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ABSTRACT -- Purpose: While there is a declining trend in the use of traditional methods of smoking tobacco,
electronic nicotine delivery systems (ENDS) have gained popularity worldwide. ENDS are marketed as safe for
the primary reason that they do not contain the well-established toxic ingredients found in traditional cigarettes.
However, growing concerns over incidences of fire and explosion with specific types of ENDS, as well as their
short and long-term effects, remain unaddressed. This review examines the under studied role of customized
components such as batteries, e-liquid compositions, and methods of nicotine delivery that result in physical
injuries and adverse health effects of ENDS. Methods: Using online reference databases (Web of Science,
PubMed, Medline other, Google scholar, FDA website, FDA register), we analyzed the mechanisms through which
ENDS may pose significant risk to human health. Results: An increase in the use and popularity of ENDS has
been observed among youth and adults in the United States since 2007. The ENDS devices available to the public
allow for custom alterations which can introduce incompatible components, resulting in overheating and explosion
related injuries. Heavy metals have been found to leach from some devices into the e-liquid, and the heating of e-
liquid ingredients can produce toxic byproducts. Conclusions: Overall, the current literature demonstrates that
ENDS are not a safe alternative to traditional cigarettes due to explosion risks and negative health effects including
addiction, adverse respiratory and cardiovascular effects, heavy metal leaching, and toxic byproducts exposure.
These risks warrant regulation of ENDS devices and formulations, with urgency underscored by their increasing
popularity among youth and adults.

INTRODUCTION rechargeable batteries, regular batteries, or a USB
power cord source (1).
Electronic cigarettes or electronic nicotine delivery A recent systemic review on the injuries related
system (ENDS) were first introduced to the United to ENDS overheating, ignition, and explosion has
States in 2007 and marketed as safe for the primary been reported (2). However, the regulatory aspect of
reason that they did not contain the well-established ENDS and constituents of e-liquid used in ENDS in
toxic ingredients found in traditional cigarettes. the United States and worldwide, short- or long-term
Conceptually, ENDS are designed to resemble impact on the healthcare system, and the potential
traditional cigarettes. They consist of an aerosol risks associated with heavy metal leaching, toxicities
generator, flow sensor, battery, and cartridge for e- caused by e-liquid by-products, and direct or second-
liquid storage and are available in a range of designs hand pulmonary and cardiovascular toxicities remain
including e-cigarettes, advanced personal vaporizers to be addressed. The surge in manufacturing
(APV) and personal vaporizers (PV). Materials used capacity, availability of ENDS, and increasing
to make the ENDS device include metal, ceramics, popularity among cigarette smokers have prompted
plastic, foam and more. Current ENDS devices offer growing safety concerns from the public, healthcare
advanced user-modifiable features such as the providers and regulatory authorities including the
selection of heating temperatures and the rate of air Food and Drug Administration (FDA). Current
flow that can be powered by manufacturer supplied studies and literature demonstrate that ENDS use is

not without risk. This review deciphers the role of
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batteries, e-liquids, nicotine delivery, and unique
health challenges that ENDS pose due to the
accidental risk of explosions and burn injuries,
potential addiction, and adverse health effects that
provides rationale for stricter regulation of ENDS
products.

A detailed search of the literature was
conducted from October 2011 to September 2020 to
identify research related to e-cigarettes and/or
ENDS. Reference databases (Web of Science,
PubMed, Medline other, Google scholar, FDA
website, FDA register) were searched using a set of
relevant search terms or keywords in combination.
Search terms included the following: “ENDS
explosion,” “ENDS injury,” “ENDS fire,” “ENDS
hazard,” “ENDS battery explosion,” and “ENDS
health effects.”

The articles and case reports were assimilated
and reviewed if they were written in English, free-
full text available, and dealt partly or exclusively
with ENDS explosions or fires, health effects and e-
liquid toxicity. Articles were excluded if they were
only focused on traditional cigarettes or health
effects not associated with ENDS, abstracts, or
documents from conference presentations/posters,
not published in peer-reviewed journals, national and
international standards, and government reports.

A total of 120 articles were identified for
review. Article titles and abstracts were screened by
the authors for applicability. There was no utilization
of a conflict resolution process. The free full-text
articles were manually selected and reviewed for
relevance. Following the review, 84 full-text articles
were found to be relevant for analysis. The validity
and strength of each study were determined based on
a qualitative assessment of the objectives and
findings of the study. Structure of the proposed
framework for the review is provided in the
flowchart (Figure 1).

The following sections of the review provide a
detailed analysis of ENDS and their negative health
impact in ways that are similar or contrasting to the
health hazards from traditional cigarette smoking.

BATTERIES:
BURNS

EXPLOSIONS, FIRES AND

Due to the dearth of the current literature on the
mechanical safety of ENDS devices, there is a
paramount need to determine the ENDS battery
composition and factors that contribute to the risk of
overheating, fires, or explosions due to battery
failures. The proposed phenomenon of “thermal

runaway,” in which the battery overheats and causes
a fire or explosion, is increasingly reported by ENDS
users (3, 4). The new designs of ENDS allow custom
alterations of the device by the user, including
different options for cartridges and heating
temperatures of the atomizer.  However,
incompatibility among the components can lead to
overheating of the device. Factors that potentially
contribute to ENDS overheating, fire and explosion
include: the integrated safety circuit design, custom
device modification by the ENDS user, incompatible
or poorly designed devices, the types and quality of
batteries or chargers, and the lack of quality control
by suppliers (5). Favorability in the use of lithium
batteries as the power-source in ENDS stems from
their compact size and long-lasting power supply.
However, studies point toward “thermal runaway”
associated with these batteries as a cause for concern
in the safety of ENDS (1, 6).

To highlight the potential hazards associated
with incompatibility between the ENDS device and
battery, a report noted that 15 patients were treated
for injuries incurred from the explosions of ENDS
lithium-ion battery component between October
2015 through June 2016. The injuries included flame
burns, chemical burns, and blast injuries to the face,
hands and thigh or groin. The injuries described in
the report resulted in tooth loss, extensive loss of soft
tissue and other physical injuries (3). Similarly, an
attempt to improve the vaping experience by
modifying the heating element subjected an
individual to severe ocular injuries from an
explosion. The different types of ocular trauma
associated with ENDS injuries include thermal,
contusional, penetrating and chemical injury, most
likely originating from the alkaline battery of the
device (7). According to a report, the explosions
from the ENDS were initially thought to be rare, but
there were published reports that showed 25 separate
incidents of e-cigarette explosions from 2009
through 2014 across the United States. National
Electronic Injury Surveillance System (NEISS)
reported approximately 75 cases from 2015 until
December 2019, with battery explosion in pants
pockets leading to injury on thigh, calf, abdomen,
buttock, hand, groin area etc. (8). Although burn
injuries from ENDS are not common, the force of the
explosion of the battery body leads to injury patterns
that require treatment in specialized centers with the
entire spectrum of burn care. Mixed injuries with
deep burns occur due to thermal action, colliquative
necrosis due to leaking electrolyte fluid and
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Figure 1. Structure of the proposed framework for the systematic review is provided in the flowchart.

contamination by foreign bodies (metallic lithium,
splinters of the destroyed housing). The extinction of
fire caused by e-cigarettes also requires special
measures.  Proper handling of Conformité
Européenne (CE)-certified devices is essential
because any manipulation of the device in the event
of battery or functional defects is highly dangerous.
Therefore, security precautions must be observed (8).

Though many reported ENDS explosions
occurred independent of the use of the device,
injurious explosions have occurred during device
operation (9). Injuries resulting from such
operational failure include trauma to the oral cavity,
leading to possible complications via aspiration of
the broken device parts. One case report described
injuries sustained by a patient from the explosion of
his ENDS, including oral burns, lacerations, and
tooth fractures, as shown in Figure 2 (10).

Another case report described extensive burns
that were sustained by a patient following the
explosion of ENDS device. Due to the patient mixing
the “e-liquid” with water, no toxic effect was
observed in this case (11). The dilution of e-liquid
with water result in a reduction in the overall physical
boiling point of the solution, thus the potential scald
injuries of the e-liquid on the burned skin were not
observed in this patient case (11). Burns to the thigh
were described in two case studies which led to the
conclusion that there is a risk of irritation to the
injury site from water irrigation, possibly due to a

reaction between the irrigation water and lithium
the battery explosion

ions from (12, 13).

Figure 2. Examples of burn injuries and facial tissue
damage. A) Extraoral view of lips. B) Upper labial
mucosa. C) Lower labial mucosa. D) Teeth involved. E)
Hard palate. F, Soft palate [Adapted from Ref (10) with
permission].

A retrospective case review of eight patients
with ENDS-use related burn injuries led the authors
to recommend the initial assessment of injuries based
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on the Advanced Trauma Life Support guidelines,
serum heavy metal levels of lithium, cobalt, and
manganese to be checked and monitored for metal
toxicity, and wound site debrided and irrigated to
remove any residual materials (14). A unique case
was also presented where the explosion of an ENDS
device dislodged the mouthpiece and fractured the
C1 vertebrae in the neck along with burns to the
patient’s lips and tongue. The possibility that the
foreign object in the neck could have caused damage
to arteries and other important musculoskeletal
structure poses an additional complication to be
assessed by medical professionals while examining
these types of injuries (15).

There are few case study reports of the
projectile damage to the face resulting in corneal
laceration, dental trauma, and toxic and/or caustic
burns of the patients’ ocular surface (16).

These injuries were attributed to the possible
defective or incompatible electric currents from the
batteries leading to thermal runaway, which results
in an uncontrolled increase in temperature causing
combustion (16). Another report described an
uncommon high-pressure injection injury, wherein
the ENDS explosion resulted in the injection of e-
liquid into the index finger of a healthy adult man.
This type of injury is usually seen in industrial
accidents, so the extent of the damage was not
evident until radiographs of the hand were obtained
showing the radiopaque e-liquid (17). With the
increased use of ENDS and higher rates of explosion
injuries, it was recommended that the management
of injuries sustained from ENDS explosions should
be performed based on the different mechanisms,
which include thermal burns with flames (type A),
blast lesions (type B), chemical alkali burns (type C),
and thermal burn without flames (type D) (18).
Patterson et al proposed a dual classification of burn
injuries from ENDS explosions: direct/indirect and
an additional arithmetic classification in types 1-5b:
types 1, 2, and 3 were defined by the body area
affected (hand, face, waist, and groin), while type 5
included inhalation injuries from device on fire
further subclassified in—5a (upper airway injuries
from direct flash or explosion of the e-cigarette), and
5b (chemical, subglottic smoke inhalation injury)
(19, 20). Types 1, 2, 3, and 5a were the direct injuries.
However, Type 4 was classified as indirect injury
(house fire injury). The severity of burn injuries that
can result from ENDS explosion was described in a
recent case series, as shown in Figure 3 (21). The
mechanism of explosion was explained as thermal

runaway of the lithium battery while in use, stored in
a pocket or charging, as shown in Figure 4 (21).

P -

Figure 3. Elicited burn injuries from ENDS upon
admission [Adapted from Reference (20) with
permission].

The majority of ENDS-related traumatic,
chemical, and thermal injuries were caused by the
device and/or battery self-exploding. Explosion of
the assembled device or battery when stored in the
user’s pants pocket explains why the majority of
cases were men with thigh and or hand injuries.
Warm and humid conditions and the presence of
metallic objects such as keys have been proposed as
possible causes of in-pocket explosions. The
batteries used in ENDS have become more
sophisticated and powerful over time, allowing users
to alter power delivered to the coils and customize
the vaping experience. Larger batteries allow for
increased power delivery and extended usage time,
but increased risk of serious injury. Thermal burns,
alkali burns (from lithium hydroxide), house fires,
and fatalities have been reported from ENDS use.
Battery malfunction has been attributed to several
factors, including faulty casing, over-heating, over-
charging, exposure to perspiration (e.g., from pant
pockets), or short-circuit by metal contact (e.g., with
coins or keys) (22).

The failure rate of lithium batteries in relation
to available e-cigarette devices is unknown. Fiery or
explosive failures of lithium-ion batteries are
reported to be rare and have occurred in cellphones,
laptops, and other electronic devices. The element
that distinguishes e-cigarettes from other devices is
its cylindrical shape, while cellphones utilize a
pouch-type battery and laptop batteries are contained
in plastic cases. If the battery seal becomes damaged,
the pressure within the e-cigarette increases to the
point of explosion. According to a report published
by the U.S. Fire Administration, 195 e-cigarette fires
and explosion incidents attributed to the lithium-ion
battery failure were described in the media from
2009 to 2016. It was explained that limited data are
available since a majority of e-cigarette fires are self-
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or easily extinguished, so few were recorded in the
NFIRS database. The report advised consumers to
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Figure 4. Parts of an electronic cigarette (a) and statuses of ENDSs when the incident occurred (b) [Adapted from Reference

(21) with permission].

purchase UL safety standard batteries and potentially
avoid lithium-ion battery for use in e-cigarette
devices (23).

The increasing rise and popularity of ENDS
has brought a surge of unregulated manufacturers
and distributers of the ENDSs. Due to the present
dangers of using ENDS, it is recommended that
stricter regulations be made by the FDA for better
manufacturing practices and restrictions on
customization. Several countries have placed strict
regulations on the use of ENDS as medical devices
which require a prescription (24). It may not be
feasible for the U.S. to implement such regulations
currently, but it could be beneficial to enact
additional restrictions such as requiring approval
from health authorities on the components and
specifications of ENDS.

The U.S. FDA published a final rule for the
2016 Amended Family Smoking Prevention and
Tobacco Control Act to deem tobacco products, with
the inclusion of ENDS products. Section 101 of the
Tobacco Control Act amended the FD&C Act with
the addition of section 904 and 905. Section 905(b),
“requires that every person who owns or operates any
establishment in any State engaged in the
manufacture,  preparation, compounding, or
processing of a tobacco product or tobacco product
register with the FDA...” while section 904(a)(1)
“requires each tobacco product manufacturer or
importer to submit all ingredients that are added to
the tobacco product, including ENDS” (25). It was
stated that information will be collected from

manufacturers to impose restrictions that will benefit
and protect the public health. In deeming ENDS as a
tobacco product, the FDA will be able to “review
premarket applications for new tobacco products to
increase product consistency” (25). This step by the
FDA is commendable and will provide the data
needed for stricter regulations and overall public
health.

E-LIQUID: COMPOSITION AND HEALTH
EFFECTS

An aspect of ENDS use that is currently being
explored is the possibility that chemical alterations
could produce short- and long-term health effects.
The e-liquid contains chemicals that are mainly inert
but could potentially generate harmful by-products
when heated. These substances include nicotine,
propylene glycol, glycerin, ethanol, flavoring agents,
and contaminant heavy metals such as nickel,
chromium, zinc, and silver which could leach from
the device into the e-liquid (26). Propylene glycol
and glycerin are two primary ingredients in e-liquid
that function to blend the nicotine and flavoring
agents, enhance absorption of the wicking material,
and generate the aerosol when heated. Propylene
glycol and glycerin are classified as safe for oral
consumption by the FDA, however, the process of
heating the compounds in an ENDS could be
hazardous (27). Wang et al found that propylene
glycol and glycerin produce toxic by-products such
as formaldehyde, acetaldehyde and acrolein when
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heated in the e-liquid, leading to formaldehyde levels
that exceed the acceptable daily limits set by the
United States Environmental Protection Agency
(USEPA) and California Office of Environmental
Health Hazard Assessment (OEHHA) (28). Several
other studies also suggest that the formaldehyde
produced in dry puffs are much higher than that
produced by cigarette smoke (29, 30). Another study
suggested that propylene glycol and glycerin may be
associated with ocular irritation, which was observed
in 5% of the cases associated with ENDS use (31).
Regarding the flavoring agents, there is limited
conclusive data on the health effects that could
potentially arise from the inhalation of agents such as
eugenol, benzaldehyde, and menthol (27). Recent
studies point to the emerging evidence that cigarette
menthol in may contribute to an increased risk for
lung cancer by inhibiting the detoxification and
clearance of the potent lung carcinogens (32, 33).
Another study on the direct exposure of e-liquid
containing coconut, vanilla and cookie flavors
showed that mixed flavored e-liquid caused changes
observed in long time cigarette smokers by inducing
inflammation, cytotoxicity, and inhibiting wound
healing responses in pulmonary fibroblasts (34). A
recent study by Abouassali et al showed in vitro
using HL-1 cardiomyocytes that e-vapors containing
flavoring aldehydes such as vanillin and
cinnamaldehyde can  compromise  cardiac
electrophysiological functions, leading to action
potential instability and inducible ventricular
arrhythmias (35). Therefore, further studies are
warranted for additional rigorous mechanistic
insights for a better understanding of the unwanted
effects of ENDS flavors.

The available evidence regarding health effects
associated with short-term exposure to e-cigarettes
was evaluated by the National Academies of
Sciences, Engineering, and Medicine, Board on
Population Health and Public health Practice
committee. Overall, it was concluded that e-
cigarettes pose a potential health risk, and possibly
less risk for users with existing respiratory disease,
but the long-term effects on morbidity and mortality
are unclear (36). The conclusions on health effects
made by the committee were summarized based on
the strength of evidence, whether, substantial,
conclusive, moderate, limited, insufficient, or no
available evidence. Of note, substantial evidence was
found for heart rate increases after nicotine exposure
from e-cigarettes, symptoms of dependence,
formation of reactive oxygen species/oxidative
stress, acute endothelial cell dysfunction and that

some chemicals in e-cigarette aerosols (e.g.,
formaldehyde, acrolein) could cause DNA damage
and mutagenesis (36).

Research on metal toxicity is currently
emerging and has been proposed as a mechanism of
injury from ENDS. The metals commonly found in
the ENDS heating coils could potentially leach into
the e-liquid and cause adverse effects. An analysis of
ENDS refill bottles and cartridges from
manufacturers including Joyetech, JUUL, Vuse, blu,
Mistic and more, demonstrated the presence of
metals such as Cr, Ni, Cu, Zn, Cd, Sn and Pd (26).
The metals were not only present in the liquid but
also in the aerosol generated from heating the device.
The variables found to influence the amount of
metals in the aerosol included the changing levels of
corrosion within individual devices, differences in
diameters and compositions of heating elements, the
power provided to the heating elements that produce
the heat for liquid vaporization, and the differences
in mouthpiece design that affect nebulization (26). A
study of ENDS aerosol exposure to lung cells found
high levels of copper nanoparticles which could
contribute to oxidative stress and genotoxicity in
lung cells. It was found that ENDS copper particles
disrupted mitochondrial membrane potential,
mitochondrial mass, ATP levels and mitochondrial
reactive oxygen species in human airway epithelial
cells (37). Aerosols generated from ENDS facilitate
copper ion transport across plasma membrane,
thereby posing a greater risk of free radicals
mediated oxidative stress and DNA damage (38, 39).
A recent study by Sharma et al showed that aerosols
generated by nicotine-free e-cigarette use resulted in
increased gut inflammation through barrier
disruption of gut epithelial cells and downregulation
of tight junction proteins in murine and human cells
(40). The presence of toxic metals in an ENDS user
was demonstrated in a toxicology report of a patient
with a hand injury from an ENDS explosion. It
showed an initial increase in cobalt and manganese
in serum and a decrease in the metal concentration
after treatment (24). Another study of ENDS users
from Maryland indicated that metals in the aerosol,
including Ni and Cr, are inhaled, and absorbed into
the body of the users (41). Although the systemic
effects of the metals were not evident, there may still
be many long-term negative health effects related to
metal toxicity. The health effects of ENDS use are
currently not well known or understood but should
be considered by health professionals when caring
for patients [16]. The findings of a case series by
Kumetz et al suggested that physicians, especially
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those in emergency medicine, should be more aware
of the hazards associated with ENDS use and educate
patients when they present with injuries or adverse
health effects based on the experiences of the patient
cases, who had no knowledge of the risks of ENDS
use prior to sustaining their injuries (42).

NICOTINE: AN ADDICTION POTENTIAL
AND ADVERSE HEALTH EFFECTS

is known to have both muscarinic
(salivation, vomiting, diarrhea, and bronchial
constriction)  and  nicotinic  (hypertension,
tachycardia, and muscle cramps) effects [30]. The
use of and exposure to ENDS through inhalation is
dramatically increasing among children and young
adults. Though the reasons for ENDS initiation in
young adults are not completely available, the
unregulated marketing and promotion, provision of
attractive flavourings, and the perception that
ENDSs are “safe” compared to traditional cigarettes
has led to the increased use of e-cigarettes in the
youth (43). A study conducted in the U.K. involving
the audit of different ENDS retailers found that the
majority of customers were attracted to the
affordability of ENDS either as a cessation aid or as
a substitute for tobacco. The adolescent customers
reported that they were mainly interested in the
variety of flavours available, and perceived that the
ENDS did not contain nicotine and were therefore
safe for consumption (44). In addition, marked
inaccuracies were detected in the nicotine
concentration labelling of 12 e-liquids, which may
further adversely affect the user habits and reliability
of products used in smoking cessation (45). Mass
marketing campaigns with the use of television and
radio advertisements featuring celebrities, appealing
flavours, and easy purchasing access through online
retailers have led to the increased use of ENDS
among children and adolescents (46). Concerns
regarding ENDS use among children and young
adults includes nicotine addiction and potential
adverse effects on brain development, leading to
poor academic achievement and cognitive problems
47).

Analysis of nicotine levels in various batches
of electronic cigarette refill liquids indicated that
more than 50% of the e-liquid samples had nicotine
concentrations significantly above or below what is
shown on the label. The actual variation ranged from
66% below the labeled amount to 172% more than
the labeled amount (48). ENDS have been reported
to increase heart rate and blood pressure, potentiating

Nicotine

cardiac events and arrhythmia in people with or at
risk of cardiac disease (49). A study among
adolescents in Hong Kong found a strong association
of respiratory symptoms with ENDS use in
occasional ENDS smokers compared to the never-
smoker population; a finding which was unlikely to
be attributed to any confounding factors (50).
Another study evaluating the oral health risks of
ENDS use among adolescents found that ENDS use
greatly increased the chance of cracked or broken
teeth or tongue and/or inside-cheek pain, which was
associated with the use of nicotine-containing
ENDSs (51). Apart from the physiological effects of
nicotine, it has been suggested that ENDS could
potentially increase the odds among the adolescents
for smoking conventional cigarettes (52). Since the
long-term effects of ENDS are not currently known,
it is important to educate parents, relatives and
childcare providers on the importance of keeping the
products out of reach of an adolescent population
(53).

With some nuanced considerations, ENDS are
expected to confer nicotine addiction. ENDS users
may have been previously exposed to nicotine with
traditional cigarettes or may be dual users of both
traditional cigarettes and ENDS, which prompts the
need for additional studies on addiction from ENDS
alone. A case report described a patient with a 10-
year history of ENDS use alone, who presented to the
emergency room with symptoms of diaphoresis,
restlessness, tachycardia, chills, and nausea. The
symptoms were found to be associated with abrupt
discontinuation of ENDS and he was diagnosed with
nicotine withdrawal (54). Nicotine dependence was
also demonstrated in the adolescent ENDS users in a
study that investigated cross-sectional data from the
Texas Adolescent Tobacco and Marketing
Surveillance System (TATAMS)(55). It showed that
a significant number of adolescent sole ENDS users,
91 out of 132, reported symptoms of nicotine
dependence, indicating that ENDSs can contribute to
nicotine dependence among adolescents (55).
Morean et al (56) performed the study on 520
adolescents and reported that ENDS could induce the
nicotine dependence. Analysis of the nationally
representative Population Assessment of Tobacco
and Health (PATH) data set from 7025 adolescent
participants ~ suggested  that  parental and
environmental factors altered the risk of initiation
and persistence of ENDS usage, and should be
critically considered when working with at-risk
adolescent population (57).
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The nicotine dependence for the ENDS is
based on vaping frequency, and with the exception of
nicotine-free e-cigarette liquid, e-cigarette use can
result in peak nicotine levels similar to combustible
cigarettes and, therefore, could produce nicotine
dependence over time (58, 59). ENDS liquid
containing nicotine range from 9 to 24 mg/mL.
Nicotine delivery via tobacco smoke (cigarette) is
absorbed within 10 to 20 seconds in high
concentration  through the lungs into the
bloodstream, reaching the brain in the same high
concentration within 10 seconds. Within 10 minutes
of smoking, plasma nicotine peak at 15 to 30 ng/mL.
Only a few studies have explored plasma nicotine
and plasma saliva cotinine levels via delivery from
an e-cigarette. For studies on plasma concentrations
of nicotine, the pattern is similar for the different
studies with time points at T 0 and 5 or 6 hour
samples between 5 and 130 minutes after different
“vaping” patterns: a fixed number of puffs or a fixed
number plus a 60-minute ad lib period or a free
number of puffs (60-66). Interindividual differences
in cotinine levels could result due to several factors,
some of which were measured in these studies (prior
level of tobacco dependence, nicotine content in e-
liquids, number of puffs, and e-cigarette brand), and
some which were not assessed, for example, electric
power of the device, vapor temperature and density,
nicotine concentration in the vapor (vs in liquids),
volume of puffs, depth of inhalation, duration of
apnea between inhalation and exhalation, and each
individual’s specific nicotine metabolism, but the
major factor identified is the number of puffs (58).

The rate of nicotine dependence could vary by
the nicotine content in conventional cigarettes.
Nicotine delivery may be affected by smoking more
cigarettes and/or smoking more intensely. The
Fagerstrom Test for Nicotine Dependence (FTND) is
a standard instrument for assessing an ordinal
measure of nicotine dependence related to cigarette
smoking. It evaluates the quantity of cigarette
consumption, the compulsion to use, and
dependence. Perkins et al (67) reported in 187
participants that 17 cigarettes per day scored 4.5
(medium dependence) in a scale of 0-10 on FTND.
Another study by Bandiera et al [6] reported 20
cigarettes per day as the high score for FTND. The
self-reported cigarettes per day (CPD) were
categorized into “heavy” dependence and “hardcore”
smokers for the study recruitment in different studies
(67, 68). However, the strength of these associations
and screening methods depended on the consistency
and reliability of self-reported CPD, which remains

unclear (69). Moreover, wide variability across days
in cigarette intake may question the reliability of a
single reported “usual” CPD and suggest the need for
more careful, prospective assessments, both to detect
such variability and to avoid under- or over-counting
of the actual number of cigarettes consumed per day
(67). Similarly, another commonly identified
problem with smoker estimates of their “usual”
number of CPD is “digit bias,” in which their
estimates are observed to be values that are even
multiples of 5 cigarettes (70). Further research is
needed to characterize the addictive and dependence
potential of ENDS such as the nicotine concentration
at which nicotine dependence can occur.

IMPACT OF ENDS USE ON THE HEALTH
CARE SYSTEM

The use of ENDS not only impacts the health of the
public, but also presents challenges to healthcare
professionals. ENDS were introduced as a potential
smoking cessation option due to their marketed
ability to gradually decrease nicotine levels. Based
on the previously reported evidence of the
guestionable safety of ENDS, it is important for
healthcare professionals to educate and promote the
smoking cessation that have been demonstrated to be
effective and safe for patients, while discouraging the
use of ENDS because of unknown long-term adverse
health effects. FDA-approved nicotine replacement
therapies and medications available to patients
include nicotine patches, gums, inhalers, bupropion
and varenicline (71).

Although the focus of this review is on the
hazards of e-cigarettes, it is important to note that
there are a number of studies on the potential use of
nicotine-containing  e-cigarettes for  smoking
cessation. A recent Cochrane review by Hartmann-
Boyce presented findings that e-cigarettes with
nicotine can assist with smoking cessation compared
to e-cigarettes without nicotine and nicotine
replacement therapies, though limitations included
small sample of studies and short follow-up (72).
Two studies by Polosa et al provided evidence that
patients with asthma and COPD who switched from
tobacco smoking to e-cigarettes experienced
improvements in symptoms and pulmonary function
for asthma patients as well as improved COPD
exacerbation rates, which was predicted to persist
long term (73, 74). The Vesuvius trial, a prospective,
randomized  controlled  trial, studied the
cardiovascular effects of switching from tobacco
cigarettes to electronic cigarettes, with and without
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nicotine in 114 patients. With a primary efficacy
endpoint of change in flow-mediated dilation, it was
concluded that a switch from tobacco cigarettes to e-
cigarettes demonstrated benefits to vascular function.
Of note, no difference was found in vascular benefit
between e-cigarettes with nicotine and without
nicotine and may require further study (75). In
support, a randomized clinical trial of adults
attending the U.K. National Health Service,
randomized to either nicotine-replacement products
of their choice (e.g., patch, gum, lozenge, nasal
spray) or an e-cigarette starter pack, e-cigarettes were
found to be more effective than nicotine-replacement
therapy when both products are combined with
behavioral support (76). The evidence for the use e-
cigarette as a smoking cessation aid may be valid,
however, additional research on the efficacy and
long-term safety are needed.

The concern for negative health effects is not
only for the ENDS user but also for others who may
be exposed through second-hand inhalation of vapor
(77). Potential risks include respiratory and
cardiovascular adverse effects as seen with direct use
of ENDS, though not currently established for
second-hand exposure. A policy statement from the
American Association for Cancer Research and
American Society of Clinical Oncology stated that
risk from second-hand exposure to ENDS is possible,
though there is no established data on potential health
effects through this route. It was stated that some
studies reported ultrafine particles, trace amounts of
carbonyls, volatile organic compounds, polyaromatic
hydrocarbons, tobacco-specific nitrosamines and
glycols in indoor air from ENDSs (78). A study on
indoor air quality and outdoor exposures of ENDS
emission demonstrated that significant amounts of
1,2-propanediol, glycerine, and nicotine were found
in the gas phase in the indoor air that could
potentially pose as a health risk for nonusers (79).
The second-hand adverse health effects of traditional
cigarettes is well established but little is known about
ENDS. While some recent studies are addressing this
growing concern to help reduce the gap in
knowledge, more research needs to be done from
epidemiological and regulatory standpoints to ensure
the short- or long-term negative health effects of
unregulated ENDS use are not overlooked (80, 81).
Therefore, additional comprehensive research on the
implications of potential second-hand and third-hand
exposure to non-users of ENDS is warranted, that
allows informative communication of its potential
harmful effects to the public.

DISCUSSION

Due to their relatively short-term existence on the
market and limited history of use, little has been
studied regarding the long-term adverse effects of
ENDS. This review has identified that ENDS use
remains largely undefined and unregulated,
including an increasingly high prevalence of use
among youth. Currently, no regulation requires
ENDS manufacturers to include a warning-label on
packaging regarding risks of thermal or blast injury.
The public health community is divided on the health
impact of vaping and smoking. Over the past few
years, ENDS have become a preferred alternative to
conventional cigarettes (82). Several studies have
suggested that ENDS may have the potential to aid
smoking cessation, but the health risk of ENDS are
less known or studied. With ENDS being a recently
developed product with far fewer users, limited data
are available on long-term health effects of ENDS
compared to those of conventional smoking. While
the majority of studies on ENDS have focused on the
health effects, risks of device explosion which cause
thermal or chemical burns and blast injuries are now
coming to the forefront (12, 83).

Based on analysis of the possibility of nicotine
dependency and the renormalization of public
smoking, the Canadian Pediatric Society has
provided recommendations to help govern the ENDS
industry. Some of these regulatory steps included the
addition of package warnings of potential harmful
effects, providing a list of ingredients and measure of
the nicotine concentration on the product, banning
ENDS advertisements and marketing, restricting
internet sales of ENDS, and enforcing an age limit
for the purchase, possession and use of the ENDS
(84). In addition, the European Union (EU), Brazil
and Singapore have placed restrictions on the sale,
marketing, and promotion of ENDS flavors (85).

In recent years, due to emerging health hazards
found to be associated with ENDS use, the FDA
extended its regulatory authority on ENDS
manufacture, including its components and other
marketing aspects such as import, packaging,
labeling, advertising, promotion, sale, and
distribution. The FDA awareness of recent reports of
battery-related accidents has led to interest in gaining
knowledge about ENDS battery safety hazards and
controls, including internal and external battery-
related factors, specifications, safety, and design
parameters of the ENDS apparatus. Variability of
nicotine levels in the e-liquid, especially when higher
than the labeled amount, further demonstrates the
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need for regulation of ENDS use. In response to the
FDA’s concerns about addiction and health effects of
ENDS, the ENDS manufacturers are now required to
label the device with the warning of nicotine
addiction.

Most importantly, ENDS product
manufacturers, importers, distributers, wholesalers,
and retailers must warn the end-users through proper
product labeling or manuals about the risk of
overheating, fire, explosion, or other modes of failure
(Figure 5). Further safety information should be
provided detailing the proper battery charging
processes, frequency of replacement, and maximum
lifetime of the battery. Research and education are
warranted regarding users’ understanding of ENDS
safety handling and storage (5). FDA could enforce
checks through the pre-market approval process
required for most FDA-regulated products, to make
the ENDS consumers aware of its health threats. This
would compel ENDS manufacturers to make
approved design changes rendering their new or
modified products safer — and eliminating the wait
for manufacturers to voluntarily develop standards.
While such an effort will take time and resources to
create the necessary regulations and standardize the
safety of ENDS devices, awareness of the problem is
the essential first step in this direction. Furthermore,
additional rigorous scientific studies are needed to
fully characterize the addiction, toxicity, injury, and
health risks associated with acute and chronic use of
ENDs. The health effects of using ENDS are not well
understood, and there is not enough data to prove that
ENDS is less harmful than conventional cigarettes. If
ENDS are used as a nicotine-free source for smoking
cessation, then they could replace conventional
smoking and reduce the burden of many smoking
related diseases.

CONCLUSION

The increasing use and popularity of ENDS has
raised concern from the public, FDA, and healthcare
professionals. Numerous studies have reported
accidents related to the explosion of ENDS, resulting
in internal and external injuries to users. The adverse
health effects from nicotine and risk of addiction in
youth have also been reported from ENDS
adolescent users. Various studies have identified
potential risks including heavy metal leaching,
toxicity from the e-liquid ingredient by-products and
flavors, second-hand or third-hand exposure, and in
vitro evidence of lung inflammation and
cardiovascular problems. Taken together, the

negative physiological effects of ENDS not only
impact the user but present a challenge for the health
care system to address. The number of alarming
incidents of physical injuries, and unknown short-
and long-term harmful effects of ENDS use call for
better federal regulations to preserve the health of the
public.
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