatal care, accessed WIC during pregnancy, had two or more
prior births, had inadequate prenatal care, and were combustible cigarette smokers (Table 1).
A lower percentage of e-cigarette users, as compared with nonusers, reported multivitamin
use, index pregnancy was intended, accessing prenatal care during the first trimester, and
being married.

Overall, 0.7% (95% CI 0.6-0.8%) of respondents were dual users and 0.3% (95% CI 0.2—
0.4%) were e-cigarette—only users during pregnancy. Electronic cigarette—only users more
commonly reported daily use of e-cigarettes compared with dual users (61.5% vs 34.5%,
respectively; A<.001) (Appendix 7, available online at http://links.lww.com/AOG/C338).

Among all participants, 7.6% (95% CI 7.4—7.8%) of live births were preterm, 9.7% (95%
Cl 9.4-10.0%) were SGA, and 6.1% (95% CI 6.0-6.3%) were LBW (data not shown).
Compared with nonusers, there was no difference in the prevalence of preterm birth
(adjusted prevalence ratio 0.97; 95% CI 0.81-1.17), SGA (adjusted prevalence ratio 0.97;
95% CI 0.81-1.16), or LBW (adjusted prevalence ratio 1.08; 95% CI 0.92-1.26) for those
who used e-cigarettes during the 3 months before pregnancy (Table 2). Similarly, there
was no difference in the prevalence of preterm birth (adjusted prevalence ratio 1.09; 95%
Cl 0.85-1.40) or SGA (adjusted prevalence ratio 1.22; 95% CI 0.95-1.56) for those used
e-cigarettes during pregnancy compared with nonusers; however, the prevalence of LBW
was higher among those who used e-cigarettes during pregnancy compared with nonusers
(adjusted prevalence ratio 1.33; 95% CI 1.06-1.66) (Table 2).

We identified a significant interaction between combustible cigarette smoking and e-
cigarette use during pregnancy for preterm birth (£<.001), but not for SGA (P=.35) or LBW
(P=.09) (data not shown). Among nonsmokers, use of e-cigarettes exclusively during the last
3 months of pregnancy was associated with a higher prevalence of preterm birth (adjusted
prevalence ratio 1.69; 95% CI 1.20-2.39) and LBW (adjusted prevalence ratio 1.88; 95%

Cl 1.38-2.57). Among combustible cigarette smokers, we observed no difference in adverse
outcomes for dual users compared with e-cigarette nonusers (Table 2).

When we considered the frequency of e-cigarette use for respondents who used e-cigarettes
and did not also smoke combustible cigarettes during pregnancy, we observed a significantly
higher prevalence of preterm birth and LBW associated with daily e-cigarette use compared
with nonuse (preterm birth adjusted prevalence ratio 1.94; 95% CI 1.28-2.93; LBW adjusted
prevalence ratio 2.00; 95% CI 1.34-3.00). Among this group, we did not observe a
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significant association with preterm birth for those who used e-cigarettes less than daily
(adjusted prevalence ratio 1.26; 95% CI 0.71-2.22), although there was an increase in LBW
compared with nonusers (adjusted prevalence ratio 1.76; 95% CI 1.04-2.65) (Fig. 1). For
respondents who used e-cigarettes and smoked combustible cigarettes during pregnancy, we
observed no difference in the prevalence of preterm birth, SGA or LBW for either daily or
less than daily use of e-cigarettes compared with nonuse (Fig. 1).

DISCUSSION

Results from this population-based study of nearly 80,000 individuals who gave birth
between 2016 and 2018 indicate that e-cigarette use during the last 3 months of pregnancy
is associated with increased prevalence of neonates being born with LBW, even after
adjusting for combustible cigarette smoking during pregnancy. Compared with e-cigarette
nonusers, increased prevalence of preterm birth and LBW was observed for those who
used e-cigarettes exclusively but not those who used e-cigarettes in combination with
combustible cigarettes. When we considered the frequency of e-cigarette use during
pregnancy, associations with preterm birth and LBW were detected among those with daily
e-cigarette use who did not also use combustible cigarettes during pregnancy; less than
daily use of e-cigarettes was associated only with LBW, and all associations among those
who also used combustible cigarettes during pregnancy were null. These results suggest that
e-cigarette use during pregnancy, particularly when used daily by those who do not also
smoke combustible cigarettes, may adversely influence birth outcomes.

One previous prospective cohort study of 248 pregnant individuals found the risk of SGA
was nearly two to three times higher among e-cigarette users compared with nonusers.28 A
recent study of 31,973 new mothers using 2016 PRAMS data showed that the odds of SGA
was two-fold greater among those who used e-cigarettes during pregnancy compared with
nonusers.2” In contrast, our study, which used more recently collected data from a larger
sample of adults participating in PRAMS, did not identify an association between e-cigarette
use during pregnancy and SGA. Additional explanations for differences in observations may
be the use of different adjustment variables, inclusion of additional states, and the restriction
to singleton births. However, we did observe an increased prevalence of LBW associated
with any e-cigarette use during pregnancy. Furthermore, we identified no associations
between adverse birth outcomes and prepregnancy use of e-cigarettes, suggesting this
association may be restricted to prenatal use. We also observed an increased prevalence

of LBW and preterm birth for e-cigarette—only use and not for dual users of e-cigarettes

and combustible cigarettes. Given combustible cigarette smoking can double the risk of
preterm birth,22:2% preterm birth rates are already high in this group, and it is possible that
prenatal e-cigarette use does not further increase the risk of preterm birth in addition to
combustible cigarette use during pregnancy. These results were also reported in another
study by Wang et al?” using 2016 PRAMS data to examine e-cigarette use and adverse

birth outcomes. However, this prior study did not consider frequency of e-cigarette use
during pregnancy, and we observed associations only for daily use among those who did
not also smoke combustible cigarettes. Compared with dual users, a higher prevalence of
e-cigarette—only users used e-cigarettes every day, and when assessed by frequency of use,
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only daily e-cigarette use was associated with higher prevalence of preterm birth and was
more strongly associated with LBW compared with less frequent e-cigarette use.

Previous animal studies have similarly demonstrated harmful effects of chronic exposure

to e-cigarette vapor, suggesting a biologically plausible relationship between exposure to
e-cigarettes and adverse birth outcomes. Recent studies in mice have shown that chronic
prenatal exposure to e-cigarettes containing nicotine resulted in decreased pup weight, body
fat, and crown-rump length, a measure of fetal growth and a marker of decreased uterine
and fetal umbilical blood flow.14 One of these studies showed that these reductions were not
observed for nicotine-free e-cigarettes.13 Exposure to e-cigarettes has been shown to result
in measurable exposure to nicotine metabolites and total nicotine equivalents.19 Nicotine is
a developmental toxicant, which crosses the placenta and binds to nicotine acetyl choline
receptors in the fetal nervous system, affecting neurodevelopment.? Inhaled nicotine has
been shown to reduce uterine artery blood flow and induce fluctuations in systemic blood
pressure,30 which may reduce uteroplacental blood flow and resulting in adverse fetal effects
such as fetal growth restriction.

SGA (Unweighted n=11,288) LBW (Unweighted n=13,959)
Unweighted n Adjusted Adjusted PR Unweighted n Adjusted Adjusted PR
Weighted (95% CI)f Weighted (95% CI)f
Prevalence (95% Prevalence (95%
cnt cnt

390 9.4 (7.8-11.2) 0.97 (0.81-1.16) 481 6.6 (5.6-7.7) 1.08 (0.92-1.26)
230 11.8 (9.2-14.9) 1.22 (0.95-1.56) 293 8.1 (6.5-10.1) 1.33 (1.06-1.66)

10,668 9.7 (9.4-10.0) Ref 13,185 6.1 (5.9-6.3) Ref
154 16,6 (12.7-21.3)  0.82 (0.63-1.08) 192 12.2 (9.3-15.8) 1.07 (0.81-1.41)
169  23.1(18.1-29.1)  1.15(0.89-1.48) 204 12.0 (9.2-15.5) 1.05 (0.80-1.38)

1,550 20.2 (18.6-21.9) Ref 1,790 11.4 (10.5-12.3) Ref
236 9.5 (7.6-11.9) 1.08 (0.86-1.36) 289 6.0 (5.0-7.2) 1.06 (0.89-1.28)
61 9.7 (5.7-16.0) 1.10 (0.65-1.86) 89 10.6 (7.8-14.4) 1.88 (1.38-2.57)

9,118 8.8 (8.5-9.1) Ref 11,395 5.7 (5.5-5.8) Ref

In this population-based sample of 38 PRAMS sites, 1.1% of respondents used e-cigarettes
during the last 3 months of pregnancy. Although the percentage varied by site, this overall
prevalence estimate is similar to an estimate from a previous report (1.4%) that used
PRAMS data from two states,® and somewhat lower than an estimate from a report using
National Health Interview Survey data (3.6%).31:32 Although only 1% of adults used e-
cigarettes during pregnancy, among those that use e-cigarettes during pregnancy, e-cigarettes
were frequently used daily (44%) and concurrently with combustible cigarettes during
pregnancy (64%). The majority of respondents who used e-cigarettes during pregnancy
reported previous combustible cigarette smoking during the 3 months before becoming
pregnant. Previous studies suggest that pregnant individuals may be vulnerable to messages
that present e-cigarettes as healthy alternatives to cigarette smoking,”-33 and it is possible
that pregnant individuals engage in e-cigarette use during pregnancy as a means of quitting
or curbing combustible cigarette smoking. The U.S. Preventive Services Task Force has
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stated there is insufficient evidence to recommend e-cigarettes as a tobacco cessation tool
for adults, including nonpregnant and pregnant smokers.33 Based on our findings of adverse
fetal health outcomes associated with prenatal e-cigarette use, appropriate health warnings
in combination with education and counseling can be used to caution pregnant individuals
about potential perinatal health risks of e-cigarette use during pregnancy.? Preconception
and prenatal care can incorporate pregnancy-specific counseling, including asking pregnant
patients about their tobacco product use (including e-cigarette or vaping products), advising
patients to quit, assessing the willingness to quit, assisting by providing resources, and
arranging follow-up visits.33 Resources including quitlines (eg, 1-800-QUIT-NOW) and
support networks can also be used to support tobacco cessation among those planning
pregnancy and those who are pregnant.3# Incentives may also encourage long-term smoking
abstinence (6 months or more) among those who are pregnant.3°:36 Since October 2010, the
Affordable Care Act has required Medicaid programs to cover tobacco cessation counseling
and medications for those who are pregnant, with no cost-sharing for covered counseling
and medications.3” Nicotine-replacement treatments approved by the U.S. Food and Drug
Administration are another effective cessation method. However, there is a lack of data on
the safety of these therapies in those who are pregnant, and the U.S. Preventive Services
Task Force does not specifically recommend pharmacotherapy interventions for tobacco
cessation in pregnant individuals.32

Our study has several strengths. We used PRAMS data from a large population-based
sample of adults with a recent live birth residing in 37 U.S. states and New York

City, which according to recent National Center for Health Statistics estimates represents
53% of U.S. live births.38 Linkage to birth certificate data allowed the opportunity to
combine questionnaire data with medical information related to the birth (eg, birth weight
and gestational age), enabling the evaluation of medically recorded birth outcomes and
minimizing missing data. The study also had several limitations. First, because PRAMS
survey data are cross-sectional and based on self-report, our findings may be influenced
by residual confounding and other biases, such as recall bias, reporting errors, and
nondisclosure of substance use during pregnancy. Our prevalence estimates e-cigarette use
during pregnancy, similar to previously published national studies.31:32 Second, the PRAMS
questionnaire collects data on prenatal use of e-cigarettes and combustible cigarettes only
for the last 3 months of pregnancy. Information on e-cigarette use earlier in pregnancy
was not available. Because more than 80% of adults who used e-cigarettes in the last 3
months of pregnancy also reported using e-cigarettes in the 3 months before becoming
pregnant, it is likely that e-cigarette use occurred throughout pregnancy. However, due to
the nature of the questionnaire, we cannot make inferences about exposure to e-cigarettes
earlier in pregnancy, and future studies should consider collecting data on exposure earlier
in pregnancy. Third, the unweighted number of e-cigarette users was not large (n5906)
and consideration by categories of combustible cigarette smoking reduced the precision of
some of our effect estimates and our ability to detect small difference in the prevalence

of pregnancy outcomes. Fourth, because PRAMS samples adults with a recent live birth,
those who experience stillbirth or other pregnancy outcomes are not included, 2% and these
results are not representative of pregnancies not ending in a live birth. Finally, there are
various types of e-cigarette products with different constituents,39 and although these may

Obstet Gynecol. Author manuscript; available in PMC 2024 February 26.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Regan et al.

Page 9

have different health effects, we were unable to identify the type of e-cigarette product or its
constituents (eg, nicotine content) used by respondents.

This study identified an independent association between LBW and e-cigarette use during
the last 3 months of pregnancy. Electronic cigarette use during pregnancy, particularly when
used daily by those who do not also smoke combustible cigarettes, may adversely influence
birth outcomes, and pregnant individuals should be directed toward evidence-based cessation
strategies (eg, quitlines, cessation counseling, medications). Results from this study further
support guidance by the CDC stating that e-cigarettes are not safe to use during pregnancy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Agjusted prevalence ratios* for preterm birth, small-for-gestational age birth, or low

birth weight comparing frequency of electronic cigarette (e-cigarette) use’ during the

last 3 months of pregnancy with nonuse, by combustible cigarette smoking status during
pregnancy—PRAMS (Pregnancy Risk Assessment Monitoring System), 37 states and New
York City,’ 2016-2018. *Adjusted prevalence ratios and corresponding 95% Cls were
estimated based on average predicted marginal values derived from multivariable logistic
regression models controlling for maternal age, race—ethnicity, education, adequacy of
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prenatal care (based on the Adequacy of Prenatal Care Utilization Index), use of WIC
(Special Supplemental Nutrition Program for Women, Infants and Children), combustible
cigarette use during pregnancy, and multivitamin use. TParticipating PRAMS sites are
outlined in Appendix 6 (http:/links.lww.com/AOG/C338). *Reflects unweighted sample
size.

Regan. Prenatal E-cigarette Use and Birth Outcomes. Obstet Gynecol 2021.
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