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Abstract 

Recently, the use of e-cigarettes has increased highly 

rapidly, especially among middle school and high 

school students and pregnant women who are 

concerned about tobacco effects on baby’s health. 

There is little understanding of the effects of 

exposure to e-cigarette on human reproductive health, 

human development, or pregnant women. Human and 

animal data support that nicotine exposure during 

periods of development has multiple adverse health 

consequences, including impaired fetal brain, lung, 

cardiac development, and altered development of 

cerebral cortex and hippocampus in adolescents. 

However, the effects of e-cigarettes are completely 

unknown regarding human development. 

Aim: In this article, we are reviewing the most 

recent findings on the effects of e-cigarettes during 

pregnancy and early life. 

Method: A literature search in PMC, PubMed, 

Google, ResearchGate, MEDLINE and Google 

Scholar was carried out using the following 

keywords: “Electronic cigarettes”, “E-cigarettes and 

pregnancy”, “ENDS and pregnancy”. Study selection 

was in the language (English only), model (humans 

and animals), open accesses, and all types of studies 
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were included as long as they were relevant to our 

study. 

Limitation of study: While we were collecting the 

information for this review, there were some 

limitations. Our data was primarily obtained from 

articles with free full access and written in English 

language only. This review article is a traditional 

review and, therefore, does not follow the Standard 

Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses (PRISMA) guidelines for 

systematic reviews. 

Keywords: E-cigarettes; Electronic cigarettes; 

Nicotine; ENDS; E-cigarettes in pregnancy; E-

cigarettes effects on intrauterine fetus 

Introduction & Backgrounds 

Due to the high demand to quit cigarette smoking 

during pregnancy and the potential efficacy of e-

cigarettes as a smoking cessation device, pregnant 

women may be particularly interested in using e-

cigarettes to stop or reduce cigarette smoking [1]. 

Electronic cigarettes (E-cigarettes) are called "e-

cigs", "vape pens", "vapes", "e-hookahs" and 

"electronic nicotine delivery systems (ENDS)". E-

cigarettes look like regular cigarettes, cigars, pipes, 

USB flash drives, pens, and other like everyday items 

[2]. E-cigarettes were invented by Chinese 

pharmacist Hon Lik in 2003 and subsequently 

became available globally, entering the European 

(EU) and American (US) markets in 2006 and 2007, 

respectively [3]. The Food and Drug Administration 

(FDA) has not begun its review of e-cigarette and 

their ingredients, nor has it issued any standards on 

the products or E-cigarette composition [4]. 

However, researchers do know that toxic chemicals 

and metals have all been found in e-cigarettes. 

Bellow in Table 1, are noted and described the most 

common chemicals detected in electronic nicotine 

delivery systems: 

Nicotine A highly addictive substance. 

Propylene glycol An additive in food; also used to make things like antifreeze, paint solvent, and artificial 

smoke in fog machines. 

Acetaldehyde and 

formaldehyde 

Carcinogens-chemicals are known to cause cancer. 

Acrolein An herbicide used to kill weeds and can cause irreversible lung damage. 

Diacetyl A chemical that can cause a lung disease called bronchiolitis obliterans, aka "popcorn 

lung". 

Diethylene glycol A toxic chemical used in antifreeze and is linked to lung disease. 

Nickel, tin, lead Heavy metals 

Cadmium A toxic metal found in cigarettes that causes breathing problems and disease. 

Benzene A volatile organic compound (VOC) was found in car exhaust. 

Ultrafine particles They can be inhaled deeply into the lungs and cause lung problems. 

Table 1: The most common toxic chemicals found in electronic cigarettes 



Fortune J Health Sci 2021; 4 (2): 310-323  DOI: 10.26502/fjhs024 

Fortune Journal of Health Sciences                   Vol. 4 No. 2 - June 2021 312 

Whilst, some E-cigarettes/E-liquids do not contain 

Nicotine, the majority do, and the nicotine contents 

of e-cigarettes are variable. The Nicotine content on 

the label of some products is qualitative (e.g., zero, 

low, medium, high, super high) or quantitative on 

others [5]. Intrauterine babies will be exposed to 

Nicotine which has been shown to have a negative 

impact on neurobehavior. Nicotine negatively affects 

the central nervous system (CNS), with the deficits 

reflecting the biological and behavioral systems [6]. 

Prenatal nicotine exposure is associated with subtle 

changes in learning and behavior problems and 

morbidity from cognitive difficulties, ADHD, 

conduct disorders, behavioral problems, depression 

future in their life [6]. Exposure to Nicotine has been 

associated with attention deficit hyperactivity 

disorder (ADHD) later in childhood [6]. Nicotine 

easily crosses the placental barrier, detected in the 

fetal circulation and amniotic fluid. This transfer is 

rapid, with peak concentrations in the fetus after 15-

30 minutes [7]. 

Propylene glycol, a chemical which is found in E-

cigarettes, is unsafe for infants and pregnant women 

as it’s harder for them to break down the ingredient. 

Cardiovascular issues and heart disease symptoms 

have been commonly associated with propylene 

glycol exposure [8]. 

Formaldehyde, one of the components found in E-

cigarettes, recently classified as a carcinogen and 

ubiquitous environmental contaminant, has been 

suspected of causing adverse reproductive and 

developmental effects. A meta-analysis revealed an 

increased risk of spontaneous abortion [9]. Potential 

mechanisms underlying formaldehyde-induced 

reproductive and developmental toxicities, including 

chromosome and DNA damage (genotoxicity), 

oxidative stress, altered level and function of 

enzymes, hormones and proteins, apoptosis, 

toxicogenomic and epigenomic effects (such as DNA 

methylation), were identified [9]. 

Prenatal exposure to high doses of acrolein 

significantly reduced fetal weight and testicular 

volume and testicular testosterone production 

capacity due to oxidative stress damage, which may 

contribute to the impairment of steroidogenesis [10]. 

Additionally, E-cigarettes contain heavy metals like 

lead, nickel, and tin. Maternal and fetal nickel 

exposure is possibly associated with the risk for heart 

defect [11]. Prenatal lead exposure has been known 

to negatively affect maternal health and infant 

outcomes across a wide range of maternal blood lead 

levels. It has been associated with gestational 

hypertension, spontaneous abortion, low birth weight, 

and impaired neurodevelopment [12]. Kippler et al. 

found significant inverse associations between 

maternal Cadmium exposure and birth 

anthropometry, especially head circumference and 

birth weight in girls, but no associations in boys [13]. 

Cadmium exposure during pregnancy results in a 

combination of factors, which will cause changes in 

the Zink availability that will eventually affect the 

mother and the embryo/fetus or the newborn to a 

greater or lesser extent [14]. Maternal exposure to 

Cadmium seems to increase the risk of early delivery, 

leading to lower birth weight [15]. 
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"High exposure to benzene during pregnancy is 

associated with low birth weight, an increased risk of 

childhood leukemia, and a greater incidence of 

congenital disabilities such as spina bifida," said 

Caron-Beaudoin [16]. In Figure 1 are presented the 

most common chemicals used in electronic cigarettes. 

Figure 1: The most common chemical components of E-cigarettes 

In utero Ultrafine particles (UFP) exposure promotes 

placental stress through inflammation and oxidative 

stress, and programs renin-angiotensin system-related 

elements result in altered blood pressure in the 

offspring. Exposure to UFP during fetal development 

could influence susceptibility to cardiovascular 

disease in adulthood [17]. 

The present study aims to revise the current studies 

and literature to identify the effects of e-cigarettes on 

pregnancy and intrauterine babies. 

Review and Discussion 

Studies reveal that e-cigarette use is increasing 

among adolescents and young adults. However, the 

long-term health effects are unknown, especially with 

regards to pregnancy [18]. 

E-cigarettes and human studies 

A cross-sectional analysis of the 2016 Pregnancy 

Risk Assessment Monitoring System used data on 

self-reported use of ENDS and cigarettes during the 
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last three months of pregnancy among 33,964 women 

from 29 states and New York City [19]. The 

prevalence of prenatal ENDS use was 1.2%, varying 

from 0.6% to 1.8% in New York City and 4.4% to 

22.7% in West Virginia. White women used ENDS 

more likely than black women. Women with 

education were also less likely to use ENDS. Those 

who used cigarettes during pregnancy were 11.05 

times more likely to use ENDS prenatally [19]. 

Additionally, Cardenas et al. conducted a cohort 

study with 248 pregnant women using questionnaire 

data and biomarkers (salivary cotinine, exhaled 

carbon monoxide, and hair nicotine). They evaluated 

the association between birth weight and small-for-

gestational-age (SGA) risk by applying multivariate 

linear and log-binomial regression to reproductive 

outcome data for 232 participants [20]. The 

prevalence of current ENDS use among pregnant 

women was 6.8% (95% CI: 4.4-10.2%), SGA risk 

ratios for ENDS users were 6.5-8.5 times that of the 

unexposed [20]. 

Froggatt et al. assessed the neurological outcome as a 

result of E-cigarette exposure. Eighty-three infants 

were involved in the study, exposed prenatally to 

cigarettes or E-cigarettes or not exposed to either 

[21]. Differences for birth outcomes were assessed 

between these three groups and scored on the 

Neonatal Behavioral Assessment Scale (NBAS) at 

one month of age. The cigarette and E-cigarette 

exposed infants showed a greater number of 

abnormal reflexes (p=0·001; p=0·002), decreased 

motor maturity (p=0·036) abilities, and marginally 

decreased for self-regulation (p=0·057) on E-

cigarettes exposed infants [21]. However, birth 

weight and head circumference did not differ for e-

cigarette exposed infants than infants who were not 

prenatally exposed to nicotine [21]. 

Kim and Oancea examined the effects of prenatal E-

cigarettes use on neonatal birth outcomes compared 

to conventional cigarette smokers and complete 

tobacco abstainers. Data of 55,251 pregnant women 

were analyzed [22]. Participants were classified into 

three groups based on their smoking behaviors in the 

third trimester: complete tobacco abstinence, 

exclusive conventional cigarette smoking, or 

exclusive E-cigarettes use [22]. Neonates of E-

cigarettes users were significantly more likely to be 

small-for-gestational-age (SGA) (OR 1.76; 95% CI 

1.04, 2.96), have low birth weight (LBW) (OR 1.53; 

95% CI 1.06, 2.22), or be born preterm (OR 1.86; 

95% CI 1.11, 3.12) compared to tobacco abstainers. 

However, odds of E-cigarettes users' pregnancies 

resulting in SGA, LBW, or preterm birth were not 

significantly lower than those of conventional 

cigarette smokers [22]. The Figure 2, summarize in 

short, the negative effects of electronic cigarettes on 

intrauterine babies. 
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Figure 2: Health hazards due to use of E-cigarettes during pregnancy. CNS- central nervous system, CV-

cardiovascular system 

E-cigarettes and animal studies 

Lauterstein et al. tested the hypothesis of 

neurotoxicity of nicotine component of E-cigarettes 

on pregnant mice. Pregnant C57BL/6 mice were 

exposed daily to whole-body inhalation throughout 

gestation to aerosols produced from E-cigarettes 

either with nicotine or without nicotine. Additionally, 

following birth, pups and dams were exposed 

together to E-cigarette aerosols throughout lactation 

beginning at postnatal day four-six and using the 

same exposure conditions [23]. Female offspring 

exposed to E-cigarettes with or without nicotine and 

male offspring exposed to E-cigarettes without 

nicotine all showed neurological disease and 

psychiatric disorders, including decreases in memory, 

cognition, and learning [23]. They concluded that 

early life exposure to non-nicotine-containing 

aerosols produces greater frontal cortex gene 

expression changes; it is likely that one or more of 
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the aforementioned E-cigarette constituents, besides 

nicotine, could be driving the observed effects [23]. 

Additionally, Church et al. investigated the 

neurodevelopmental consequences of maternal E-

cigarette use on adult offspring behavior and 

neuroimmune outcomes [24]. Twenty-seven pregnant 

female CD-1 mice were randomly assigned to one of 

three treatment groups and exposed daily to either 

filtered air, propylene glycol (PG), and vegetable 

glycerol (VG) or to PG/VG with nicotine. Whole-

body exposures were carried out for three hours/day, 

seven days/week, from gestational day (GD) 0.5 until 

GD 17.5 [24]. Adult male and female offspring (eight 

weeks old) were assessed, and the nicotine-exposed 

group exhibited elevated locomotor activity in the 

elevated plus-maze and altered stress-coping 

strategies in the forced swim task [24]. However, 

male and female offspring exposed to PG/VG with 

and without nicotine had lower object discrimination. 

Maternal E-cigarette exposure with nicotine showed 

a reduction in interleukin (IL)-4 and interferon-

gamma (IFNγ) in the diencephalon and a low level of 

hippocampal IFNγ (females only). E-cigarette 

exposure without nicotine revealed a 2-fold increase 

of IL-6 in the cerebellum [24]. 

Al-Sawalha et al. examined the effect of E-cigarettes 

aerosol exposure during gestation and lactation on 

learning and memory of adult male offspring rats 

[25]. Rats were exposed to either fresh air or E-

cigarettes' aerosol for one hour daily during the 

gestational period as well as the first 21 days of 

lactation [25]. Exposure to E-cigarettes aerosol 

during gestation/lactation increased activity of 

superoxide dismutase in the hippocampus impairing 

long-term memory in adult offspring. However, 

brain-derived neurotrophic factor and the other tested 

oxidative stress biomarkers were not affected 

(p>0.05) [25]. 

Wetendorf et al. examined whether e-cigarette 

exposure impairs implantation and offspring health 

on C57BL/6J mice, exposing them five times a week 

to E-cigarette vapor or sham [26]. After four months, 

a significant delay in the onset of the first litter was 

observed [26]. Additionally, a significantly impaired 

embryo implantation, at day 5.5, despite high levels 

of progesterone was also observed [26]. A significant 

change in the integrin, chemokine, and JAK signaling 

pathways were detected. Moreover, female offspring 

exposed in utero to E-cigarettes exhibited a 

significantly low weight, whereas males exhibited a 

slight deficiency in fertility [26]. 

Noël et al. assessed whether in utero exposures to e-

cigarettes aerosols compromised lung development in 

mice. A third-generation E-cigarettes device was 

used to expose pregnant BALB/c mice by inhalation 

of nicotine cinnamon-flavored E-cigarette's aerosols 

for 14-31 days, and control mice were exposed to 

filtered air [27]. Both preconception and prenatal 

exposures to E-cigarette's aerosols significantly 

decreased the offspring's birth weight and body 

length. Altered fetal lung structure and dysregulating 

of the Wingless-related integration site (Wnt) 

signaling, which is essential to lung organogenesis, 

also was detected [27]. 

Wang et al. evaluated the biochemical and molecular 

implications of maternal exposure during pregnancy 

to E-cigarette aerosols on the adult offspring of both 
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sexes, with a focus on pulmonary extracellular-matrix 

(ECM) remodeling and myogenesis [28]. Pregnant 

CD-1 mice were exposed to E-cigarette aerosols with 

or without nicotine during pregnancy, and the lungs 

of adult male and female offspring were collected 

and examined [28]. Compared with the air-exposed 

control group, female mice exposed to E-cigarette's 

aerosols, with or without nicotine, demonstrated 

increased lung protein abundance of LEF-1 

(lymphoid enhancer-binding factor 1), fibronectin, 

and E-cadherin, whereas altered E-cadherin and 

PPARγ (peroxisome proliferator-activated receptor γ) 

levels were observed only in males exposed to e-

cigarette's aerosols with nicotine [28]. Lipogenic and 

myogenic messenger ribonucleic acid (mRNAs) were 

dysregulated in adult offspring in a sex-dependent 

manner [28]. PAI-1 (plasminogen activator inhibitor-

1) was significantly increased in females and males 

exposed prenatally to e-cigarette aerosols with 

nicotine, while MMP9 (matrix metalloproteinase 9) 

was downregulated in both sexes exposed to e-

cigarette's aerosols with nicotine. These findings 

suggest that vaping during pregnancy is unsafe and 

increases the risk for later-life interstitial lung 

diseases [28]. 

McGrath-Morrow et al. investigated the effects of E-

cigarette emissions on systemic cotinine levels, 

weight, and postnatal lung growth in neonatal mice. 

Neonatal mice were exposed the first ten days of life 

to E-cigarettes containing either 1.8% nicotine in 

propylene glycol (PG) or PG alone. The result 

showed that mice exposed to nicotine/PG had a 

13.3% decrease in total body weight, modestly 

impaired lung growth, and elevated plasma cotinine 

compared to room air controls [29]. 

Palpant et al. investigated the impact of standard 

tobacco cigarettes and E-cigarettes on heart 

development in vitro and in vivo. Zebrafish and 

human embryonic stem cells (hESCs) were used as a 

model for in vivo and in vitro experiment [30]. 

Exposure to both types of cigarettes resulted in broad, 

dose-dependent heart malformation, pericardial 

edema, and reduced heart function. Both types of 

cigarettes decreased the expression of cardiac 

transcription factors in cardiac progenitor cells, 

suggesting a persistent delay in differentiation [30]. 

In definitive human cardiomyocytes, both E-

cigarette- and tobacco cigarette-treated samples 

showed reduced expression of sarcomeric genes such 

as ventricular myosin light chain-2 (MLC2v) and 

myosin light polypeptide 6 (MYL6) [30]. 

Orzabal et al. evaluated the effects of vaping E-

cigarettes during gestation on offspring growth and 

maternal and fetal vascular hemodynamics [31]. 

Sprague-Dawley dams were assigned to Pair-Fed 

Control, Pair-Fed Juice, or Juice + Nicotine groups 

and then underwent either a prenatal or prenatal + 

postnatal exposure paradigm in a custom-engineered 

vaping system [31]. The Juice+ Nicotine group 

exhibited significantly decreased fetal weight and 

crown-rump length. Pre- and postnatal exposure to 

Juice+ Nicotine resulted in decreased pup weight and 

crown-rump length. Blood flow in the Juice+ 

Nicotine group was decreased in the maternal uterine 

and fetal umbilical circuits by 49.50% and 65.33%, 

respectively [31]. Bellow in the Table 2 are 

summarized all available data about E-cigarettes and 

its health hazard during pregnancy and intrauterine 

fetus.
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Author Year of 

publication 

Human/Animal 

study 

Results of using e-cigarettes during 

pregnancy 

Cardenas et al. [20] 2019 Human Small-for-gestational-age babies 

Froggatt et al. [21] 2020 Human Decreased self-regulation and motor maturity, 

abnormal reflexes on Neonatal Behavioral 

Assessment Scale (NBAS) 

Kim and Oancea [22] 2020 Human Neonates were small-for-gestational-age, have 

low birthweight, or born preterm 

Lauterstein et al. [23] 2016 Animal Decreases in memory, cognition, and learning 

due to greater frontal cortex gene expression 

changes 

Church et al. [24] 2020 Animal Elevated locomotor activity in the elevated 

plus-maze and altered stress-coping strategies 

in the forced swim task, low object 

discrimination score in the novel object 

recognition task. Maternal E-cigarette 

exposure with nicotine showed a reduction in 

interleukin-4 and interferon-gamma in the 

diencephalon and a low level of hippocampal 

IFNγ (females only). E-cigarette exposure 

without nicotine revealed a 2-fold increase of 

IL-6 in the cerebellum. 

Al-Sawalha et al. [25] 2020 Animal Increased activity of superoxide dismutase in 

the hippocampus impairing long-term memory 

Wetendorf et al. [26] 2019 Animal A significantly impaired embryo implantation, 

despite high levels of progesterone.  

A change in the integrin, chemokine, and Janus 

Kinase (JAK) signaling pathways were 

observed. Female offspring exposed in utero to 

e-cigarettes showed a significantly low weight, 

whereas males exhibited a slight deficiency in 

fertility. 

Noël et al. [27] 2020 Animal Decreased the offspring's birth weight and 

body length, altered fetal lung structure, and 
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dysregulating of the Wingless-related 

integration site (Wnt) signaling, which is 

essential to lung organogenesis, also was 

detected. 

Wang et al. [28] 2020 Animal Female exposed to e-cigarette's aerosols, with 

or without nicotine, demonstrated increased 

lung protein abundance of LEF-1 (lymphoid 

enhancer-binding factor 1), fibronectin, and E-

cadherin; however, altered E-cadherin and 

PPARγ (peroxisome proliferator-activated 

receptor γ) levels were observed only in males 

exposed to e-cigarette's aerosols with nicotine.  

Lipogenic and myogenic messenger 

ribonucleic acid (mRNAs) were dysregulated, 

PAI-1 (plasminogen activator inhibitor-1) was 

increased in females and males exposed 

prenatally to e-cigarette aerosols with nicotine, 

while MMP9 (matrix metalloproteinase 9) was 

downregulated in both sexes. 

McGrath-Morrow et al. 

[29] 

2015 Animal Study showed a decrease in total body weight, 

modestly impaired lung growth and elevated 

plasma cotinine. 

Palpant et al. [30] 2015 Animal and 

human embryonic 

stem cells 

Heart malformation, reduced heart function, 

pericardial edema, and decreased expression of 

cardiac transcription factors suggesting a 

persistent delay in differentiation was 

observed. 

In human cardiomyocytes samples, a reduced 

expression of sarcomeric genes such as 

ventricular myosin light chain-2 (MLC2v) and 

myosin light polypeptide 6 (MYL6) was 

observed. 

Orzabal et al. [31] 2019 Animal Decreased fetal weight and crown-rump 

length. Blood flow was decreased in the 

maternal uterine and fetal umbilical circuits. 

Table 2: Summary of data about E-cigarettes effects on pregnancy and intrauterine baby. 



Fortune J Health Sci 2021; 4 (2): 310-323  DOI: 10.26502/fjhs024 

Fortune Journal of Health Sciences                   Vol. 4 No. 2 - June 2021 320 

Further research 

Although E-cigarettes are safer than conventional 

cigarettes, there are several areas of concern about E-

cigarette safety. Considerations include the potential 

for a lifetime addiction to nicotine, eventual 

transition to traditional tobacco use, and the health 

effects of nicotine or other chemicals found in E-

cigarettes. 

The safety of E-cigarettes must be compared with the 

use of tobacco-derived products and non-nicotine-

containing products. However, they do not contain 

carbon monoxide or any other harmful toxins in 

tobacco-containing cigarettes; women should be 

warned of the dangers of nicotine, heavy metals, and 

other chemicals, which are the main components of 

E-cigarettes and their harmful effects on their 

intrauterine baby. E-cigarettes' substances are 

dangerous, and there are so many different 

combinations of chemicals in E-cigarettes that 

studying them is very difficult. The lack of evidence 

studies regarding E-cigarettes has raised significant 

concern for public health. The effects of E-cigarettes 

on pregnancy and fetal development are currently 

unexplored due to the novelty of this product; thus, 

more deep research on E-cigarette products is 

demanded. 

It is well known that smoking is hazardous during 

pregnancy for women and intrauterine babies. 

Smoking during pregnancy is associated with risk for 

hypertension, abruption of placenta, intrauterine 

growth restriction of baby, intrauterine death, 

stillbirth, premature rupture of membrane, premature 

delivery, and low birth weight. Additionally, the 

intrauterine baby is at the risk of congenital defects of 

the mouth and lip, neurobehavioral defects, and 

respiratory dysfunction. Thus, further research should 

be done to know better and understand the effects of 

E-cigarettes products on pregnant women and 

intrauterine babies. E-cigarettes are new products, but 

the health effects of electronic cigarettes remain 

uncertain. An E-cigarette contains toxic chemicals in 

lower concentrations than cigarette smoke; however, 

it contains harmful chemicals not found in tobacco 

smoke. 

In this review, we found several studies done on 

pregnant animals; however, only a few data were 

found about E-cigarettes' effects on pregnant women 

and intrauterine fetuses. 

Conclusion 

Data on the effects of E-cigarettes on pregnant 

women and intrauterine fetuses are very scarce. Most 

research used an animal model, with these studies 

clearly indicating that the use of E-cigarettes may 

negatively affect intrauterine fetuses and the health of 

pregnant women. However, more large studies 

should be done in the future to better understand the 

effect of E-cigarettes on human health. 

Thus, in summary, the data presented here strongly 

support that E-cigarette usage during pregnancy is 

harmful to fetal lung, heart, and central nervous 

system development. The data are strong enough to 

raise major concerns, and it is hoped that education 

and regulation will prevent pregnant women from 

using E-cigarettes. 
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